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Abstract: Ultra High Performance Fibre Reinforced cement-based Composites (UHPFRC) form a 
novel material developed over the last two decades. A set of special traits, such as durability, 
outstanding material properties, and ease of application, render UHPFRC particularly attractive for 
the improvement (rehabilitation, strengthening) of concrete structures. Laboratory tests indicate a 
compressive strength, which ranges from 150 to 200 MPa, while tensile strength lies in the range of 
7-15 MPa. The fibres play an important role in defining the range of these properties depending on 
the content (3-6%), orientation, length and composition. As a consequence, UHPFRC delivers a 
workable material whose mechanical properties may be properly adjusted according to the desired 
application scheme. As indicated via laboratory testing and in-situ experience, the durability of the 
structure may be extended not only due to the properties of UHPFRC but also due to the additional 
protection it offers to the reinforcement. This paper provides an overview on existing findings of 
UHPFRC implementations, focusing in the domain of improvement of structures. Within this context, 
UHPFRC may be applied on top of existing bridge decks [1],with or without steel rebars, ensuring 
full bond conditions via mere surface preparation prior to casting. In exploiting the attributes of 
UHPFRC within a rehabilitation context, further applications are being explored, such as 
strengthening of orthotropic steel decks in order to prevent fatigue issues [2]. Nonetheless, it should 
also be acknowledged that certain aspects need to be improved such as the development of a multi 
scale analysis framework, able to provide a detailed computational method without detriment to time 
efficiency. The introduction of monitoring technologies in structures with UHPFRC would 
unquestionably provide valuable insight into its long-term performance and help validate this scheme 
for the next generation of rehabilitation interventions. 

 

1 INTRODUCTION 
Ultra High Performance Fibre Reinforced 

cement-based Composites (UHPFRC) is a 
material that has evolved over the last two 
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decades, overcoming the brittleness of Ultra 
High Performance Concrete (UHPC) via 
addition of fibres into the cementitious matrix, 
thus leading to exceptional mechanical and 
durability properties [3]. The characteristic 
properties used to identify this material include 
strain softening and strain hardening in tension, 
ductility, toughness and fracture energy. 
Diverse target properties can be tailor-designed 
by modifying several specific parameters, such 
as type of fibres and its volume fraction, 
direction of casting and matrix composition. 
Therefore, values in tension strength vary from 
8 to 15.9 MPa, while in compression the range 
goes from 150 to in excess of 200 MPa. Another 
remarkable key strength of the UHPFRC 
involves its performance under severe 
environmental conditions such as humidity, 
chloride ions, thermal loads or life cycle 
considerations [4], due to the low porosity of 
the material and the microcrack control it 
exhibits. Hence, UHPFRC reveals itself as 
particularly suitable for rehabilitating structural 
elements by waterproofing them, thereby 
prolonging lifespan and enhancing durability.  

In this context, significant work has been 
conducted on fatigue tests, not only with the 
material alone but also UHPFRC containing 
rebars or in combination with concrete beams 
[5]. 

In recent years, related research has been 
extended to its behaviour in compound systems, 
as Reinforced UHPFRC (R-UHPFRC), layers 
of UHPFRC on top of concrete beams or slabs 
(R-UHPFRC-RC) or steel decks. 
Consequently, the bond between surfaces has 
been studied [6], leading to the finding of a 
perfect monolithic behaviour between 
UHPFRC and concrete or steel rebars. 
Moreover, the performance of the conventional 
systems is clearly enhanced by addition of the 
UHPFRC, in terms of flexural, tension and 
shear strength, along with the aforementioned 
fatigue and durability benefits.  
UHPFRC has been applied in a multiplicity of 
projects, albeit bridges comprise the category, 
which has majorly benefited the most from this 
solution. In some cases, elements suffering 
from severe or prolonged exposure to 
aggressive environments need to be protected, 

