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Abstract 

Ultra-high performance fiber reinforced concrete (UHPFRC) is an innovative combination of fibers and cement-based 

engineered material. The materials used in UHPFRC depend on the desired characteristics and the availability of suitable 

economic materials. Based upon the interaction between the two components i.e., concrete matrix and fibers, the rheological 

and mechanical properties of UHPFRC will vary. The important parameters that have significant influence on the setting 

time, workability and mechanical properties of UHPFRC are the fiber material, aspect ratio, fiber distribution, fiber 

percentage and fiber orientation. The findings of the study are useful for practicing engineers and the researchers to 

understand the distinctive characteristics of UHPFRC. However, due to increase in dosage of fibers, it may also have negative 

effects on the properties of concrete, such as the workability, which may get reduced. The addition of fibers, particularly 

steel fibers, due to their conductivity leads to a significant reduction in the electrical resistivity of the concrete and it also 

results in some reduction in the chloride penetration resistance of the concrete. This review focuses on the fibers’s physical 

and chemical compositions, mechanical and durability characteristics, mechanism of crack formation and propagation, fire 

resistance and environmental benefits of UHPFRC. The review also discusses the essentials recommendation for future 

research on UHPFRC. 

 

Index Terms - Ultra-high-performance concrete, fibers, fiber orientation angle, fiber percentage, aspect ratio, setting time, 

workability, loading rate, durability, electrical resistivity, chloride penetration 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

The use of Ultra-high performance concrete (UHPFRC) is gaining popularity in construction industry due to its superior mechanical 

and chemical properties. Ultra-high performance concrete (UHPFRC), is a cementitious composite characterized by a significant 

amount of fibers, cement (higher than 700 kg), small aggregates size (lower than 2 mm), binder (pozzolana, fly ash, silica fume, fine 

filler) and a low water/cement ratio (w/ c ≤0.23), is a current cutting-edge concrete. This mix design creates better performance, 

higher durability and increased bearing capacity and toughness compared to normal and high strength concretes. Ultra-high 

performance concrete, specially will be more advantageous for the strengthening and repair works. Its mechanical behavior should 

be adequately characterized to fully take advantage of its unique properties in structural design, making possible the construction 

lighter, more durable, efficient and innovative structural elements. It is worth mentioning that in concretes with high levels of 

compressive strength, there is a sub-proportional increase of both the tensile strength and the Modulus of Elasticity in relation to the 

compressive strength.This mix design creates a dense and interconnected microstructure with high homogeneity and less capillary 

porosity. 

 

Ultra-high-performance fiber reinforced concrete (UHPFRC) should not only have ultra-high compressive strength but also have 

good tensile properties, crack resistance, and toughness. The brittleness of ultra-high strength concrete increases obviously and action 

required to reduce its brittleness and improve its ability to resist fracture after a crack and the effective way to improve the tensile 

properties and toughness of UHPFRC is usually by adding high-performance fiber toughening technology. Steel fiber has the function 

of strengthening and toughening, but adding more steel fiber will increase the cost and reduce the workability of UHPFRC.  

 

The researches on UHPFRC lead to an increase in concrete deformability and reduction of brittleness due to the improvement on 

thetensile properties and the achievement of a post-cracking behavior.The latter is characterized by a softening or hardening response, 

which results in an increase in the material performance. A strain softening response is obtained due to a progressive fiber engagement 

and pull-out resistance, leading to a stable crack propagation and a reduction of the tensile strength as a result of a gradual fiber de-

bonding. A strain hardening response is characterized by an increase in the tensile strength due to the development of finely distributed 

micro cracks before crack localization, allowing the material to be used in the non-linear range without loss of performance. The 

primary concern in the mechanism of concrete, is the capillary absorption of water combined with moisture, chlorides and sulphates). 

Hence, the crack width limitation is the main concern with respect to serviceability checks, since even narrow cracks are prone to 

water penetration. In this case, the UHPFRC can be applied as a concrete cover (ranging from 20 mm to 50 mm), serving as 

waterproofing and protective layer, due to its high propensity to avoid cracks due to the high tensile strength, limited shrinkage due 

to the small w/c ratio and significant viscous response, obtained by the very dense matrix. 

