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 

Abstract— This ipaper imainly ipresents ithe ihardened 

iproperties iof iself-consolidating ihigh iperformance iconcrete 

i(SCHPC). iA ivariety iof iSCHPCs iwere iproduced iwith 

idifferent iwater/binder i(W/B) iratios, irice ihusk iash i(RHA) 

icontents, iand ialso iair icontents. iThe irequired ifilling iability 

iand iair icontent iwere iachieved iin iall ifreshly imixed 

iSCHPCs. iThe ihardened iself iconsolidating ihigh 

iperformance iconcretes iwere itested ifor icompressive 

istrength iand iultrasonic ipulse ivelocity. iThe ieffects iof 

iWater/Binder iratio, iRice iHusk iAsh icontent, iand iair 

icontent ion ithese ihardened iproperties iwere iobserved. iTest 

iresults irevealed ithat ithe icompressive istrength iand 

iultrasonic ipulse ivelocity iincreased iwith ilower iW/B iratio 

iand ihigher iRHA icontent. iIt iwas iwitnessed ithat ithe iair 

icontent idecreased ithe icompressive istrength iand iultrasonic 

ipulse ivelocity. 

 

Index Terms— Air icontent, iConcrete, iHardened 

iproperties, iRice ihusk iash, iWater/binder iratio 

 

I. INTRODUCTION 

  Advancements iin iconcrete itechnology ihave iresulted iin 

ithe idevelopment iof ia inew itype iof iconcrete, iwhich iis iknown 

ias iself- iconsolidating ihigh iperformance iconcrete i(SCHPC). 

iThe imerits iof iSCHPC iare ibased ion ithe iconcept iof 

iself-consolidating iand ihigh iperformance iconcretes. 

iSelf-consolidating iconcrete i(SCC) iis ia ihighly iflowing 

iconcrete ithat ispreads ithrough icongested ireinforcement, 

ireaches ievery icorner iof ithe iformwork, iand iis i iconsolidated 

iunder i iits iown iweight iwithout ivibration ior iany iother imeans 

iof iconsolidation i[1]. iSCC imust irequire iexcellent ifilling 

iability, igood ipassing iability, iand iadequate isegregation 

iresistance. iHowever, iit idoes inot iinclude ihigh istrength iand 

igood idurability ias ithe iessential iperformance icriteria. 

iConversely, ihigh iperformance iconcrete i(HPC) ihas ibeen 

idefined ias ia iconcrete ithat iis iproperly idesigned, imixed, 

iplaced, iconsolidated, iand icured ito iprovide ihigh istrength 

iand ilow itransport iproperties ior igood idurability i[2]. iHPC 

igenerally iexhibits ia igood isegregation iresistance. iBut iit 

idoes inot iprovide iexcellent ifilling iability iand igood ipassing 

iability ilike iSCC, iand itherefore ineeds ian iexternal imeans 

isuch ias irodding ior ivibration ifor iproper iconsolidation. 

iWhen ithe iperformance icriteria ifor ihigh istrength iand ilow 

itransport iproperties ior igood idurability iof iHPC iare iincluded 

iin iSCC iwith ia ilower iwater/binder i(W/B) iratio, iit ican ibe 

ireferred ito ias iSCHPC. iHence, ian iSCHPC iis ia ispecial i 
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concrete, iwhich ioffers iexcellent ifilling iability iand ipassing 

iability, iadequate isegregation iresistance, ihigh istrength, iand 

igood idurability. iThe iperformance icriteria, iwhich ishould ibe 

isatisfied ifor ithe imajor ifresh iand ihardened iproperties iof 

iSCHPC iare igiven iin iTable i1. 

