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Abstracts 
UHPC is a type of cement-based composite used in new construction and/or rehabilitation of existing buildings to 
extend service life. It is a novel composite material that can serve as an alternative to concrete construction in hostile 
climates. Following decades of study and production, a diverse variety of commercial UHPC compositions are now 
available globally to meet the rising number of applicants and demand for high-quality building materials. Although 
UHPC offers major benefits over normal concrete, its utilization is restricted due to restrictive design rules and 
exorbitant costs. As a result, a thorough examination of the durability properties of UHPC is required to give important 
information for material testing requirements and processes, as well as to broaden its practical uses. This report is aimed 
at increasing basic understanding of UHPC and supporting more UHPC research and applications. 
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1. Introduction 
UHPC is a high-strength, high-durability cementitious material. It has the potential to be a viable solution for improving 
the ˑ“sustainability ˑof ˑbuildings ˑand ˑother ˑinfrastructure ˑcomponents ˑ[1-7]. ˑUHPC ˑhas ˑgrown ˑin ˑpopularity ˑin 
ˑmany ˑcountries ˑover ˑthe ˑlast ˑtwo ˑdecades, ˑwith ˑapplications ˑranging ˑfrom ˑbuilding ˑcomponents, ˑbridges, 
ˑarchitectural ˑfeatures, ˑrepair ˑand ˑrehabilitation, ˑand ˑvertical ˑcomponents ˑsuch ˑas ˑwindmill ˑtowers ˑand ˑutility 
ˑtowers, ˑto ˑoil ˑand ˑgas ˑindustry ˑapplications, ˑoffshore ˑstructures, hydraulic structures, ˑand ˑoverlay ˑmaterials ˑ[8-
11]. ˑAmong ˑall ˑof ˑthese ˑapplications, ˑroad ˑand ˑbridge ˑconstruction ˑare ˑthe ˑmost ˑcommon ˑfor ˑUHPC ˑuse. 
ˑUHPC ˑis ˑused ˑin ˑa ˑvariety ˑof ˑnations, ˑincluding ˑAustralia, ˑAustria, ˑCanada, ˑChina, ˑthe ˑCzech ˑRepublic, 
ˑFrance, ˑGermany, ˑItaly, ˑJapan, ˑMalaysia, ˑthe ˑNetherlands, New Zealand, Slovenia, South Korea, Switzerland, and 
the United ˑStates ˑ(US) ˑ[8, ˑ12, ˑ13]. ˑThe ˑmajority ˑof ˑprojects ˑin ˑthe ˑaforementioned ˑcountries ˑwere ˑinspired ˑby 
ˑgovernment ˑentities ˑas ˑpilot ˑprojects ˑto ˑstimulate ˑfuture ˑimplementation. ˑHowever, ˑwith ˑtardy ˑfollow-up 
ˑimplementation, ˑmost ˑcountries' ˑdemonstration ˑprograms ˑdid ˑnot ˑachieve ˑthe ˑdesired ˑacceptability” ˑ[14-19]. 
ˑThe ˑlack ˑof ˑdesign ˑcodes, ˑinadequate ˑknowledge ˑof ˑboth ˑthe ˑmaterial ˑand ˑproduction ˑtechnology, ˑand 
ˑexpensive ˑcosts ˑappear ˑto ˑbe ˑlimiting ˑthe ˑimplementation ˑof ˑthis ˑexcellent ˑmaterial ˑbeyond ˑthe ˑearly 
ˑdemonstration ˑprojects ˑ[8, ˑ20-22]. ˑBoth ˑthe ˑbusiness ˑand ˑpublic ˑsectors ˑare ˑincreasingly ˑpaying ˑcloser ˑattention 
ˑto ˑand ˑpushing ˑfor ˑgreater ˑefforts ˑto ˑmake ˑuse ˑof ˑthis ˑnovel ˑand ˑpromising ˑmaterial [23-28]. 
Several varieties of “UHPC ˑhave ˑbeen ˑdeveloped ˑto ˑdate ˑin ˑvarious ˑcountries and by various manufacturers, 
ˑincluding ˑCeracem+, ˑBSI+, ˑcompact ˑreinforced ˑcomposites ˑ(CRC), ˑmultiscale ˑcement ˑcomposite ˑ(MSCC), ˑand 
ˑreactive ˑpowder ˑconcrete ˑ(RPC) ˑ[29-34]. ˑIn ˑMalaysia, ˑUHPC ˑbegan ˑits ˑindustrial-commercial ˑpenetration as a 
sustainable construction material under the brand name Dura+ in late” 2010 [31, 35-38]. 
Throughout the world, ˑsuccessful ˑsuccesses ˑin ˑthe ˑapplication ˑof UHPC can be seen. However, there are still 
obstacles ˑ that ˑ limit ˑ its ˑ application. ˑ Ongoing ˑ study ˑ and ˑ investigation ˑ efforts ˑ are ˑ filling ˑ knowledge ˑ gaps ˑin ˑ order 
ˑto ˑcommence ˑinnovative, ˑaffordable, ˑsustainable, ˑviable, ˑand ˑeconomical ˑUHPC ˑin ˑthe ˑfuture, ˑwhich ˑwill ˑhave 
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ˑa ˑsignificant impact on its acceptability. This paper provides a general ˑintroduction ˑto ˑUHPC ˑas ˑwell ˑas ˑthe ˑmost 
ˑup-to-date ˑinformation ˑon ˑits ˑdefinitions, ˑdevelopment, ˑapplications, ˑand ˑproblems ˑ. 
Many researchers have “conducted studies on UHPC, but information on the materials and structural properties of 
UHPC ˑis ˑstill ˑlimited. ˑThis ˑreview ˑincludes ˑfive ˑparts. ˑThe ˑpurpose ˑof this report is to summarize previous 
research and to suggest some needs for future” research [39-45]. 