as piers in contact with de-icing salts, curbs, 
crash barriers or retaining walls. Additionally 
deck slabs are subjected to increased live loads 
and fatigue, thus UHPFRC can restore lost 
strength and further increase load carrying 
capacity to a required level while adding a 
waterproof layer [7]. 
In addition to bridges, further structures have 
been rehabilitated with UHPFRC, such as 
concrete building slabs and maritime 
lighthouses. Recently, fatigue issues in 
orthotropic steel decks have been overcome by 
adding a layer of precast slabs connected to the 
plate by means of miniature Nelson studs [8] 
Ease of application is one of the main 
advantages provided by this material. For 
example, application of a 30 to 40 mm layer of 
UHPFRC over a concrete surface, which has 
been prepared by high pressure water jetting, is 
accomplished using a conventional ready mix 
plant, conventional truck transportation and 
tools for the pouring [9]. Compressive strength 
can reach 80 MPa and 100 MPa after one and 
two days, respectively, allowing high speed of 
construction, reduction in costs and diminution 
of traffic cuts or non-operational times. 
Although UHPFRC has been proven to work 
efficiently with other materials, the complexity 
of the composite system needs to be considered 
when modelling its behaviour. Two different 
approaches for simulation have been developed 
in order to reduce computational time and to 
obtain results accurate enough for the purposes 
of structural analysis. The first one models the 
material as isotropic and defines the strain 
hardening and softening domains by means of 
changes in the modulus of elasticity [10]. The 
second one uses a Multiscale Hierarchical 
Simulation, either assuming bridging stress of 
fibres and its relationship with crack opening 
displacement [11] or bond stress-slip behaviour 
of fibres at the meso-level [12]. FEM models 
study UHPFRC, R-UHPFRC and also R-
UHPFRC-RC; however, limited amount of 
literature has been found regarding multiscale 
simulation and compound designs, restricting 
the calculations to UHPFRC alone.  
Further development of numerical approaches 
is necessary, not only to correctly design the 
material and exploit its properties where the 
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effects can be more useful, but also to help 
tracking the behaviour of the systems along 
their future service lives. Monitoring of existing 
structures provides essential information for the 
evaluation of safety conditions, thus 
rehabilitated components should specially be 
considered when realizing a monitoring 
campaign. In this context, numerical models 
play an important role in structural 
identification failures, by using modal data 
information (natural frequencies and mode 
shapes) [13]. 
Given this background, the work presented 
herein is organized as follows. First, the 
material properties are described in detail, with 
special focus in the characteristics that highlight 
UHPFRC material as a valuable technology for 
improving structures. Second, a summary of the 
available literature regarding numerical 
simulation is presented, including both FEM 
and Multiscale approaches. Next, several 
examples of improvement projects with 
UHPFRC are shown, including a comparison 
with convectional techniques in terms of cost, 
effectiveness and easiness of application. The 
fourth chapter addresses monitoring schemes 
that have been developed for the follow up of 
UHPFRC behaviour in combination with 
existing structures. Finally, aspects to be 
improved are acknowledged, in particular the 
behaviour of the material under long-term 
effects and the correction of arising issues.  

2 GENERAL PROPERTIES  
Research in UHPFRC is constantly evolving 

leading to improved properties and enhanced 
behavior. In order to obtain a dense matrix with 
very low permeability, the maximum grain size 
has to be controlled, as well as the cement 
volume content, water/binder ratio and the type 
of superplasticizer employed. Over the past few 
years, focus has been shed in reducing the CO2 

footprint of the material, primarily by lowering 
the amount of cement via use of limestone filler 
[14], while increasing the maximum tensile 
strength [15].  