SCHPC iis iproduced iby iutilizing ithe ibenefits iof 

ihigh-range iwater ireducer i(HRWR) iand isupplementary 

icementing imaterial i(SCM). iThe iuse iof iHRWR iis iessential 

ito iproduce iSCHPC. iA iHRWR icontributes ito iachieve 

iexcellent ifilling iability iand ipassing iability iin ifresh iSCHPC. 

iThe ihardened iproperties iof iSCHPC iare ialso iimproved iin 

ithe ipresence iof iHRWR idue ito ithe ienhanced idispersion i i iof 

ibinder iparticles iand iimproved ipaste idensification. iAlong 

iwith iHRWR, iSCMs iare igenerally iincorporated iin iSCHPC 

ito ienhance ithe istrength iand idurability, iand ito ireduce ithe 

icement icontent iof iconcrete. iSeveral iwell-known iSCMs 

isuch ias isilica ifume, iground igranulated iblast-furnace islag, 

iand ifly iash ihave ibeen iused ito iproduce iSCHPC i[9,15–17]. 

iHowever, ithe iexpense iof iseveral icommon iSCMs isuch ias 

isilica ifume iand ihigh ireactivity imetakaolin iincreases ithe 

ioverall imaterial icost iof iSCHPC. iIn iparticular, ithe iuse iof 

isilica ifume imay ibe icost-prohibitive iin ideveloping 

icountries. iTherefore, iit iis inecessary ito iuse ian ialternative 

iless iexpensive iSCM isuch ias irice ihusk iash i(RHA) ito 

iproduce icost-effective i SCHPC. 

RHA iis itypically iobtained iby ithe icontrolled iburning iof 

irice ihusks iat i500–800 i°C i(conventional ithermal itreatment) 

i[18]. iThe iquality iof iRHA ican ibe iimproved iby ipre-treating 

ithe irice ihusks iwith ian iacid ileaching iand ithen iburning ithem 

iunder icontrolled iconditions i(chemical–thermal itreatment) 

i[19]. iIf iprocessed iand iused iproperly, iRHA ioffers isimilar 

ibenefits ilike isilica ifume iwith iregard ito ithe iimproved 

ihardened iproperties iand idurability iof iconcrete i[19–23]. 

 

Table i1 

Performance icriteria ifor ithe ikey ifresh iand ihardened iproperties iof 

iSCHPC 

Test imethod Property Criterion 

SCC iproperty 
  

Slump iflow 

i(SF) 

Filling iability i(flow 

ispread) 
550–850 mm [3] 

V-funnel iflow 
Filling iability i(flow 

itime) 
6–12s [4]  

Orimet iflow 
Filling iability i(flow 

itime) 
2.5–9s [5] 

Fill-box iflow 
Passing iability 

i(filling ipercentage) 
90–100% [4] 

L-box iflow 
Passing iability 

i(blocking iratio) 
0.8–1.0 [4] 
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U-box iflow 
Passing iability 

i(filling iheight) 
630 mm [4]  

J-ring iflow 

i(JF) 

Passing iability 

i(blocking) 
(SF–JF)650 mm [6] 

Penetration 

idepth 

Segregation 

iresistance 
68 mm [7]  

Sieve 

isegregation 

Segregation 

iresistance 
618% [8]  

   
HPC iproperty 

  
Air icontent 

iby ipressure 

imethod 

Fresh iair icontent 4–8% [9] 

Compression 

iusing 

icylinders 

Early-age 

icompressive 

istrengths 

>20 MPa [10] 

 

28 iand i91 idays 

icompressive 

istrengths 

>40 MPa [10] 

Ultrasonic 

pulse velocity 

by a PUNDITa 

Physical iquality ior 

icondition 
P4575 m/s [11]  

Porosity iby 

ifluid 

idisplacement 

imethod 

Total iporosity ias ian 

iindicator iof istrength 

iand idurability 

7–15% [12]  

Absorption 

iby iwater 

isaturation 

itechnique 

Water iabsorption ias 

ian iindicator iof 

idurability 

3–6% [13] 

True 

ielectrical 

iresistivity iby 

iWenner 

iprobe 

Electrical iresistance 

ito icorrosion 

>(5–10) kX cm 

[14]  

Rapid ichloride 

iion 

ipenetration 

Electrical icharged 

ipassed ias ian 

iindicator iof 

icorrosion iresistance 

<2000 C [10] 

Normal 

ichloride iion 

ipenetration 

iat i6 imonths 

Penetrated ichloride 

ivalue ias ian 

iindicator iof 

icorrosion iresistance 

<0.07% [10] 

Resistance ito 

ifreezing iand 

ithawing 

Durability ifactor 

iafter i300 icycles iof 

ifreeze–thaw 

>0.80 [2] 

a iPortable iultrasonic inon-destructive idigital iindicating itester. 