2. Applications 
With an expanding ˑ“number ˑof ˑapplications ˑin ˑrecent ˑyears, ˑUHPC's ˑexceptional ˑperformance ˑopens ˑup 
ˑnew ˑoptions ˑfor ˑinfrastructure ˑwork, ˑbuilding ˑconstruction, ˑand ˑnumerous ˑniche ˑmarkets. ˑAccording ˑto 
ˑGrand ˑView ˑResearch ˑ(GVR) ˑmarket ˑresearch, ˑthe ˑ global ˑ UHPC ˑmarket ˑwas ˑvalued ˑat ˑUSD$ ˑ892 ˑ million 
ˑin ˑ2016 ˑand ˑis ˑpredicted ˑto ˑexpand ˑby ˑ8.6 ˑpercent ˑto ˑUSD$ ˑ1867.3 ˑmillion ˑin ˑ2025. ˑWith 
ˑcommercialization ˑ available ˑ in ˑ several ˑ countries, ˑ including ˑ Australia ˑ  ˑ and ˑ  ˑ New ˑ  ˑ Zealand ˑ  ˑ [46], ˑ  ˑ Austria 
ˑ ˑ [47], ˑ  ˑ Canada ˑ  ˑ [48], ˑ ˑ US ˑ ˑ[49], ˑ ˑGermany ˑ ˑ[50], ˑ ˑFrance ˑ ˑ[51], ˑ ˑItaly ˑ ˑ[52], ˑ ˑJapan ˑ ˑ[53],  Malaysia  [54],  
Netherlands  [55],  and ˑ ˑSlovenia ˑ ˑ[56], ˑUHPC ˑhas ˑgained ˑworldwide ˑinterest. ˑOver ˑthe last two decades, 
scholars and engineers around the world have conducted ˑextensive ˑresearch ˑinitiatives ˑin ˑan ˑattempt ˑto 
ˑindustrialize ˑ UHPC ˑtechnology ˑas ˑthe ˑ future ˑsustainable ˑ construction ˑmaterial ˑ [57]. ˑ A ˑthorough ˑsearch ˑ of 
ˑthe ˑliterature ˑyielded ˑover ˑ200 ˑfinished ˑbridges ˑthat ˑused ˑUHPC ˑin ˑone ˑor ˑmore ˑof ˑtheir ˑcomponents 
ˑ[8]. ˑOther ˑUHPC ˑuses ˑinclude ˑbuilding, ˑstructural ˑstrengthening, ˑretrofitting, ˑprecast ˑelements, ˑand ˑother 
ˑunique ˑapplications ˑ [29, ˑ51]. ˑ Both ˑbusiness ˑand ˑpublic ˑsectors ˑ are ˑfocusing ˑtheir ˑefforts ˑand ˑresources ˑon 
ˑexploiting UHPC as the future sustainable” construction material [58-71]. 