In improving material properties, it is critical 
to attain a better understanding of the matrix 
constitution and the bond between fibres. The 
bridging effect of the fibres, in particular, 
significantly affects performance in the 
hardening and softening domain. According to 
Naaman and Reinhardt [16], strain hardening 
occurs as result of the tensile strength, σpc , 
exceeding the cracking stress, σcc. The tensile 
behavior of UHPFRC is categorized into three 
different phases (Figure 1) [17]: Zone I, or the 
strain based elastic part, up to σcc, the stress 
level defined by εcc and Ecc where the material 
enters its strain hardening behavior; Zone II, or 
the strain based hardening domain, determined 
by the dissipated energy per unit volume gf,A, 
the 99% tensile strength of the composite σpc, 
its associated strain εpc, and where cracking 
begins, the hardening modulus Ehc, and the 
residual strain εres; and Zone III or the crack 
opening based softening part, defined by the 
dissipated energy per crack surface area Gf,B.  

The orientation, volume content and type of 
fibres determine the properties of UHPFRC and 
induce a certain variability. For example, 
plastic fibers such as polypropylene increase 
the compressive strength by 2.5% in 
comparison to the mix without fibers, whereas 
steel achieves an increase of 6% [18]. Further 
research is being conducted on this topic, 
aiming for a more sustainable material with less 
steel fiber content. Along with its mechanical 
properties, the high density and lower porosity 
of UHPFRC enable outstanding results in terms 
of durability, when compared to ordinary 
concrete or even to High Performance Concrete 
(HPC). For instance, the freeze-thaw problem is 
negligible for UHPFRC. 
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Figure 1 Strain hardening tensile behavior of UHPFRC and idealized modeling approach (horizontal axis magnified) 
(Figure reused from [17])

Moreover, no carbonation, chloride ion ingress 
or sulphate reaction occur as the material is 
waterproof. At this point, it need be noted, that 
not only the steel rebar benefits from the 
particular relationship between both elements 
in UHPFRC; the material’s tensile behaviour is 
enhanced by the steel rebar, with the added 
benefit of minimizing the scatter in the general 
properties.  
In consideration of these results, research has 
been conducted on R-UHPFRC attached to 
concrete elements, with a particular focus in the 
bond between both materials and the 
performance under fatigue loading. Regarding 
the former, several tests indicate perfect 
monolithic behaviour for R-UHPFRC-RC, 
obtained by means of concrete surface 
preparation (high pressure water jet or sand 
blasting), exhibiting no debonding between 
layers [6],[19]. Although it is recommended 
that new materials feature similar 
characteristics when combined with original 
concrete elements in order to achieve composite 
performance, a number of reasons support the 
functionality of the mechanism composed by a 
layer of UHPFRC on top of concrete.. Firstly, 
in the elastic domain, the difference in the E 
modulus (55 GPa for UHPFRC versus 35 GPa 
for normal concrete) is compensated by the 
aforementioned improved tensile strength. 
Secondly, strain hardening in UHPFRC is 
significantly larger than its maximum elastic 

elongation, contrary to conventional concrete. 
Eventually, autogenous shrinkage is the 
predominant part of internal UHPFRC 
deformation and drying shrinkage could be 
neglected after 8 days of moist curing [20].  
With respect to fatigue, the response of 
UHPFRC varies depending on the 
configuration. The material alone under tensile 
fatigue stresses endures ratios of maximum 
fatigue stress to elastic limit strength ranging 
from 0.45 to 0.70, whereas R-UHPFRC and R-
UHPFRC-RC failure is determined by the 
fracture of steel rebars in the R-UHPFRC layer. 
Bending fatigue tests in R-UHPFRC-RC beams 
up to 10 million cycles have established a 
fatigue limit at a solicitation 50% of the 
ultimate static strength. 

3 MODELLING OF UHPFRC 
Particular attention is required when 

simulating composite material performance in 
the strain hardening domain. The bridging 
effect of the fibers, the transmission stresses 
manifested at occurrence of the first crack, 
along with the propagation of cracks in the 
softening domain, demand an adapted 
formulation of existing calculation procedures.  

