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Abstracts 

UHPC is a cement-based composite that is used in new construction and/or renovation of existing 

structures to increase their service life. It is a unique composite material that may be used as an 

alternative to concrete in harsh conditions. Following decades of research and development, a wide 

range of commercial UHPC compositions are now accessible across the world to fulfill the growing 

number of applications and demand for high-quality construction materials. Although UHPC has 

significant advantages over conventional concrete, its use is limited because of rigid design 

restrictions and excessive pricing. As a consequence, a detailed analysis of UHPC's durability 

qualities is necessary to provide critical information for material testing requirements and methods, 

as well as to widen its practical applications. The goal of this study is to learn more about UHPC and 

to encourage more research and use of UHPC. 
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1. Introduction 

Concrete is the most widely used ˑsynthetic ˑmaterial ˑon ˑthe ˑglobe, ˑand ˑit ˑwill ˑremain ˑin ˑhigh 

ˑdemand ˑfor ˑthe ˑ near ˑfuture. ˑIt ˑis ˑestimated ˑthat ˑ global ˑ concrete ˑoutput ˑis ˑ over ˑ 6 ˑbillion ˑcubic 

ˑmeters ˑper ˑyear, ˑwith ˑChina ˑnow ˑutilizing ˑapproximately ˑ40% of global concrete production [1-

3]. Concrete's superior properties, such as its strength ˑand ˑdurability, ˑcapacity ˑto ˑbe ˑlaid ˑin ˑa 
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ˑvariety ˑof ˑforms, ˑand ˑlow ˑcost, ˑhave ˑmade ˑit ˑthe ˑmost ˑwell-known ˑand ˑvital ˑmaterial ˑin ˑthe 

ˑbuilding ˑindustry. ˑConcrete ˑis ˑgenerally ˑemployed ˑbecause ˑof ˑits ˑhigh ˑcompressive ˑstrength. 

ˑOver ˑthe ˑlast ˑfew ˑdecades, ˑconsiderable ˑprogress ˑhas ˑbeen ˑmade ˑin ˑthe ˑfield ˑof ˑconcrete 

ˑdevelopment. Intensive scientific attempts to improve ˑconcrete's ˑcompressive ˑstrength ˑbegan” ˑin 

ˑthe ˑ1930s [4-6]. 

Ultra-High-Performance ˑConcrete ˑ(UHPC) ˑ“is ˑan ˑinnovative ˑcement-based ˑcomposite ˑmaterial 

ˑthat ˑoutperforms ˑtraditional ˑconcrete ˑin terms of mechanical and durability [7-11]. ˑUHPC ˑis 

ˑgaining ˑpopularity ˑin ˑresearch ˑand ˑcommercial ˑapplications. ˑAlthough ˑUHPC ˑapplications 

ˑhave ˑbeen ˑsuccessfully ˑproven ˑin ˑmany ˑnations, ˑmainstream ˑadoption ˑremains a challenge. 

ˑSeveral ˑimpediments ˑare ˑidentified, ˑincluding ˑa ˑlack ˑof ˑunderstanding ˑof ˑstructural ˑbehavior, 

ˑmaterial ˑcharacterization processes, and generally accepted ˑdesign ˑcodes. ˑThe ˑability ˑto ˑdesign 

ˑlightweight ˑand ˑslender ˑstructures ˑis ˑone ˑof ˑthe ˑdriving ˑelements ˑbehind ˑincreased ˑutilization 

[12-15]ˑ. ˑOthers ˑinclude ˑlower ˑcosts, ˑa ˑsmaller ˑenvironmental ˑfootprint, ˑand ˑfewer maintenance” 

requirements. 

Existing codes for conventional “concrete ˑproduction ˑand ˑstructural ˑapplication ˑdo ˑnot ˑfully 

ˑapply ˑto ˑUHPC. ˑSeveral ˑnations, ˑincluding ˑGermany ˑ[16], ˑSwitzerland ˑ[17], ˑAustralia ˑ[18], 

ˑCanada ˑ[19], ˑSpain ˑ[20] ˑand ˑJapan ˑ[21], ˑare ˑdeveloping ˑdesign ˑguidelines ˑor 

ˑrecommendations ˑfor ˑUHPC. ˑEach ˑof ˑthese ˑnationally ˑevolving ˑdesign ˑguidelines ˑhas ˑvarious 

ˑmaterial ˑcharacterization ˑneeds, ˑand ˑeach ˑtakes ˑa ˑdifferent ˑapproach ˑto ˑthe ˑdesign ˑprocess. 

ˑAlready ˑin ˑ2002, ˑthe ˑAssociation ˑFrançaise de Génie Civil (AFGC) issued design 

recommendations ˑfor ˑUHPC ˑ[22]. ˑIn ˑ2016, ˑa ˑversion ˑof ˑthis ˑwas ˑadopted ˑin ˑFrance ˑas ˑa 

ˑnational ˑappendix ˑ[23-28] ˑto ˑthe ˑordinary ˑconcrete design” code (Eurocode 2). 

