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1. Introduction

The use of high- and ultra-high-performance fiber-reinforced concretes (HPFRC and
UHPFRC, respectively) has increased significantly in the last few years as a result of large
research efforts and collaboration between research and industry. Among the most recent
developments aiming for the optimization of the material’s possibilities, researchers have
tried to combine different fiber types within the cementitious mix, including different fiber
configurations or materials, in order to understand and take advantage of the mechanical
interaction among the mix constituents [1-3]. New advancements regarding the aggregates,
cement or additives have favored the development of engineered composites with opti-
mized particle-packing, water-reducing agents and curing methods [4,5]. Special mixes
have been developed which perform satisfactorily under severe load conditions and envi-
ronments such as fatigue [6], impact [7] or corrosion [8]. In addition, HPFRC and UHPFRC
have been combined with other materials to form composite members or strengthen and
retrofit existing structures. Research challenges such as the bonds between materials or the
interaction of rheological effects [9] must be addressed for such composite elements.

The combined performance of FRC or UHPFRC with other materials relies on the mech-
anisms governing the compatibility and the eventual slip development between the mate-
rials. The characterization of interfacial surface roughness is essential to understand the
mechanics between concretes, including adhesion, friction or interlocking components [10].
Specific bond-slip models have been reported for the embedment of UHPFRC in reinforc-
ing steel, fiber-reinforced polymer (FRP) bars and prestressing strands [11-13], showing
an appreciable bond strength increase with respect to concrete-embedded members. An
interesting pseudo-ductile bond-slip performance has been even observed between UH-
PFRC and steel, which cannot be achieved between conventional concrete or HPFRC and
steel [5], thus requiring additional mechanical connectors. The partial mechanical inter-
action between combined materials makes it challenging to design composite structures,
and conventional strain-compatibility-based models must be abandoned to include rel-
ative slip development. The appropriate understanding of composites” performance is
necessary even for the implementation of simplified methods based on the reference length
concept, as suggested by [14] for smeared crack localization. The compatibility of extension
conditions, as proposed by [15,16], is more susceptible to the influence of crack localiza-
tion, but the consideration of real adherence or bond mechanics is necessary. For this,
specific studies such as those presented in this Special Issue are required. It is expected that
the high-quality research presented in this Special Issue can contribute to a step forward
towards the combined use of HPFRC and UHPFRC with other structural materials.

2. Short Description of the Papers Published in the Special Issue

The objective of this Special Issue is to gather the most recent and relevant research
results from materials, structural, chemical and mechanical engineering experts in this field.
Research works at both the material and structural level are presented in this Special Issue.
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At the material level, Malek et al. [17] investigated how the material properties of
fiber-reinforced mortars can be affected by the use of recycled fibers from melted glass
waste from bottles. The research is a significant step towards the sustainable use of recycled
components in high-performance structural materials. In turn, Paredes et al. [18] completed
a study on matrix optimization for ultra-high performance concrete, without and with steel
fibers, in order to enhance the material and durability properties. The study dealt with the
influence of silica fume, metakaolin and nano silica, among other components.

At the structural level, four papers are presented in order to understand the interaction
of FRC and UHPFRC with other materials. Zanuy et al. [19] presented an experimental
and theoretical study concerning the composite behavior of tension members consisting
of a reinforced concrete core strengthened with thin HPFRC layers. The study focused
on composite action, including the stress transfer between the different materials through
bonds. The interesting topic of tension stiffening was dealt with in the paper, and the
influence of the shrinkage of the different concretes involved in the composite member
was studied.

Smith-Gillis et al. [20] focused on the strengthening of ultra-high-performance con-
crete panels with external layers of fiber-reinforced thermoplastic composites in order to
improve the strength and performance of the material against impact loads. Different
bonding methods were studied in order to achieve a composite design with enhanced
impact resistance.