4.2. Bridges 
Precast bridge elements are “particularly ˑeffective ˑfor ˑfacilitating the expedited construction timetables ˑthat ˑare 
ˑfrequently ˑ required ˑ for ˑ highway ˑ projects. ˑ The ˑ reliance ˑ on ˑ the ˑ performance ˑ of ˑ field-cast ˑ connectors ˑ is ˑ one ˑ issue 
ˑthat ˑcomes ˑfrom ˑthe ˑusage ˑof ˑprefabricated ˑbridge ˑcomponents. ˑThese ˑtypes ˑof ˑconnections ˑfrequently ˑcause 
ˑproblems ˑwith ˑconstructability, ˑdurability, ˑand ˑstructural ˑperformance. ˑBecause ˑof ˑits ˑgreater ˑdurability ˑand 
ˑstrength, ˑwhich ˑhas ˑbeen ˑfound ˑto ˑimprove ˑbond ˑstrength, ˑthe ˑinclusion” ˑof ˑUHPC ˑin ˑthese ˑfield-cast 
connections may improve their performance. 
Yuan ˑand ˑGraybeal ˑ[72] ˑ ˑinvestigated ˑthe ˑ“bond ˑof ˑreinforcing ˑsteel ˑwithin ˑUHPC ˑconcrete ˑand ˑdiscovered 
ˑthat ˑUHPC ˑhad ˑimproved ˑbond ˑperformance ˑwhen ˑcompared ˑto ˑconventional ˑhigh-strength ˑconcretes. 
ˑHowever, ˑneither ˑcompressive ˑstrength ˑ(f’c) ˑnor ˑf’c1/was ˑfound ˑto ˑbe ˑuseful ˑin ˑforecasting ˑbond ˑstrength ˑin 
ˑUHPC. ˑThe ˑUniversity ˑof ˑMichigan ˑ[73] ˑalso ˑconducted ˑa ˑcomprehensive ˑinvestigation ˑon ˑbond ˑlength ˑon ˑthe 
ˑUHPC mix generated during their research. This UHPC blend required much less bond length than conventional 
concrete; nonetheless, the authors recommend ˑfurther ˑresearch ˑbecause ˑtheir ˑspecific ˑresults ˑdiffer ˑfrom ˑthose 
ˑpublished ˑby ˑYuan ˑand ˑGraybeal ˑ[74] ˑstated” above. 
El-Tawil, ˑ Alkaysi, ˑ Naaman, ˑ Hansen ˑ and ˑ Liu ˑ [73] ˑ  ˑ conducted ˑ field-cast ˑ joint ˑ testing ˑ between ˑ two ˑ precast ˑ bridge 
ˑdeck ˑsections ˑutilizing ˑ“UHPC ˑand ˑdetermined ˑthat a 6-inch joint length could be sufficient for load transfer 
between ˑthe ˑtwo ˑelements. ˑGraybeal ˑ[114] ˑinvestigated ˑfield-cast ˑconnections ˑand ˑdiscovered ˑthat ˑusing ˑUHPC 
ˑin ˑsuch ˑconnections ˑcan ˑalleviate ˑsome ˑof ˑtheir ˑpotential ˑproblems. ˑAccording ˑto ˑGraybeal ˑ[75] ˑ ˑresearch, ˑfull 
ˑdevelopment ˑof ˑreinforcing ˑsteel ˑcan ˑbe ˑaccomplished ˑin ˑa ˑsubstantially ˑshorter ˑduration ˑwhen ˑcompared ˑto 
ˑtypical ˑconcrete ˑand ˑgrout ˑcombinations. ˑThis ˑenables ˑdesigners ˑto ˑdefine ˑshorter ˑlap ˑsplices ˑand ˑconnection 
ˑdetails, ˑreducing ˑconstruction ˑcomplexity ˑand ˑcosts. ˑUHPC's ˑtensile ˑstrength ˑand ˑability ˑto ˑattach 
ˑextraordinarily ˑwell ˑto ˑpreviously ˑcast ˑconcrete ˑhave ˑalso aided in the creation of simpler connecting details. 
Because of the improved ˑcharacteristics ˑof ˑUHPC, ˑprecast ˑbridge ˑdeck ˑclosing ˑpours ˑof ˑ6 ˑin. ˑor ˑless ˑin ˑlength 
ˑcan ˑbe ˑsuccessfully ˑconstructed ˑas ˑthin ˑshear ˑkeys. ˑFull-scale ˑstructural ˑtesting ˑhas ˑproven ˑthat ˑfield-cast 
ˑUHPC ˑdeck ˑconnections ˑcan ˑoutperform ˑmonolithically ˑcast ˑbridge ˑdecks. ˑThis ˑstudy ˑfurther ˑdemonstrated 
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ˑthat, ˑeven ˑunder extreme loading conditions, reinforcement in both transverse and longitudinal” UHPC-filled 
connections does not debone from UHPC [76-83]. 