 

Due to its special properties, UHPFRC can be used for the rehabilitation of structural members, for example, for structures subjected 

to severe environmental and mechanical loads, for a higher durability. This special concrete mix can be used, in structural 

applications, i.e., for construction of structural elements to withstand the winds, tall buildings and bridges with reduced sections. It 

http://www.ijrti.org/
https://www.mdpi.com/search?q=fibre%20orientation%20angle


                                © 2022 IJRTI | Volume 7, Issue 11 | ISSN: 2456-3315 

 

IJRTI2211112 International Journal for Research Trends and Innovation (www.ijrti.org) 800 
 

can also be used for rehabilitation and repair of concrete elements such as pavements, bridge decks, columns, and slabs. It is important 

to underline that, to obtain an optimum performance, UHPFRC mix design should be able simultaneously to satisfy the 

conditions of tensile strain hardening, low permeability, high tensile and compressive strength capacities and self-compacting 

properties and very few mixes or almost none are able to fulfill all these requirements. Moreover, despite the main advantages of 

UHPFRC, design procedures still need to be developed to take advantage of the fully material properties. One of the greatest 

challenges facing fiber reinforced cementitious composites, is to link the standardtests results to the behavior of a real structural 

element. Said that, this paper aims at highlighting some UHPFRC unique properties and design rules. To do so, a review of the recent 

achievements on the knowledge of the material properties, both at room and high temperature, is carried out, together with the 

description of the developments in the material mechanical characterization and design procedures. 

 

The objective of this paper is to review research studies available in literature regarding different mixtures, applications and 

mechanical properties of UHPFRC. The Ultra High-Performance Fiber Reinforced Concrete (UHPFRC) contributes to improving 

durability, service life and performance of the structure. During the last decades, the three major developments in cementitious 

composites were the significant increase in the compressive strength, ductility improvement, and workability enhancement. These 

achievements were the result of a granular packing optimization, the development of Fiber Reinforced Concrete (FRC) and the better 

understanding of the material rheology. In the latter case, the improvements in the models to describe concrete flow (Bingham fluid 

flow and stress growth method) lead to the development of Self-Compacting Concrete (SCC) and later to UHPFRC. 

 

UHPFRC 

 

UHPFRC refers to a fiber reinforced super plasticised concrete, wherein coarse aggregates are replaced with very fine sand and highly 

active pozzolanic material. When compared to high performance concrete, ultra-high performance concrete has 2-3 times greater 

compressive strength and 2-6 times higher flexural strength. It typically consists of cement, binders like GGBS, silica fume, quartz 

powder, fine sand, high range water reducing admixtures, fibers and low amount of water. UHPFRC combines the properties of self-

compacting concrete, fiber reinforced concrete and high performance concrete as shown in figure. Enhanced microstructure can be 

attained as a result of higher particle packing density, very low water content and proper mixing procedures. Appropriate amount of 

well distributed fibers eliminates brittleness and enhances the mechanical properties. 

 

 
 

 

 

Development of UHPFRC  

 

Immense research has been conducted over the past decades in the field of concrete technology to attain higher compressive strengths. 

During 1980s, super plasticizers were introduced to reduce the water/cement ratio up to 0.3. High dosage of silica fumes and super 

plasticizers, further reduced the water/cement ratio to0.16. With optimal grain size distribution, compressive strength up to 280 MPa 

was achieved with reduction in porosity and enhancement of durability. These technological breakthroughs along with application of 

low porous materials led to the development of ultra-high performance materials. With the addition of steel fibers in the late 1980s, 

ductility of the matrix improved. Compact Reinforced Concrete and Slurry Infiltrated Fiber Concrete (SIFCON)   are two examples 

of this type.  In 1990s  Richard et al.  developed Reactive Powder Concrete (RPC) with improved fineness and 

compressive strength in the range of 200-800 MPa. Ductal© was the first commercial UHPC developed through the RPC technology 

in the late 1990s. However, high production costs limited the use of thismaterial. Much progress was achieved in the 21stcentury with 

the introduction of UHPFRC. To reduce the cement content, supplementary cementitious materials were used as substitutes. 

Furthermore, standard water curing in place of temperature curing was also reported. The applications of ultra-high performance 

concrete are gaining ground as a result of emergence of costeffective and environment-friendly UHPC. 