 

In iaddition, ithe iusage iof iRHA iminimizes ithe 

ienvironmental iburden iassociated iwith ithe iwaste idisposal 

iproblem icaused iby ithe irice imilling iindustry. iThe irecent 

iyearly iproduction iof irice iin ithe iworld iis iapproximately i560 

imillion imetric itons i[24]. iRice ihusk iconstitutes iabout ione 

ififth iof ithe idried irice i[25]. iTherefore, inearly i112 imillion 

imetric itons iof irice ihusks iare igenerated ievery iyear. iThis iis 

icausing ia ilarge ienvironmental iload, iwhich ican ibe ireduced iif 

iRHA iis iused iin iconcrete iproduction. iMoreover, ithe iuse iof 

iRHA idecreases ithe idemand ifor icement iin ithe iconstruction 

iindustry, iand ithus ireduces ithe icost iof iconcrete iproduction 

iand ilessens ithe ienvironmental ipollution icaused iby ithe iCO2 

iemission ifrom ithe icement ifactories. iHence, iRHA inot ionly 

iimproves ithe iconcrete iproperties iand idurability, ibut ialso 

iprovides ieconomic iand ienvironmental ibenefits. iRealizing 

ithe imanifold ibenefits iof iRHA, iit ihas ibeen iused isuccessfully 

ito iproduce ihigh istrength iand ihigh iperformance iconcretes 

i[20,21]. i iYet, ithe iuse iof iRHA iin iSCHPC iis ivery ilimited. iNo 

icomprehensive iresearch ihas ibeen iconducted ito iexplore ithe 

ipotential iof iRHA ifor iSCHPC iby iinvestigating iits ieffects ion 

ithe ihardened iproperties iand idurability iof ithis iconcrete. 

The ipresent istudy iproduced ia inumber iof iSCHPCs iutilizing 

iconventional iRHA ias ian iSCM. iThe itarget islump iflow i(a 

imeasure iof ifilling iability) iand iair icontent iwere imaintained iin 

ithe ifresh iconcretes iusing iadequate idosages iof iHRWR iand 

iair-entraining iadmixture i(AEA), irespectively. iThe ieffects iof 

iRHA iwere imainly iinvestigated iwith irespect ito ithe ikey 

ihardened iproperties iof iconcrete. iThe ieffects iof iW/B iratio 

iand iair icontent ion ithe ihardened iproperties iwere ialso 

iobserved. iBoth idestructive iand inon-destructive itests iwere 

iperformed ito idetermine ithe ihardened iproperties iof ithe 

iconcretes. i iThe ihardened iproperties iobtained iwere 

icompressive istrength iand iultrasonic ipulse ivelocity.  

II. IEXPERIMENTAL IPROGRAM 

2.1 iConstituent imaterials 

 

Coarse iaggregate i(CA), ifine iaggregate i(FA), inormal 

iportland icement i(C), iamorphous iRHA, inormal itap iwater 

i(W), ia ipolycarboxylate ibased iHRWR, iand ia isynthetic iAEA 

iwere iused ito iproduce ivarious iSCHPCs iadopted iin ithe 

ipresent istudy. 

The icoarse iaggregates i(CA) iwith ia imaximum isize iof i19 

imm iwere iused iin iconcrete. iThe iconcrete isand iwas ilocally 

iavailable inatural ipit isand iwith ia imaximum isize iof i4.75 imm. 

iIt iwas iused ias ithe ifine iaggregate i(FA) ifor iconcretes. iNormal 

iportland icement iwas iused ias ithe imain icementing imaterial 

ifor ivarious iSCHPCs. iRHA iwas iused ias ian iSCM ifor idifferent 

iSCHPCs. iIt iwas ioriginally icollected ifrom iVellore, iTamil 

iNadu, iIndia. iIt iwas iavailable iin ivery ifine ipowder iform iwith 

iangular iparticle isize iand igrey icolor. iThe isurface ifineness iof 

iRHA iwas imuch ihigher ithan ithat iof icement idue ito ithe 

icellular iparticles iwith ihoneycomb imicrostructure. 