Dudek et al. [21] dealt with the pull-out strength of steel expansion anchors embedded
in FRC. This is an interesting contribution concerning the composite use of FRC and
structural steel anchors. The influence of the fiber content of the FRC mix was studied for
both normal- and high-strength concrete matrices. In addition, the paper accounted for the
eventual presence of cracks in the embedding substrate.

As an additional contribution to the analysis of bond performance, Barkhordari
et al. [22] researched the efficiency of data-driven hybrid machine-learning models for
the estimation of the bond strength between fiber-reinforced polymer (FRP) laminates and
concrete. The combined use of artificial neural networks and the Runge-Kutta optimization
algorithm was proven to be an efficient tool to determine bond strength as a function of the
geometrical and material properties of a joint. Furthermore, the simulations indicate that
the employed algorithms could be further exploited for use in other bond-related problems.

3. Conclusions

The papers published in this Special Issue of Materials demonstrate the high level of
interest from researchers in the field concerning the combined use of FRC and HPFRC with
other construction materials, as well as the need for an optimal mix design of the composite.
With the present SI, it is hoped that the readers will learn about relevant contributions for
their research and professional applications.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

1. Wille, K.; Kim, D.J.; Naaman, A.E. Strain-hardening UHP-FRC with low fiber contents. Mater. Struct. 2011, 44, 583-598. [CrossRef]

2. Wille, K.; El-Tawil, S.; Naaman, A.E. Properties of strain hardening ultra high performance fiber reinforced concrete (UHP-FRC)
under direct tensile loading. Cem. Concr. Compos. 2014, 48, 53—-66. [CrossRef]

3. Yoo, D.Y,; Kim, S.; Kim, ]J.J.; Chun, B. An experimental study on pullout and tensile behavior of ultra-high-performance concrete
reinforced with various steel fibers. Constr. Build. Mater. 2019, 206, 46—61. [CrossRef]

4. Randl, N; Steiner, T.; Ofner, S.; Baumgartner, E.; Meszoly, T. Development of UIHPC mixtures from an ecological pint of view.
Constr. Build. Mater. 2014, 67, 373-378. [CrossRef]

5. Huang, H.; Gao, X,; Li, L.; Wang, H. Improvement effect of steel fiber orientation control on mechanical performance of UHPC.
Constr. Build. Mater. 2018, 188, 709-721. [CrossRef]

6.  Sawicki, B.; Brithwiler, E.; Bassil, A. Deformational behavior and damage mechanism of R-UHPFRC beam subjected to fatigue
loading. Mater. Struct. 2021, 54, 2-16. [CrossRef]


http://doi.org/10.1617/s11527-010-9650-4
http://doi.org/10.1016/j.cemconcomp.2013.12.015
http://doi.org/10.1016/j.conbuildmat.2019.02.058
http://doi.org/10.1016/j.conbuildmat.2013.12.102
http://doi.org/10.1016/j.conbuildmat.2018.08.146
http://doi.org/10.1617/s11527-021-01745-3

Materials 2022, 15, 3409 30f3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Zanuy, C.; Garcia-Sainz, A. Evaluation of impact-critical RC beams strengthened with a bottom layer of HPFRCC. Struct. Eng. Int.
2021; in press. [CrossRef]

Yoo, D.Y.; Shin, W.; Chun, B.; Banthia, N. Assessment of steel fiber corrosion in self-healed ultra-high performance fiber-reinforced
concrete and its effct on tensile performance. Cem. Concr. Res. 2020, 133, 106091. [CrossRef]

Kang, S.T.; Kim, J.H.; Lee, B.Y. Effects of water reducing admixture on rheological properties, fiber distribution, and mechanical
behavior of UHPFRC. Appl. Sci. 2019, 9, 29. [CrossRef]

Aaleti, S.; Sritharan, S. Quantifying bonding characteristics between UHPC and normal.stength concrete for bridge deck
application. . Bridge Eng. 2019, 24, 04019041. [CrossRef]

Shin, H.O,; Lee, S.J.; Yoo, D.Y. Bond behavior of pretensioned strand embedded in ultra-high performance fiber-reinforced
concrete. Int. J. Concr. Struct. Mater. 2018, 12, 34. [CrossRef]

