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Abstract 

Considering the seismicity of the territory of North Macedonia, as well as the significant number of existing masonry 

buildings, it became necessary to establish a procedure for assessing the seismic resistance of these buildings, as well 

as the need to improve their carrying capacity by applying various strengthening measures.  

The sports halls as accompanying structures were built of unreinforced masonry. The literature in this area was 

investigated, regarding the estimation of the seismic capacity of this type of building, the characteristics of URM 

buildings, and the types of damages as well as strengthening measures.  

For the selected building, the sports hall "Partizani" in Debar, the seismic load capacity of the walls was controlled 

according to the valid rules for seismic design of masonry buildings. A numerical analysis was carried out and the 

structural response was determined. The methods for strengthening by applying steel ties and steel beams on the upper 

part of the walls were selected, as techniques for improving the global seismic behavior of the building with vertical 

irregularity. A model of the structures reinforced with steel elements was made and an analysis was carried out. Using 

the obtained results from the analysis, appropriate comments and conclusions were given regarding the behavior of 

the masonry structures, their seismic capacity, and the effectiveness of the selected strengthening procedure.   
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1 Introduction 

Predicting the seismic behavior of masonry buildings is an extremely complex task, due to the 

heterogeneous structure and difficulties in determining the mechanical characteristics of masonry as a 

building material. 

The assessment of the vulnerability of masonry structures in the past was mainly carried out using empirical 

methods based on data from earthquakes. With the development of computer technology and numerical 

methods, such as the finite element method, as well as non-linear analysis procedures, it is possible to apply 

analytical procedures for the determination of seismic vulnerability to masonry structures more often. 

Although there is a certain scientific experimental and analytical level of research, the process of 

strengthening masonry structures, especially in North Macedonia, is mainly based on the experiences of 

engineers and contractors. Several masonry structures have been strengthened using traditional 

strengthening techniques such as crack repair, injection, and jacketing. Some of these techniques are based 

on earthquake damage analysis and engineering assessments, but for some of them, there are also laboratory 

tests. 

In this master's work, the method of strengthening with the application of steel braces placed on the upper 

part of the walls, as a technique for improving the global seismic behavior of masonry buildings made of 

unreinforced masonry, was studied. This technique has been investigated in a small number of cases 

available in literature. 
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To determine recommendations for the application of this strengthening technique, as well as to obtain 

adequate knowledge about the behavior of masonry structures reinforced in this way exposed to seismic 

actions, there is a need for its experimental and analytical research. The motivation for the research arose 

from the need to analyze the load-bearing condition of existing masonry buildings, analysis of 

strengthening methods as well as analysis and comparison of the response of the existing and strengthened 

construction. To answer these questions, this study investigates this traditional strengthening technique by 

comparing the results experimentally and analytically with the response of unreinforced masonry walls. 

Considering the significant number of existing buildings built before the existence of aseismic design 

regulations, seismic risk mitigation is only possible if information about their vulnerability is provided. 

Within the framework of existing buildings built before the existence of regulation, masonry structures 

dominate. Thus, in our country, a large part of public institutions is housed in brick structures, namely: 

• Educational institutions - kindergartens, primary and secondary schools, higher education 

institutions, 

• Administration - ministries, local government, courts, etc. 

• Cultural institutions - museums, archives, etc. 

In the framework of this paper, the research is focused on educational institutions, namely old school 

buildings and within the same, the gymnasiums as accompanying buildings, built of non-reinforced 

masonry. 

2 Analysis of the seismic vulnerability of an existing building "PARTIZANI" Sports Hall, Debar 

The building was built in 1930 and has a basement + ground floor + 1 floor and is located in Debar. There 

is no project documentation for the construction of the building and all data regarding the existing geometry 

of the building, as well as possible previous reconstructions, have been determined by recording and 

measuring the building on-site and by talking to adults working in the gym. 

The goal was to define the geometric characteristics of the construction, to create a calculation model, and 

to estimate the load capacity according to PIOVSP'81. 

After the detailed geometrical recording on the spot, graphic attachments of foundations and cross-sections 

for the construction of the building were made. The construction consists of a basement (on one part of the 

building), ground floor, and first floor, and a sports hall is in one part. The floor heights are: basement (‐

3.40), ground floor (+0.00), floor (3.60) roof of the hall (+6.00), and roof of the building (+7.20). The 

building has a rectangular shape with one section indented by 4.20 m in the middle of the building. The 

basics of the facility are shown in Figures 1, 2, and 3. All geometric parameters, arrangement, position, and 

dimensions of the structural elements are additionally shown in the following figures. 