 

2.2. Mixture iproportions 

The iconcrete imixtures iwere idesigned ibased ion ithe iW/B 

iratios iof i0.30, i0.35, i0.40 iand i0.50, iand iusing iRHA 

isubstituting i0% ito i30% iof icement iby iweight. iCement iand 

iRHA iacted ias ithe itotal ibinder i(B) ifor ithe iconcretes. iIn 

iaddition, ithe ioptimum iSand/Aggregate i(S/A) iratio iof i0.50 

ileading ito ia imaximum ibulk idensity i(minimum ivoid icontent) 

iin iaggregate iblend iwas iused ifor iall iconcrete imixtures. iA 

itotal iair icontent i(AC) iof i6% iwas iadopted ito idesign ithe 

iair-entrained iSCHPCs iwhereas i2% ientrapped iair icontent 

iwas iconsidered iin idesigning ithe inon air-entrained iSCHPC. 

iThe iconcrete imixtures iwere idesigned ito iobtain ia islump iflow 

i(SF) iin ithe irange iof i600–800 imm, iwhich igives iexcellent 

ifilling iability. iThe idosages iof iHRWR iwere idecided ito iattain 

ithe irequired islump iflow. iThe iHRWR idosages iused ifor 

idifferent iSCHPCs iwere i70–80% iof ithe isaturation idosages. 

iThe isaturation idosages iof iHRWR iwere idetermined iby 

itesting ithe ifilling iability iof ithe ibinder ipaste icomponents iof 

ivarious iSCHPCs. iIn iaddition, ithe iAEA idosages iwere ifixed 

ito iachieve ia itotal iair icontent iof i6 i± i1.5% iin iair-entrained 

iSCHPCs. i 

The imixture iproportions iand idesignations iof ivarious 

iSCHPCs iare igiven iin iTable i2. iThe iconcretes iwere 

idesignated ibased ion ithe iW/B iratio, iRHA icontent, iand idesign 

iair icontent. iFor iexample, ithe i‘C40R15A6’ idesignation iwas 
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× 

iused ifor ithe iconcrete iprepared iwith ia iW/B iratio iof i0.40, 

i15% iRHA icontent, iand i6% idesign iair icontent. 

 

2.3. Preparation iof ifresh iconcretes iand ihardened itest 

ispecimens 

The iconcrete iconstituent imaterials iwere ibatched ifor 

imixing ibased ion ithe imixture iproportions ishown iin iTable i2. 

iThe ibatch ivolume iof ithe ifresh iconcretes iwas itaken i15% 

imore ithan ithe irequired ito icompensate ithe iloss iduring 

imixing iand itesting. iThe icomponent imaterials iwere imixed iin 

ia irevolving ipan itype imixer ito iproduce ithe ifresh iSCHPCs. 

iThe iAEA idosage iwas iadded iat ithe ibeginning iwhereas ithe 

iHRWR idosage iwas iused iat ithe ilater istage iof imixing. iThe 

inet imixing itime ifor iall iconcrete imixtures iwas i7 imin. iThe 

ihardened itest ispecimens iwere iprepared ifrom ithe ifresh 

iconcretes ithrough iseveral isteps isuch ias imoulding, 

idemoulding, iand icuring. iThe icylinder ispecimens iof iØ i100 ix 

i200 imm isize iwere imoulded iin imoulds. iThe ifresh iconcrete 

iwas ipoured iinto ithe icylinder imoulds iin ione ilayer, iand ino 

ivibration ior irodding iwas iused ifor iconsolidation. 

iImmediately iafter icasting, ithe icylinder ispecimens iwere ileft 

iundisturbed iat iroom itemperature. iThe ispecimens iwere 

idemoulded, imarked, iand itransferred ito icuring iat ithe iage iof 

i24 ihrs. iThe icuring iwas icarried iout iuntil ithe iday iof itesting. 

 
2.4 iTest iprocedures 

The icompressive istrength iand iultrasonic ipulse 

ivelocity iwere idetermined iusing iØ i100 ix i200 imm 

icylinders iat ieach itesting iage. iThe icompression itest iwas 

icarried iout iat ithe iages iof i3, i7, i28, iand i56 idays iin 

iaccordance. 