Three main approaches have been developed 
towards efficient simulation. Their formulation, 
as well as their validation by means of 
laboratory testing, are summarized herein. 
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Modelling stress- strain behavior 
The simulation schemes, which model the 

cracked element as a continuum and 
subsequently adapt the stress-strain behavior, 
are the most commonly met in existing 
literature. This review focuses on the latest 
achieved developments, for UHPFRC, 
UHPFRC-RC and R-UHPFRC-RC.  

Simulation of the material alone has been 
successfully carried out by Tysmans et al. [10] 
by means of a modified version of Concrete 
Damaged Plasticity (CDP), validating the 
results with an in-plane biaxial loading test 
setup. In [21], a computational damage model 
is developed, considering a global and local 
softening behavior formulation. In [22] 
UHPFRC is modeled across two scales, the 
section and tensile element scale. In the case of 
R-UHPFRC a tension chord modeling approach 
is frequently adopted, as followed in the works 
of Xia, J. [11] and Sadouki, H., Denarié, E., 
Žnidarič, A. et al [23]. Modeling of R-
UHPFRC-RC is of particular significance 
within the context of rehabilitation and 
strengthening of structural elements, as 
indicated in [24], where UHPFRC was used in 
a concrete deck improvement project.  

Multiscale simulation with fiber interaction 
and matrix in the same element 

Multiscale approaches, in the UHPFRC 
context, operate in two distinct scales, i) the fine 
scale, which considers the multiple fibers and 
simulates the fracture of the matrix and the pull-
out behavior, and ii) the coarse scale deals, 
which with structural response at a macroscopic 
level. Within this context Ellis et al. [25] 
employ Rigid-Body-Spring–models, assuming 
that after cracking of the matrix the entire stress 
is carried by the fibers. A blast-loading test was 
employed for validating this methodology.  

Despite the multiscale approach comprising 
a more recent development in UHPFRC 
simulation, some efforts are already extended to 
the modeling of R-UHPFRC, as in the work of 
Trüb [26], who combines a Smeared Crack and 
Discrete Crack model.  

Multiscale simulation with fiber interaction 
and matrix as different elements  

In models based in bond stress-slip behavior 
of the fibers at the meso-scale level, matrix and 
fibers are characterized separately. 
Consequently, the location of each fiber need be 
known. In [27], this definition is achieved by 
mean of parametric analyses relying on 
probability distributions of matrix strength and 
fiber distribution.   

4 IMPLEMENTATION OF UHPFRC IN 
REHABILITATION AND 
STRENGTHENING PROJECTS 

As mentioned before, UHPFRC exhibits 
properties, which render it particularly suitable 
for rehabilitation and strengthening of concrete 
structural elements. The advances achieved 
over the last few years, in terms of enhancement 
and knowledge refinement, have led to a 
widespread use in various domains. Several 
examples are listed below, categorized 
according to the type of improved element. 

Improved concrete beams 
Three different configurations were 

analyzed in [28]. UHPFRC layers were added 
a) in the tensile zone, b) the compression zone, 
and c) as a three-side UHPFRC jacket. All cases 
indicate a tensile strength improvement of the 
overall system, with the latter approach being 
the most effective. Wang et al [29] used 
UHPFRC panels to improve shear resistance 
and ameliorate the failure of beams, 
demonstrating positive effects. 