Generally these different properties ˑof ˑfiber ˑyield ˑdifferent ˑeffects ˑwhen ˑadded ˑto ˑtheir 

ˑrespective ˑconcretes. ˑFor ˑthe ˑmicrostructure ˑof ˑconcrete, ˑMarković [29] ˑindicated ˑthat ˑthe 

ˑmicro ˑfiber ˑ(shorter ˑthan ˑ0.1 ˑmm) ˑhas ˑa ˑmore ˑhomogenous ˑdistribution ˑin ˑconcrete, ˑleading 

ˑto ˑ a ˑ higher ˑ packing ˑ density ˑ of ˑ cement ˑ matrix. ˑ Keer [30] ˑ reported ˑ that ˑ synthetic ˑ fiber ˑ increases 

ˑthe ˑpermeability ˑof ˑconcrete ˑdue ˑto ˑtheir ˑporous ˑinterfacial ˑtransition ˑzone ˑ(ITZ). ˑAs ˑfar ˑas 

ˑthe ˑmechanical performances of ˑconcrete ˑare ˑconcerned, ˑvarious ˑresearchers ˑ[15, 31-35] ˑhave 

ˑstudied ˑthe ˑfibers' ˑeffect ˑon ˑconcrete ˑunder ˑcompression ˑor ˑtension. ˑThey ˑhave ˑreported ˑthat 

ˑthe ˑfibers ˑincrease ˑthe ˑtensile ˑstrength ˑof ˑconcrete, ˑbut ˑnot ˑnecessarily ˑits ˑcompressive 
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ˑstrength. ˑThey ˑhave ˑalso ˑfound ˑthat ˑthe ˑmacro ˑfiber ˑhas ˑan ˑefficacious capacity against the 

macro cracking ˑof ˑconcrete ˑin ˑthe ˑpost-peak ˑ phase. ˑNataraja, et al. [36] ˑreported ˑ that ˑfibers ˑ with 

ˑa ˑgreater ˑratio ˑof ˑL/f ˑyield ˑa ˑhigher ˑcompressive ˑstrength ˑin ˑthe ˑconcrete. ˑZheng and Feldman 

[37] ˑshowed ˑthat ˑfibers ˑwith ˑhigher ˑtensile ˑstrength ˑand ˑhigher ˑelastic ˑmodulus ˑcould 

ˑsignificantly ˑimprove ˑthe ˑmechanical ˑperformance ˑof ˑconcrete [38-43]. 

Many researchers have conducted ˑstudies ˑon ˑUHPC, ˑbut ˑinformation ˑon ˑthe ˑmaterials ˑand 

ˑstructural ˑproperties ˑof ˑUHPC ˑare ˑstill ˑ limited. ˑ“This ˑreview ˑincludes ˑfour ˑparts. ˑThe ˑpurpose 

ˑof ˑthis ˑreview ˑis ˑto ˑsummarize ˑprevious ˑresearch ˑand ˑto ˑsuggest ˑsome ˑneeds ˑfor ˑfuture” 

ˑresearch. 

2. Fresh property 

2.1. Workability 

Concrete “workability is ˑdefined ˑas ˑthe ˑeffort ˑrequired ˑto ˑmanipulate ˑa ˑfreshly ˑmixed ˑquantity 

ˑof ˑconcrete ˑwith ˑminimal ˑloss ˑof ˑhomogeneity ˑ(uniformity) ˑ[15, 33-35, 44]. ˑManipulation 

ˑrefers ˑto ˑthe ˑearly-age ˑprocedures ˑof ˑplacing, ˑcompacting, ˑand ˑfinishing ˑ[45]. ˑThe ˑtechnique 

ˑof ˑincreasing ˑthe ˑproperties ˑand ˑperformance ˑof ˑconcrete ˑby ˑadding ˑfiner ˑmineral ˑadmixtures 

ˑand ˑfibers ˑto ˑthe ˑconcrete ˑaffects ˑits ˑworkability. ˑIn ˑgeneral, ˑUHPC ˑhas ˑa ˑgreater ˑviscosity 

ˑthan ˑregular ˑconcrete ˑ[46]. ˑThe ˑviscous ˑflow ˑof ˑUHPC ˑis ˑcaused ˑby ˑthe ˑradically ˑdifferent 

ˑdesign ˑmix ˑcomposition ˑ(close ˑpacking ˑof ˑfine ˑcomponents) ˑcompared ˑto ˑstandard ˑconcrete, 

the characteristics of ˑthe ˑmaterials, ˑand ˑthe ˑexceptionally ˑlow ˑwater-to-binder ˑratio. 

ˑFurthermore, ˑthe ˑmechanical ˑand ˑdurability ˑproperties ˑof ˑUHPC ˑare ˑgoverned ˑby ˑits 

ˑperformance ˑin ˑthe ˑfresh” ˑstate ˑ[8, 9, 47-50]. 

