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Abstract 

Seismic strengthening of masonry structures through repointing is recognized as an effective and economical 

technique for increasing structural stability, especially in regions with high seismic activity. This paper presents 

results from a research program that includes laboratory tests of the mechanical properties of masonry and its 

components: bricks, mortar, and polypropylene strips. The aim of the research is to assess the effectiveness of 

repointing as a method for strengthening existing structures, ensuring greater resistance to compression and 

dynamic loads. 

The results show that repointing, particularly when modern materials are used, significantly increases the 

compressive strength of masonry structures and their ability to withstand seismic forces. Additionally, this method 

contributes to preserving the integrity and long-term stability of important cultural and religious buildings, such 

as churches and mosques. These structures often carry immense historical, spiritual, and architectural significance, 

and repointing offers a practical solution for their seismic reinforcement, ensuring that they remain safe and 

enduring symbols of heritage. 

Keywords: seismic strengthening, masonry structures, repointing, polypropylene strips, compressive strength, 

seismic resistance, cultural heritage conservation. 

1. Introduction 

Unreinforced masonry (URM) structures represent a significant portion of the global building stock, 

particularly in historic urban centres and cultural heritage sites [1, 2]. These structures, while 

demonstrating remarkable durability over centuries, exhibit characteristic vulnerabilities to seismic 

actions due to their low tensile and shear strengths, brittle behaviour, and poor ductility characteristics 

[2, 3]. The devastating consequences of recent earthquakes, such as the 2020 Zagreb earthquake and 

the 2023 Turkey-Syria earthquake, have highlighted the critical need for effective seismic strengthening 

solutions for URM buildings [4-6]. 

The seismic vulnerability of URM structures originates from several factors, such as the quality of 

construction materials, structural configuration, and connection details between structural elements 

[7-8]. During seismic events, these buildings typically exhibit in-plane and out-of-plane failure 

mechanisms, with damage patterns ranging from diagonal shear cracks to partial or complete collapse 

of wall elements [9-13]. The heterogeneous nature of masonry structures [14], combined with the 

degradation of material properties over time, further compounds these vulnerabilities [15-17]. 

Various strengthening techniques have been developed and implemented to enhance the seismic 

performance of URM structures. These methods can be broadly categorized into surface treatments, 

grout injections, external reinforcement, confining using RC ties [18, 19] and structural repointing 

techniques [19, 20]. Surface treatments, including fibre-reinforced polymer (FRP) applications and 

ferrocement overlays, primarily enhance the in-plane shear capacity [20-24] and out-of-plane bending 

resistance [25-26]. Grout injections improve the overall structural integrity by filling voids and cracks, 
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thereby increasing compressive strength and homogeneity of the masonry assembly [18, 27-29]. 

Structural repointing, while less commonly employed, offers advantages in terms of minimal 

intervention and preservation of architectural authenticity [19, 20, 30-32]. Moreover, structural 

repointing of masonry enhances structural integrity, by improving compressive and shear strength, 

enhances ductility, increases weather resistance and durability, and offers cost-effective maintenance 

while maintaining the building's historical character. Several studies have highlighted the advantages 

of this method, particularly when combined with innovative materials such as Fiber Reinforced 

Polymers (FRP). FRP rebars embedded into mortar joints, a technique called FRP Structural 

Repointing, significantly improved the shear and flexural capacity of hollow clay brick wallets and 

beams [33-35]. Research on Textile Reinforced Mortar (TRM) strengthening systems, including joint 

repointing with Near Surface Mounted (NSM) helical rebars, has shown increased in-plane lateral 

strength and displacement capacity as well as out-of-plane strength of masonry buildings, which are 

crucial parameters for seismic assessment [36, 37]. 

Recent advances in strengthening techniques have predominantly focused on modern materials and 

sophisticated application methods. However, these solutions may not be suitable for all contexts, 

particularly in regions with limited access to specialized materials or in cases where preservation 

requirements restrict the use of contemporary materials due to compatibility issues [38, 39]. 

Additionally, the high cost and technical complexity of modern strengthening systems can present 

significant barriers to implementation, especially in developing regions or rural areas [40-42]. 

This research addresses a gap in the current state of practice by investigating the effectiveness of a 

hybrid strengthening approach that combines traditional lime mortar with polypropylene strips for 

structural repointing. This method offers several potential advantages: it utilizes readily available 

materials, maintains compatibility with historic masonry, and can be implemented with basic technical 

skills. The approach is particularly relevant for situations where modern strengthening solutions are 

impractical due to economic, technical, or conservation constraints. 

