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Abstract: Confined masonry combines concrete columns and beams with brick walls to form 

a building structural system.  Confined masonry offers good seismic performance, easy 

construction, and component reuse, making it popular in earthquake-prone areas.  Meanwhile, 

The N2 method is a nonlinear static analysis technique designed to assess the performance 

and load-carrying capacity of building structures under seismic loads. By integrating elements 

of structural dynamic analysis with pushover analysis, it provides a simplified yet reliable 

tool for evaluating structural behavior. This method is particularly effective for seismic 

design and evaluating a building's ability to withstand earthquake forces. The purpose of this 

paper is to evaluate the seismic resilience of the current confined masonry building by 

utilizing finite element software and pertinent regulations.  The examination identifies design 

flaws and evaluates the seismic capacity of the structure using the N2 method.  Furthermore, 

the study presents corrective measures, which are re-evaluated and contrasted against the 

finite element software and N2 method outcomes. The results demonstrate that the confined 

masonry building, improved according to the recommendations in this paper, ultimately 

meets the seismic requirements of relevant regulations and is deemed feasible through N2 

analysis.  

Keywords: N2 method, seismic resilience evaluation, Confined masonry, FEM analysis. 

1. Introduction 

Confined masonry combines concrete columns and beams with brick walls to form a building 

structural system. During an earthquake, brick walls are subjected to compression and bending forces, 

but the concrete columns and beams provide longitudinal and lateral restraint, effectively enhancing 

the seismic performance of the brick walls. In this system, the brick walls are typically anchored to 

the sides of the concrete columns and beams to maintain their stability during earthquakes. Moreover, 

the walls can be reinforced by inserting vertical and horizontal reinforcement bars within the brick 

wall.The benefits of Confined masonry include good seismic performance, ease of construction, and 

the ability to reuse components. Consequently, Confined masonry has become a popular structural 

system for buildings in many earthquake-prone regions. [1] 
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In this paper, seismic performance analysis and feasible mitigation measures will be proposed for 

an existing 1-story simple structure based on existing codes (Seismic design guidelines for low-rise 

confined masonry buildings [2] and Eurocode 8 [3], etc.) and FEM software analysis results. 

1.1. Background information 

The project is a single-storey Confined masonry building whose layout is shown in Figure 1. Where 

L1=7m, L2=4.6m, X1=0.4m, X2=0.7m, W=1.6m, d=1.6m, X3 = 0.6m. The building is located in the 

high' seismic zone (PGA range 0.25g to 0.4g), in soil type B. 

(b)

(a)  

Figure 1: layout of building (a)plan view (b)front view. 

2. Code-based assessment 

2.1. General Planning and Design Aspects 

Experience from previous earthquakes has demonstrated that the conceptual design of a building is a 

crucial factor in ensuring its satisfactory performance. Therefore, there are important planning and 

design aspects that need to be considered during the general planning phase of a building project. 

In terms of general design, the Seismic design guidelines for low-rise confined masonry buildings 

[2] (referred to later as guidelines) require single-story buildings to meet geometric regularity and 

symmetry as much as possible. In this project, although the window and door distribution are not 

completely symmetrical, it basically meets the requirements of the guidelines. Furthermore, a certain 

number of shear walls are provided and are evenly distributed on the exterior of the structure to ensure 

shear resistance in both the east-west and north-south directions (there may be a deficiency in the 

north-south direction, which will be mentioned in the next point). 
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In terms of building dimensions, the aspect ratio is 7/4.6=1.52, which is less than the maximum 

4m required by guidelines, which is satisfied. However, the guidelines mandate that in areas with 

high seismicity, confined wall panels located between adjacent transverse walls should not exceed a 

length of 4.5 meters. Additionally, for buildings featuring single brick walls of less than 15 

centimeters (6 inches), the maximum length of walls between confining tie columns must be reduced 

to 4 meters. In contrast, for the 0.12m thick walls of this project, there are no additional restraining 

walls or columns within 7m along the long side, which is unsafe. 