Improved concrete bridges 
Deck slabs of bridges are particularly well 

suited for rehabilitation and strengthening using 
UHPFRC. The general procedure comprises in 
firstly eliminating the top 20-40 mm of RC, by 
means of high pressure water or sand blasting, 
and subsequently pouring a layer of R-
UHPFRC, of a width ranging from 20 to 70 mm 
depending on the project. This layer can also be 
used as a waterproof membrane. Bastien-Masse 
and Brühwiler [1],[30] have studied the 
response under punching effects in the 
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connection zone between deck and piers. The 
Log Čezsoški bridge rehabilitation in Slovenia 
is overviewed in [31] along with comparative 
evaluation of the influence of global warming 
on different materials, such as standard 
concrete, ECO concrete, standard UHPFRC or 
ECO UHPFRC, revealing the benefits of the 
last mentioned when examined within the scope 
of the structure’s life-cycle. In [32], a 
comparison is made in monetary terms with 
regards to the work performed on a bridge over 
Morge river in Switzerland, involving not only 
the deck but additionally UHPFRC kerbs. 
Following the same line, Brühwiler and 
Denarié [7] compile a comprehensive reporting 
of rehabilitation projects carried out in 
Switzerland from 2004 till 2015. The latest 
application in Switzerland pertains to a viaduct 
suffering an Alkali-Silica Reaction (ASR) 
problem among other issues [33]. The applied 
layer of UHPFRC serves two missions: a) to 
control the ASR expansion by virtue of the low 
porosity of the material and b) to enhance the 
strength of the deck slab by 40%. Another 
innovative procedure for I girder bridges is 
developed in France [34], where two 
continuous side cheeks were cast in situ on the 
bottom heels on either side of the beam webs, 
allowing work to be performed more cheaply 
and faster than by conventional methods. In 
North America, even if the tendency is to use 
UHPFRC for new structures, examples of 
interventions on existing bridges are limited to 
UHPFRC precast slabs to replace concrete 
decks [35] as well as to the filling of dilation 
joints.  

Improved orthotropic steel decks 
Increasing traffic and loads, along with the 

fatigue and corrosion steel suffers, constitutes a 
problem for steel bridges entailing expensive 
repair measures, although UHPFRC is 
becoming a new instrument to solve this issue. 
Sato et al [36] have tested the mechanical 
behavior of the interface, either epoxy resin or 
shear studs, showing better performance with 
the first method and an ultimate resistance 
characterized by debonding failure. Similar 
results are obtained in [37]. Moreover, an 

application on a real bridge was carried out in 
France [39] by means of precast UHPFRC 
slabs, attached to the steel deck through steel 
studs. With this procedure, the service life of 
the structure is expected to increase by at least 
20 years, due to the stiffness increase and 
consequently a reduction of fatigue stresses.  

Improved railway steel bridges 
The Buna Bridge in Croatia [41], was built 

in 1893, comprises two main girders made of 
riveted hot rolled steel plates, stiffened with 
vertical and horizontal girds. With the 
opportunity of its complete replacement, the 
original structure was transported and tested 
within a laboratory setting, prior to and after the 
implementation of a cast in-situ UHPFRC deck. 
In early reporting, the center of gravity of the 
new composite section appears to have risen, 
allowing the introduction of additional loads 
and eliminating the stability concerns in the 
compression zones.  

UHPFRC in hydraulic environments 
Guingot et al [41] present several 

rehabilitation works performed in France, 
where structures such as dams, bridge channels 
or hydroelectric plants needed to be protected 
from water impact, abrasion and extreme 
environmental conditions. Furthermore, 
Denairé et al. [42] have introduced an 
innovative method to rejuvenate a turret, by 
casting UHPFRC from a helicopter and pouring 
over a special formwork surrounding a masonry 
structure. 

Other applications 
Extensive research has been conducted on 

Carbon Fiber Reinforced Polymer (CFRP) and 
Glass Fiber Reinforced Polymer (GFRP) as 
repair materials for fire-damaged concrete. 
UHPFRC has been tested by Hizami Abdullah 
et al [43], within the context of fire safety, and 
its performance was compared to conventional 
materials, revealing significant improvement in 
stiffness and bond strength. In a related 
experimental study, the performance of 
UHPFRC jackets under seismic action is 
investigated [44], demonstrating that failures 
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such as lap splice fracture, concrete cover 
spalling and longitudinal bar buckling in 
columns may be effectively eliminated. 
According to Tsonos [45], structures 
rehabilitated with Fiber reinforced Polymers 
(FRPs) present a weak point in the area of 
beam-column joints during seismic events, thus 
an additional local UHPFRC jacket has been 
proposed, resolving the aforementioned issue. 

