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Abstract  Advancements in structural engineering 

continue to develop more efficient models for various 

applications. However, traditional structural systems 

remain predominant in construction despite their 

limitations in ensuring adequate performance under static 

or dynamic loads. The main challenge lies in the 

vulnerability of concrete frame (CF) systems, which tend 

to experience large displacements and stiffness degradation 

compared to confined masonry (CM) systems, which, 

while rigid, exhibit limited ductility. This study analyzes 

the seismic behavior of a hybrid system that combines CF 

and CM, referred to as the Integrated system of 'Confined 

Masonry' and 'Concrete Frame' (ISMF). The proposed 

system leverages the stiffness and shear absorption 

capacity of CM while benefiting from the ductility and 

moment resistance of CF. The methodology includes static 

and dynamic analyses on representative structural models, 

evaluating key parameters such as displacements, drifts, 

base shear forces, and overturning moments in structures 

up to four stories. The results demonstrate that hybrid 

configurations efficiently control deformations and 

distribute forces more uniformly, highlighting the 

contribution of masonry to lateral stiffness and the role of 

frames in resisting moments. Finally, optimal models were 

identified, and regulatory adjustments were proposed to 

ensure structural safety and economic feasibility in 

seismic-prone regions of Peru. 

Keywords  Hybrid Structural System, Seismic 

Behavior, Confined Masonry, Concrete Frame 

1. Introduction

The comparison between CM and CF systems is 

essential for optimizing structural design, improving 

seismic performance, and increasing construction 

efficiency [1]. Each system has distinct characteristics: the 

CM system is known for its cost-effectiveness and 

suitability for low-rise buildings, while the CF system 

provides greater strength and flexibility for large-scale 

structures [2]. In Peru, the CM system is widely used as it 

is economical for low and medium-rise buildings. These 
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constructions, found in both rural and urban areas, typically 

feature square or rectangular floor plans with a number of 

stories varying from one to five [3]. However, an 

inadequate selection or an improper combination of both 

systems can compromise structural stability and design 

safety. 

In the analysis of structural response to loads, relative 

displacements in CF buildings tend to be larger due to the 

absence of masonry, whose infill can reduce deformations 

and redistribute shear forces [4], thereby improving seismic 

performance [5]. Likewise, CF systems exhibit greater 

drifts compared to CM systems, as the latter increase lateral 

stiffness and limit deformations [4], [5]. 

CM structures have significant stiffness but limited 

ductility, leading to higher drifts than systems composed 

solely of masonry [6]. Recent studies have shown that CM 

systems can absorb more than 90% of the base shear [5], 

highlighting their ability to redistribute forces and their 

superior shear efficiency compared to CF systems, which 

lose stiffness rapidly, reducing their capacity to withstand 

horizontal forces [7], [8]. Furthermore, CM structures have 

proven effective in controlling overturning moments, 

keeping them within safe limits. Additionally, in these 

configurations, columns do not reach the yield limit due to 

the support provided by masonry walls [6], [7]. 

A recurring issue is the lack of a structural approach that 

combines the advantages of CM and CF systems, avoiding 

both the limitations of their isolated use and the challenges 

of inadequate combinations. While the CM system 

provides stiffness and cost efficiency, its seismic 

performance may be compromised if not properly designed 

[9], whereas the CF system offers greater seismic resistance 

but at a higher cost [9]. A case study in [10] found that 

adding a shear wall to a reinforced concrete frame increases 

the horizontal force acting on the element and considerably 

reduces drift; however, ductility and dissipated energy are 

lost compared to the frame without the shear wall. 

Moreover, CM has limited applications when used in 

reinforced concrete buildings, as it requires an adequate 

interaction between the wall and the confinement elements, 

meaning numerical models are needed to accurately 

simulate the response to vertical and horizontal actions [11]. 

Finally, when used in seismic zones, CM tends to have an 

advantage over a CF system, as the cross-sections of the 

frame can be reduced [12]. 

This study analyzes the seismic behavior of a hybrid 

system that combines CFS and CM, referred to as the 

Integrated system of 'Confined Masonry' and 'Concrete 

Frame' (ISMF). This hybrid approach aims to overcome the 

limitations of both systems, providing a more efficient and 

safer structural design in compliance with essential 

technical standards such as E-030 and E-060 for seismic 

zones [13], [14]. Previous studies have investigated hybrid 

structural systems, including the integration of masonry 

into steel columns and beams, concluding that these 

approaches improve deformation and displacement control 

[15]. 

The proposed system leverages the stiffness and base 

shear absorption capacity of the CM system, combined 

with the ductility and overturning resistance of CF systems. 

The proposal centers on employing typical configurations 

for structural modeling to evaluate the system's seismic 

behavior (a numerical procedure), ensuring its technical 

feasibility and promoting a comprehensive solution for 

these types of constructions in seismic zones. 