The construction system of the building is load-bearing masonry, stone blocks in the basement, and solid 

brick on the ground floor and first floor. The determined thickness of the walls is 52 cm in the basement 

on the ground floor and first floor. The mezzanine construction is wooden and flexible. The roof structure 

is wooden, composed of wooden elements on which the horns and the roof covering (tile) rest. It was 

difficult to determine the type and dimensions of the foundation construction, so it was assumed that strip 

masonry foundations were constructed under the load-bearing walls. 
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Figure 1: Basement              Figure 2: Ground Floor                   Figure 3: First Floor 

Geometry and Materials: 

In the mathematical model of the construction, all load-bearing elements determined by on-site recording 

are taken into account. In the absence of information regarding the values of the mechanical characteristics 

of the materials in the analysis, the parameters of the materials were taken according to the 

recommendations of Eurocode 6: 

 

 Characteristic Compressive strength of masonry:  

 

 

 Modul of Elasticity:  

 

 

 Shear modulus of masonry:  

 

 Volumetric weight:  

 

3 Mathematical model 

Based on the data recorded on site, a detailed analysis of the structure was made and it was determined that 

the structure is masonry, made of load-bearing masonry walls, placed in two main directions. 

The location and all geometric characteristics (thickness, length, height) of all structural elements bearing 

walls in the building in the direction "X" and in the direction "Y" are defined. 

The load-bearing walls of all floors are marked separately. In addition to the load-bearing walls, the 

building also consists of cerclage beams at the level of the mezzanine structure. The defined bearing walls 

in the "X" direction and in the "Y" direction are shown in Figures 4, 5, 6, and 7. 

 

The mathematical model of the construction of the object and the analysis with the method of finite 

elements was carried out with the computer program SAP2000. 
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A spatial mathematical model with finite elements is defined for the object, which is made based on the 

available data on the geometric and material characteristics. 

 

 

 

 

 

 

 

 

 

Figure 4: Bearing walls in both directions   Figure 5: Bearing walls in both directions 

               on the basement        on the ground floor 

                    

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Bearing walls in both directions    Figure 7: Bearing walls in both directions 

               on the ground floor        on the first floor 

 

 

 

 

 

Columns and beams are modeled with beam finite elements with assumed isotropic characteristics: 
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• Slabs and walls are modeled with 4-node plate finite elements with isotropic characteristics. 

• The boundary conditions of the construction with the bearing are modeled in the form of pinches, 

that is, a rigid foundation is considered. 

 
Figure 8: Mathematical model of the object 

Determination of dynamic characteristics of the construction 

 To determine the dynamic characteristics of the structure, the dynamic mass of the structure is calculated 

by including 100% of the value of permanent loads, 100% of the value of useful loads with long-term 

effects and 50% of the value of useful loads. 

With this analysis, the periods and tonal forms of self-oscillations, as well as the participation of the masses 

according to the individual tonal forms and have been determined. 

The period of the basic tone of the construction is T1 = 0.21s. In the I tone form, the direction of oscillations 

of the construction is with a translational shift in the direction of the global axis "X". In the III tone form 

(T=0.16s) the construction oscillates with translational displacement in the direction of the global axis "Y". 

Table 1 shows the values of the first 12 periods, as well as the participation of masses by routes. 

TABLE 1: MODAL PERIODS AND FREQUENCIES 
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Figure 9: Display of tone form in     Figure 10: Display of tone form in  

               ’’Y ’’ direction, T = 0.21 s          ’’Y’’ direction, T = 0.16 s 

 

Seismic analysis according to PIOVSP'81 

The seismic calculation, by the Rulebook on technical standards for the construction of high-rise buildings 

in seismically active areas, is carried out according to the method of equivalent horizontal load. 

The object is treated as an object of category II, which is in a location corresponding to category II soil. 

The construction has been analyzed for the effect of an earthquake in a zone of IX degree according to the 

MKZ seismic scale. 