In terms of materials, the compressive strength of the concrete is 18MPa and the compressive 

strength of Masonry (solid clay bricks, mortar type I) is 3.5MPa, which is in accordance with the 

minimum values of 15Mpa and 3.5Mpa respectively as required by the guidelines. However, the yield 

strength of the reinforcement used for this project was 310MPa, which does not meet the Guidelines 

requirement of 400MPa.It is also worth discussing that although the compressive strength of Masonry 

meets the Guidelines requirement, it does not meet the more conservative requirement given in 

Eurocode 8 [3], 5MPa. This may be since the latter does not apply only to low rise buildings (less 

than 2 stories) etc., but it is still necessary to draw attention to it. 

2.2. Masonry walls 

Wall density is a key indicator of how well a low-rise building can withstand the effects of a major 

earthquake without collapsing and the effects of gravity loads when it is subjected to them. It is 

calculated via Equation 1. 

𝐸𝑎𝑠𝑡 −𝑊𝑒𝑠𝑡: 𝑑 =
𝐴𝑤

𝐴𝑝
=
0.12 × 7

7 ∗ 4.6
= 2.6% 

𝑁𝑜𝑟𝑡ℎ − 𝑆𝑜𝑢𝑡ℎ: 𝑑 =
𝐴𝑤

𝐴𝑝
=
0.12 × 4.6

7 ∗ 4.6
= 1.7 

Where Ap represents the area of the building on a single floor and Aw represents the total effective 

area of the wall section in a single direction. For Aw, an unrestricted opening (e.g. a window or door 

not reinforced by a transom and a column attached to the transom) exceeding 10% of the area of that 

wall is not counted in the effective area. This means that the walls to the south and west cannot be 

counted as part of 𝐴𝑤. 

The wall density results for this project in both directions are shown in equation 1. They do not 

meet the guideline requirement of 2.5 (PGA>0.25g, soil type B, solid clay bricks, single layer) 

compared to the guideline requirement of 2.5. 

In terms of wall dimensions, the wall thickness is 120mm, which is greater than the required 110m, 

and the wall height is 3m, which does not exceed the required 3m. At the same time, the height to 

thickness ratio is 25 and the height to length ratio in the north-south direction is 0.65 and meets the 

requirements. However, the height to length ratio in the east-west direction is 0.43 less than 0.5, which 

is unreasonable. [4] 

2.3. Confining Elements 

For the Tie-columns, their location is reasonable, but as shown earlier, the spacing is not met. For 

Tie-beams they are mounted in the same reasonable position, but the lintel is best reinforced by Tie-

columns. For their dimensions they all meet the requirement of greater than 150mm except for the 

lintel. 
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3. Finite element method analysis 

3.1. Determination of the weakest wall 

In the previous chapter we have established that the wall density index of the structure does not reach 

3.5%. The weakest wall will therefore be identified by the ratio of the pore space to the total area of 

each wall (Equation 2) and thus analysed for seismic resistance. 

𝑊𝑒𝑠𝑡: 𝜌 =
𝑣

𝐴𝑡𝑜𝑡𝑎𝑙
=
2 × 1.6 × 1.2

3 ∗ 4.6
= 0.278 

𝑆𝑜𝑢𝑡ℎ: 𝜌 =
𝑣

𝐴𝑡𝑜𝑡𝑎𝑙
=
2 × 1.2 × 1.6 + 2 × 1.6

7 ∗ 3
= 0.333 

Based on the results the south wall is the weakest wall. 

3.2. SAP2000 Analysis 

In order to determine the progressive and final damage to the building progressive damage and to 

determine the final damage and to identify the weakest areas of the structure for improvement, 

Pushover Analysis was carried out on the weakest walls in this project using sap2000 software. 

As this analysis is a superposition of elastic and inelastic behaviour, it is important to define the 

material to include not only elastic information such as strength and modulus (as in Table 1), but also 

inelastic curves. For bricks modelled through the concrete model, the non-linear stress-strain curve is 

the given curve (as in Figure 2) and the concrete non-linear properties are the default values. 

Table 1: Material properties. 

