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1 INTRODUCTION 

Masonry is one of the oldest used materials, as well 
as one of the most commonly used materials due to its 
construction simplicity and characteristics like fire 
resistance and economic considerations. It is estimated 
that roughly 70% of the world’s building inventory is 
built of masonry as reported by Babatunde (2017). In 
Croatia a lot of stone masonry buildings have a cultural 
significance and high historical importance (i.e. Split, 
Dubrovnik). Most of these masonry buildings are 
vernacular, unreinforced structures built before the 
seismic codes were developed (1970’s) so a seismic 
evaluation and retrofitting are usually needed and 
therefore, seismic and retrofitting is usually required. 
According to Republic of Croatia Ministry of 
Construction and Physical Planning (2014) up to 40% of 
the budgets are spent for the rehabilitation, 
modification, and demolition of existing structures. Part 
of the problem is that often energy renovations are 
made with no regard to the seismic behavior of the 
structure. In addition, people usually live or work in 
buildings that need repair which makes it more difficult 
to strengthen the structure. Because of great cultural 
value of some buildings, requirements made by 
conservators need to be fully met, as noted by Borri et 
al. (2019).  

Strengthening techniques should therefore be easy 
to implement, versatile and should not significantly 
change the appearance or obstruct the inhabitants 
while being implemented. This makes it a difficult 
problem which can be solved by different strengthening 
methods some of which are presented in the remainder 
of this paper. The methods will be compared and 
discussed throughout the paper with the main objective 
of getting closer to a unified method of evaluation and 
strengthening of existing masonry structures. 

2 METHODS USING METAL ELEMENTS 

Methods using stainless steel are the most 
commonly used methods of strengthening masonry 
structures. According to Corradi et al. (2018) they have 

been used extensively since the 1920’s. One of the 
advantages of using steel-based methods is the fact that 
it has great mechanical properties without adding 
significant mass to the existing structure. It can also be 
easily removed if the need arises.  

One of the main problems in unreinforced masonry 
construction is the possibility of walls to detach from 
one another. To avoid this, steel bars may be used to 
connect the walls and ensure a box type behaviour. The 
simplest way to achieve that using stainless steel is to 
install steel profiles in the corners where two walls meet. 
The edges of the steel profiles are bent at the end and 
inserted into pre-drilled holes (Figure 1 a)) and Murano 
et al. (2019). Another way to achieve the same thing is 
the method known as “Reticulatus system” explained in 
Corradi et al. (2018) and shown in Figure 1 b). Mortar 
joints are stripped, and steel cords inserted into them. 
Cords are then embedded  with new mortar and 
connected with steel bars in both directions forming a 
mesh. Similar methods to “Reticulatus system” exist, 
where mesh is formed. In some cases, standard steel 
mesh may be used. Different methods exist such as 
using diagonal braces to increase shear capacity and 
ductility of piers. This is a very cost-effective method 
explained in Borri et al. (2019), but it changes the façade 
which might not be desirable if it is a building of 
historical significance. Other methods, such as using 
cords, clamps or bolts can also be used. 

       

Figure 1. a) Bent stainless steel profiles (Murano et al. (2019)) b) 
Reticulatus system (Corradi et al. (2018)) 
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3 METHODS USING MORTARS 

Mortar has been used since the ancient times to bind 
bricks, rocks or other type of masonry units. It evolved 
through time and today a large amount of different 
types of mortar can be used in retrofitting. One of the 
types is engineered cementitious composites (ECC). 
They are cement composites reinforced with synthetic 
fibres (usually polymer fibres). When loaded by a tensile 
force, they exhibit strain-hardening. This significantly 
enhances the behaviour of structures under seismic 
loads increasing both tensile strength and ductility as 
explained in Deng, Yang (2018). In addition to ECC, 
Textile Reinforced Mortars may be used. One of such 
mortars is Fibre Reinforced Cementitious Matrix (FRCM). 
FRCM is made by creating a thin layered system by 
spraying a high-performance mortar on a fibre grid 
(Maddaloni et al. (2018)). An advantage of mortar 
systems is that no significant weight or volume is added 
to the structure. In masonry structures the most 
commonly used fibres are made of glass and carbon. An 
example of glass fibre mesh is shown in figure 2, which 
is taken from Estevan et al. (2020). 

  

Figure 2. Glass fibre mesh (Estevan et al. (2020)) 

4 METHODS USING FRP 

Fibre-Reinforced Polymers (FRPs) can also be used in 
retrofitting of masonry structures. They are connected 
to walls with a matrix, usually epoxy. The fibres provide 
a high tensile strength while a matrix both protects the 
fibres against the environment and transfers the 
stresses from the masonry to the fibres (Cascardi et al. 
(2019)). It should be stated that FRP, as a strengthening 
technique for buildings with cultural and historical value, 
is very appropriate since it is reversible, low weight, not 
time consuming and does not affect the aesthetics of 
buildings (Simonič et al. (2014)). Usually, strips are used 
for strengthening of existing buildings, but meshes 
made of FRP wires can also be used. Meshes are then 
connected with a wall by  connectors, usually also made 
of FRP. Part of the wall with FRP mesh and connector is 

shown in figure 3 (taken from Triller et al. (2017)). 

 

Figure 3. FRP mesh with a connector (Triller et al. (2017)) 

5 CONCLUSIONS 

Most masonry structures in Croatia and Europe are 
unreinforced and made before seismic codes were 
developed. Because of that, retrofitting is necessary. 
Retrofitting can be made with different materials and 
techniques. Most widespread material for retrofitting is 
stainless steel, but Fibre Reinforced Polymer systems 
are also frequently used. In addition, Textile Reinforced 
Mortars can also be used, as well as other, less 
frequently used methods. Although research is 
extensive, further research is needed to improve the 
existing methods and develop new ones. 
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