2. Materials and Methods 

In this research, the most commonly used structural 

systems in Peru are employed: CF systems in accordance 

with the E 060 standard [14] and CM systems in 

accordance with the E 070 standard [5]. The integrated 

confined masonry and concrete frame system is developed 

based on the combination of these systems. The 

methodology considers architectural constraints and the 

structural parameters outlined in the E 030 standard [13] 

during the structural planning, preliminary sizing, and 

seismic design stages. 

2.1. Structural Systems 

2.1.1. Confined Masonry 

To define the Confined Masonry (CM) system, the initial 

step involved characterizing the material properties to 

ensure each component complies with the E 070 standard. 

The values characterized for structural use are presented in 

Table 1. 

Table 1.  Materials properties 

Confined Masonry 

Brick Clase IV (30% huecos) 

Compressive Strength f ḿ = 65 kg/cm2 

Shear Strength v ḿ = 8.1 kg/cm2 

Elastic modulus Em = 32,500 kg/cm2 

Poisson's Ratio V = 0.25 

Concrete 

Nominal Compressive Strength f ć = 175 kg/cm2 

Modulus of Elasticity Ec = 200,000 kg/cm2 

Poisson's Ratio V = 0.15 

Reinforcement Steel 

Grade 60 Rebar f ý = 4200 kg/cm2 

As a preliminary step in structuring the building with the 

CM system, the wall density will be verified using 

Equation 1. This verification is essential for subsequent 

designs. If this requirement is not met, the effective wall 

thickness (t) is typically increased. However, the A 020 

standard [16], commonly used for architectural 

considerations, establishes the basic needs of functionality, 
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habitability, and safety, which must be considered when 

defining the quantity of walls on various axes to ensure that 

the building is not susceptible to static and dynamic loads, 

thereby imposing limitations on this structural system. 

Ʃ𝐿.𝑡

𝐴𝑝
=

𝑍.𝑈.𝑆.𝑁

56
               (1) 

Where: "L": is the total wall length per axis, "t": is the 

effective wall thickness, "N" is the number of stories of the 

building, and "Z", "U", "S" correspond to the seismic zone 

factors stipulated in the E 030 standard. Subsequently, for 

the seismic-resistant design of the CM system, the 

flowchart in Figure 1 should be considered. 

2.1.2. Concrete Frame System 

For the preliminary structuring of its structural elements, 

the approaches of ACI 318-19 [17] were employed. Similar 

to the CM system, the materials for the CF system must be 

characterized to ensure material quality, and the properties 

(Table 2) and sections for structural use must be validated 

in accordance with the E 060 standard. Furthermore, the 

criteria considered for modeling the waffle slab will treat it 

as a membrane element, while the shell-type concrete walls 

and the beams, along with the columns, will be modeled as 

frame elements. 

 

Figure 1.  General considerations for a CM system building 
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Table 2.  Material properties 

Concrete 

Nominal Compressive Strength f ć = 210 kg/cm2 

Elastic modulus Ec = 218,820 kg/cm2 

Poisson's Ratio V = 0.15 

Reinforcement Steel 

Grade 60 Rebar f ý = 4200 kg/cm2 

To determine the weight of the structure, the building 

category is considered, and consequently, the 

corresponding live load percentage is assigned. The dead 

load is also considered, and the load combinations 

stipulated in the E060 Standard must be performed. The 

evaluation of the mass and stiffness distribution is 

performed in the first 3 modes of vibration of the analyzed 

direction. Subsequently, a spectral analysis is performed in 

the two directions (X and Y), as well as in the “Z” direction 

with a spectrum equivalent to 2/3 of the spectrum used. 

Finally, the lateral displacements are verified, ensuring that 

the maximum relative displacement does not exceed the 

fraction of the height of each story. 

2.2. Integrated System of 'Confined Masonry' and 

'Concrete Frame' (ISMF) 

This structural system, referred to as ISMF, requires a 

series of considerations for its analysis. Among these, the 

spacing of confinement elements within the masonry walls 

was planned for 2, 3, and 4 stories, thus establishing the 

slenderness level of each. This followed proportions 

ranging from H/L = 2 to 4. The relationship of each wall 

panel is shown in Figure 2. This numerical sequence of 

configurations represents the most common ones used for 

the construction of hybrid systems in Peru. 

The slenderness of each wall is considered high if it is 

greater than unity, which is a determining factor for the 

flexural cracking moment (Mcr), related through Equation 

2. 

𝑀𝐶𝑅∗𝑌

𝐼
+

𝑃

𝐴
=  2 ∗ √𝑓´𝑐              (2) 

Where: “𝑴𝑪𝑹" is the flexural cracking moment, “𝑰” is 

the gross section inertia, “𝑷” is the factored weight of the 

accumulated wall, “𝑨” is the gross axial area, “𝒀” is the 

neutral axis of the section, and “ 𝒇´𝒄 ” is the nominal 

compressive strength. 