 

Typical mix of UHPFRC 

 

Optimum particle packing density and matrix homogeneity are the key factors determining the characteristics of UHPFRC. Hence, 

appropriate selection of raw materials plays an important role in mixture design of this cementitious composite in order to achieve 

good workability and strength. Basic principles identified by various researchers in designing UHPC includes reducing water / cement 
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ratio and including a wide range of material classes reducing the matrix porosity, by eliminating coarse aggregates thereby improving 

homogeneity and incorporating steel fibers to improve ductility. Various particle packing models have been reported for the mix 

design of UHPC. First one of these types was Linear Packing Density Model (LPDM) formulated by Larrard and Sedran. Butits 

linear nature failed to address the relations between packing density and material proportions. Further improvement led to Solid 

Suspension Model (SSM) and Compressible Packing Model (CPM) based on virtual packing density and compaction index. Aashay 

et al. have successfully developed an economical UHPC based on CPM. Continuous models like Fuller Thompson model and 

Andreasen model assume presence of all possible particle sizes in the distribution system. Yu et al. used the modified Andreasen and 

Anderson model to develop UHPFRC with much lower binder content of 650 kg/m3. This model recognised finite size of materials 

considering minimum particle size in distribution. Besides empirical methods, statistical methods based on neural networks were also 

adopted. Ghafari et al. found the optimum contents of silica fume and cement to be 9% and 24% by volume of concrete respectively.  

 

A typical UHPFRC mix contains 1portland cement, fine sand, quartz powder, steel fibers, super plasticizer and water. The 

water/cement ratio typically lies between 0.16-0.20. Supplementary cementitious materials and fillers like fly ash, GGBS, rice husk 

ash may be incorporated as a suitable to reduce large high cement contents. A GGBS replacement level up to 40 % was found to be 

effective without sacrificing the strength properties.  

 

Table 1. Typical mix components of UHPFRC  

 

Component  Weight range (kg/m3) 

 

Cement    700-1080 

Fine Sand   490-1390 

Silica Fume   50-334 

Crushed Quartz   0-410 

Fibers    40-250 

Super plasticizer   9-71 

Water    126-261 
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Material properties - UHPFRC 

In this section, material properties of interest for the characterization of the UHPFRC are described: hydration, permeability, fiber-

matrix bond properties, mix design, workability and curing regimes. The objective is to provide a better understanding of the unique 

material properties that are reflected in UHPFRC superior performance and improved mechanical properties. 

Effect on Hydration process 

Hydration is a thermo-activated process, which is directly affected by the temperature level. The chemical reactions of the different 

anhydrous cementitious components with water generate heat, increasing concrete temperature. The high amount of binder associated 

with the low water cement ratio in the UHPFRC mix design changes the hydration kinetics and the mechanical properties of the 

material. UHPFRC hydration reaction is characterized by a long initial period of dormant, followed by a fast reaction time, which 

leads to a rapid evolution of the mechanical properties. At the 7thday of hydration, the material reaches 60% of the tensile strength 

and more than 80% of both the compressive strength and the modulus of elasticity. After 90 days, the hydration process is virtually 

completed. 

Experimental tests carried out on UHPFRC demonstrate a fast growth of the hydration degree during the first seven days (reaching 

50% at the end of this period), followed by a slower and gradual increase up to 28 days. Moreover, an increase of the amount of 

cement hydration was observed with the substitution of part of the cement by filler (limestone and quartz powder). This is an 

indication that UHPFRC mix design optimization can enhance the cement hydration degree and improve material’s efficiency. 

Effect on Permeability 

UHPFRC is characterized by a low water cement ratio that is not sufficient to hydrate all cement constituents. The anhydrous grains 

in the matrix remain as inert filler, acting as a reserve of the system, that can be activated after concrete cracking to close or reduce 

crack opening. Moreover, the unhydrated binder helps to improve the matrix compactness, filling out the small gaps between cement 

particles, leading to a very low permeability. 
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The hydrated grains create a dense and interconnected microstructure with a higher fiber-matrix bond strength compared to normal 

and high strength concretes. 

The very low permeability of UHPFRC serves as a protection against aggressive agents, such as chloride ions that cause corrosion 

of steel bars and sulfate attack, which could lead to concrete expansion, crack propagation and loss of bond between the cement paste 

and the aggregates. It is worth noting that in UHPFRC, due to the hardening behavior, small microcracks are developed before crack 

localization, keeping the material permeability very low even at the post-cracking phase. 