During the “UHPFRC manufacturing process, one or ˑmore ˑtypes ˑof ˑfiber, ˑas ˑwell ˑas ˑmineral 

ˑadmixtures, ˑare ˑadded ˑto ˑthe ˑtypical ˑconcrete ˑcomponents. ˑThe ˑworkability ˑof ˑUHPFRC ˑis 

ˑaffected ˑby ˑfiber ˑgeometry, ˑsurface ˑarea, ˑvolume ˑfraction, ˑand ˑshape ˑ[51]. ˑThe ˑaddition ˑof 

ˑfibers ˑto ˑthe ˑmix ˑreduces ˑthe ˑrelative ˑdroop ˑand ˑincreases ˑthe ˑair ˑcontent ˑof UHPC in its fresh 

state. Reduced ˑcement ˑconcentration ˑand ˑsuitable ˑparticle ˑpacking ˑmitigate ˑthe ˑunfavorable 

ˑimpacts ˑof ˑfiber ˑaddition ˑin ˑUHPC. ˑThe ˑinclusion ˑof ˑsteel ˑfibers ˑreduces ˑthe ˑworkability ˑof 

ˑUHPFRC ˑdue ˑto ˑthe ˑincreased cohesive force between ˑthe ˑpaste ˑand ˑthe ˑfibers [52]. Knowledge 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 July 2022                   doi:10.20944/preprints202207.0406.v1

https://doi.org/10.20944/preprints202207.0406.v1


4 

of the rheological ˑcharacteristics ˑof ˑUHPC ˑis ˑrequired ˑfor ˑa ˑbetter ˑunderstanding ˑof ˑthe 

ˑcohesion ˑand ˑdispersion ˑof ˑsteel ˑfibers ˑin ˑthe ˑmatrix. ˑWang, et al. [51] ˑinvestigated ˑthe ˑeffect 

ˑof ˑultra-high-performance ˑmortar ˑrheology properties on fiber dispersion. ˑThe ˑyield ˑstress, 

combined with ˑthe ˑdepth ˑrelative ˑto ˑthe ˑviscosity ˑof ˑthe ˑfresh ˑmix, ˑis ˑthe ˑkey ˑrheological 

ˑparameter ˑfor ˑa ˑuniform ˑdistribution ˑof ˑfiber. ˑFiber ˑdispersion ˑbecomes ˑproblematic ˑin ˑa 

ˑcombination ˑwith ˑhigh ˑyield ˑstress ˑand ˑplastic ˑviscosity, ˑwhereas ˑtoo ˑlow ˑyield ˑstress ˑand 

ˑplastic ˑviscosity ˑmight ˑresult ˑin ˑsignificant ˑsegregation ˑduring ˑthe casting stage. As a result, the 

author proposed an ideal ˑrange ˑof ˑfresh ˑmix ˑyield stress of 900–1000 Pa, ˑ700–900 ˑPa, ˑand ˑ400–

800 ˑPa ˑfor ˑUHPC ˑmixes ˑwith ˑ1%, ˑ2%, ˑand ˑ3% ˑfiber ˑvolume ˑfractions,” ˑrespectively. 

According to Kwon, et al. [53], ˑthe ˑ“workability ˑof ˑUHPFRC ˑcan ˑbe ˑestimated ˑusing ˑa ˑfactor 

ˑknown ˑas ˑthe ˑ'fiber ˑfactor.' ˑThe ˑequation ˑcan ˑbe ˑused ˑto ˑcompute ˑthe ˑ'fiber ˑfactor'. ˑχf ˑ= ˑVf 

ˑ× ˑlf/df, ˑwhere ˑVf ˑis ˑthe ˑvolume ˑof ˑfiber, ˑχf ˑis ˑthe ˑfiber ˑfactor, ˑlf ˑis ˑthe ˑfiber ˑlength, ˑand ˑdf ˑis 

ˑthe ˑ fiber ˑdiameter. ˑ χf ˑis ˑcalculated ˑ for ˑboth ˑstraight ˑ fibers ˑ (S) ˑand ˑ hooked ˑ fibers ˑ(H), ˑand ˑ the 

ˑtwo ˑχf ˑvalues ˑare ˑadded ˑtogether. ˑThe ˑfiber ˑfactor ˑrange ˑfor ˑUHPC ˑdevelopment ˑis ˑshown ˑin 

ˑTable ˑ1. ˑThe ˑresults ˑreveal ˑthat ˑas ˑthe ˑfiber ˑfactor ˑincreases, ˑthe ˑslump ˑof ˑUHPFRC 

ˑdecreases ˑwith ˑan ˑupper ˑlimit ˑof ˑ‘fiber ˑfactor’ ˑin ˑthe ˑrange ˑof ˑ2–2.5. ˑThe ˑsimilar ˑobservation 

ˑwas ˑreported ˑby Marković [29], Naaman and Wille [54]. Khan, et al. [55] reported ˑthat ˑmicro-steel 

ˑfiber ˑ2% ˑby ˑvolume ˑin ˑUHPC is the optimum ˑdosage ˑfor ˑa ˑuniform ˑfiber ˑdistribution. ˑA 

ˑuniform ˑfiber ˑdistribution ˑis ˑensured ˑwhen ˑthe ˑoptimal ˑmini-V-funnel ˑflow ˑtime ˑof ˑsuspended 

ˑmortar ˑis ˑused, ˑi.e., ˑ46 ˑ± ˑ2s, ˑcorresponding ˑto ˑthe ˑoptimal ˑplastic ˑviscosity ˑ(53 ˑ± ˑ3s). 

ˑFurthermore, ˑFerrara, et al. [56] ˑdiscovered ˑthat ˑthe ˑtype ˑof ˑ placing ˑof ˑ fresh ˑUHPC ˑin the mold, 

rather than the casting technique utilized, has a substantial impact ˑon ˑuniform ˑfiber ˑdistribution [57-

61]. ˑFresh ˑUHPC ˑis ˑplaced ˑfrom ˑone ˑedge ˑof ˑthe ˑmold, ˑletting ˑit ˑto ˑflow ˑto ˑthe ˑother ˑend ˑin 

ˑthe ˑlongitudinal ˑdirection, ˑdemonstrating ˑa ˑmore ˑsuitable ˑfiber” ˑorientation ˑfor ˑachieving ˑthe 

ˑgreater ˑflexural strength [62-70]. 