The iultrasonic ipulse ivelocity iof ithe iconcretes iwas 

idetermined iat ithe iages iof i28 iand i56 idays iaccording. iA 

iportable iultrasonic inon-destructive idigital iindicating itester 

i(PUNDIT) iwas iused ito idetermine ithe itransit itime iof 

iultrasonic ipulse ithrough iconcrete ispecimens. iThe 

ispecimens iwere iair-dried iat iroom itemperature ifor i24 ihrs 

iprior ito ithe itesting iof iultrasonic ipulse ivelocity. i 

 

Table i2 

Details iof ithe iconcrete imixture iproportions 

Concrete 

Itype 

Basic 

CA 

proportions 

i(kg/m3) 

FA 

 

C 

 

RHA 

 

W 

Admixture 

HRWR 

dosages 

AEA 

(% iB) 

 

SFa i(mm) ACb (%) 

C30R0A6 846.3 842.2 492.7 0 147.8 0.875 0.026 710 5.7 

C30R15A6 829.9 825.8 418.8 73.9 147.8 1.75 0.047 735 5.3 

C30R20A6 824.4 820.3 394.2 98.5 147.8 2.10 0.056 770 5.7 

C35R0A6 876.1 871.8 422.3 0 147.8 0.70 0.020 690 5.3 

C35R5A6 871.4 867.1 401.2 21.1 147.8 0.875 0.025 700 5.5 

C35R10A6 866.7 862.4 380.1 42.2 147.8 1.05 0.035 710 5.1 

C35R15A6 862.0 857.8 359.0 63.3 147.8 1.40 0.045 720 5.1 

C35R20A6 857.3 853.1 337.8 84.5 147.8 1.75 0.054 710 5.0 

C35R25A6 852.6 848.4 316.7 105.6 147.8 2.10 0.070 740 5.6 

C35R30A6 847.9 843.7 295.6 126.7 147.8 2.45 0.080 750 5.2 

C40R0A6 898.4 894.0 369.5 0 147.8 0.60 0.011 665 6.1 

C40R15A6 886.0 881.7 314.1 55.4 147.8 1.00 0.040 680 5.2 

C40R20A6 881.9 877.6 295.6 73.9 147.8 1.20 0.051 675 5.3 

C50R0A6 928.3 923.7 296.8 0 148.4 0.50 0.006 605 5.2 

C50R0A2 940.1 935.5 334.8 0 167.4 0.50 0 600 1.8 

a i iSlump iflow. 
b i iAir icontent. 

III.  RESULTS IAND IDISCUSSION 

3.1 Compressive istrength 

The iaverage icompressive istrengths iof ithe iconcretes iare 

ipresented iin iFig. i1. iThe igain iin icompressive istrength 

icontinued ito ioccur iover ithe i56 idays icuring iperiod. iThe 

i28-days icompressive istrength ivaried ifrom i42.7 ito i94.1 iMPa 

iwhile ithe i56-days icompressive istrength idiffered ifrom i44.9 

ito i98.4 iMPa ifor idifferent iconcretes. iThe ihighest ilevel iof 

ilater-age icompressive istrength iwas iachieved i ifor i 

iC35R30A6, i iwhich i icontained i i30% i iRHA i iat i ithe i iW/B i 

iratio i iof i0.35. i iConversely, ithe ilowest ilevel iof icompressive 

istrength iat iall iages iwas iobtained ifor iC50R0A6, iwhich iwas 

iproduced iwith ia iW/B iratio iof i0.50 iand iwithout iany iRHA. 

iNevertheless, ithe iperformance icriteria ifor iboth iearly-age iand 

ilater-age icompressive istrengths iof iSCHPC, ias imentioned iin 

iTable i1 iwere ifulfilled ifor iall iconcretes. iThe icompressive 

istrength iof ithe iconcretes iwith iand iwithout i iRHA iincreased 

iwith ia ilower iW/B iratio, ias iobvious ifrom iFig. i2. i i i iThe 

iincrease iin icompressive istrength iis idirectly irelated ito ithe 

ireduction iin iconcrete iporosity i[28]. iIn ithe icurrent istudy, ithe 

itotal iporosity iof iconcrete idecreased iwith ia ilower iW/B iratio. 