The study aims to quantify the improvement in mechanical properties and seismic resistance achieved 

through structural repointing strengthening technique, focusing specifically on compressive strength, 

shear capacity, and deformation characteristics. Through comprehensive laboratory testing and 

analysis, this research seeks to establish the viability of this alternative strengthening method and 

provide practical guidelines for its implementation in various contexts. 

2. Experimental programme for testing the effects of repointing 

To evaluate the effects of repointing on the behaviour of bearing walls, an experimental program was 

designed and implemented. The program involved controlled laboratory testing of the bearing capacity 

of masonry structures with repointing applied in two distinct configurations. These configurations were 

selected to assess the influence of material properties and reinforcement orientation on structural 

performance. The repointing techniques tested included: 

Strengthened masonry repointed with lime mortar and horizontally placed polypropylene strips: 

This configuration aims to enhance the tensile capacity of the masonry by introducing horizontal 

reinforcement to counteract lateral forces, Fig. 1a, Fig. 2a. 

Strengthened masonry repointed with lime mortar and diagonally placed polypropylene strips: 

This arrangement provides multidirectional reinforcement, improving both shear resistance and the 

overall stability of the wall under dynamic and static loads, Fig. 1b, Fig. 2b. 

Considering that masonry is a composite material, the experimental program was divided into three 

main phases: assessing the mechanical properties of its constituent materials (bricks and mortar), 

evaluating the compressive strength, and determining the shear strength of the masonry. To assess the 

effectiveness of the proposed repointing methods, the results from unreinforced masonry tests were 

used as baseline values. The following sections provide a concise overview of the tests conducted, the 

results obtained, and the corresponding conclusions drawn from the analysis. 
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a) Horizontal PP strip and repointing (WS1_AP)  

 

b) Diagonal PP strip and repointing (WS2_AP) 

Figure 1. Specimens for compressive strength tests  

 

a) Horizontal PP strip and repointing (WS1_SS) 
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b) Diagonal PP strip and repointing (WS2_SS) 

Figure 2. Specimens for shear strength tests  

2.1. Test of Constituent Materials 

Tests on constituent materials are a crucial step in evaluating their durability and suitability for use in 

engineering structures. The mechanical and physical properties of the materials are determined through 

various tests, allowing for an analysis of their behaviour under different loads. The research presented 

involved testing solid clay bricks, mortars, and polypropylene strips to gather data on their strength, 

density, water absorption, and other characteristics essential for optimizing structural systems and 

enhancing the safety of structures. Table 1 presents the mechanical properties of the constituent 

materials obtained from these tests. 

2.2. Tests on Masonry as Constituent Material 

For the purposes of the investigation, two specialized setups were developed. These setups were 

designed to test the compressive strength and shear strength of masonry. They enabled precise and 

controlled analysis of various types of walls, including unreinforced and strengthened structures, to 

define their mechanical properties and behaviour under different loads. This provided a basis for 

comparing the results and optimizing strengthening methods in engineering practice.  

Table 1. Mechanical characteristics of constituent materials. 

Material Density 

γd 

(kg/m3) 

Compressive strength 

fm,comp 

(MPa) 

Flexural tensile strength 

fm,flex 

(MPa) 

Clay brick 1750.5 9.54 2.05 

Lime mortar  0.73 0.42 
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2.2.1. Setup for testing compressive strength of masonry 

The compressive strength test was conducted using a custom-built setup consisting of two steel columns 

firmly anchored to a reinforced concrete floor with steel bolts. These columns were interconnected at 

the top by a steel beam ("I 160"), providing structural stability and serving as a support frame for the 

hydraulic actuator, as shown in Fig. 3. The test wall was positioned between the steel columns under a 

second steel beam ("I 300"), separated by a 10 mm thick rubber layer to ensure uniform contact and 

force distribution. An additional rubber layer and a steel beam ("I 160") were placed on top of the wall 

to evenly distribute the applied load to the load cell connected to the hydraulic actuator. 

It is important to note that the "I 300" and "I 160" beams, along with the steel columns, form a rigid 

frame, ensuring that these profiles are aligned and positioned above the test wall. This configuration 

functions as a stable support structure for the hydraulic actuator, enabling precise compressive strength 

measurements in a controlled laboratory environment. 