2.2.1. Example of bridging applications 
Around ˑ1985, ˑthe ˑfirst ˑ“research ˑand ˑdevelopment ˑaimed ˑtoward ˑthe ˑimplementation ˑof ˑUHPC ˑin 
ˑconstruction ˑbegan ˑ[1]. ˑSince then, several technical solutions and UHPC ˑformulations ˑhave ˑbeen 
ˑdeveloped ˑto ˑfulfill ˑthe ˑspecific ˑneeds of distinct designs, structures, ˑand ˑarchitectural ˑapproaches. 
ˑBreakthroughs ˑin ˑUHPC ˑapplication ˑinclude ˑthe ˑfirst ˑpre-stressed ˑhybrid ˑpedestrian ˑbridge ˑover ˑthe 
ˑMagog ˑRiver ˑin ˑSherbrooke, ˑCanada, ˑbuilt-in ˑ1997 ˑ[84], ˑthe ˑreplacement ˑof ˑcorroded ˑsteel ˑbeams ˑin 
ˑthe ˑaggressive ˑenvironment ˑof ˑFrance's ˑCattenom ˑand ˑCivaux ˑnuclear ˑcooling ˑtowers ˑ[85], ˑand ˑthe 
ˑBourg-les-Valence ˑbridge ˑbuilt ˑfor ˑcars ˑand ˑtrucks in 2001 [86]. Because of UHPC's superior mechanical 
characteristics ˑand ˑendurance, ˑstandard ˑdesign ˑmethods ˑfor ˑmany ˑtypical ˑbridge ˑcomponents ˑcan ˑbe 
ˑreconsidered. ˑMany ˑstudies ˑon ˑthe ˑoptimal ˑdesigns ˑincorporating ˑUHPC ˑelements ˑhad ˑbeen 
ˑundertaken, culminating in the creation, and building of UHPC bridges ˑall ˑover ˑthe ˑworld. ˑThe ˑSeonyu 
ˑfootbridge ˑin ˑSouth ˑKorea, ˑwith ˑa ˑprimary ˑspan ˑof ˑ120 ˑm, was built using ˑUHPC ˑin ˑ2002 ˑand 
ˑcompleted ˑin ˑ2004 ˑ[87]. ˑThe ˑSeonyu ˑfootbridge ˑstructure, ˑthe ˑworld's ˑlongest ˑspan ˑbridge 
ˑconstructed ˑutilizing ˑUHPC, ˑneeded ˑalmost ˑhalf ˑthe ˑmaterial ˑamount ˑthat ˑ would ˑhave ˑbeen ˑused ˑin 
ˑstandard ˑconcrete ˑconstruction ˑwhile ˑproviding ˑequal ˑstrength ˑattributes ˑ[88]. ˑIn ˑJapan, ˑthe ˑSakata-
Mirai ˑfootbridge ˑwith ˑa ˑspan ˑof ˑ50 ˑmeters ˑwas ˑconstructed ˑin ˑ2003. ˑThe ˑbridge ˑillustrated ˑhow ˑa 
ˑperforated ˑweb ˑin ˑa ˑUHPC ˑsuperstructure ˑcan ˑreduce weight while still being aesthetically beautiful 
[89]. Following the success ˑof ˑthese ˑprojects, ˑUHPC ˑpedestrian ˑbridges ˑhave ˑbeen ˑbuilt-in ˑEurope, 
ˑNorth ˑAmerica ˑ(the ˑUS ˑand ˑCanada), ˑAsia, ˑand ˑAustralia” ˑ[90]. 
According ˑto ˑa ˑ2013 ˑFHWA ˑ“report, ˑ55 ˑbridges ˑusing ˑUHPC ˑhave ˑbeen ˑbuilt ˑor ˑare ˑbeing ˑbuilt-in 
ˑthe ˑUnited ˑStates ˑand ˑCanada. ˑThere ˑare ˑapproximately ˑ22 ˑUHPC ˑbridges ˑin ˑEurope ˑand ˑ27 ˑUHPC 
ˑbridges ˑin ˑAsia ˑand ˑAustralia ˑ[91]. ˑUHPC ˑcan ˑbe ˑemployed ˑin ˑvarious ˑapplications ˑsuch ˑas ˑbeams, 
ˑgirders, ˑ deck ˑ panels, ˑ protective ˑ layers, ˑ field-cast ˑ joints ˑ between ˑ different ˑ components, ˑ and ˑ so ˑ on ˑ [92-
94]. ˑIn ˑcomparison ˑto ˑstandard ˑreinforced ˑconcrete ˑbridges, ˑmost ˑbridges ˑdesigned ˑusing UHPC 
components or joints have ˑa ˑslim ˑappearance, a significant reduction in volume and self-weight, simplified 
implementation, and improved durability ˑ[95]. ˑMost ˑUHPC ˑstructures ˑrequire ˑonly ˑhalf ˑthe ˑsection 
ˑdepth ˑof ˑtypical ˑreinforced ˑor ˑpre-stressed ˑconcrete ˑcomponents, ˑresulting ˑin ˑweight ˑsavings ˑof ˑup 
ˑto ˑ70% ˑ[96]. ˑUHPC ˑstructures' ˑlighter ˑweight ˑconstruction ˑand ˑmaterial ˑefficiency ˑresult” ˑin ˑa ˑmore 
ˑsustainable ˑstructure ˑwith ˑfewer ˑcarbon ˑfootprints ˑ[97] ˑ[98-103]. 
 