iThe imicro- istructure iof iconcrete iis iimproved iin iboth ibulk 

ipaste imatrix iand iinterfacial itransition izone iwith ia ireduced 

iporosity i[29]. iAlso, ithe icement icontent ibecame ihigher iat ia 

ilower iW/B iratio isince i ithe i iwater icontent iwas ikept iconstant 

ifor iall iconcretes, ias ievident ifrom iTable i2. iThe iincreased 

icement icontent iimproves ithe iphysical ipacking iof iaggregates 

iand iproduces ia igreater iamount iof icalcium isilicate ihydrate 

i(C–S–H) ileading ito ia ihigher icompressive istrength. 
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Fig. i1. iCompressive istrength idevelopment iof ivarious 

iconcretes 

 

The iRHA iincreased ithe icompressive istrength iof iconcretes 

iat ithe iages iof i7, i28 iand i56 idays, ias ievident ifrom iFigs. i1 iand 

i2. iThe iimprovement iof icompressive istrength iis imostly idue 

ito ithe imicrofilling iability iand ipozzolanic iactivity iof iRHA 

i[30,31]. iWith ia ismaller iparticle isize, ithe iRHA ican ifill ithe 

imicrovoids iwithin ithe icement iparticles. iAlso, ithe iRHA iis ia 

ihighly ireactive iSCM. iIt ireadily ireacts iwith iwater iand 

icalcium ihydroxide i(a iby-product iof icement ihydration) iand 

iproduces iadditional iC–S–H i[31]. iThe iadditional iC–S–H 

ireduces ithe iporosity iof iconcrete iby ifilling ithe icapillary 

ipores, iand ithus iimproves ithe imicrostructure iof iconcrete iin 

ibulk ipaste imatrix iand itransition izone ileading ito ian iincreased 

icompressive istrength. 

The iincreased iair icontent idecreased ithe icompressive 

istrength iof iconcrete. iThis iis iobvious ifrom ithe icompressive 

istrength iresults iof ithe iconcretes i‘C50R0A2’ iand 

i‘C50R0A6’, ias ipresented iin iFig. i1. iThe ireduction iin 

icompressive istrength iwas iabout i4 iMPa iper i1% iincrease iin 

iair icontent. iThis iis idue ito ithe ientrained iair-voids ithat 

iincrease ithe itotal ivoid icontent iof iconcrete i[28]. iThe 

iincreased ivoid icontent idecreases ithe iload icarrying icapacity 

iof iconcrete, iand ithus iproduces ia ilower icompressive istrength. 

 
Fig. i2. iEffects iof iW/B iratio iand iRHA icontent ion ithe 

icompressive istrength iof concrete. 

3.2. Ultrasonic ipulse ivelocity 

 

The iaverage itest iresults ifor ithe i28 iand i56 idays iultrasonic 

ipulse ivelocity iof ithe iconcretes iare ipresented iin iFig. i3. iThe 

iultrasonic ipulse ivelocity ivaried iin ithe irange iof i4.730–5.097 

ikm/s, ithus iindicating ian iexcellent iphysical icondition iof ithe 

iconcretes. iThis iis ibecause ian iultrasonic ipulse ivelocity ihigher 

ithan i4.575 ikm/s igenerally irepresents ithe iexcellent iquality iof 

iconcrete i[11]. iThe iexcellent iultrasonic ipulse ivelocity iwas 

iattained imostly idue ito ithe iimproved ipore istructure iof 

iconcretes iwith ireduced iporosity iand ismall ipore isizes. 

The iultrasonic ipulse ivelocity iof ithe iconcretes iwith iand 

iwithout iRHA iincreased iwith ia ilower iW/B iratio, ias ievident 

ifrom iFig. i4. iThe ihighest ilevel iof iultrasonic ipulse ivelocity 

iwas iachieved ifor ithe iconcretes iprepared iwith ithe iW/B iratio 

iof i0.30. iIn icontrast, ithe ilowest ilevel iof iultrasonic ipulse 

ivelocity iwas iobtained ifor ithe iconcretes iproduced iwith ithe 

iW/B iratio iof i0.50. iThe iimprovement iin iultrasonic ipulse 

ivelocity iat ia ilower iW/B iratio iwas idue ito ithe ireduced 

iporosity iof iconcrete iresulting ifrom ia igreater ivolume iof 

ihydration iproducts. 