Material Properties Value Unit 

Masonry (solid clay bricks, mortar type I) 

Unit weight  1800 Kg/m4 

Compressive strength  3.5 MPa 

Young's Modulus  1500 MPa 

Tensile strength  0.2 MPa 

Shear strength  0.3 MPa 

Concrete 

Unite weight  2400 Kg/m3 

Compressive strength  18 MPa 

Young's Modulus  20000 MPa 

Steel(4*10d for Longitudinal reinforcement,6d@0.02 for stirrup) 

Unite weight  7840 Kg/m3 

Yield strength  310 MPa 

Young's Modulus  200000 MPa 
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Figure 2: non-linear stress-strain curve of Masonry. 

In the section setting Masonry is set to a 0.12m thick non-linear shell, while RC is set to a frame 

with as shown in chapter 2.4 (150*150mm for beams and columns, 120*120mm for Lintel) 

A good modelling can help the results to be closer to the true values. To better simulate the 

structural behaviour, the walls were divided into 0.2*0.2m elements. Then, selecting the solid 

elements according to the wall openings. At the same time, the part of the wall connecting to the 

beams and columns was divided into 0.1m to simulate the toothed connection of the bricks. The fixed 

end connection is also used at the base of the wall on the assumption that the foundation beneath the 

wall is rigid and the connection is rigid. Finally, to effectively simulate plastic hinges, this project 

took the frame as a whole to set hinges (Fig. 3a) and break the frame to similar element size as the 

shell to set hinges (Fig. 3b). It is worth noting that because the lintel is not used to connect the RC 

columns, it does not have a hinge.  

 (a) (b) 

Figure 3: sap2000 model display(a)hinge for frame as a whole(b) hinge for break the frame. 

Finally, since the pushover analysis is a case of static thrust and gravity superimposed, the loads 

were set reasonably well for this project. 

3.3. Results Display 

The analysis results are shown below: 

 

Figure 4: The shape of the deformation in the z-direction under the action of gravity. 

Proceedings of  the 5th International  Conference on Materials  Chemistry and Environmental  Engineering 
DOI:  10.54254/2755-2721/127/2025.20185 

220 



 

 

 

Figure 5: The shape of the deformation in the x-direction under the action of pushover. 

 

Figure 6: Display Shell Stresses under the action of pushover. 

 

Figure 7: Display frame bending moment and shear force diagrams. 

(a) (b) 

Figure 8: Resultant Base Shear vs Monitored Displacement(a)whole hinges (b) hinge for break. 

For the two different hinges methods with the same settings, the difference between the first four 

results is not significant, but for the pushover curve the effect is greater. Once again, the results of 

the second method are probably closer to reality, probably because of its advantages in terms of 

recombination analysis and its ability to simulate plastic angles better. Also the difference between 
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the two methods can be considered as whether the wall is grouted or not between the wall and the 

frame.  

3.4. Performance Thresholds 

According to the results of the pushover analysis it can be found that the new wall reaches its 

maximum shear force on the base where the value reaches approximately 36.92kN and enters the 

ductility phase. The project will therefore determine Engineering Demand Parameter Thresholds 

based on cross-sections, elements and the overall situation to further assess the damage (table 2). 

 

Figure 9: Analysis results of pushover analysis. 

Table 2: performance thresholds. 

Damage state 

Slight Damage 

or Operational 

Level 

Moderate Damage 

or Immediate 

Occupancy (IO) 

Near Collapse or 

Life Safety (LS) 

Collapse or 

Collapse 

Prevention (CP) 

Roof 

displacement 

(m) 

0.0025 0.007 0.012 0.018 

4. N2 method Analysis 

The N2 method is a method for determining the seismic strength of a structure based on the response 

spectrum under seismic action. This approach involves converting the capacity curve of a structure 

with multiple degrees of freedom (MDoF) into an equivalent capacity curve for a single degree of 

freedom (SDoF). The resulting curve is then compared to the inelastic response spectrum to determine 

the performance point of the structure. This performance point is then compared to predefined 

thresholds for different damage states, which allows for an assessment of the building's seismic 

performance [5]. The results are shown below: 

Proceedings of  the 5th International  Conference on Materials  Chemistry and Environmental  Engineering 
DOI:  10.54254/2755-2721/127/2025.20185 

222 



 

 

 

Figure 10: Result of N2 method analysis. 

