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Abstract: Old masonry buildings represent the largest part of traditional 

constructions. Generally, they are both seismically vulnerable and 

thermally dispersive. Therefore, the need for seismic and thermal 

retrofitting aimed at reducing their vulnerability and environmental 

impact has motivated research efforts towards sustainable retrofitting 

solutions. This study presents a literature review of the approaches 

currently available for masonry retrofitting. Specifically, it highlights the 

use of fiber in textile form i.e., Textile Reinforcement Mortar (TRM), as 

Fiber Reinforced Polymer (FRP) and natural fibers (animal and plant 

sources) to masonry retrofitting. In addition, specific attention is devoted to 

the integrated (structural and thermal) fiber-based integrated retrofitting 

techniques that are becoming very important in the last years.  
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Introduction  

The largest part of the European traditional built stock 

consists of masonry buildings and most of these did not 

comply with the current standards for seismic safety and 

thermal efficiency. Specifically, in Italy, there are about 7 

million masonry buildings (Pittau et al., 2017). 

Furthermore, according to the Italian Istitute of Statistics 

(Formisano et al., 2019) around 57% of the total residential 

buildings are masonry buildings. In addition, about 90% of 

these are constructed before nineties (Mistretta et al., 2019).  

Based on the data provided by the European 

Commission (EC, 2019a), approximately 75% of the 

building realized more than 50 years ago is thermal 

inefficient. In addition, according to (Martelli, 2013; 

Basu et al., 2014), about 70% of existing buildings are 

seismically vulnerable in Italy. Therefore, considering the 

preceding two paragraphs it is patent that a huge part of the 

masonry buildings needs structural and thermal retrofitting.  

The nature and the environment around us are hugely 

affected and influenced by the existing building stock, in 

terms of energy consumptions and CO2 emissions. Indeed, 

this sector consumes around 36% of the world total energy 

and release 39% of the total carbon dioxide (Benzar et al., 

2020). With specific reference to Europe, the percentages 

are about 40 and 36% (EC, 2019b), respectively. In 

addition, in Europe about 50% of the total energy 

consumption is used for heating and cooling as reported in 

(Pohoryles et al., 2020). In order to enhance the energy 

performance of buildings, a legislative framework has been 

established by the EU, which includes the Energy 

Performance of Buildings Directive (EPBD) (2010/31/EU) 

as in (EP, C.E.U. 2010) and the energy efficiency directive 

(2012/27/EU) (EP, C.E.U. 2012) Furthermore, both these 

directives are amended by the directive on Energy 

Performance of Buildings (2018/844/EU) (EP, C.E.U. 

2018). In fact, the push for the thermal performance 

retrofitting came with the EPBD.  

Given the growing awareness about the 

environmental impact of buildings, sustainable energy 

management is being a part of the conservation strategy 

of the historical and heritage buildings and a part of the 

design of the new constructions. Indeed, it can help 

improve the thermal energy efficiency and comfort as 

expressed by (De Santoli and Ambrosio, 2014). Thus, in 

order to obtain the refurbishment, preservation and 

restoration of historical and heritage buildings, it is also 

important to use sustainable and ecofriendly materials. 

The durability of structures and the comfort of their 

occupants depend on material characteristics and internal 
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thermo-hygrometric ambient conditions as described in 

(DellôIsola et al., 2012).  

The growing social awareness of building 

environmental impact (Paris Agreement UNFCCC, 

2015), the targeted sustainable goals according to 

(UN.SDG, 2020), the improvement of the seismic 

performance required by (EN, 1998) (Eurocode 8) and 

the energy performance standards like (EN ISO 52016-1, 

2017) have led the engineers to look for integrated 

retrofitting methods and sustainable materials which can 

be used for both thermal and seismic retrofitting (EU 

framework 2010/31/EU and 2018/844/EU). In this 

context a key role can be played by fibers and integrated 

retrofitting techniques.  

This study presents a state-of-the-art review of 

techniques for integrated retrofitting of masonry 

buildings, with emphasis on those based on the use of 

fiber-reinforced composite systems.  

Fiber Classifications and use of Fiber 

Reinforced Composites for Masonry 

Retrofitting   

Composite systems are based on two main ñphasesò: 

Fibers and mortar. The former can be grouped into 

natural and man-made fibers. In general, they are used in 

the form of either raw fibers or fabrics. Raw fibers are 

cut or chopped at various sizes, whereas the textile fibers 

are used in mesh form and can be obtained by using one 

or more kinds of fiber. Figure 1 proposes a 

comprehensive classification of fibers. Man-made fibers, 

obtained from materials like metals, carbon and glass, 

present good structural performances. These fibers can 

be applied in various composite systems and are 

expressed in the sections-Textile Reinforced Mortar 

(TRM) and Fiber-Reinforced Polymer (FRP).  