Table 1. Workability measurements and fiber details [53]. 

Specimens  ˑS1H0.5 ˑ  ˑS1H1.0 ˑ  ˑS1H1.5 ˑ  ˑS1H2.0 ˑ 

 ˑFiber ˑfactor ˑ(χf) ˑ 0.80 1.20 1.60  ˑ20 

 ˑFlow, ˑmm ˑ 275 ˑ× ˑ260 ˑ  ˑ270 ˑ× ˑ260 ˑ  ˑ220 ˑ× ˑ220 ˑ  ˑ205 ˑ× ˑ200 ˑ 

 ˑVf, ˑ% ˑ Hooked ˑ0.5 ˑ  ˑHooked ˑ1.0  ˑHooked ˑ1.5 Hooked ˑ2.0 

 ˑShape ˑof ˑfiber ˑ  ˑStraight ˑ  ˑStraight ˑ(S1) ˑ  ˑStraight ˑ(S1) ˑ  ˑStraight ˑ(S1) ˑ 
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2.2. Homogeneity and porosity 

The first property needed for assessing ˑ the ˑ fresh ˑ properties ˑ of ˑ a ˑ concrete ˑ mixture ˑ is ˑ homogeneity, 

ˑwhich ˑis ˑdefined ˑby ˑconcrete ˑproperties ˑin ˑall ˑdirections. ˑThe ˑquantity ˑof ˑmicromechanical 

ˑfeatures ˑof ˑconcrete, ˑsuch ˑas ˑinner ˑcracking, ˑdegradation, ˑhoneycombing, ˑand ˑmaterial 

ˑcomposition ˑdifferences, ˑcan ˑbe ˑused ˑto ˑassess ˑhomogeneity ˑin ˑcement-based composites. The 

addition of the W/C ratio, which ˑresults ˑin ˑa ˑsignificant ˑvolume of ˑpores ˑinside ˑthe ˑconcrete, ˑcan 

ˑimprove ˑthe ˑworkability ˑof ˑsteel ˑfiber-reinforced ˑconcrete ˑduring ˑcasting [71-77]. ˑExtra ˑwater 

ˑin ˑthe ˑfresh ˑstage ˑof ˑconcrete ˑcan ˑmove ˑover ˑthe ˑsmooth ˑsurface ˑof ˑsteel ˑfibers, ˑincreasing 

ˑthe production of longish air spaces following concrete hardening [78] [79-82]. In addition to the 

amount of water used, obtaining a completely clean fiber free of rubber is almost unavoidable during 

the recycling process of steel fiber, which has the inverse effects of rubber in increasing ˑthe ˑporosity 

ˑand ˑdecreasing ˑthe ˑmechanical ˑproperties ˑof ˑsteel ˑfiber-reinforced ˑconcrete ˑ[83-87]. 

The ˑbond ˑ“between ˑthe ˑfiber ˑand ˑthe ˑmatrix ˑis ˑa ˑcrucial ˑaspect ˑthat ˑmay ˑallow ˑthe ˑfiber ˑto 

ˑwork ˑinside ˑthe ˑconcrete. ˑThis ˑbond ˑcould ˑbe ˑweakened ˑby ˑgenerating ˑa ˑsignificant ˑporosity 

ˑat ˑthe ˑfiber ˑinterface, ˑand ˑin ˑsome ˑareas, ˑthe ˑfiber ˑcould ˑbe ˑtotally ˑdisengaged ˑfrom ˑthe 

ˑcement ˑmix ˑcomposition [88-91]. ˑIn ˑthis ˑcase, ˑthe ˑfiber ˑand ˑmatrix ˑmight ˑact ˑseparately ˑto 

ˑwithstand ˑ external ˑloading. ˑ However, ˑthe ˑmajor ˑ purpose ˑof ˑutilizing ˑ fiber ˑin ˑthe ˑconcrete ˑmix 

is to transfer the generated load ˑacross ˑdifferent ˑparticles ˑand ˑto ˑprepare ˑthe ˑload ˑtransferring 

ˑconsistency. ˑThis ˑconsistency ˑcould ˑbe ˑlowered ˑby ˑweakening ˑthe ˑbond ˑbetween ˑthe ˑsteel 

ˑfiber ˑand” ˑthe ˑmatrix [33, 38-40, 92]. 

Porosity ˑdistribution ˑinside ˑthe ˑconcrete ˑadversely ˑaffected ˑthe ˑservice ˑlife ˑof ˑconcrete. ˑSince 

ˑthe ˑrisk ˑof ˑcorrosion ˑof ˑsteel ˑfiber ˑcan ˑbe ˑevidently ˑincreased ˑnear ˑthe ˑvoids at the fiber and 

matrix interface [93]. Besides the corrosion ˑrisks, ˑthe ˑporosity ˑcould ˑincrease the occurrence of 

ˑaggressive ˑionic ˑattack, and rapid ˑpenetration ˑto ˑthe ˑconcrete ˑsuch ˑas chloride and sulphate ˑ[78] 

[94-96]. 