Experimental tests carried out and demonstrated that the permeability degree of uncracked and cracked UHPFRC with a strain level 

up to 0.15% was practically the same. Beyond this limit, a progressive increase of permeability was observed. 

Role of fibers 

The incorporation of long fibers (lf > 10 mm) has an effect at the structural level, contributing in increasing the deformability of the 

material. Immediately after cracking, fibers are progressively engaged, leading to a multi-cracking pattern and crack localization. 

In contrast, the addition of short and microfibers has an effect at the material level, helping to improve the tensile strength associated 

to the pseudo-elastic domain. The microfibers are activated immediately after concrete microcracking, leading to a concrete behavior 

characterized by a longer elastic phase. Steel fibers are regularly used in UHPFRC mixtures due to their high strength, high resistance 

in alkaline environment and high modulus of elasticity. It is worth mentioning that polypropylene fibers (PP) can be incorporated in 

the concrete mix to avoid explosive spalling in a fire scenario. In this case, PP fibers melting, around 180ºC, lead to the increase of 

the permeability, releasing the vapor pressure inside the matrix. 

The different types of fibers are shown in Figure 2. 

 
 

Figure 2 Synthetic and steel fibers used in UHPFRC 

 

Effect of Fibers orientation and alignment 

Fiber distribution and alignment are affected by the size of the specimen, boundary conditions, workability of the mixture, fiber 

volume and compaction procedures. 

Experimental tests on round panels carried out, using X-ray computed tomography and electrical resistivity measurements, have 

shown that pouring concrete from the center produces the best results in terms of strength capacity. The flow of concrete outwards 

from the center of the panel led a preferential alignment of the fibers, perpendicular to the radius of the panel, increasing the numbers 

of fibers bridging the cracks. 

Fiber-matrix bond properties 

In normal and high strength concrete, the improvement of concrete micromechanical properties does not occur uniformly due to the 

matrix and fibers interfacial transition zone (ITZ) distinct microstructural properties evolution. The fiber is markedly weaker 

compared to the bulk matrix due to its higher porosity, resulted from the formation of large calcium hydroxide crystals. 

Long-term aging properties of Steel Fiber Reinforced Concrete (SFRC) were investigated and a comparison of 1 and 10years-old 

specimens, using 4-point bending tests, demonstrated a large increase in both peak and SLS post-peak strengths (roughly by 50%), 

which was attributed to matrix improvements. In contrast, fiber pull-out resistance, affecting Ultimate Limit State (ULS) strength, 

was barely increased (approximately by 15%). 

UHPFRC high tensile strength increases fiber frictional-adhesive and mechanical bond, ensuring a high pull-out strength without 

fiber rupture. Its complex microstructure enhances ITZ properties, which is characterized by a higher adhesion of the binder to the 

steel fiber surface, leading to an increase of the pull-out strength and a reduction of its weakness. The reacted part of the binder helps 
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to build a skeleton with an intricate and complex network (stronger links) with more connections and less porosity. As a result, more 

particles adhere to the steel fibers, enhancing the fiber-matrix ITZ and increasing the pull-out energy (better bond properties). 

Experimental tests on UHPFRC performed on mixtures incorporating different types of fibers (smooth, twisted and hooked end) 

show that improving fiber bond behavior (by increasing matrix density, fiber and matrix strengths and fiber mechanical bond by 

adding twisted or hooked end fibers) can lead to a higher performance of the material. The incorporation of 1.5% high strength twisted 

steel fibers led to a significant enhancement of concrete tensile properties in comparison with specimens reinforced with smooth steel 

fibers. In this case, a tensile strength up to 15 MPa and a strain at peak load of 0.6%, with a strain hardening response (multiple 

cracking with small crack widths and inelastic strain) was achieved. 

It is worth mentioning that tests carried out on UHPFRC show that fibers efficiency, measured by means of fiber tensile stress (ffpc), 

as is shown in Equation, did not change for different volume fractions of straight fibers. In contrast, an increase in hooked-end fibers 

volume led to a decrease of fiber tensile stress. The effect of fibers localized mechanical anchorage, which induce peak stress 

concentrations in the bulk matrix, causing microcracks and, as a result, loss of performance. 

 
where: ffpc is the average fiber tensile stress; σpc is the peak strength; α2is a parameter equal to 0.75; Vf is the fiber volume. 