               

1: Steel column 

2: Steel beam 

3: Force hydraulic actuator 

4: Load cell 

5: Steel beam "I 160" 

6: Rubber pad (10 mm) 

7: URM Wall  

8: Displacement transducer 

9: Rubber pad (10 mm) 

10: Steel beam "I 300" 

Figure 3. a) Setup for compressive strength testing; b) 3D view of the test setup 

This specialized setup enabled precise testing of masonry under compressive stress by minimizing 

external influences and ensuring controlled conditions for measuring compressive strength. The 

compressive strength tests conducted on various types of walls using this setup provided accurate and 

representative results under strictly controlled laboratory conditions. The configuration, which included 

fixed steel columns and beams along with rubber layers to improve contact and friction, effectively 

eliminated unwanted movements or deformations that could compromise the testing process. 

The construction and positioning of the walls were meticulously executed to ensure their stability and 

central alignment, facilitating an even distribution of the applied load. The use of a hydraulic press and 

a load cell allowed for precise control of applied forces and displacements throughout the entire testing 

process. This setup proved to be an efficient method for testing walls. The introduction of various 

reinforcement techniques, such as polypropylene (PP) strips and different types of mortar, provided 

additional data for optimizing the mechanical properties of masonry.  

2.2.2. Setup for testing shear strength of masonry  

The experimental setup for shear strength testing comprised four steel columns securely anchored to a 

reinforced concrete floor, interconnected with steel beams to form a rigid frame. The test walls were 

positioned on a steel beam ("I 200") and stabilized by a reinforced concrete beam. Rubber layers, 10 

mm in thickness, were placed at critical contact points to enhance load distribution and minimize 

localized stress concentrations. Horizontal force was applied using a hydraulic actuator, which 

transmitted the force to the walls through roller bearings, as depicted in Fig. 4. 

a) b) 
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1: Steel beam 

2: Force hydraulic actuator 

3: Load cell 

4: Steel plate (30 mm) 

5: Steel roller supports 

6: Steel beam "I 160" 

7: Rubber pad (10 mm) 

8: RC beam 

9: Mortar layer (Eksmal 1) 

10: URM Wall 

11: Displacement transducer 

12: Steel beam "I 200" 

13: Steel columns 

14: Steel beam 

15: Force hydraulic actuator 

16: Anchor plate 

 

  

Figure 4. a) Setup for shear strength testing; b) 3D view of the test setup 

To facilitate precise measurement of displacements induced by horizontal loading, a displacement 

transducer was installed. The wall was supported by the I 200 steel beam, ensuring it remained 

stationary during testing. The horizontal load was applied on the top RC beam. The horizontal force at 

the base of the specimen was not directly monitored, as the wall base was securely fixed to prevent any 

displacement. This configuration was specifically designed to accurately assess the transfer and 

distribution of horizontal forces through the upper portion of the wall, while maintaining stability and 

eliminating any unintended movement at the base. The testing platform designed for shear strength 

assessment enabled precise and controlled measurement of the performance of various types of walls. 

Accurate positioning of the walls, the use of roller supports for the transfer of horizontal forces, and the 

measurement of displacement with a displacement transducer ensured the reliability of the obtained 

results. This methodology facilitated the comparison between the shear strength of non-reinforced and 

reinforced walls, providing data that serves as a valuable contribution to the development of engineering 

practice. The results also support the optimization of construction materials and structural designs. 

These two setups enabled precise and controlled assessment of the performance of different types of 

walls, including unreinforced and strengthened structures. The comprehensive data collected from these 

experiments provided valuable insights into the mechanical properties and behaviour of masonry under 

various loading conditions. This information is instrumental in developing advanced engineering 

solutions for retrofitting and strengthening existing structures, as well as optimizing the design of new 

masonry systems to enhance their durability, safety, and resilience against seismic and other dynamic 

forces. 

b) 

a) 
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2.3.  Specimens for testing the compressive strength of masonry 

As part of the investigation into the mechanical properties of masonry, several wall specimens were 

tested to determine their compressive strength, Fig. 5. The specimens consisted of 10 clay bricks and 

lime mortar, functioning as a composite material. The dimensions of the bricks were 250 x 120 x 60 

mm, while the walls measured 510 x 390 x 120 mm. Six walls were tested in total, divided into three 

categories with two specimens in each category: unreinforced walls, walls strengthened with lime 

mortar and horizontally placed PP strips, and walls strengthened with lime mortar with diagonally 

placed PP strips. 