An ˑessential ˑ“issue ˑin ˑmitigating ˑthe ˑconcerns ˑstated ˑabove ˑis ˑthe ˑuse ˑof ˑextra ˑmaterials, 

ˑwhich ˑmight ˑlead ˑto ˑconcrete ˑdensification. ˑPreviously, ˑthe ˑeffects ˑof ˑvarious ˑadditional 

ˑmaterials ˑon ˑthe ˑmechanical ˑperformance, ˑpermeability, ˑand ˑchloride ˑdiffusion ˑof ˑa 
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ˑcementitious material with and without fiber reinforcement ˑwere ˑinvestigated [89-91, 94-96]. ˑOne 

ˑof ˑthese ˑextra materials could be ˑdescribed ˑas ˑhaving ˑpozzolanic ˑproperties. ˑBecause ˑpozzolan 

ˑacts ˑas ˑa ˑcement ˑby ˑcombining ˑcalcium ˑhydroxide ˑto ˑproduce ˑcalcium ˑsilicate ˑhydrate, ˑit ˑcan 

ˑeffectively ˑpenetrate ˑthe ˑcement ˑmatrix ˑthe ˑporosity ˑand ˑby ˑspoiling ˑthe ˑporosity ˑin ˑthe 

ˑcement ˑmatrix, ˑresulting ˑin ˑreducing ˑcapillarity ˑand ˑincreasing ˑthe ˑresistance ˑof ˑconcrete ˑto 

ˑwater ˑabsorption ˑand ˑchloride ˑion ˑdiffusion. ˑSome ˑstudies ˑhave ˑhighlighted ˑthe ˑutility ˑof 

ˑsilica ˑnano ˑpowder ˑas ˑa ˑfiller ˑin ˑimproving ˑthe ˑservice ˑcondition ˑof ˑconcrete ˑby ˑdramatically 

ˑlowering ˑthe ˑporosity ˑof ˑconcrete ˑin ˑthe ˑcase ˑof ˑsteel” ˑfiber-reinforced ˑconcrete ˑ[24-26, 97-

101]. 

Using Ultra Plus Velocity ˑis a reliable and ˑeasy ˑnondestructive ˑtest ˑamong ˑresearchers ˑthat ˑis 

ˑindependent ˑof ˑmaterial ˑgeometry ˑto ˑdetermine ˑthe ˑdegree ˑof ˑporosity ˑin ˑconcrete ˑ(UPV). 

ˑThis ˑtest ˑis ˑalso ˑbeneficial ˑfor ˑdetecting ˑinterior ˑcracking ˑand ˑcertain ˑconcrete ˑproblems, 

ˑparticularly ˑin ˑharsh ˑenvironments ˑ[102]. ˑThe ˑlevel ˑof ˑinduced ˑpulses ˑon ˑdifferent ˑareas ˑof 

ˑthe ˑconcrete ˑcoupons ˑmight ˑbe ˑused ˑto ˑdetermine ˑthe ˑintegrity ˑof ˑthe ˑconcrete ˑusing ˑUPV 

ˑ[103]. ˑA ˑhigher ˑreceived ˑpulse ˑvelocity ˑshows ˑthat ˑthe ˑconcrete ˑis ˑof ˑexcellent ˑquality, ˑbut ˑa 

ˑlower ˑreceived ˑpulse velocity indicates that there are ˑsome ˑvoids ˑor ˑcracks, ˑwhich ˑcause ˑthe 

ˑpulse ˑto ˑpropagate ˑaround ˑthese ˑdiscontinuities ˑand ˑcause ˑthe ˑroute ˑlength ˑto ˑbe ˑlonger. ˑW/C 

ˑ[104], ˑadmixture ˑ[105], ˑdensity, ˑand ˑvolume ˑof ˑsteel ˑfibers ˑcan ˑall ˑhave ˑan ˑeffect ˑon ˑthe 

ˑmeasured ˑpulse ˑvelocity. ˑA ˑrecent ˑstudy ˑfound ˑthat ˑemploying ˑsteel ˑfiber ˑin ˑthe ˑproduction 

ˑof ˑsteel ˑfiber-reinforced ˑconcrete ˑhas ˑa ˑnegative ˑimpact ˑon ˑUPV. ˑThis ˑmay ˑbe ˑexplained ˑby 

ˑthe ˑfact ˑthat ˑthe ˑpresence ˑof ˑsteel ˑfiber ˑin ˑthe ˑmortar ˑmix ˑincreased ˑvoids ˑin ˑthe 

ˑmicrostructure ˑof ˑthe ˑcement ˑmatrix, ˑwhile ˑthe ˑfiber ˑcontent ˑraised ˑthe ˑUPV ˑless ˑ[106]. 