5 MONITORING OF UHPFRC 
STRUCTURES 

Structural Health Monitoring (SHM) is a 
powerful tool that has gained considerable 
acceptance in recent years in both the research 
and practice. Rehabilitated and strengthened 
UHPFRC structures pose an excellent case for 
implementation of this technique, as important 
information regarding short- and long-term 
performance of this new material, as well as 
data on the global response of the improved 
system, can be extracted.  

Structural Health Monitoring utilizes sensor 
deployments for the traction of significant 
information from the system, and this may be 
carried out either via periodic campaigns, 
commonly Non Destructive Evaluation (NDE) 
methods, or long-term campaigns featuring a 
permanently installed sensor grid [38]. Ideally, 
monitoring should be performed prior to and 
after the intervention on the system, in order to 
obtain a better understanding of the failure 
mechanisms, their exact locations and how to 
effectuate the improvement. A comparison 
between both the damaged and improved state 
helps asses the effectivity of the intervention 
and to estimate the duration of the new service 
life of the improved structure. 

An SHM approach is implemented in the 
work of Hajar et al. [39], already discussed in 
the chapter of orthotropic steel decks, where a 
monitoring campaign was carried out both in 
the months preceding the intervention and after 
its completion, in order to determine the impact 
on fatigue accumulation. The scheme was 
configured via the use of 72 strain gauges, 
attached to the bridge soffit and the main 
girders. Although only general trends were 
extracted, the obtained data was sufficient to 

confirm the expected reduction in fatigue 
stresses, as well as a good connection between 
the steel deck and the precast UHPFRC slabs. 
The instrumentation will be continued for 
several years, along with regular inspections 
scheduled in one, five and ten years after the 
intervention, providing important information 
about the long term behavior of UHPFRC and 
the structural system. 

Unlike the former project, which focused on 
strain measurements for the global behavior of 
the compound system, Šajna, Denairé et Brass 
[47] focused on the evolution of UHPFRC after 
two years of application over the bridge 
described in [31]. Several tests were carried out, 
such as visual inspections, non-destructive tests 
on site and destructive tests at the laboratory, 
including pull-off strength, air permeability, 
capillary absorption and computer tomography 
based scanning. It is interesting to note that the 
corrosion rate was measured below the 
UHPFRC layer by means of embedded 
corrosion resistance sensors (CRS), allowing 
both on site and non-destructive data collection. 

Even though improved existing structures 
provide relevant information about the 
performance of UHPFRC; projects where a 
monitoring scheme is implemented already in 
design phase of a new structure can be 
significantly helpful. In these cases, certain 
constraints including space restriction and 
inaccessibility to the failure locations can be 
avoided with a comprehensive planning, 
leading to cost reductions and more successful 
implementations. The UHPFRC arch bridge 
described in [48] follows this methodology. 
Distributed fiber optic strain and temperature 
sensors, in combination with dynamic 
measurement elements (strain gauges and 
triaxial accelerometers) were placed on the 
bridge, effectuating data collection from the 
construction phase. Another continuous 
monitoring campaign is implemented in the 
Gaertnerplatz Bridge (Kassel) [49]. This 
multispan structure is characterized by the use 
of a UHPFRC deck and adhesive bond 
connections with other parts of the bridge.  
Before it was opened to the public, 
experimental modal data was measured, via use 
of an artificial impact hammer, correlating a 
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reference FEM model with the results. 
Thereafter, the monitoring data was used to 
identify varying parameters in the FEM model 
that could reflect a structural degradation, 
finding no issues in three years of study.  