2.3. Infrastructures 
The ˑMonaco ˑsubterranean ˑ“train ˑstation's ˑacoustic ˑpanels ˑwere ˑmade ˑfrom ˑUHPC. ˑSmall ˑholes ˑwere ˑcast 
ˑinto ˑthe ˑthin ˑand ˑlight ˑUHPC ˑpanels ˑto ˑhelp ˑwith ˑtheir ˑacoustic ˑcharacteristics. ˑThe ˑnon-flammable 
ˑpanels ˑare ˑimpact-resistant ˑand ˑprovide ˑpassengers ˑwith ˑa ˑvisually ˑpleasant ˑand ˑbright ˑatmosphere ˑ[104-
114]. ˑDue ˑto ˑtheir ˑresilience ˑto ˑcar ˑpollution ˑand ˑdeicing ˑsalts, ˑacoustic ˑpanels ˑhave ˑalso ˑbeen ˑutilized 
ˑalong ˑa roadway in Châtellerault, France. Other UHPC application possibilities include security infrastructure 
employed as barrier protection systems or as fundamental components ˑof ˑessential ˑinfrastructure. ˑExtensive 
ˑresearch ˑon ˑthe ˑmechanical ˑproperties ˑof ˑUHPC ˑsubjected ˑto ˑhigh ˑstrain ˑloading ˑrate ˑ[115, ˑ116], ˑblast 
ˑresistance ˑ[117, ˑ118] ˑand ˑpenetration ˑresistance” ˑ[37, ˑ119-122]. 
 