2.3. Rheology 

The better “mechanical properties ˑand ˑdurability ˑof ˑUHPC ˑover ˑtraditional ˑconcrete ˑare 

ˑattributable ˑto ˑthe ˑuse ˑof ˑa ˑlow ˑwater-to-binder ˑratio ˑ(w/b) ˑand ˑa ˑhigh ˑbinder ˑconcentration, 

ˑwhich ˑ reduce ˑ matrix ˑ porosity. ˑ Furthermore, ˑ the ˑ lack ˑ of ˑ coarse ˑ aggregate ˑ and ˑ the ˑ use ˑ of ˑ fibers 

ˑin ˑUHPC ˑincrease ˑmixture ˑhomogeneity ˑand ˑimprove ˑmechanical ˑcharacteristics, ˑcracking 

ˑresistance, ˑtensile ˑstrength, ˑand ˑductility. ˑFurthermore, ˑthe ˑuse ˑof ˑhigh ˑsuperplasticizer ˑ(SP) 

ˑdose ˑrates ˑin ˑUHPC ˑensures ˑhigh ˑfluidity ˑto ˑaccomplish ˑself-consolidating ˑuniformity ˑand 

ˑincrease ˑbinder system dispersion. ˑIn ˑaddition ˑto ˑSP, ˑresearchers ˑhave ˑemployed ˑseveral ˑtypes 
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ˑof ˑchemical ˑadmixtures ˑto ˑimprove ˑthe ˑ mechanical ˑcharacteristics ˑof ˑUHPC, ˑsuch ˑas ˑ viscosity 

ˑmodifying ˑadmixtures ˑ(VMA) ˑ[107] ˑand ˑair ˑdetraining ˑadmixtures ˑ[108]. ˑThese ˑchanges ˑin 

ˑUHPC ˑmaterial ˑcomposition ˑ(compared ˑto ˑCC) ˑresult ˑin ˑUHPC ˑhaving ˑdistinct ˑrheological 

ˑcharacteristics, ˑas ˑseen ˑ in ˑTable ˑ2. ˑBecause ˑof ˑthese ˑvariations, UHPC flow behavior throughout 

ˑthe ˑinstallation ˑand ˑconsolidation ˑstages ˑof construction may differ from that of CC [73-77, 88]. 

ˑThe ˑrheological ˑproperties of UHPC ˑmixes ˑare ˑdiscussed ˑin ˑdepth ˑin ˑthe ˑfollowing” ˑsections. 

There ˑis ˑlittle ˑknown ˑabout ˑthe ˑrheological ˑbehavior ˑof ˑfiber-reinforced ˑconcrete ˑmixes, 

ˑnotably ˑUHPC ˑ(mortar ˑ+ ˑfibers). ˑMartinie, et al. [109] ˑdiscovered ˑa ˑsimilar ˑrelationship 

ˑbetween ˑthe ˑrheological ˑparameters ˑof ˑmortar ˑand ˑUHPC ˑto ˑthat ˑdescribed ˑin ˑEq ˑ(1). 

ˑFurthermore, ˑit ˑwas ˑshown ˑthat ˑthere ˑis ˑa ˑcertain ˑconcentration ˑof ˑfibers ˑbeyond ˑwhich ˑthe 

rheological characteristics of UHPC improve by many orders ˑof ˑmagnitude ˑwhen ˑcompared ˑto 

ˑmortar ˑor ˑpaste ˑcombinations ˑ[109]. Meng and Khayat [107] investigated ˑthe ˑrheological ˑflow 

ˑbehavior ˑof ˑUHPC ˑmixtures ˑand ˑdiscovered ˑa ˑlinear ˑrelationship ˑbetween ˑshear ˑstress ˑand 

ˑstrain ˑrate. ˑArora, et al. [110] ˑalso ˑinvestigated ˑthe ˑlinear ˑflow ˑbehavior ˑof ˑUHPC ˑpaste ˑand 

ˑmortar ˑcombinations. ˑThe ˑvariation ˑin ˑflow ˑbehavior ˑ(linear ˑand ˑnonlinear) ˑmay ˑbe ˑrelated ˑto 

ˑthe ˑmaterial's ˑshear ˑrate ˑranges ˑduring ˑthe ˑrheological ˑtesting ˑ[111] ˑand ˑthe ˑmixture 

ˑingredients ˑutilized ˑin ˑthe ˑvarious ˑinvestigations ˑ[79-82, 112]. ˑThis ˑchange ˑin ˑflow ˑbehavior 

ˑwith ˑapplied ˑshear ˑrate ˑfor ˑUHPC ˑmixes ˑsuggests ˑthat ˑit ˑis critical to understand the ˑshear ˑrate 

ˑranges ˑpredicted ˑfor ˑa ˑspecific ˑmaterial ˑprocessing ˑin ˑorder ˑto ˑeffectively ˑestimate ˑrheological 

ˑcharacteristics ˑand ˑpredict ˑflow ˑbehavior [41-43, 57, 59, 113]. 

 ˑ𝜂𝑠 =  ˑ𝜂 (1 +  ˑ
𝜑

𝜑𝑚𝑎𝑥
)

−[𝜂]𝜑𝑚𝑎𝑥

 (1) 

Where ηs is the ˑviscosity ˑof ˑthe ˑsuspension, ˑi.e., ˑmortar; ˑη ˑis ˑthe ˑviscosity ˑof ˑthe ˑsuspending 

ˑmedium ˑi.e., ˑpaste; ˑφ ˑis ˑthe ˑvolume ˑfraction ˑof ˑthe ˑparticles; ˑand ˑφmax ˑis ˑthe ˑmaximum 

ˑparticle ˑpacking. ˑφmax ˑrepresents ˑthe ˑvolume ˑof ˑthe ˑparticles ˑat ˑclose ˑpacking ˑ[114] ˑand ˑis 

ˑtaken ˑas ˑ0.65 ˑfor ˑmonodisperse ˑrandomly ˑclose-packed ˑspheres [η] is the intrinsic viscosity, 

which ˑis ˑtaken ˑas ˑ2.5 ˑfor ˑnon-Brownian rigid spheres [84-87]. 