Marchand, P,; Baby, F; Khadour, A.; Battesti, T.; Rivillon, P.; Quiertan, M.; Nguyen, H.-H.; Généreux, G.; Deveaud, J.-P.; Simon, A;
et al. Bond behaviour of reinforcing bars in UHPFRC. Mater. Struct. 2015, 49, 1979-1995. [CrossRef]

Yoo, D.Y.; Kwon, K.Y,; Park, ].].; Yoon, Y.S. Local bond-slip response of GFRP rebar in ultra-high perormance fiber-reinforced
concrete. Comp. Struct. 2015, 120, 53—64. [CrossRef]

Habel, K.; Denairé, E.; Brithwiler, E. Structural response of elements combining ultrahigh-preformance fiber-reinforced concretes
and reinforced concrete. . Struct. Eng. 2006, 132, 1793-1800. [CrossRef]

Sturm, A.B.; Visintin, P.; Oehlers, D.J.; Seracino, R. Time-dependent tension-stiffening mechanics of iber-reinforced and ultra-high-
performance fiber-reinforced concrete. . Struct. Eng. 2018, 144, 04018122. [CrossRef]

Zanuy, C.; Ulzurrun, G. Bending model for composite UHPFRC-RC elements including tension-stiffening and crack width.
Eng. Struct. 2020, 209, 109958. [CrossRef]

Matek, M.; Jackowski, M.; Lasica, W.; Kadela, M.; Wachowski, M. Mechanical and Material Properties of Mortar Reinforced with
Glass Fiber: An Experimental Study. Materials 2021, 14, 698. [CrossRef]

Paredes, J.; Gdlvez, ].; Enfedaque, A.; Alberti, M. Matrix Optimization of Ultra High Performance Concrete for Improving Strength
and Durability. Materials 2021, 14, 6944. [CrossRef]

Zanuy, C.; Irache, PJ.; Garcia-Sainz, A. Composite behavior of RC-HPFRC tension members under service loads. Materials 2021,
14, 47. [CrossRef]

Smith-Gillis, R.; Lopez-Anido, R.; Rushing, T.; Landis, E. Development of Thermoplastic Composite Reinforced Ultra-High-
Performance Concrete Panels for Impact Resistance. Materials 2021, 14, 2490. [CrossRef]

Dudek, D.; Kadela, M.; Matek, M. Effect Steel Fibre Content on the Load-Carrying Capacity of Fibre-Reinforced Concrete
Expansion Anchor. Materials 2021, 14, 7757. [CrossRef]

Barkhordari, M.S.; Armaghani, D.J.; Sabri Sabri, M.M.; Ulrikh, D.V.; Ahmad, M. The Efficiency of Hybrid Intelligent Models in
Predicting Fiber-Reinforced Polymer Concrete Interfacial-Bond Strength. Materials 2022, 15, 3019. [CrossRef]


http://doi.org/10.1080/10168664.2021.1965944
http://doi.org/10.1016/j.cemconres.2020.106091
http://doi.org/10.3390/app9010029
http://doi.org/10.1061/(ASCE)BE.1943-5592.0001404
http://doi.org/10.1186/s40069-018-0249-4
http://doi.org/10.1617/s11527-015-0628-0
http://doi.org/10.1016/j.compstruct.2014.09.055
http://doi.org/10.1061/(ASCE)0733-9445(2006)132:11(1793)
http://doi.org/10.1061/(ASCE)ST.1943-541X.0002107
http://doi.org/10.1016/j.engstruct.2019.109958
http://doi.org/10.3390/ma14030698
http://doi.org/10.3390/ma14226944
http://doi.org/10.3390/ma14010047
http://doi.org/10.3390/ma14102490
http://doi.org/10.3390/ma14247757
http://doi.org/10.3390/ma15093019

	Introduction 
	Short Description of the Papers Published in the Special Issue 
	Conclusions 
	References