2.4. Non-structural ˑproducts 
UHPC ˑhas ˑbeen ˑwidely ˑutilized ˑas ˑ“an ˑoverlay ˑto ˑrepair ˑexisting ˑconcrete ˑstructures ˑdue ˑto ˑits ˑsuperior 
ˑcharacteristics, ˑboosting ˑmechanical ˑand ˑdurability properties for less maintenance work [123, 124]. The first 
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UHPC overlay ˑapplication ˑwas ˑreported ˑon ˑa ˑbridge ˑover ˑthe ˑLa ˑMorge ˑRiver ˑin ˑSwitzerland ˑ[125]. 
ˑUHPC ˑwas ˑused ˑto ˑreplace ˑthe ˑseverely ˑdamaged ˑbridge ˑdeck ˑand ˑcurbing. ˑAfter ˑone ˑyear ˑof ˑuse, ˑno 
ˑcracks ˑwere ˑfound ˑon ˑthe ˑprefabricated ˑUHPC ˑcurb. ˑBecause ˑthese ˑmaterials ˑwere ˑsuccessful ˑin ˑrepair 
ˑand ˑrehabilitation ˑapplications, ˑthey ˑpaved ˑthe ˑpath ˑfor ˑsimilar ˑtechnology ˑto ˑbe ˑemployed ˑon 
ˑdeteriorating ˑbridges. ˑUHPC ˑwas ˑused ˑto ˑrepair ˑand ˑrehab ˑhydraulic ˑstructures ˑat ˑthe ˑHosokawa ˑRiver 
ˑTunnel ˑin ˑJapan ˑ[126], ˑas ˑwell ˑas ˑthe ˑCaderousse ˑand ˑBeaucaire ˑDams ˑin” ˑFrance ˑ[127]. 
Because ˑof ˑits ˑremarkable ˑ“properties ˑof ˑhigh ˑflexural ˑstrength ˑand ˑdense ˑmicrostructure, ˑUHPC ˑhas ˑthe 
ˑpotential ˑto ˑbe ˑ used ˑin ˑ specific ˑsettings. ˑAccording ˑto ˑreports, ˑ UHPC ˑwas ˑutilized ˑfor ˑcover ˑplates ˑalong 
ˑChina's ˑhigh-speed ˑrailroads ˑ[128] ˑand ˑfor ˑthe ˑretrofit ˑof ˑnuclear ˑreactor ˑcontainment ˑwalls ˑin ˑFrance 
ˑ[129]. ˑUHPC ˑhas ˑalso ˑbeen ˑused ˑin ˑmarine ˑenvironments ˑdue ˑto ˑits ˑhigh ˑresistance ˑto ˑhostile ˑchemicals. 
Several sea windmills have been successfully ˑcreated, ˑas ˑpreviously ˑreported ˑby ˑresearchers ˑ[130, ˑ131], ˑand 
ˑthe rejuvenation of marine signalization ˑbuildings ˑusing ˑUHPC ˑhas ˑalso ˑbeen shown to be highly effective 
ˑ[132]. ˑIn ˑJapan, ˑthe ˑHaneda Airport was expanded by building ˑa ˑmassive ˑUHPC ˑslab ˑover the sea [89]. To 
date, this is the largest ˑUHPC ˑproject ˑcompleted. ˑUHPC's ˑsuperior ˑperformance ˑis ˑresponsible ˑfor ˑits ˑvast 
ˑpotential ˑin ˑa ˑvariety ˑof ˑapplications; ˑhowever, ˑmany ˑhave ˑyet ˑto ˑbe ˑdiscovered ˑto ˑtake ˑuse ˑof ˑits 
ˑimproved ˑstrength, ˑdurability, ˑand ˑflexural ˑcapacity. ˑIn ˑplaces ˑwhere ˑCC ˑstruggles, ˑUHPC ˑoffers ˑcost-
effective ˑ and ˑ innovative ˑ alternatives. ˑ UHPC ˑ is ˑ the ˑ future ˑ construction ˑ material; ˑ it ˑ is ˑ here ˑ to ˑ stay ˑ and ˑ will 
ˑcontinue” ˑto ˑgrow ˑglobally. 
 