Recently, the use of natural fibers, derived from both 

plants and animals, is becoming a new trend for 

sustainable retrofitting of buildings. For instance, sheep 

wool represents an effective animal fiber for retrofitting 

(Valenza et al., 2015). 

Different varieties of plant fibers have been used for 

the same purpose in the last years: Raw hemp fiber 

(Formisano et al., 2017), hemp fiber mesh (Menna et al., 

2015), flax fibers and fabrics (Ferrara et al., 2020), jute 

(Formisano et al., 2019), palm oil fiber (Raut and 

Gomez, 2016), date palm fiber (Benmansour et al., 

2014), banana leaves, reed, palm tree leaves and coconut 

seeds (Al -Zubaidi, 2018).  

As highlighted in (Bambach, 2020), some of the 

natural and man-made fibers have been compared in 

terms of stress-strain relation: The former (jute, hemp 

and flax) have nonlinear stress-strain response, while the 

latter (carbon and glass) mainly behave linearly (Fig. 2). 

 

 

 
Fig. 1: Classification of fibers, elaborated from (Amaral et al., 2018; Deopura and Padaki, 2015; Barbosa et al., 2004; Saba et al., 

2014; Saleem et al., 2020) 
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 (a) (b)  
 

Fig. 2: (a) Natural and (b) man-made fibers composite laminate (Bambach, 2020) 
 

Classification of Masonry Retrofitting 

Techniques  

Structural retrofitting is aimed at protecting masonry 

buildings from external loads and, in particular, from 

seismic actions. The choice of strengthening method and 

strategies (improving ductility or strength) might depend 

on the building location and characteristics and on the 

available budget (Fig. 3). 

It is possible to classify masonry retrofitting 

according to the following criteria: 
 
i) Techniques used for retrofitting (See the section-

Masonry Retrofitting Techniques) 

ii)  Type of fibers (see the section-Fibers used for 

Masonry Retrofitting)  

iii)  Purpose of the retrofitting: Structural or thermal 

performance improvement (see the section-

Masonry Retrofitting: Structural and Thermal 

Performance Improvement) 
 

Masonry Retrofitting Techniques  

Reinforced Plaster  

Plaster is a composite material where clay, cement, 

lime, gypsum etc. are mixed with water, sand or other 

reinforcing materials like fibers.  
Plaster is used for both structural and thermal 

retrofitting of masonry. Traditionally, plaster is enriched 
with steel bar and a thin layer (Elgawady et al., 2004). 
New type of structural/mechanical and thermal 
retrofitting plastering materials have been developed in 
the last years. Basaran et al. (2013) have prepared two 
types of reinforcing plasters using sand, Portland cement 
and fibers. Polypropylene and the steel fibers have been 
used as additives for masonry structural reinforcement.  

Very interestingly, have developed olive-fiber based 
clayey-plaster with improved insulating capacity. It is a 
bio-based plaster prepared with clay, sand and olive 
pruning waste fibers (leaves and branches). Aizi  and 

Kaid-Harche (2020) used gypsum and natural fiber 
retama monosperma to create composite plaster 
reinforcement material, Fig. 4. 

Furthermore, (Mustafaraj et al., 2020) have used 
polypropylene fiber for the reinforcement purpose in 
masonry, Fig. 5. 

Ferrocement  

Ferrocement is a mixture of cement mortar and 
reinforcement elements, without any coarse aggregate 
(Sakthivel and Jagannathan, 2011). Figure 6 for typical 
ferrocement retrofitting scheme, (Wang et al., 2018).  

Ferrocement is commonly used in the construction 
sector (Nedwell and Swamy, 1994). It has been found 
that when it is put on the structure surfaces, it can 
significantly enhance both the in-plane and out-of-plane 
capacity (Lizundia et al. 1997), as well as lateral load 
capacity (Ashraf et al., 2012; Ali Shah et al., 2017). 

Shotcrete Sprayed  

Shotcrete is a technique in which concrete, or mortar, is 
directly sprayed on the structure to enhance its strength 
capacity (Warnar, 1996). In addition, it helps dissipate 
seismic energy, as stated by (Shabdin et al., 2018). A good 
example for masonry application of shotcrete is reported by 
(Elgawady et al., 2006) that have retrofitted both sides of a 
masonry wall using shotcrete process as presented in Fig. 7. 

Banthia (2019) reports that there are primarily two 
processes that can be used for shotcrete retrofitting: The 
wet-process and the dry-process. In the former case, 
shotcrete is ready to use as a concrete mixture, while in 
the latter case the water is added separately along with 
the bone-dry cementitious mixture. 

Shotcrete reinforcements usually are mesh and bars 

(Shabdin et al., 2018). Actually, also filler or binding 

materials like hemp fibers (Yun et al., 2019) and 

SilicaFume (Army, 1993) can be used in the shotcrete 

spraying mixture. 