6 ASPECTS TO IMPROVE 
UHPFRC is constantly improving, in terms 

of mechanical capabilities, costs and modelling. 
However, several aspects are worth noting 
related to structural rehabilitation First, its 
performance under fire loads should be 
analyzed. Due to its dense microstructure, 
UHPFRC is more vulnerable to concrete 
spalling [51], although the problem is reduced 
when adding polypropylene fibers to the mix. A 
reasonable compromise between strength 
resistance and fire safety should be considered, 
depending on the nature of the project. 
Secondly, rehabilitation of an existing structure 
is, in most cases, a more economical and 
environmentally friendly procedure than 
demolition and subsequent reconstruction. 
Monitoring campaigns may provide an 
invaluable tool for asserting the long-term 
performance of the latter and its effective 
response to continually changing environment 
(ranging operation and environmental action). 
Furthermore, monitoring could yield salient 
info regarding the evolution of the cracking 
phenomenon, the evolution of the bond 
between different materials as well as the 
effects of concrete degradation over the 
synergetic systems, by means of targeted 
technologies, such as embedded FBG (Fiber 
Bragg Gratings) on the matrix or image 
correlation monitoring. Thirdly, the material 
itself may further be improved, using local and 
recycled materials for matrix and fibers, 
respectively. Lastly, updated codes to address 
UHPFRC as a building material and 
corresponding provisions for improving 
existing structures and designing new structures 
using UHPFRC is required. Despite several 
efforts achieved in this area, particularly in 
Switzerland (new SIA code [52]), France 
(updates in the Association Francaise de Genie 
Civil, recommendations [53]), Japan [54] and 
Australia [55], further standardization is 

expected as the application of UHPFRC 
becomes more common.  

7 CONCLUSIONS 
This review paper has presented UHPFRC 

as a competent material for rehabilitation and 
strengthening of structures. Several 
observations may be drawn in reference to the 
driving topics of rehabilitation and monitoring:  

Rehabilitation 
- The mechanical characteristics of 

UHPFRC, along with its low 
permeability, allow for numerous 
applications on a wide range of 
structures, proving its effectiveness 
under a variety of circumstances.  
Although commonly employed on 
bridges, further structural components 
may benefit from its properties, such as 
curbs, building slabs or structures in 
maritime environments.   

- UHPFRC can be cast in place or applied 
as a precast unit, both solutions 
enhancing the existing lifespan of the 
structures 

- Especially promising is the applicability 
of UHPFRC when casted at increased 
slopes, delivering satisfactory results 
even for 12 % inclination, which permits 
rehabilitation of surfaces that are not 
easily accessible by other means. Precast 
solutions are efficient and economical; 
however, in reaching full potential, 
large-scale processing should be 
implemented. 

- A direction of interest pertains to use of 
prefabricated elements, which however 
necessitates the development of new 
connectors, either between slabs or 
between columns and slabs for 
buildings. The evolution of these 
technologies opens a new field, where 
critical joints of existing structures could 
exploit UHPFRC, allowing ductile 
behavior, minimal maintenance and low 
water infiltration. 

Monitoring 
In light of obvious advancements in the field, 
the behavior of the material should be further 
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tested and explored in the coming years. Within 
this context, SHM and numerical simulation of 
the material can complement each other in 
analyzing possible weaknesses of composite 
structures and in establishing successful and 
standardized implementations.  

- Monitoring of existing structures should 
be the preliminary step to any 
intervention, consequently leading to a 
better examination of the real condition 
of the construction works. Limited 
literature exists in this domain, despite 
the necessity of knowledge of on-site 
performance for novel materials, which 
should prevail as a key point on its 
development.   

- Very few long-term monitoring 
campaigns are available when it is 
imperative to extract information on 
long-term performance commonly 
affected by variations in environmental 
and operational conditions. 

- The new assortment of sensors available 
on the market has not been fully explored 
yet. Fiber Brag Gratings (FBGs) or 
frequency domain reflectometry sensors 
could be embedded in the cementitious 
material and provide valuable insight 
regarding micro-crack propagation [50].   

An accurate implementation of the material 
in numerical models is essential to understand 
and predict behavior not only during extreme 
events (e.g. earthquake loads), but additionally 
for long-term deterioration processes. In 
materializing these goals, it is important to 
encourage experimental research as well as 
field monitoring campaigns for improving the 
current state-of-knowledge in UHPFRC 
implementation.  
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