The performance points are the focus of the non-linear curve and the SDoF capacity curve. Based 

on the results, it can be seen that the performance points are located to the right of the intermediate 

occupancy threshold, which means that the overall seismic capacity of the structure is relatively 

inadequate. Although this means that the structure is safe against earthquakes, there is much room for 

improvement. 

It is important to emphasize that the N2 method serves as a preliminary seismic performance 

evaluation approach and the outcomes obtained should not be interpreted as conclusive results that 

would certainly occur during an earthquake. Instead, the method only offers a broad understanding 

of the structure's response to seismic activity. Therefore, during the actual design phase, a more 

comprehensive analysis and evaluation should be conducted, taking into account the specific 

structural design and site conditions. 

5. Mitigation measure 

5.1. mitigation measure for EERI 

For the issues raised in Chapters 2 to 4, the corresponding mitigation measure is proposed again in 

this chapter (Figure 11) and the reasons for proposing it are set out below: 

1. Add tie columns to either side of the window and door and two tie columns to each of the 

unopened walls on the north and east side. Firstly, this method divides a large opening wall into a 

combination of multiple opening and non-opening walls. This boosts the finite wall area Aw in all 

directions and thus the wall density factor d. At the same time, it allows the originally unbound lintel 

to be connected to the foundation via the columns and become part of the overall RC bound whole. 

This gives full play to the role of the lintel in providing the stiffness of the overall RC restraint and 

reduces the weakening of the opening to the overall resultant seismic capacity. Most importantly it 

meets the Guidelines requirement of a clear spacing between columns of less than 4.5 and the height 

length ratio of each wall. Finally, it helps the wall to transfer the force of the roof to the foundation, 

slowing down the cracking of the wall under prolonged compression and reducing its performance, 

improving the overall safety of the structure. [6] 

2. Addition of restrained walls running east-west and north-south within the structure. The main 

effect of this purpose is to increase the effective wall area Aw and the wall density d. This measure 

has a good economic advantage because it is more economical and safer to buy 2 bricks than to make 

the cross-sectional area of the original bricks twice as large compared to increasing the thickness of 

the external wall. At the same time, it can share the gravitational effect of the roof. At the same time, 

this can also extend the elastic stage length of the whole structure. 
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3. Increase the area of all tie beams and columns to 180mm and increase the area of lintel by 150. 

This is mainly to meet the Guidelines for a minimum size of 150mm. At the same time, they can 

improve the seismic strength of the structure. 

4. In addition, measures such as increasing the wall thickness to 150mm, using 6 longitudinal 

reinforcement bars, reducing the general spacing between stirrups at the end of the column and 

extending the length of the lintel were applied to achieve increased shear strength and seismic 

performance. [7] 

Based on these measures, the improved structural wall density, as shown in the formula, meets the 

requirement of greater than 2.5%. 

𝐸𝑎𝑠𝑡 −𝑊𝑒𝑠𝑡: 𝑑 =
𝐴𝑤

𝐴𝑝
=
0.15 × (7 + 0.7 × 4 + 1.6 + 0.4 × 2)

7 ∗ 4.6
= 5.7% 

𝑁𝑜𝑟𝑡ℎ − 𝑆𝑜𝑢𝑡ℎ: 𝑑 =
𝐴𝑤

𝐴𝑝
=
0.15 × (4.6 × 3 − 1.6 × 3)

7 ∗ 4.6
= 4.2% 

It is also worth noting that in Chapter 1 it was mentioned that the yield strength of the steel bars 

was not up to standard, but as data for other steel types did exist, this project was mitigated by 

increasing the number of bars, but this does not mean, however, that the strength of the steel met the 

requirements. 

Table 3: Major Mitigation measure. 