The application of shotcrete in masonry, has been 

mention in (Wang et al., 2018) and Fig. 7. 
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Fig. 3: Strategies for seismic retrofitting (Ferretti, 2019) 

 

 
 (a) (b) 
 

 
 (c) (d)  
 
Fig. 4: Preparation of composite plaster (Aizi and Kaid-Harche, 

2020)  
 

 
 
Fig. 5: Polypropylene fiber (Mustafaraj et al., 2020) 

 

 

Fig. 6: Ferrocement retrofitting scheme (Wang et al., 2018) 

 

 

 
Fig. 7: Shotcrete spraying process (Wang et al., 2018) 
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Application of Fiber Net  

A quite common approach for masonry retrofitting is 

the application of a reinforcing net on the external wall 

surfaces. This net can be obtained using FRP or directly 

open fabric made of various kinds of fiber rovings, as 

cited in (Oskouei et al., 2018). 

Mustafaraj et al. (2020) have used polypropylene net 

for masonry panels reinforcement, Fig. 8. 

Grout and Epoxy Injection 

Grouting is a process where any filler materials is 

injected into the structural element that needs 

retrofitting. The injecting materials mainly used are 

cement (Vintzileou and Tassios, 1995) and lime-based 

mortar (Almeida et al., 2012). 

As stated by (Isfeld et al., 2016), through this process 

the masonry walls can be retrofitted and restored, 

keeping originality of the wall and improving the 

structural performance. 

Vintzileou et al. (2015) have used the process of 

grouting to retrofit a masonry building with natural 

hydraulic lime-based grout, after a seismic excitation in 

an experimental test. In (Christou and Elliotis, 2016) 

(Fig. 9), demonstrated the installment of the grout 

through rubber tubes in the wall. 

The Insertion of a Reinforced Concrete (RC) 

As reported in (Mistretta et al., 2019), improvement 

in seismic energy dissipation capacity and ductility of 

the structure can be also achieved through Reinforced 

Concrete (RC) frames insertion.  

Horizontal Connectors (Diatons) 

Horizontal connectors, also known as transversal 

connectors or diatons, are structural elements inserted 

orthogonally into the masonry wall to connect its two 

external surfaces and to strongly improve its shear 

resistance. Traditionally, various types of horizontal 

connectors made of timber, bamboo, reed and stones 

have been used all around the world as highlighted by 

(Ortega et al., 2017).  

For modern masonry buildings, more advanced 

transversal reinforcement elements or diatons are also used 

(Mistretta et al., 2019) (Figs. 10 and 11). They are made of 

two plastic anchoring parts that hold a fiber mesh or a 

combination of stainless-steel micro cords and plastic mesh. 

In addition, a specific mortar is injected inside the mesh in 

order to create a real reinforced mortar transversal beam. 

Mustafaraj et al. (2020) have created the transversal 

connectors with by wrapping the fiberglass around the 

GFRP bar, as in Fig. 12. 

Generally, these horizontal connectors improve the 

out-of-plane bending and in-plane shear resistance 

(Siddiqui et al., 1996). In case of the application of a 

fiber net reinforcement (for example FRP, TRM), this 

type of connector as in is very important because it 

influence the stability of the wall and helps to grip the 

fiber mesh on the two external sides.  

Reinforced Mortar (RM) with Metallic Cross Strips 

Dong et al. (2019) have retrofitted Un-Reinforced 
Masonry (URM) walls with mortar and cross steel bars that 
are placed diagonally (Fig. 13). Single and double-faced 
URM walls were strengthened and tested applying 
low-cyclic load keeping the vertical load constant. The 
improvement in shear capacity is around 38.2%. 
 

 
 
Fig. 8: Polypropylene net (Mustafaraj et al., 2020) 
 

 
 
Fig. 9: Grouting-the installment of the grout through rubber 

tubes in the wall (Christou and Elliotis, 2016) 
 

 
 
Fig. 10: Transversal diaton 
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Fig. 11: Mortar injection in the diatons cavity 
 

 
 (a) 

 

 
 (b) 

 
Fig. 12: GFRP bar and fiberglass sheet wrapped to use as 

horizontal connector (Mustafaraj et al., 2020)  

 
(a) 

 

 
(b) 

 

 
 (c) 

 
Fig. 13: RC reinforcement scheme, taken from (Dong et al., 

2019) 
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Textile Reinforced Mortar (TRM)  

The Textile Reinforced Mortar (TRM) is obtained 

embedding fiber textile (Fig. 14) in an inorganic matrix. 

TRM is also known as Fabric-Reinforced Cementitious 

Matrix (FRCM) and Textile-Reinforced Concrete (TRC) as 

stated by (Kouris and Triantafillou, 2018). It is usually 

applied on existing masonry structures to improve their 

mechanical characteristics. Many examples of this 

technique can be found in the literature. 