                     

Figure 5. a) Testing the compressive strength of URM specimen; b) Failure mechanism of WS1_AP specimen 

2.4.  Specimens for testing the shear strength of masonry 

As part of the investigation into the mechanical properties of masonry, shear strength tests were 

conducted in addition to compressive strength tests. Each wall was composed of 56 clay bricks and lime 

mortar, with brick dimensions 250 x 120 x 60 mm, while the test specimens measured 1030 x 1040 x 

120 mm, Fig. 6. A total of six walls were tested, divided into three categories with two specimens in 

each: unreinforced walls, walls strengthened with lime mortar and horizontally placed PP strips, and 

walls strengthened with diagonally placed PP strips.  

  

Figure 6. Testing of shear strength of masonry, а) Initial stage b) Failure mechanism 

3. Results from experimental tests and discussion 

The results from the compressive and shear strength tests of masonry structures provided a 

comprehensive understanding of the mechanical properties of various types of walls. The experimental 

findings revealed significant improvements in both compressive and shear strength when masonry walls 

were strengthened using repointing techniques with lime mortar and polypropylene (PP) strips. The 

effectiveness of these strengthening methods varied based on the orientation of the strips and the applied 

loading conditions. Applied force and displacement relationship shown the structural responses of the 

walls. These results provide valuable insights into the effectiveness of strengthening techniques and 

their contribution to enhancing the structural stability of masonry walls under both static and dynamic 

forces. 

b) а) 

а) б) 
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3.1.  Compressive Strength of Masonry 

The results of the compressive strength tests provide valuable insights into the behaviour of masonry 

under axial loads. These findings are presented through diagrams and tables, illustrating the force-

displacement relationships, peak load capacities, and performance differences between unreinforced 

and strengthened walls, Fig. 7. The graphical and tabular data serve as a basis for analysing the 

effectiveness of the applied strengthening techniques and their impact on the structural stability of 

masonry walls.  

For compressive strength, both strengthening configurations showed notable improvements, with 

diagonal PP strip placement (WS2_AP) yielding slightly better results than horizontal placement 

(WS1_AP). For WS1_AP, strengthening with lime mortar and PP strips in horizontal joints resulted in 

an increase in maximum strength by 16.1% and final strength by 31.9%, accompanied by a decrease in 

displacements of 27.6% and 38.5%. For WS2_AP, the diagonal placement of the PP strips led to an 

increase in maximum strength by 20.6% and final strength by 34.1, as presented in Table 2. This 

suggests that the strengthening technique effectively enhances not just peak strength but also post-peak 

behaviour and ductility. The tests revealed impressive results in reducing wall strain. Diagonal PP strips 

performed exceptionally well, cutting peak strain by 42.5% and ultimate strain by 41.9%. In 

comparison, horizontal strips achieved smaller but still significant reductions of 27.6% and 38.5%. 

These improvements mean the strengthened walls resist displacement much better under axial pressure. 

3.2. Shear Strength of Masonry  

The results of the shear strength tests offer detailed insights into the performance of masonry under 

lateral forces. These findings are presented in diagrams and tables, highlighting the force- displacement 

behaviour, peak shear capacities, and comparative effectiveness of the applied strengthening 

techniques, Fig. 8. The data provide a clear basis for evaluating the improvements in shear resistance 

and overall stability of masonry structures, especially under dynamic loading conditions. 

  

а) Shear stress - strain diagram b) Force - displacement diagram 

Figure 7. Compressive strength diagrams for URM (W_AP) and strengthened walls (WS1_AP and WS2_AP) 

Table 2. Maximum stress and strain at compression for different types of walls 

Mean 

Percentage 

difference 

Peak 

compressive 

stress, 

fmas,test 

Peak 

stress 

increase 

(%) 

Ultimate 

compressive 

stress, 

fmas,ult 

Ultimate 

stress 

increase 

(%) 

Peak 

strain, 

εmax 

Peak 

strain 

decrease 

(%) 

Ultimate 

strain, 

εult 

Ultimate 

strain 

decrease 

(%) 

W_AP 3.07 0.0% 2.67 0.0% 0.0246 0.0% 0.0294 0.0% 

WS1_AP 3.56 16.1% 3.52 31.9% 0.0178 -27.6% 0.0181 -38.5% 

WS2_AP 3.70 20.6% 3.58 34.1% 0.0141 -42.5% 0.0171 -41.9% 
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а) Shear stress - strain diagram b) Force - displacement diagram 

Figure 8. Shear strength diagrams for URM (W_SS) and strengthened walls (WS1_SS and WS2_SS) 

Table 3. Maximum stress and strain at shear for different types of walls 

Mean Percentage 

difference 

Peak shear 

stress, fmas,test 

Peak shear stress 

increase (%) 