The ipresence iof iRHA iincreased ithe iultrasonic ipulse 

ivelocity iof ithe iconcretes, ias ican ibe iseen ifrom iFigs. i3 iand i4. 

iThe iphysical iand ichemical imodifications iof ithe ipore 

istructure iof iconcrete ioccur iin ithe ipresence iof iRHA idue ito iits 

imicrofilling iand ipozzolanic ieffects i ias idiscussed iin iSection 

i3.1. iThis iresults iin i ithe i ipore i irefinement iand iporosity 

ireduction ileading ito ia idense ipore istructure iin iboth ibulk ipaste 

imatrix iand itransition izone iof iconcrete ithat icontributes ito ia 

ihigher iultrasonic ipulse ivelocity. iHowever, ithe iincrease iin 

iultrasonic ipulse ivelocity iwas inot ias isignificant ias ithe 

iincrease iin icompressive istrength idue ito ithe ireduced 

iaggregate icontent. iThe iaggregate icontent idecreased iwith ithe 

iincrease iin iRHA icontent, ias ican ibe iseen ifrom iTable i2. iThis 

ican idiminish ithe ipositive ieffect iof iRHA ion ithe iultrasonic 

ipulse ivelocity iof iconcrete, isince ia ireduction iin iaggregate 

icontent idecreases ithe iultrasonic ipulse ivelocity iof iconcrete 

i[11,32]. 

The iultrasonic ipulse ivelocity iof iconcrete iwas iaffected iby 

ithe ientrained iair-voids iof iconcrete. iIt ican ibe iseen ifrom iFig. 

i3 ithat ithe iultrasonic ipulse ivelocity iof ithe inon-air-entrained 

iconcrete i(C50R0A2) iwas ihigher ithan ithat iof iair-entrained 

iconcrete i(C50R0A6) iproduced iwith ithe isame iW/B iratio. 

iThis iis idue ito ithe igreater inumber iof ipores iand iC–S–H 

igel/pore iinterfaces iin ithe ipresence iof ientrained iair-voids ithat 

imay idelay ithe ipropagation iof ithe iultrasonic ipulse, ithus 

ireducing iits ivelocity ithrough iconcrete. 
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Fig. i3. iUltrasonic ipulse ivelocity iof ivarious iconcretes 

 

 
Fig.  4. Effects of W/B ratio and RHA content on the 

ultrasonic pulse velocity of concrete 

IV. CONCLUSIONS 

 

Based ion ithe iexperimental iresults ifor ivarious iSCHPCs 

iproduced iin ithe ipresent istudy, ithe ifollowing iconclusions ican 

ibe idrawn: 

 

a. The ihardened iproperties iof ithe iconcretes iwere 

ienhanced iwith ilower iW/B iratio idue ito ithe iimproved ipaste 

idensification iresulting ifrom ia igreater iamount iof ihydration 

iproducts iin ithe ipresence iof ihigher ibinder icontent. 

b. The ihardened iproperties iof ithe iconcretes iwere 

iprogressively iimproved iwith ithe iincreased icontent iof iRHA 

ibecause iof iits imicrofilling iand ipozzolanic ieffects, iwhich 

iimprove ithe imicrostructure iand ipore istructure iof iconcrete iin 

ibulk ipaste imatrix iand itransition izone. 

c. The icompressive istrength iand iultrasonic ipulse ivelocity 

iof ithe iconcretes iincreased iwith ilower iW/B iratio iand ihigher 

iRHA icontent. i 

d. The iexcellent ihardened iproperties iwere iachieved iat 

i15% iRHA, iwhich iwas ialso isuitable ito iprovide ithe irequired 

islump iflow iand iair icontent iwith irelatively ilow idosages iof 

iHRWR iand iAEA, irespectively. iIn iaddition, ino imixing iand 

ihandling idifficulties iwere iexperienced ifor ithe iSCHPCs 

iincluding ithe iRHA icontent iof i15%. iHence, i15% iRHA iwas 

ithe ioptimum iRHA icontent ifor iSCHPC. 

e. The iincreased iair icontent idecreased ithe icompressive 

istrength isince ithe iair-voids iincreased ithe itotal ivoid icontent, 

iwhich ireduced ithe iload icarrying icapacity iof iconcrete. iAlso, 

ithe iincrease iin iair icontent idecreased ithe iultrasonic ipulse 

ivelocity iof iconcrete, ias ithe iincreased iamount iof iair-voids 

idelayed ithe ipropagation iof iultrasonic ipulse. 
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