A typical use of Basalt fiber mesh in retrofitting 

masonry wall is presented in Fig. 15.  

 Fossetti and Minafò (2016) have strengthened brick 

masonry column with Basalt Fiber-Reinforced 

Cementitious Matrix (BFRCM) Fig. 16 and steel wire 

collaring with two different types of mortar. The first 

type of mortar was prepared with hydraulic lime and 

sand, whereas the other one was composed with Portland 

cement, hydraulic lime and sand. 

Papanicolaou et al. (2011) have retrofitted various 

masonry walls (brick shear walls, beam-column type walls 

and beam type walls) using five different types of textiles 

(Carbon, Basalt, E-glass, Polyester fiber and Polypropylene 

net). C-FRCM was also tested by (Faella et al., 2010).  

Tuff masonry walls were retrofitted with a 

Cement-based Matrix-coated alkali resistant Glass grid 

system (CMG + TMR) as reported by (Prota et al., 2006). 

During the experiment different combination of innovative 

Cementitious Matrix-Grid CMG are created and applied on 

one or both sides of the tuff masonry wall. 

Babaeidarabad et al. (2014) have used layers of Fiber 

Reinforced Cementitious Matrix FRCM with carbon and 

mortar cementitious element to retrofit six unreinforced 

masonry clay brick walls.  

Akhoundi et al. (2018a-b) have also used textile glass 

fiber meshes embedded in mortar to retrofit the brick 

masonry inýlled frames.  

TRM strengthened brickwork walls have been tested 

by (Bernat et al., 2013). The walls were retrofitted with 

various combinations of TRM. They use various 

combinations of single layer of glass fiber grid and 

Portland-based mortar, glass fiber grid and lime-based 

mortar and carbon fiber grid and pozzolan-based mortar. 

They also tested two wall samples, with double layered 

fiber grids embedded into lime-based and Portland-based 

mortars. Other two sample walls are additionally 

retrofitted with six and nine fiber grid connectors. 
 

  
 Basalt fabric Carbon fabric 
 

  
 Glass fabric Metal (steel) fabric 
 

Fig. 14: Fibers in textile form
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Fig. 15: TRM retrofitting 
 

 
 
Fig. 16: BFRCM reinforcement (Fossetti and Minafò, 2016) 
 

 
 (a) 

 
 (b) 
 

 
 (c) 
 

 
 (d) 
 
Fig. 17: Carbon mesh for retrofitting masonry walls 

(Bischof and Suter, 2014) 
 

De Santis et al. (2019) the walls were tested 
unreinforced and then the tuff and stone walls are 
repaired and retrofitted on both sides with Steel 
Reinforced Grout (SRG) strips and Basalt Textile 
Reinforced Mortar (BTRM), respectively and thereafter 
these walls were tested again.  
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For the first one, a unidirectional Ultra High 

Tensile Strength Steel (UHTSS) textile was put on the 

masonry wall, whereas for, BTRM retrofitting, the 

bidirectional basalt mesh was applied all over the 

stone wall with transversal connectors. For both cases 

lime-based mortar was used. 

To achieve the static and seismic retrofitting of 

masonry wall (Fig. 17) (Bischof and Suter, 2014) have 

sprayed a mortar mixture on single and applied 

bidirectional coated carbon mesh strips. 

Gattesco et al. (2015) used five types of GFRP mesh 

along with three different types of mortars in various 

combinations to retrofit four different types of masonry 

walls. The transversal and longitudinal fibers impregnated 

in resin have been crisscrossed to form the GFRP mesh.  

Furtado et al. (2020) have retrofitted masonry walls 

made of hollow clay horizontal bricks, by using 

polypropylene mesh and strong Glass Fiber mesh 

(GFRP) along with M5 class mortar for plastering and 

steel connectors to anchor the textile mesh, as in Fig 18c. 

Righetti et al. (2016) have used GFRP grids with two 

different dimensions along with lime based or cement 

baaed mortar, to reinforce the historic Masonry, Fig. 19. 

In (Barducci et al., 2020), Fiber-Reinforcement 

Cementitious Matrix (FRCM) is applied on a brick 

substrate. The composites were prepared using basalt 

textile fiber coupled with four different mortar matrices.  

Fibers used for Masonry Retrofitting 

Fiber Reinforced Polymer (FRP) 

All man-made or natural fiber reinforced with plastic 

or polymer matrix material can be defined as Fiber 

Reinforced Polymer or FRP, the nomenclature 

commonly known among the professionals. 

Considering its lightweight and strength, the FRP 

composites are widely used in civil engineering 

applications, like new construction or retrofitting. See 

(Smits, 2016) for bridges, (Shamsuddoha et al., 2013) 

for underwater steel pipeline, (Buchan and Chen, 2007) 

for concrete and masonry structures.  

In addition, FRP are rust proof and have high 

strength-to-weight and stiffness-to-weight ratios, as 

highlighted by (Masuelli, 2013).  