Table 2. Ranges of typical yield stress and plastic viscosity for various concrete mixes 

 ˑRheological 

ˑparameter 

 ˑConventional ˑconcrete 

ˑ
[115] 

 ˑHigh-performance 

ˑconcrete ˑ[116] 

UHPC ˑ[107, 

117] 

 ˑSelf-consolidation 

ˑconcrete ˑ[118] 
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 ˑPlastic ˑviscosity 

ˑ(Pa.s) 

50–100  ˑ50–550 20–200  ˑ100–400 

 ˑYield ˑstress ˑ(Pa)  ˑ500–2000  ˑ50–2000 10–100 5–50 

 

2.3.1. Influence of fiber volume fraction 

Increased “fiber content ˑcan ˑsignificantly ˑincrease ˑcementitious ˑmaterial ˑyield ˑstress ˑand 

viscosity due to reduced packing density ˑ and ˑincreased ˑfriction ˑamong ˑfibers ˑand ˑ their ˑinteraction 

ˑwith ˑsolid ˑmaterials. ˑOn ˑthe ˑother ˑside, ˑwhen ˑfiber ˑvolume ˑgrows, ˑit ˑbecomes ˑmore ˑdifficult 

ˑto ˑdistribute ˑthem ˑequally, ˑincreasing ˑthe ˑpossibility ˑfor ˑfiber ˑinterlock. ˑThere ˑis ˑa ˑthreshold 

ˑvalue ˑfor ˑfiber ˑconcentration ˑover ˑwhich ˑflowability ˑis ˑsignificantly ˑdiminished. ˑThis ˑis ˑdue 

ˑto ˑthe ˑfact ˑthat ˑwhen ˑthe ˑfiber ˑcontent ˑexceeds ˑthe ˑcritical ˑfiber ˑconcentration, ˑthe ˑfibers 

ˑmight” ˑform ˑclumps ˑand balls. 

2.3.2. Influence of fiber type 

UHPC primarily employs two types of fibers: ˑelastic ˑand ˑrigid ˑfibers. ˑIn ˑgeneral, ˑthe ˑuse ˑof ˑrigid 

ˑfibers ˑincreases ˑyield ˑstress, ˑwhereas ˑthe ˑuse ˑof ˑflexible ˑfibers ˑincreases ˑviscosity. ˑStraight, 

ˑhook, ˑand ˑcorrugate ˑfibers ˑare ˑthe ˑmost ˑcommon ˑrigid ˑfiber ˑshapes ˑ[119]. ˑWhen ˑcompared 

ˑto ˑ straight ˑ fibers, ˑthe ˑ usage ˑof ˑhooked ˑsteel ˑfibers ˑhas ˑa ˑ greater ˑeffect ˑ on ˑraising ˑyield ˑstress. 

The deformed shape has both a cohesive ˑ and ˑanchoring ˑeffect [13, 61, 119-121]. ˑDue ˑto ˑtheir ˑlarge 

ˑaspect ˑratios, ˑwhich ˑequal ˑthe ˑlength ˑof ˑfiber ˑ(Lf) ˑdivided ˑby ˑthe ˑdiameter ˑof ˑthe ˑfiber ˑ(Df), 

ˑthe ˑinclusion ˑof ˑlong ˑrigid ˑfibers ˑcan ˑsignificantly ˑlower ˑthe ˑrheological ˑbehavior ˑof ˑUHPC. 

ˑIncreased ˑaspect ˑratio ˑof ˑsteel ˑfibers ˑcan ˑboost ˑmechanical ˑinteraction ˑ[122]. 

Flexible fibers ˑ(e.g., ˑpolypropylene ˑand ˑpolyvinyl ˑalcohol ˑfiber) ˑcan ˑincrease ˑviscosity ˑthrough: 

ˑ(1) ˑthe ˑdeformation ˑof ˑfibers ˑand ˑformation ˑof ˑentangle ˑstructure; ˑand ˑ(2) ˑshear ˑviscosity 

ˑincreased ˑwith ˑthe ˑincrease ˑof ˑthe ˑflexibility ˑof ˑthe ˑfibers ˑthat ˑenable ˑthem to entangle into an 

S-shape ˑstructure ˑand ˑfurther block movement ˑof ˑparticles ˑ[123-126]. 

2.3.3. Errors due to fiber migration 

When a coaxial cylinder ˑrheometer ˑis ˑused ˑfor ˑUHPC, ˑfibers ˑmight ˑmigrate ˑto ˑlow ˑshear ˑrate 

ˑzones ˑ(i.e., ˑtowards ˑthe ˑ outside ˑ wall, ˑ as ˑshown ˑin ˑFig. ˑ1). ˑWater ˑ and ˑfine ˑaggregate ˑ can ˑalso 
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ˑflow ˑin ˑthe ˑother ˑdirection, ˑas ˑseen ˑin ˑFig. ˑ1. ˑParticle ˑmovement ˑduring ˑrheological ˑtests 

ˑmight ˑresult ˑin ˑdiverse ˑtest ˑsamples, ˑrendering ˑrheology ˑdata ˑincorrect. ˑLong ˑmeasurement 