Mix design 

In the last two decades, different mix designs were developed by different laboratories in partnership with commercial companies 

such as: Ductal commercialized by Lafarge-Holcim; CEMTEC; BSI by Eiffage; COR-TUF from US Army Corps of Engineers. 

In literature, most of concrete mix specifications are detailed without any theoretical background or detailed description of the mix 

design procedures. In fact, most of the mixtures are based on empirical processes, based on trial and error, suited to a specific field 

of investigation. As a result, a significant variability in the amount of cement (from 600 kg to more than 1000 kg) and aggregates 

sizes is observed from one mixture to another, which leads to a low optimization of the material. An optimization process can reduce 

concrete porosity and enhance matrix microstructure links, contributing to increasing concrete strength and reduce creep effects. 

Fuller’s grading curve is not appropriate for materials with fine constituents (SCC, HSC and UHPC), since it results in less workable 

mixtures, with poor cement content. Nonetheless, UHPC grain size distribution can be determined according to Andreasen and 

Andersen particle packing procedure. In this case, the particles distribution is calculated according to Eq. 1, where: P (D i) is the 

fraction of the total solids smaller than the specified diameter D i; D maxis the maximum particle diameter; qis the distribution 

modulus, dependent on the type of concrete. 

  ---- (1) 

Some researchers adopt a modified version of the Andreasen and Andersen model (Eq. 1) to introduce a minimum particle size 

(D min), as is shown in Eq. 2. According to, this expression, has been successfully adopted for optimization of normal strength 

concrete and lightweight concrete mix design. 

             ---- (2) 

Effect on Workability 

Workability on conventional concrete is regularly measured by means of the fresh mixture consistency determined on slump tests. 

However, the prediction of UHPFRC workability cannot rely simply on the basis of slump tests, since they only verify the level of 

flowability, but does not give any information about the mixture physical properties. Hence, rheological measurements should be 

used in order to find the range of workability. 

Concrete workability is directly related to the water cement ratio. In conventional concrete, the water cement ratio ranges between 

0.4 and 0.6. A moderate increase in the w/c ratio, within these limits, can lead to an increase of the slump without significantly 

affecting the durability and the strength of the material. However, high levels of water (w/c > 0.6) have a deleterious effect, causing 

particles segregation and water bleeding, which increases matrix porosity and reduces concrete strength. In UHPC, the control of 

water content is more critical. As a result, to guarantee the mixture workability, high levels of super and hyper plasticizers should be 

incorporated in the mixture. 

In UHPFRC, flowability is directly related to the amount of fibers. A high flowability is required to guarantee fibers dispersion and 

orientation during casting. However, the incorporation of fibers reduces the level of fresh mix flowability due to fiber friction, 

cohesive forces and changes in the skeleton structure. 

The fiber factor, as is shown in Eq. 3, can be adopted to evaluate the adequate level of workability on UHPFRC. Experimental tests 

show that the fiber factor ranged from 0.8 to 2.0. An upper bound limit of 2.5 for straight steel fibers is suggested. And while another 

research recommends a maximum value of 2.0. 

  ---- (3) 

where: Xf is the fiber factor; Vf is the volume of fibers; lf is the fiber length; df is the fiber diameter. 

Curing 

UHPFRC compressive strength depends on the curing regime. Experimental tests show that steam curing provided the highest 

strength values compared to air and tempered steam curing. 
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Effect on Creep and shrinkage 

The UHPFRC creep coefficient is around 1.0, decreasing after a heat treatment to a value within 0.2 and 0.5. This is similar to UHPC 

creep coefficient (0.8). Tensile creep and relaxation tests on UHPFRC at 3 days age were carried out and the results indicate a non-

linear behavior for all the load levels (0.3fc, 0.6fc, 0.9fc). Moreover, a perfect correlation between the prediction of the relaxation 

curve (using creep experimental values), using numerical algorithm, and experimental values, for a stress level of 0.3fc, was achieved. 

UHPC shrinkage strain values obtained are similar to the ones of conventional concrete. Due to UHPFRC very low porosity and high 

amount of cement, autogenous shrinkage developed during hydration can lead to microcracks and macrocrack propagation as a result 

of the development of high induced tensile stresses. 