1. Add tie columns to either side of the window and door 

2 Add two tie columns to each of the unopened walls on the north and east side 

3 Addition of restrained walls running east-west and north-south within the structure 

4 
Increase the area of all tie beams and columns to 180mm and increase the area of lintel 

by 150. 

5 increasing the wall thickness to 150mm 

6 using 6 longitudinal reinforcement bars 

7 reducing the general spacing between stirrups at the end of the column and extending 

8 extending the length of the lintel 

 

Figure 11: Display of the mitigation measure. 
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6. Improved model FEM analysis 

This chapter is modelled in a similar way to that mentioned previously. The model is shown in Figure 

12. 

 

Figure 12: sap2000 model display after impove. 

According to the pushover curve, it can be seen that the structure has failed at the end of the 

operation, so the result is a step before the destruction. The finite element results of the improved 

structure are shown as follows: 

 

Figure 13: The shape of the deformation in the z-direction under the action of gravity after improve. 

 

Figure 14: The shape of the deformation in the x-direction under the action of pushover after improve. 
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Figure 15: Display Shell Stresses under the action of pushover after improve. 

 

Figure 16: Display frame bending moment and shear force diagrams after improve. 

 

Figure 17: Resultant Base Shear vs Monitored Displacement after improve. 

For pushover analysis, unfailed data is used as the material for the analysis of pushover curve. 

 

Figure 18: Analysis results of pushover analysis after improve. 
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According to the results of the pushover analysis it can be found that the new wall reaches its 

maximum shear force on the base where the value reaches approximately 305.4kn and enters the 

ductility phase. When the top deformation is greater than 0.04m, the structure begins to fail. The 

project will therefore determine Engineering Demand Parameter Thresholds based on cross-sections, 

elements and the overall situation to further assess the damage (table 4). 

Table 4: performance thresholds after improve 

Damage state Slight Damage Moderate Damage Near Collapse Collapse 

Roof displacement (m) 0.005 0.018 0.026 0.040 

 

By comparing with the previous results, it can be found that the threshold value of each stage has 

been significantly improved, which means that the seismic performance of the structure has been 

significantly improved. This question will be further discussed in the next chapter. 

7. Comparison based on the N2 method 

The output of the results based on the N2 method is as follows: 

 

 

Figure 19: Result of N2 method analysis after improve. 
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In the improved case, the overall seismic strength of the structure is significantly improved and 

the performance points are much less than the immediate occupancy threshold, which is a significant 

difference from the pre-improvement situation and the improvements proposed in Section 4 have had 

the desired effect. The improved structure will only cause minor damage in the face of an earthquake 

and can be fixed with minor repairs, which means that its seismic strength is extremely high. 

It is worth noting, however, that this upgrade was achieved far beyond the project's expectations 

and with an extremely large increase in cross-sectional dimensions. This means that this initiative 

may not be economical for the actual project because of the large investment to cope with relatively 

occasional loads (even in high seismic zones). In practice, therefore, there is a need to balance both 

sides to maximise the benefits. 

8. Conclusion and discussion 

This question analyses and assesses the seismic capacity of the existing project based on finite 

element software and relevant regulations, points out the unreasonable aspects of the design and 

further assesses the seismic capacity of the structure based on the N2 method. The project also 

proposes remedial measures, which are re-analysed and compared with the finite element software 

and the N2 method. 

However, there are some limitations to the analysis in this paper. (1) Masonry structures usually 

consist of several smaller bricks or stones, and the interfaces between these are usually weak. And 

such connections are difficult to represent in finite elements. (2) The material properties of the bricks 

or stones in a masonry structure are often complex and their non-linear characteristics are difficult to 

represent by a simple intrinsic structure model, which requires many assumptions. (3) Many of the 

properties of masonry structures are related to construction conditions and quality precision, which 

cannot be captured by finite element models. (4) The N2 method simplifies the structure, leading to 

errors and uncertainties. (5) The 2D analysis ignores the interaction of pinched walls and floor slabs 

on the wall under analysis, but these are very important around. 
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