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Abstract 
FRCM systems are relatively new, and are made from different materials i.e. glass, aramid, 
steel and carbon. The mesh of this system is formed from fabric nets and cementitious 
mortar components which are functioning as a binder and matrix. FRCM systems perform 
better than FRP at elevated temperatures. To investigate the performance of FRCM systems 
under elevated temperatures, several FRCM-strengthened concrete beams were heated up 
to a controlled temperature of 280 OC, followed by mechanical loading till failure. The results 
indicated a much higher residual strength compared to FRP-strengthened systems, which 
completely de-bonded around 120 OC. The main reason is the cementitious mortar used in 
the application of FRCM, which is a high thermal resistance adhesive, instead of the epoxy 
resin used in the FRP composite applications.  
 
The study continued by developing a finite element model to further observe the response of 
FRCM-strengthened specimens, particularly under thermo-mechanical loads. Several 
parameters were studied, such as the FRCM material type, FRCM thickness, and 
temperature level. The research confirmed the viability of FRCM systems used as alternative 
to their FRP counterparts, especially at elevated temperatures.  
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Introduction 
 
Fibre composite materials i.e. FRP, FRCM and TRM, are usually used for strengthening, 
repairing and retrofitting newly built or historical structures that are mainly externally bonded 
to the structure with the help of mortar or epoxy adhesives. Reinforced matrices and textiles 
are made from unidirectional and bidirectional fibres that are investigated by [1] to be used 
for strengthening and repairing of existing and/or newly built structures. The construction 
refurbishment materials and methods used for structural strengthening vary according to the 
suitability of the composites to the structures applied on and also the condition i.e. harsh 
environment and high temperature. 

The widely known strengthening materials are Fibre Reinforced Cementitious Matrix 
(FRCM), Fibre Reinforced Polymers (FRP) and Textile Reinforced Mortar (TRM). These 
systems are manufactured differently as TRM and FRCM systems are applied with inorganic 
cementitious mortar, unlike FRP which uses epoxy in the application therefore the earlier 
named systems have outperformed FRP composites especially under elevated temperature 
due to their inherent non-combustibility or perhaps their superior strength retention [2]. 

FRCM and TRM techniques two of the main structural strengthening systems that attracted 
research engineers’ attention, most especially in the last few decades. An experimental  
research carried out in [3] was successful in achieving a substantial improvement in the 
strength capacity of the beams strengthened with TRM. The strengthening materials are 
made to increase shear and flexural capacities of masonry and reinforced concrete 
structures and obtaining higher fire resistance due to the inorganic mortar used in the 
applications [4], [5].  

Further, TRM and FRCM systems have become an effective alternative that have replaced 
FRP materials for strengthening and retrofitting of masonry walls [6, 7, and 8].  Other studies 
showed that the shear capacity of RC beams increased when FRCM materials was used as 
an alternative to FRP composites [9]. FRCM systems improved the ductility resistant due to 
the combination of textile and cement based matrix in production applied with mortar [10].  

Laboratory test settings and results 
 
In this research, beams were tested under four point bending (Figure1a) for unreinforced 
and reinforced concrete specimens. The testing was initiated with a load control step up to 5 
(kN) which was controlled from the load cell system, then changed to a displacement control 
mode at a loading rate of 0.002 (mm/s). The data was automatically recorded by the 
computer system connected to the load cell. The experiment involved testing a total of 
fourteen small and large scale beams. Table (1) contains the summarised FRCM materials 
and beam parameters. At room temperature, twelve of the small and large size beams were 
tested and two of the large scaled specimens were tested at elevated temperatures above 
280 OC (a specific temperature-controlling system was made to uphold the heat rise of the 
ceramic heater plate used in this study at City, University of London. Figure 1[b & c] shows 
the temperature test set up and temperature controlling system. 
 

 

Figure 1: [a] RC specimen strengthened with one FRCM layer under four point bending, [b] Loading 
machine and ceramic heater plate, [c] temperature-controlling system (City, University of London). 



 

 

For the unreinforced concrete control beam, a sudden failure occurred at an average loading 
of 10.81 (kN), and a flexural failure was recorded. The failure mode compared to the 
strengthened specimen was quite different due to the effect of the cementitious mortar and 
the fibre mesh present in the strengthening system. For the concrete specimens 
strengthened with one and two layers of FRCM carbon (Figure1a), the strength increase was 
1.53 and 1.67 times that of the control specimen strength respectively, Figure 2 shows the 
experimental results obtained which the load capacity increased up to 17.8 kN when 2 layers 
of FRCM are applied. The beam strengthened with FRCM Steel Net system had a strength 
capacity raised by 3.8 times that of the initial control beam. 
 

 
 

Figure 2: Load vs deflection experimental results (City, University of London) 
 
The RC beam strengthened with FRCM carbon layer was able to withstand the loading up to 
30 (kN) before the first crack was noticed, and no early cracks were observed before then. 
As loading continues, the number of cracks until a load of 67 kN where yielding was 
observed. The specimen failed at a load of 71 kN. In general, the cracks were more 
distributed due to the effect of the FRCM strengthening system present. Also, the crack 
widths were reduced compared to the control specimen. The strength capacity increase was 
about 1.3 times the capacity of the control beam. Fibre pull-out of the mortar was noticed but 
no rupture failure was recorded. When heated to a temperature of 294o, cracks were 
observed at a load level of 23kN, yielding appeared at a load of 55kN, and the failure 
occurred at a load of 64kN. This constitutes a moderate decrease in strength due to the 
effect of elevated temperature, confirming the efficiency of FRCM systems under harsh 
environment. 

Table (1): FRCM, reinforced & un-reinforced concrete beams parameters details 
 

 



 

 

Conclusions 
 
The conclusion remarks from this research and previous studies are:  

 The FRCM systems have a great potential for the improvement of the concrete 
member strength, ranging from 15% up to 91% compared to the unreinforced control 
specimen, and up to 3.8 times the initial load capacity of the unreinforced concrete 
specimens. 

 FRCM systems have a great influence on the failure mode, which was mostly due to 
de-bonding of the fibres which pulled-out from the mortar. Also de-bonding within the 
matrix at the interface of the fabric-matrix was observed. A delamination at the 
concrete surface was also noticed when the number of layers increased.   
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