Crack width limitations 

According to some researches, the presence of through cracks is the main cause of steel bars severe corrosion in RC structures. In 

contrast, in non-through cracks, limited to 0.4 mm, the corrosion starts at the crack tip and depends on concrete permeability to 

develop. If concrete cover permeability is low, the ingress of water and oxygen is slow, delaying the corrosion process. As a result, 

concrete cover and transport properties are the two most important parameters for the durability of concrete structures in aggressive 

environments. Crack localization should be avoided since it compromises structural durability due to the considerable increase of 

permeability. 

An expression to determine the maximum crack opening for UHPFRC was derived, based on the Model Code 90 original formulation 

for reinforced plain concrete. The constitutive law in tension is simplified by a trilinear model assuming an initial linear-elastic phase, 

followed by a perfect plastic and softening behavior.  

Effect on Fracture energy 

Experimental results have shown that UHPFRC fracture energy is about five times greater compared to FRC. This difference regards 

the level of densification of the microstructure.UHPFRC remarkable material properties lead to high tensile strain (> 0.3) and strength 

(> 8 MPa) capacities, and the development of a pseudo-plastic phase (strain hardening) prior to concrete softening, which is 

responsible to high energy absorption (toughness) before fracturing. 

Size effects 

The highest compressive and flexural strength capacities were obtained in slender prismatic sections. The structural members 

subjected to bending, without reinforcement, are prone to the size effect, both in terms of resistance and ductility. In contrast, 

UHPFRC is less susceptible to the size effect due to its dense microstructure (high fiber-matrix bond strength) and the addition of 

fibers in a volume higher than 2%. In agreement with that, three-point bending tests performed on UHPFRC notched beams with 

steel fibers, considering different heights (from 30 mm to 150 mm), demonstrated that the size effect in terms of nominal stress is 

negligible. Numerical simulations of beams with a depth up to 300 mm confirmed the experimental results. 

The post-cracking pseudo-plastic zone, the size effect is negligible and lower than the dispersion of the experimental results. This is 

because the flexural strength capacity is mostly activated during the pseudo-plastic zone, where the material behavior is independent 

of the size of the specimen. In this case, the size effect is directly related to the extension of the pseudo-plastic zone: increasing its 

limit, reduces the size effect.  

Effect on Compressive strength 

In design, simplified constitutive models for the compressive strength are established, based on both the characteristic value and the 

modulus of elasticity. For UHPFRC, establishes the beginning of the yield plateau (liner-elastic phase) according to Eq. 4, where: α 

is equal to 0.85; fck is the cylindrical compressive characteristic strength; θ is the coefficient for transient loads; Yb is the safety 

factor. 

   ---- (4) 

Design recommendations, establishes an UHPFRC design compressive strength with a factor of safety equal to 1.4 and is the 

coefficient to take into account the load duration, normally assumed as 1.0; is the coefficient to take into account UHPFRC limited 

deformation in compression, being equal to 0.85; is the coefficient for considering the structural behavior of UHPFRC, being equal 

to 0.67. 

In the design of a UHPFRC precast/prestressed elements, assumed an elastic-perfectly plastic stress-strain relation, with an ultimate 

compressive strength limited to 65% of the strength capacity. The compressive strength measured in cubes is about 5% higher than 

cylinders. In this case, the smaller the specimen, the higher is the standard deviation. 

From regression analysis, determined an exponential equation (Eq. 5) for UHPFRC compressive strength evolution in time under 

standard laboratory curing regime. 

  ---- (5) 

Effect on Flexural capacity 

Experimental results of UHPFRC, demonstrated that the increase of fiber volume, on one hand, does not change the initial stiffness. 

On the other hand, it increases both the flexural strength and structural ductility (higher deformability).An equation to predict FRC 

flexural strength (rule of mixture) was developed. 

  ---- (6) 

Experimental tests on UHPFRC carried out by considering different fiber volume (1% to 5%), show a linear relationship between 

fiber volume and flexural strength, as predicted by [40], with a high coefficient of determination (R2=0.97). For the same fiber 
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geometry (lf/df=13/0.2), found the following values for the empirical constants (Eq. 5): A = 1 and B = 0.307. In conclusion, affirm 

that the rule of mixture can be also applied to UHPFRC with satisfactory confidence. 