 

 

The total seismic force is distributed along the height of the building according to the form given in 

PIOVSP'81: 

 

 

The calculated seismic forces per floor are given in a table: 

TABLE 2: SEISMIC FORCES PER FLOOR 

 

 

 

 Considering that the current Rulebook does not define a procedure for analyzing masonry structures from 

the action of seismic load, in the case when the calculation is performed on a three-dimensional 

mathematical model with finite elements, the analysis is performed in the following way (for each direction 

separately): 

 A division of belonging areas from the mezzanine construction has been made 
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the walls. Each field of the mezzanine construction as a surface is divided on the load-bearing walls that 

"support" that field. 

 The load from the inter-floor construction is calculated for each load-bearing wall separately, in 

proportion to the area concerned. 

 The own weight of each wall is calculated separately. 

 The load from the walls in the direction that is not is subject to consideration calculates and 

applies accordingly, according to the location of the load-bearing walls in the analyzed direction. 

 The total load on each wall is calculated separately. 

 The total calculated seismic force on each wall is applied in the mathematical model as a 

horizontal line load at the upper end of the wall. 

 

According to the procedure defined above, the calculated seismic forces for the individual walls are shown 

in the following tables: 

 

TABLE 3: SEISMIC FORCES IN BOTH DIRECTIONS ON THE BASEMENT 

 

TABLE 4: SEISMIC FORCES IN BOTH DIRECTIONS ON THE FIRST FLOOR 
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TABLE 5: SEISMIC FORCES IN BOTH DIRECTIONS ON THE SECOND AND THIRD FLOOR 

 

Assessment of the carrying capacity according to PIOVSP'81 

In this paper, the control of the stresses in the walls was carried out according to the method of permissible 

stresses as well as according to the method of limit states as recommended according to the current 

Rulebook for the design of masonry buildings in seismically active areas. 

Control according to the method of permissible stresses. 

According to PIOVSP'81, the main tensile stresses in the individual elements (walls) are controlled, and 

their values must not exceed the values given in Table 4 of the same Rulebook. 

According to this table, for a wall made of solid clay brick with dimensions 6x12x24 cm and brand MO 

10.0 and mortar with brand MM 2.5, the allowable main tensile stress is 0.09 MPa. The principal tensile 

stress in the individual elements is calculated according to the relation: 

 

 

 

A check was made in three sections of each load-bearing wall, as shown in figure 11:  

 

 

 

 

 

 

Figure 11: Mathematical model of the object 

Section 1-1 

Section 2-2 

Section 3-3 
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Control according to the method of limit stresses 

According to this control, the bearing capacity of the object is compared with the total seismic force, 

whereby the reliability factor should be taken at least 1.5 (PIOVSP'81). The shear stress of an individual 

element, a wall, is calculated according to the following relation: 

where: 0,rus is the main tensile stress in the wall during collapse. The values for this stress are given in 

Table 5 of the Rulebook. According to this table, for a wall made of solid clay brick with dimensions 

6x12x24 cm and brand MO 10.0 and plaster with brand MM 2.5, the main tensile stress at failure is 0.18 

MPa. The transverse force in the wall is calculated as the product of the shear stress at the top of the wall 

and the shear area of the wall (length x thickness). 

This can be represented by the following relation:  

 

 

 

 

The following table shows the results of the analysis performed according to the X-direction limit load 

method: 
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Since the reliability factor is greater than 1.5, it can be concluded that the control according to the limit 

load method in the X direction is satisfied. 

The following Table shows the results of the analysis performed according to the limit load method in the 

Y direction: 
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Since the reliability factor is greater than 1.5, it can be concluded that the control according to the limit 

load method in the Y direction is satisfied. 

Strengthening the construction and comparing the results 

 As a measure to strengthen the construction of the sports hall “Partizani” in Debar, it was chosen to connect 

the walls with steel elements, namely: connection with steel braces with diameter 30 mm in the transverse 

direction, and a second measure, strengthening with steel beam elements in the transverse direction, with a 

section 200x200 mm and wall thickness 10 mm. 

This measure of strengthening is defended as the simplest measure for global strengthening of the 

longitudinal walls of the building and ensuring the joint work of the walls as a whole. Also, strengthening 

of this type does not add additional mass or additional loads on the structure and is simple to perform. The 

steel elements are performed close to the upper end of the walls, but of course the walls should be secured 

at the point of connection with the steel braces by placing plates to prevent stress concentration in the walls. 

For the construction of the hall, 3 three-dimensional numerical models were made, namely: 

• Model 1 existing construction in which the longitudinal walls are not connected to elements in the 

transverse direction except for the end transverse walls, 

• 2. Model 2, construction was strengthened by connecting the walls with steel braces with a diameter 

of 30 mm, 

• 3. Model 3 – construction strengthened by connecting the walls with steel beam elements with a 

section of 200x200 mm x 10 mm. 