The Glass Fiber Reinforced Polymer (GFRP), Basalt 

Fiber Reinforced Polymer (BFRP) and Carbon Fiber 

Reinforced Polymer (CFRP), represent the main FRP 

groups (Fig. 20) and mostly used for masonry retrofitting. 

Figure 21 presents the constitutive laws of different 

fibers in comparison with common steel used for rebars. 

While automotive is still the main application field 

of FRP, they are acquiring more and more importance 

also in the construction sector, Fig. 22 and all the 

values are approximated. 

 
 (a) 

 

 
 (b) 

 

 
 (c) 

 
Fig. 18: (a) and (b) GFRP retrofitting, (c) steel connectors 

(Furtado et al., 2020) 



Arnas Majumder et al. / International Journal of Structural Glass and Advanced Materials Research 2021, Volume 5: 41.67 

DOI: 10.3844/sgamrsp.2021.41.67 

 

50 

 
 (a) (b) 

 

Fig. 19: (a) 66×66 mm2 and (b) 33×33 mm2 GFRP grids, (Righetti et al., 2016) 

 

  
 Basalt fiber sheet Carbon fiber sheet 

 

 
Glass fiber sheet 

 
Fig. 20: Fiber Sheets (Zhao et al., 2017) 
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Fig. 21: constitutive laws for different fibers (Sonnenschein et al., 2016) 

 

 
 

Fig. 22: Fiber Reinforced Polymer (FRP) composites global market, elaborated from: GVR (2017) 
 

Actually, in recent years the use of natural fibers for 
masonry retrofitting has become a new trend to improve 
the constructions sustainability. Codispoti et al. (2015) 
have studied mechanical properties of Natural FRPs 
made from natural fibers like Jute, Hemp, Flex and Sisal, 
whereas, (Srinivasababu et al., 2009) have studied the 
okra, sisal and banana fiber reinforced polyester.  

Glass Fiber Reinforced Polymer (GFRP) Masonry 
Retrofitting 

Glass fiber, also known as fiberglass, is made of micro-

fibers of glass combined with a plastic matrix (Masuelli, 

2013). The glass fibers can be categorized into short fiber 

particles, yarns and textiles. As stated in (Bakis et al., 2002) 

the Glass fibers are predominantly used to prepare the early 

FRPôs and the application of GFRP to masonry retrofitting 

is becoming quite common. 

In (Marcari et al., 2007), tuff masonry walls were 

prepared with historically mortar and retrofitted with 

GFRP fixed on the walls with epoxy glue. Sivaraja et al. 

(2013) have strengthened burnt clay brick masonry walls 

with GFRP externally, glued with epoxy resin. 

Solid clay brick masonry sample walls were 

retrofitted with externally bonded uniaxial and biaxial 

GFRP fabrics in (Mahmood and Ingham, 2011). GFPR 

application requires first the surfaces smoothing, then the 

application of a primer epoxy coat. After this it is 

possible to apply the epoxy-saturated glass fabric. Then 
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the glass fiber anchors are placed inside the predrilled 

holes in order to apply others Glass fabric layer. 

Kuzik et al. (2003) have retrofitted eight concrete 

brick samples with different dimensions but same type 

and characteristics of GFPR sheet. 

Silva et al. (2008) reported the use of polyurea and 

GFRP to retrofit the walls. The concrete and clay masonry 

walls were prepared with the application of Portland 

cement-sand mortar. Different GFRP grid reinforced 

polyurea layouts, in either vertical or horizontal direction 

and single-and double-sided layouts were used. 

Stratford et al. (2004) used the GFRP sheets to 

retrofit two different type of masonry walls, made of 

clay and concrete bricks. GFRP sheets are fixed on the 

surfaces with epoxy adhesive. 

Kalali and Kabir (2012) have used GFRP and epoxy 

to retrofit a simulated Iranian style traditional wall 

constructed with solid clay bricks and cement mortar and 

both sides have been reinforced, Fig. 23. 

Basalt Fiber Reinforced Polymer (BFRP) Masonry 

Retrofitting 

Basalt fibers are obtained from the volcanic stone 

(Mahltig and Kyosev, 2018). The physical and mechanical 

performances of the basalt fiber is superior to the ones of 

glass fibers according to (Rajak et al., 2019). 

Zhou et al. (2013) tested and retrofitted solid clay 

bricks walls with Basalt Fiber Reinforced Polymer 

(BFRP) analyzing the mechanical performances pre and 

post the damage tests. In (Lei et al., 2014), BFRP was 

used to retrofit the wall specimen with opening using 

mixed configurations. BFRP was attached to the wall 

using TGJ FRP-special adhesive.  