2.5. Other applications 
In ˑaddition ˑto ˑbuildings ˑand ˑ“bridges, ˑUHPC ˑhas ˑthe ˑpotential ˑto ˑbe ˑapplied ˑto ˑtunnels, ˑwind ˑturbine ˑtowers, 
ˑand ˑnuclear ˑpower ˑfacilities. ˑUHPC ˑcan develop more efficient tunnel systems with bigger usable spaces for ˑtunnel 
ˑapplications ˑby ˑreducing ˑtunnel ˑelement ˑthickness ˑ[133]. ˑUHPC ˑcomponents ˑfor ˑwind ˑturbine ˑtowers ˑenable 
ˑthe ˑconstruction ˑof ˑtaller ˑ and ˑmore ˑslender ˑwind ˑturbine ˑtowers, ˑenhancing ˑenergy ˑgeneration ˑefficiency ˑ[134]. 
ˑUHPC ˑhas ˑgreater ˑradiation ˑshielding ˑproperties ˑand ˑstronger ˑblast ˑendurance ˑfor ˑnuclear ˑpower ˑplants, 
ˑwhich ˑcan ˑimprove ˑthe ˑsecurity ˑof ˑcritical” ˑinfrastructure ˑ[135]. 

2.6. Proposed applications 

2.6.1. Using UHPFRC for retrofitting purposes 
Another use for ˑthe ˑ“proposed ˑUHPFRC ˑis ˑfor ˑretrofitting ˑexisting ˑRC ˑconstructions. ˑNormally, ˑtime ˑis ˑvital ˑfor 
ˑrepairing ˑand ˑretrofitting ˑexisting ˑstructures ˑsince ˑthe ˑelements ˑmust ˑbe ˑoverheated ˑin ˑorder ˑto ˑbear ˑthe 
ˑimposed ˑloading. ˑFor ˑthat ˑpurpose, ˑa ˑprefabricated ˑelement ˑcan ˑbe ˑmore ˑeffective ˑin ˑterms ˑof ˑminimizing 
ˑretrofitting ˑtime, ˑimproving ˑelement ˑquality ˑduring ˑfabrication ˑin ˑthe ˑlaboratory ˑand ˑbefore ˑsending ˑfor 
ˑinstallation, ˑand ˑlowering ˑlabor ˑexpenses. ˑAs ˑa ˑresult, ˑin ˑthis ˑstudy, ˑa ˑthin ˑprefabricated ˑelement ˑbased ˑon 
ˑUHPFRC ˑthat ˑis ˑdimensioned ˑaccording ˑto ˑthe ˑspecifications ˑcan ˑbe ˑproposed. ˑCFRP ˑmaterial ˑcan ˑbe 
ˑemployed ˑto ˑincrease ˑthe ˑductility ˑof ˑthis ˑsystem. ˑCFRP ˑcan ˑbe ˑemployed ˑas ˑan ˑattached ˑsheet ˑon ˑthe ˑouter 
ˑfaces ˑof ˑprefabricated ˑelements ˑusing ˑExternally ˑBonded ˑFiber ˑ(EBR) techniques or as a Near Surface Mounted 
(NSM) technology employing a laminate ˑinside ˑthe ˑpre-sawn ˑgrooves ˑon ˑits face. The orientation of the CFRP sheets 
ˑand/or ˑ laminates ˑ can ˑ be ˑ adjusted ˑ to ˑ meet ˑ the ˑ needs. ˑ This ˑ prefabricated ˑ element ˑ can ˑ be ˑ attached ˑ to ˑ the ˑ surface 
ˑof ˑRC ˑelements ˑusing” ˑadhesive ˑbonding, ˑanchorage ˑbonding, ˑor ˑa ˑcombination ˑof ˑthe ˑtwo. 
 