For the three models and the loads determined by the load analysis, computer analysis was performed with 

the SAP2000 software package, which determined the significant periods and tone forms of the structure's 

oscillations. In the following table, the values of periods for characteristic tone forms and the participation 

of masses for all three models are shown. 
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From the results, it can be observed that a significant reduction of the periods of oscillation of the 

construction is about the same ones for the unreinforced construction with unconnected walls.  

The period T1=0.2468 sec for Model 2 is 27% less than the same for Model 1, T1 = 0.338 sec. 

 It indicates an increase in the stiffness of the construction. For Model 3, T1=0.227 sec, which is a 33% 

lower value compared to T1 for the existing construction. From here it can be concluded that the selected 

strengthening measures have an impact on the global behavior of the construction 

For the existing construction as well as for the strengthened construction, the seismic forces in the walls as 

well as the horizontal displacements of the construction due to these forces were determined. The horizontal 

displacements in the transverse direction of the hall construction are shown in Figures 90-92, for the three 

models. 

It can be seen from the pictures that the values of the maximum horizontal displacement in the x direction 

of the upper part of the wall at a characteristic point are: 0.00507; 0.00413; and 0.00344; for the three 

models respectively. This means that the displacement for the existing structure (Model 1) is 23% greater 

than the displacement in Model 2 and 47% greater than the displacement in Model 3. Or, in terms of 
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stiffness, these values show a significant increase in stiffness with the addition of steel elements in the 

construction. 

 
Figure 12: Horizontal displacement of the structure (Model 1) 

 
Figure 13: Horizontal displacement of the structure (Model 2) 
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Figure 14: Horizontal displacement of the structure (Model3) due to seismic forces 

It can also be noted that model 2 provides joint work of the braced walls but a more uneven distribution of 

the seismic load on both walls. Model 3 provides joint work of the walls, greater stiffness of the structure, 

and a more even distribution of seismic forces on both walls. The displacements of the two walls are 

approximately equal and the beam members somehow provide a connection between the walls much like 

a rigid diaphragm would. 

In the following tables, the results of the calculated normal and tangential stresses in the walls of the hall 

construction are given. 
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It can be observed that in terms of tangential stresses, the applied reinforcement measure has no noticeable 

influence. The normal stresses in the walls of the reinforced construction with the application of tensioners 

are significantly higher, which indicates the greater participation of the walls and the utilization of their 

bearing capacity in the construction. 

The control of the principal tensile stresses in the walls in all three cases is satisfied. 
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Conclusion  

 The territory of our country is highly seismic, and the region around the city of Debar belongs to parts 

where very strong earthquakes occurred in the past. The existing old brick buildings are represented in a 

significant part of the built stock of buildings. 

Special attention should be paid to the seismic resistance of non-reinforced masonry buildings. Older 

masonry public buildings, such as schools, are facilities of special importance that require a comprehensive 

strategy to assess their vulnerability and existing condition. 

The old gymnasiums in schools or separately, with masonry construction, are particularly significant as 

objects with large dimensions and spans, as well as high walls. 

A large part of these buildings are still in use, so it is of great importance to investigate and analyze the 

structural seismic load capacity as well as the need for strengthening. 

There are several measures for the seismic retrofit of existing masonry buildings and they find wide 

application. 

 In this paper, the research was carried out on measures to strengthen non-reinforced masonry buildings 

with special reference to schools and sports halls. An analysis of the current state of the structure, analysis 

of the seismic response and stress control in the walls and analysis of the effects of various rehabilitation 

measures was carried out on a selected facility, Sports Hall "Partizani" in Debar. 

A measure for global strengthening of the wall construction was applied using steel braces and steel beam 

elements in the transverse direction of the hall. This measure was chosen due to its simple application and 

in order not to increase the loads and mass of the structure. 

The seismic response analysis is carried out on 3 three-dimensional computational models in the SAP2000 

software package. The comparison of the results of the analysis shows that the behavior and integrity of 

the structure is greatly improved. 

A significant reduction of horizontal displacements from seismic forces by more than 30% is observed, 

especially in the model with steel beam elements. The steel elements connect the longer walls of the hall, 

increase the rigidity of the construction and ensure joint work of the walls and better distribution of seismic 

forces. 
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