 

 
 (a) 

 
 (b) 

 

 
 (c) 

 

 
 (d) 

 
Fig. 23: Various schemes of the GFRP strengthened test 

specimens (Kalali and Kabir, 2012) 
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After some on-site tests on wall samples inside a 

historical masonry building, (Tempesta, 2018) suggested 

to retrofit the building using BFRP and transversal 

element system, that provides grip to the basalt fiber 

strip and stability to the structure.  

Padalu et al. (2019) have applied BFRP composite 

wrap in various configurations along with epoxy to 

retrofit unreinforced masonry. A Bi-directional basalt 

fabric has been used for this purpose. Padalu et al. 

(2020) have used epoxy resin to fix the BFRP to 

reinforce masonry wall. In this case also, the authors 

have used bi-directional weaved fiber.  

Carbon Fiber Reinforced Polymer (CFRP) 

Masonry Retrofitting 

Carbon fiber is an organic fiber with a 5-10 micrometers 

diameter. It is also known as graphite fiber (when there is 

more than 99% of carbon Masuelli, 2013). It is a long chain 

of molecules tie together by carbon atoms, as stated in 

(Bhatt and Goe, 2017) and according to (Wu et al., 2020) it 

can be fabricated by fibrillation of acrylic resin.  

CFRP is light and strong as stated in (Masuelli, 

(2013) and due its mechanical properties (high strength, 

excellent creep level, resistance to chemical effects, low 

conductivity, low density and high elastic modulus), it is 

suitable for new and historical masonry buildings 

retrofitting (Günaslan et al., 2014).  

Carbon fiber was commercialized in 70ôs and due to 

higher cost, the CFRP was mainly used in the aviation 

industry until 1980, but currently given its lower cost and its 

excellent mechanical performance, it is widely used also in 

the building construction sector (Mouritz, 2012). 

In the literature there are many civil structural 

applications of CFPR. Rahman and Ueda (2016) have 

used unidirectional CFRP fibers to retrofit masonry. 

They adopted a wet layup procedure where two-

component epoxy resin is mixed and a primer layer is 

first applied where the composite is to be bonded, 

defined by (Lee, 2011). Epoxy putty (filler ) have been 

used to fill the cavities on the wall to have smoother 

surface for fiber application. Fiber strip was fully 

saturated using resin and thereafter applied on the wall.  

Arifuzzaman and Saatcioglu (2012) have conducted 

experiments on a masonry wall retrofitted with double 

layered epoxy bonded CFRP sheets. The sheets were 

placed parallel and perpendicular to the bed joint. 

Marcari et al. (2007) also have used the grid and cross 

GFRP strips and epoxy, to retrofit tuff masonry walls. 

As mentioned by (Hemeda, 2018), the circular 

masonry stone columns can be structurally retrofitted 

against the seismic load using the CRPF laminates. He 

reports on the cases of a historical church and other 

monuments reinforced in this way. Mahmood and Ingham 

(2011) have used pultruded CFRP plates and near-surface 

mounted rectangular bars to retrofit solid clay brick 

masonry walls.  

Papanicolaou et al. (2011) have used one and two 

layered carbon FRPs bonded with epoxy resin to retrofit 

clay brick and stone block walls.  

Recently, (Alecci et al., 2019) have used carbon 

FRP and two-component epoxy-based matrix, to 

repair previously tested and consequently damaged 

masonry walls. 

Natural Fiber Retrofitting (Plant and Animal 

Sources) 

The natural fibers are extracted from both plants 

and animal sources. In the literature it is possible to 

find several applications of natural fibers retrofitting 

that improve the structural and thermal insulation 

performance of masonry.  

Codispoti et al. (2015) have developed a very extensive 

study to understand the mechanical performances of 

Natural Fiber Reinforced Polymers (NFRP), with the aim to 

strengthen masonry. The authors have chosen natural fibers 

like Jute, Sisal, Hemp and Flax. Epoxy resin, polyester resin 

(organic nature), cement-free mortar made with pozzolana 

lime and natural siliceous aggregate (inorganic nature) that 

are typically used for the matrix composites. The 

NFRPepoxy, NFPRpolyester and NFRCM were manufactured 

for mechanical tests. The tensile strength and Young's 

modulus of the tested fibers. Codispoti et al. (2015) also 

have stated that Flax fiber is the most suitable for 

manufacturing (composite martials) and useful for structural 

strengthening (in terms of strength and stiffness).  
Raut and Gomez (2016) have shown the way to re-

use the fibrous wastes derived from the oil palm 
production process, as building materials. Main recycled 
ingredients which have been added to with mortar element 
to create the mixture, are the residue of oil palm dry 
biomass and the fruit bunches of the palm oil plant, which 
are treated and transformed into usable products like Palm 
Oil Fly Ash (POFA). The Oil Palm Fibers (OPF) also 
derive from the same source of POFA and were mixed 
with the mortar to fabricate the experimental samples.  