Peak shear strain, 

εmax 

Peak shear strain 

decrease (%) 

W_SS 0.210 0.0% 0.0151 0.0% 

WS1_SS 0.265 25.9% 0.0114 -24.5% 

WS2_SS 0.263 25.3% 0.0161 6.3% 

 

W_SS_1 and W_SS_2, the unreinforced walls, served as the baseline for comparison. In this case, both 

strip layouts worked similarly well. Horizontal strips increased the peak shear stress by 25.9%, just 

slightly better than diagonal strips at 25.3%. However, an interesting difference were noted in how the 

walls deformed. Horizontal strips reduced shear strain by 24.5%, while diagonal strips actually led to a 

small increase of the peak shear strain by 6.3%, Table 3. This suggests that horizontal strips may be 

more effective in controlling lateral deformations, even though both methods effectively strengthen the 

wall. The force-displacement relationships shown in Figure 8 indicates more stable post-peak behaviour 

in strengthened specimens compared to unreinforced walls, suggesting improved energy dissipation 

capacity. This is particularly important for earthquake resistance, as it shows the strengthened walls can 

better absorb and dissipate energy during repeated (cyclic) shaking. 

It is important to emphasize that all graphical and tabular results pertaining to both compressive and 

shear strength tests are comprehensively presented within this chapter. These visual representations and 

data tables serve to convey crucial experimental findings, supporting a scientific evaluation of the 

performance enhancements achieved through the applied strengthening methods. The detailed analysis 

highlights not only the improvements in peak strength and post-peak response but also the impact on 

critical structural properties such as deformation capacity, ductility, and load transfer efficiency. 

This holistic presentation of results contributes significantly to the scientific understanding of masonry 

behaviour under different load conditions, thereby offering valuable insights for optimizing structural 

reinforcement strategies in engineering practice. 

4. Conclusions 

The experimental investigations confirmed that the application of different techniques for strengthening 

with structural repointing significantly improved the mechanical characteristics of masonry, particularly 

in terms of its compressive and shear strength. The experiments were conducted at the Laboratory of 

the Faculty of Civil Engineering at Ss. Cyril and Methodius University in Skopje, North Macedonia, 

providing a controlled environment for reliable results. The unreinforced walls were used as a reference 
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point for assessing the effectiveness of various strengthening techniques. The structural repointing 

strengthening technique using lime mortar and PP strips significantly enhances both compressive and 

shear strength of masonry walls. Compressive strength improvements reached up to 20.6% for 

maximum strength and 34.1% for ultimate strength, while shear strength increased by approximately 

25% for both strengthening configurations. The orientation of PP strips influences the mechanical 

behaviour differently under various loading conditions. Diagonal placement proves more effective for 

compressive strength enhancement, while horizontal placement shows slightly better performance in 

shear strength improvement and displacement control, although in both tests the PP strips were 

effectively loop-tied in the neighbouring mortar joints. Both strengthening configurations greatly reduce 

displacements under compressive loading, with diagonal placement achieving up to 42.5% reduction in 

peak strain. This indicates significantly improved structural stiffness and stability. Moreover, The 

strengthening demonstrated particular effectiveness in enhancing post-peak behaviour and ductility, 

crucial characteristics for seismic performance. This is evidenced by the improved ultimate stress values 

and more stable force- displacement relationships in strengthened specimens. 

These findings demonstrate the effectiveness of the applied strengthening methods in enhancing the 

structural stability of masonry walls. The outcomes of these experiments underline the importance of 

selecting and applying appropriate strengthening techniques to significantly enhance the bearing 

capacity, stability, and resistance of masonry structures, especially in seismically active regions. The 

use of horizontally placed PP strips was identified as a particularly effective solution, providing notable 

improvements in load-bearing capacity, deformation resistance, overall safety and cost-benefit 

efficiency. This methodology represents a significant contribution to engineering practice, with 

practical applications in the design and advancement of structures in high seismic risk zones and a 

validates a viable solution for improving the seismic resistance of masonry structures, particularly 

valuable for historical buildings where preservation of architectural authenticity is crucial. The use of 

traditional materials (lime mortar) combined with modern elements (PP strips) offers an effective 

compromise between structural enhancement and conservation requirements. Future research could 

focus on investigating the long-term durability of these strengthening techniques, their performance 

under cyclic loading conditions and to explore the contemporary applications and adaptations of 

established methodological frameworks within modern contexts. 
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