2.6.2. Using UHPFRC as shear reinforcement in RC beams 
One of the weaknesses of “ordinary concrete is its low resistance to shear forces before reaching the ultimate flexural 
ˑcapacity ˑof ˑthe ˑelements. ˑThis ˑfailure ˑis ˑgenerally ˑunexpected ˑand ˑunnoticed. ˑBased ˑon ˑthis, ˑadding ˑshear 
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ˑreinforcement ˑas ˑa ˑshear ˑstirrup ˑis ˑcritical ˑfor ˑhiding ˑthe ˑweakness ˑof ˑconcrete, ˑincreasing ˑshear ˑresistance, 
ˑand ˑso ˑboosting ˑthe ˑflexural ˑbehavior ˑof ˑthe ˑelements. ˑHowever, ˑafter ˑupdating ˑrequirements, ˑthe ˑamount ˑof 
ˑ% ˑshear ˑstirrups ˑincreased ˑto ˑbe ˑused ˑin ˑa ˑkey ˑzone ˑwhere ˑshear ˑforces ˑare ˑhigher ˑthan ˑin ˑother ˑplaces. 
ˑUsing ˑthe ˑnumber ˑof ˑshear ˑstirrups ˑincreases ˑthe ˑcost ˑof ˑfinal ˑmanufacturing ˑin ˑterms ˑof labor and material 
costs. Even with some elements, such as thin-walled beams and hollow sections, executing the standards requirement 
is problematic. These ˑshear ˑstirrups ˑare ˑparticularly ˑaccentuated ˑin ˑthe ˑarea ˑwhere ˑthe ˑseismic ˑdanger ˑis 
ˑconsiderable, ˑwith ˑa ˑvery ˑcondensed ˑin ˑsome ˑportions ˑof ˑthe ˑelement. ˑThis ˑshear ˑstirrup ˑcondensate ˑhas 
ˑoccasionally ˑcaused ˑcomplications ˑwith ˑconcrete ˑvibration ˑand ˑachieving ˑnonhomogeneous” ˑconcrete. 
Based ˑon ˑthese ˑfindings, ˑ“it ˑwill ˑbe ˑeffective ˑto ˑinvestigate ˑthe ˑfeasibility ˑof ˑutilizing ˑUHPFRC ˑas ˑshear 
ˑreinforcement ˑin ˑRC ˑbeams. ˑThe ˑproposed ˑmaterial ˑappears ˑto ˑbe ˑsuitable ˑfor ˑuse ˑas ˑshear ˑreinforcement ˑin 
ˑRC ˑbeam ˑelements ˑfor ˑminimizing ˑthe ˑnumber ˑof ˑstirrups ˑby ˑboosting ˑRC ˑmember” ˑshear ˑresistance ˑand 
ˑreducing ˑthe ˑsize ˑof ˑlongitudinal ˑrebars ˑby ˑincreasing ˑflexural ˑcapacity. 

3. Conclusions 
Based on the review and discussions above, it can be summarized as follows: 

1. Throughout the ˑworld, ˑachievements ˑin ˑthe ˑapplication ˑof ˑUHPC ˑcan ˑbe ˑseen. ˑUHPC, ˑon ˑthe ˑother 

ˑhand, ˑis ˑmoving ˑslowly, ˑwith ˑconstraints ˑrestricting ˑits ˑuses. ˑHigh ˑstarting ˑcosts, ˑlimited ˑcodes, ˑdesign 

ˑchallenges, ˑand ˑcomplex ˑproduction techniques, combined with limited available ˑresources, ˑimpeded ˑits 

ˑcommercial ˑdevelopment ˑand ˑapplication ˑin ˑmodern ˑbuildings, ˑparticularly ˑin ˑdeveloping ˑcountries. 

2. The ˑmajority ˑof ˑexisting ˑUHPC ˑapplications ˑare ˑaccomplished ˑby ˑfactory ˑpre-fabrication ˑand ˑonsite ˑas-

sembly. ˑGiven ˑthe ˑprohibitive ˑcost ˑand ˑcomplexity ˑof ˑthe ˑcuring ˑprocess, ˑstandard ˑmaterials, ˑand ˑcom-

mon ˑtechnology, ˑsuch ˑas ˑconventional ˑcasting ˑand ˑroom ˑtemperature ˑcuring, ˑare ˑthe ˑUHPC ˑtrends. 
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