Furthermore, (Benmansour et al., 2014) have mixed 

palm fibers with cement and sand with the aim to 

produce and test new building insulating material.  
Interestingly, (Valenza et al., 2015) have developed 

the mortars or plasters by using the sheep wool fiber 
mixed with cement matrix. These authors have pointed 
out that the waste wools might be used for this 
purpose. Till date the hemp as natural fiber 
reinforcement material has been used both in raw (cut 
in pieces) as well as in mesh form. Formisano et al. 
(2017) have prepared mortars and bricks reinforced 
with hemp fibers and hemp shives respectively. 

Menna et al. (2015) have focused their work to 

retrofit both tuff and clay masonry walls with the 

application of hemp fiber composite grid along with 
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Pozzolanic and lime-based mortar. The twisted hemp 

yarns were impregnated in a flexible epoxy resin. In this 

case the connecting L and T shape ties are also made of 

several longitudinal hemp fiber cords to strengthen and 

hold the fiber mesh applied on the wall. 

There are a lot of examples of jute fiber used for 

concrete and mortar retrofitting in the literature. 

Recently, the usability of jute fibers along with lime 

mortar have studied by (Formisano et al., 2019) and 

recently (Ferrandez-García et al., 2020) have fabricated 

the cement panels using recycle jute fibers from jute 

bags, potato starch and Portland cement.  

The plaster or mortar materials and fibers mixture 

consistency and therefore their usability is usually 

verified by the standard shaking table tests as reported 

in (Raut and Gomez, 2016; Formisano et al., 2017; 

2019). In addition, other physical properties are 

studied like Bulk density in (Raut and Gomez, 2016); 

the water absorption in (Benmansour et al., 2014; 

Raut and Gomez, 2016; Formisano et al., 2019) and 

the apparent porosity in (Raut and Gomez, 2016). 
The characteristics of building materials reinforced 

with natural fibers directly depend on the size and the 
amount of the fiber used in the mixture, as discussed in 
the Section Masonry Retrofitting: Structural and 
Thermal performance improvement  

Various Fiber Mesh Layouts  

In order to complete the fiber retrofitting 

description, it is important to present a synthetic 

review of the possible layouts. 
In the literature it has been found that the application of 

the fiber mesh or net and its size, usable numbers and the 
layout combinations for masonry retrofitting can vary 
depending on the mechanical performance that to be 
achieved from the reinforcement. Figure 24 presents a 
synthetic review of the possible configurations. 

The presence of empty spaces (like window, doors 

etc.) in the masonry walls makes the structure vulnerable 

towards the seismic events and the damage due to these 

activities could be minimized by retrofitting the walls 

with FRPs (Fig. 25).  
The horizontal connectors are used in both FRP and 

TRM retrofitting, some schemes are shown in Fig. 26. 
The number of horizontal connectors (diatons) may vary 
depending on the type and size of the used fiber mesh 
and also on the personal choice and as studied and tested 
in (Giresini et al., 2020a) to ensure an optimum grip of 
the composite to the masonry.  

Masonry Retrofitting: Structural and Thermal 

Performance Improvement 

Another way to describe the various applications of 
masonry retrofitting with fiber-reinforced composite 
systems is to distinguish the purpose of the retrofitting. 
Indeed, the various fibers have been tested and used for 

structural, thermal and integrated retrofitting. Actually, the 
thermal insulation improvement due to the retrofitting 
yields to the reduction of energy consumptions used for the 
building climate control. 

The integrated retrofitting represents the cases in 
which both structural and thermal performances of the 
wall are enhanced by the fibers. A classification of 
fibers based on their different retrofitting use has been 
proposed in Table 1. 

If natural fibers are used to improve the mortar 
performances, fiber size and mixing percentage influence 
the results. In particular both structural and thermal 
performances results are inversely proportional to 
each other and this phenomenon has been observed in 
(Raut and Gomez, 2016), for palm oil fiber, in 
(Benmansour et al., 2014) date palm fiber and in 
(Valenza et al., 2015) for sheep wool fiber. The correct 
use of fiber in masonry retrofitting not only can improve 
the structural performance of the masonry structures but 
it can also improve its thermal insulation and boost the 
thermal performance of the building as whole. 

The plant and animal based natural fibers ability, to 
work as insulating materials depend on the capability to trap 
the air in the fiber cavity, inside it or in the fibers matrix, 
notably in the case of fiber insulation panels, for example 
the sheep wool fiber insulation panel (Ahmed et al., 2019) 
and formation of compact insulating layers in cases where 
fibers are mixed with binders (Valenza et al., 2015). 

When natural mineral fiber like basalt or man-made 
inorganic fibers like glass and carbon are used as FRP or 
in textile form as TRM, these fibers can also influence 
the overall heat transfer due to their presence in the 
structure, whereas to have a dedicated improvement in 
the thermal performance, these fibers must be used along 
with other heat insulating materials to achieve the 
thermal retrofitting, as notable in (Borri et al., 2016). 