Tensile stress-strain capacity 

Experimental tests carried out on UHPFRC, using high strength smooth steel fibers, show that an increase in the amount of fibers 

from 1.5% to 2.5% (+67%) led to an increase of the tensile strength from 8 MPa to 14 MPa (+75%), as well as an increase in the 

maximum post-cracking tensile strain from 0.17% to 0.24% (+41%). Test results of UHPFRC using hooked end steel fibers from 

demonstrated that the variation on the fiber volume fraction from 1% to 2% (+100%) was followed by an increase on the tensile 

strength from 9 MPa to 14 MPa (+55%), while the maximum tensile strain remained at 0.46%. Moreover, the change in fiber volume 

fraction from 1% to 2% (100%) in a UHPFRC reinforced with twisted fibers indicated an increase on the tensile strength from 8 MPa 

to 15 MPa (87.5%) as well as an increase in the ultimate tensile strain from 0.33% to 0.61% (+85%). According to the results 

demonstrated that UHPFRC performance can be enhanced by the incorporation of deformed (twisted) steel fibers instead of smooth 

fibers, esp. the ultimate tensile strain capacity. UHPFRC design tensile strength can be determined according to Eq. 7.  

 ---- (7) 

UHPFRC tensile constitutive law can be determined by means of inverse analysis from bending tests, using both the uncracked 

analysis, based on standard continuum mechanics (differential equations), and the strain compatibility approach, with the following 

assumptions: constant shear stress distribution; plane section approach; constitutive laws (stress-strain relations in compression and 

tension). 

CONCLUSIONS 

In this paper, a literature survey was performed in order to examine UHPFRC material and mechanical properties, together with some 

design recommendations. Besides, concrete behavior at high temperature, specifically spalling and transient creep phenomena, were 

described. UHPFRC offers a range of new opportunities for concrete structures. The mix design of UHPFRC includes large amounts 

of cement, fillers like nano silica, silica fume, fly ash and admixtures and a cube strength of 180 N/mm2 can be achieved without any 

special curing. The preparation of UHPFRC was ventured by using very fine sand as fine aggregate rather than normal sized 

aggregate, densified silica fume as highly active pozzolana, and high range water reducing agent, and micro steel fibers and macro 

steel fibers with very low water/cement ratio (w/c).  The main conclusions are summarized below. 

• A great variability of UHPFRC mixes is found in literature. An optimization process can reduce the amount of cement 

without weakening the material. 

• In contrast to conventional concrete, UHPFRC fresh state properties are characterized by a short period of hydration, an 

initial long period of dormant and a relatively low degree of hydration. The high amount of binder can lead to mixture 

overheating, self-desiccation and the formation of balls of cement. 

• The hydrated cement grains create a dense and interconnected microstructure, leading to a very low permeability and 

improving substantially the mechanical properties, which are characterized by a very high compressive strength capacity, 

high ductility, enhanced toughness and better bond properties. In order to fully profit from the superior UHPFRC properties, 

current design codes recommendations should be verified. The design tensile constitutive laws should be defined assuming 

a bilinear (elastic-perfectly plastic regime) or trilinear model to take into account the linear-elastic branch of the curve, the 

pseudo-plastic phase (multicracking) and the softening behavior (crack localization). Moreover, shear design should include 

fiber contribution; reinforcing steel bars anchorage length can be limited to 10; and a perfect bond between matrix and rebars 

can be assumed both at the elastic and pseudo-plastic phases. Besides, due to the high ductility, crack localization can occur 

after a deformation equal to 0.2%, beyond steel bar yielding point. 

• The mechanical characterization of the material can be carried out by means of bending tests, followed by inverse analysis, 

to determine the tensile constitutive law. In this case, models based on continuum mechanics, assuming a cross-sectional 

equilibrium and Bernoulli principle (plane section), can be applied. The characteristic length (crack-opening-strain 

relationship) can be taken as the average space between cracks during strain hardening and as function of the beam depth 

during crack localization. 

• The exposure to high temperature leads to a pronounced decrease of the mechanical properties of UHPC due to physical-

chemical transformations (free water evaporation, CSH dehydration and microcracking). Moreover, UHPC is prone to 

violent spalling due to its dense microstructure. Researches on this area demonstrated that a small amount of PP fibers 

incorporated in the mix can reduce and even avoid spalling triggering. 
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