ˑlength, ˑ high ˑ shear ˑ rate, ˑ and ˑ the ˑ presence ˑ of ˑ a ˑ wide ˑ gap ˑ size ˑ in ˑ the ˑ rheometer ˑ can ˑ all ˑ enhance 

ˑthe ˑprobability ˑof ˑfiber ˑmigration ˑ[124-127]. ˑOne ˑmethod ˑof ˑavoiding ˑparticle ˑmigration ˑis ˑto 

ˑremove inaccurate data, ˑwhich ˑmay ˑbe ˑassessed ˑusing ˑthe relationship between ˑthe ˑthickness ˑof 

ˑthe ˑ sheared zone ˑ and ˑthe ˑ maximum ˑ particles ˑzone. ˑSignificant ˑparticle ˑmigration ˑmay ˑ occur ˑif 

ˑthe ˑthickness ˑof ˑthe ˑsheared ˑzone ˑis ˑless ˑthan ˑor ˑclose ˑto ˑthe ˑmaximum ˑsize ˑof ˑsolid 

ˑcomponents ˑin ˑthe ˑcombination [60, 61, 71, 72]. 

 

Fig. 1. Concentric/coaxial ˑcylinder ˑrheometer ˑparticle ˑmovement ˑ[127]. 

 

3. Conclusions 

 Based on the review ˑand ˑdiscussions ˑabove, ˑit ˑcan ˑbe ˑsummarized ˑas follows: 

1. In UHPC “matrices, ˑsteel ˑfibers ˑare ˑoften ˑemployed. ˑProper ˑfiber ˑdosage ˑcould ˑimprove 

ˑmechanical ˑproperties ˑand ˑreduce ˑautogenous ˑshrinkage ˑin ˑUHPC. ˑFurthermore, ˑa 

ˑcombination ˑof ˑmacro ˑand ˑmicro-steel ˑfibers could result in tensile strain ˑhardening 
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ˑbehavior. ˑHowever, ˑthe ˑhigher ˑfiber ˑcontent ˑmay ˑcause ˑballing ˑand ˑreduce ˑthe 

ˑworkability ˑof ˑthe” ˑcombination. 

2. For ˑconstructability, ˑthe ˑworkability ˑof ˑUHPC ˑshould ˑbe ˑmanaged. The physical and 

chemical controls ˑ are ˑ explained ˑ in ˑ order ˑ to ˑ effectively ˑ increase ˑ the ˑ flowability ˑ of ˑ UHPC 

ˑand ˑ ensure ˑ its ˑ self-consolidating ˑ characteristic. ˑ It is suggested that the amount ˑ of ˑ viscosity 

ˑmodifying ˑagent ˑin ˑUHPC ˑsuspending ˑmortar ˑbe ˑchanged ˑto ˑreduce ˑfiber ˑseparation 

ˑand ˑthe ˑfloating ˑof ˑlight ˑraw ˑmaterials. 

3. The ˑtype ˑof ˑmixer ˑhas ˑthe ˑ“greatest ˑimpact ˑon ˑthe ˑworkability ˑof ˑsteel ˑfiber-reinforced 

ˑconcrete. ˑHigher ˑfiber ˑdoses ˑresulted ˑin ˑlower ˑworkability ˑwhile ˑusing ˑa typical mixer. 

In contrast, mixing with a planetary ˑmixer ˑon ˑthe ˑvertical ˑaxis ˑresulted ˑin ˑlarger ˑslump 

ˑvalues ˑand ˑlittle ˑslump ˑdecrease ˑas ˑfiber ˑcontent” ˑincreased. 

4. Because ˑof ˑ the ˑ smaller ˑparticle ˑ size ˑand ˑhigher ˑsuperplasticizer ˑconcentration ˑ in ˑ UHPC, 

ˑthe ˑ matrix ˑ viscosity ˑincreases, ˑ and ˑ a ˑ quick ˑloss ˑof ˑworkability ˑoccurs, ˑlimiting ˑthe ˑuse 

ˑof ˑUHPC ˑin ˑpractical ˑapplications. ˑWhen ˑfiber ˑis ˑintroduced ˑto ˑthe ˑmatrix, ˑthe ˑloss ˑof 

ˑworkability ˑbecomes ˑalarming. ˑDue ˑto ˑthe ˑabsence ˑof ˑhigh ˑworkability ˑnecessary ˑfor 

ˑconstructions ˑsuch ˑas ˑtunnels ˑand ˑsuper-high-rise ˑbuildings, ˑa ˑstiff ˑmix ˑof ˑUHPC ˑand 

ˑUHPFRC ˑrestricts ˑits ˑutilization. ˑMore ˑrefined ˑrheology ˑtesting ˑshows ˑthat ˑthe 

ˑviscosity ˑyield ˑstress ˑrepresents ˑfresh ˑbehavior ˑbetter ˑthan ˑUHPC ˑviscosity. 

5. The ˑrheological ˑproperties ˑof ˑthe ˑUHPC ˑmixture ˑingredients ˑare ˑsignificantly 

ˑinfluenced. ˑBinder ˑmaterials' ˑchemical ˑcomposition, ˑparticle ˑsize distribution, ˑcontent, 

ˑparticle ˑshape, ˑsurface texture, and specific surface area, as well as w/b, can all have a 

significant ˑimpact ˑon ˑrheological ˑcharacteristics. 
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