A synthetic scheme of the possible masonry 

retrofitting purposes of fibers is presented in Fig. 27. 

Structural Retrofitting  

The man-made fibers have been predominantly used 

for many years for structural retrofitting. Some of the 

examples are highlighted below. 

GFRP retrofitted masonry walls as reported in 

(Sivaraja et al., 2013), were subjected to shock table 

tests, exposed to a simulated earthquake event. It has 

been observed that the total seismic energy withstanding 

capacity of the GFRP retrofitted sample is almost 20 times 

greater than the one of similar non-retrofitted sample. 

Stratford et al. (2004) tested all the masonry walls 

subjected to a combination of vertical and in-plane shear 

load. The performance improvements are patent also in this 

case: 65% Increase in load-capacity for the GFRP 

strengthened clay walls, 38 and 63% for the concrete walls 

(lower value due to faulty production process). As reported 

by the authors, no change in the stiffness and deformation-

capacity of the specimens have been observed.
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Table 1: Fiber use in masonry retrofitting 

  Structural retrofitting   

 Thermal retrofitting -------------------------------------------------------------------------------------------------------------------------------------- 

Type of fiber used Thermal conductivity tests Mechanical tests Structural tests Possible integrated retrofitting 

Jute  
1. Ferrandez-García et al.  1. Recycled Jute Fiber (waste  1. Recycled Jute Fiber (waste x 1. Right choice of fiber size 

(2020)  jute bags) + Portland cement jute bags) + Portland cement  and percentage might satisfy 

2. Formisano et al. (2019)  + Potato Starch + Potato Starch  both thermal and structural  

  2. Plaster block made of Fiber   retrofitting 

  (of various sizes) + lime binder  

Hemp  

1. Formisano et al. (2017) 1. Hemp shives + Hydrated lime 1. Mortar-made of Fiber + 1. Neapolitan yellow tuff and 1. Concrete blocks made of 

2. Menna et al. (2015)  + with and without cement Hydrated lime solid clay bricks both sides hemp shives (optimum size 

3. Sassu et al. (2016) 2. Concrete blocks made of 2. Brick-made of, Shives + strengthened with Hemp Fiber and %) + hydrate lime + 

 hemp shives (lower %) + Hydrated lime + silica sand Composite pozzolanic material + 

 hydrate lime + pozzolanic + volcanic sand (HFC) and using both pozzolanic hydraulic binder 

 material + hydraulic binder 3. Concrete blocks made of and lime-based mortar 

  hemp shives (higher %) + 

  hydrate lime + pozzolanic 

  material + hydraulic binder 

Oil Palm  

Raut and Gomez (2016)  Fiber + Palm Oil Fly Ash + Palm Oil Fly Ash + cement x Right choice of fiber size 

 cement + Sand  + Sand  and percentage to satisfy 

    both thermal and structural 

    retrofitting  

Date Palm  

Benmansour et al. (2014)  Fiber + cement + sand  Fiber + cement + sand x Right choice of fiber size 

 * better with lower fiber % * better with higher fiber %   and percentage to satisfy 

    both thermal and structural 

    retrofitting  

Sheep Wool  

Valenza et al. (2015)  Fiber + Portland cement Fiber + Portland cement x Right choice of fiber size 

 * better with lower fiber %  * better with higher fiber %   and percentage to satisfy 

    both thermal and structural 

    retrofitting  

Banana, Reed, Palm Fibers + Portland cement + Sand Fibers + Portland cement + Sand x Right choice of fiber size 

and Coconut  * better with lower fiber % * better with higher fiber %  and percentage to satisfy 

Al-Zubaidi (2018)     both thermal and structural 

    retrofitting  

Use of Carbon, Glass,  x  x  1. Textile Fabric + Mortar Can be achieved, when used 

Basalt and Metal (Steel) as    2. FRP mesh + Epoxy with thermo-insulating mortars 

1. TRM or 2. FRP materials    (adhesive, putty) and/or other insulation 

See sections: 

* Glass Fiber Reinforced Polymer (GFRP) 

masonry retrofitting 

* Basalt Fiber Reinforced Polymer (BFRP) 

masonry retrofitting 

* Carbon Fiber Reinforced Polymer 

(CFRP) masonry retrofitting 

* Structural retrofitting) 

 

 
 (a) (b) 
 

  
 (c) (d) (e) 
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 (f) (g) (h) 

 
Fig. 24: Different FRP layouts (a) and (b) Vertical bending configuration; (c) Shear configuration; (d) Complete configuration; (e) 

and (f) Simple hybrid configurations; (g) and (h) Complex hybrid configurations 

 

 
 (a) (b) 

 

 
 (c) (d) 

 

 
 (e) (f) 

 

Fig. 25: Masonry wall structure with hollow space in the middle and FRP retrofitting schemes 