Based on typical (square or rectangular) floor plans, and 

considering the slenderness of each wall as determined by 

its length and the number of stories (up to a recommended 

maximum of 5, or based on common construction 

practices), a set of configurations was developed to model 

and evaluate the effect of each. The spacing configuration 

is distributed in models that are subdivided into axes and 

number of stories, as shown in Table 3, where their 

behavior and the stresses (displacements, drift, shear, and 

overturning moment) of each model are analyzed. 

2.2.1. Infill-Frame Interaction 

Based on studies by researchers [18], masonry infill 

walls subjected to diagonal compressive loads can be 

idealized as a diagonal strut [19], as shown in Figure 3. 

To determine the width of the diagonal strut, the theory 

of Paulay and Priestley [20] is used, where a conservative 

value is established for a stiffer structure under seismic 

response, as shown in Equation 4. In this equation “W” is 

the effective width of the diagonal strut and 𝑑𝑖𝑛𝑓  is the 

diagonal length of the masonry infill wall. 

𝑊 = 0.25𝑑𝑖𝑛𝑓               (4) 

2.3. Analysis Procedure 

Initially, all material properties for each structural 

system (CF and CM) were defined using real or the most 

approximate possible values. Subsequently, a preliminary 

sizing of the elements for each system was established, 

followed by the necessary verifications according to the 

reference standards [5], [14]. For example, for the CM 

system, the wall density was verified using Equation 1 and 

Figure 2. Once these aspects were defined, the combined 

behavior of both systems working together was reviewed. 

The seismic analysis of the structure followed the 

procedure of the E030 standard [21], for which the design 

spectrum was first defined. The preliminary parameter for 

the seismic analysis is the static analysis of the structure, 

which was considered using the base shear through 

Equation 3. 

𝑉 =  
𝑍∗𝑈∗𝐶∗𝑆

𝑅
 . 𝑃                (3) 

Where the factor “Z” is the site's seismic zone, with a 

value of 4 in this case. The factor “U” is the occupancy 

category of the building, corresponding to a value of 1. The 

factor “C” is 2.5, associated with the period of vibration. 

The factor “S” is the soil profile, with a value of 1.05, and 

the factor “R” is the structural system factor, corresponding 

to 3 for a CM system and 6 for a CF system. As the 

expression for the base shear depends on the factor R, the 

design spectrum will be different for both cases, as shown 

in Figure 4. 

 

Figure 2.  Wall Panel Relationships for Masonry 
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Table 3.  Model Configurations 

ANALYSIS MODELS 

 

M1 L = 2.5 m # of stories = 2, 3, 4 

M2 L = 3.0 m # of stories = 2, 3, 4 

M3 L = 3.5 m # of stories = 2, 3, 4 

 

M4 L = 2.7 m # of stories = 2, 3, 4 

M5 L = 3.0 m # of stories = 2, 3, 4 

M6 L = 3.3 m # of stories = 2, 3, 4 

 

M7 L = 3.0 m # of stories = 2, 3, 4 

M8 L = 3.5 m # of stories = 2, 3, 4 

 

M9 L = 2.7 m # of stories = 2, 3, 4 

M10 L = 3.0 m # of stories = 2, 3, 4 

M11 L = 3.4 m # of stories = 2, 3, 4 
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Figure 3.  Diagonal strut idealization of a masonry infill wall 

 

Figure 4.  Base Shear Coefficient Spectrum for Confined Masonry and Concrete Frame Systems 

3. Result 

For clarity in presenting the findings, the model 

configurations were grouped by the number of stories. This 

organization allowed for a comparative analysis of 

response values, such as stresses, across the different 

structural systems. These comparisons are illustrated in 

Figures 5, 6, and 7. 

3.1. Structural Displacement 

Figure 8 shows the displacements of the 11 models along 

the “X” axis for 2, 3, and 4 stories. Specifically, Figure 9A 

indicates that models M3 – M4 – M5 – M6 exhibited the 

largest displacements, reaching a value of 0.00142 m. 

However, in Figure 9B, models M3 – M5 – M6 – M8 show 

greater displacements, up to a value of 0.00542 m, and in 

Figure 9C, models M4 – M5 – M6 display the largest 

displacements, reaching a value of 0.0127 m. It can be 

observed that model M9 results in a stiffer system across 

the different stories, as the direction of action is supported 

by two axes of frames. However, as the spacing between 

the frames increases (models M10–M11), the system 

becomes more flexible in that direction. Furthermore, a 

greater number of frames do not necessarily lead to a stiffer 

system (e.g., M6), as the outcome also depends on the 
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column spacing and quantity (e.g., M7). 

Figure 9 shows the displacements of the 11 models along 

the “Y” axis for 2, 3, and 4 stories, where Figure 9A 

indicates that models M9 – M10 – M11 exhibited the 

largest displacements, reaching a value of 0.000248 m; 

similarly, Figure 9B shows that models M9 – M10 – M11 

displayed the largest displacements, reaching a value of 

0.000812 m, and in Figure 9C, the same models show 

displacements reaching a value of 0.00205 m. The system 

performs better (models M4–M6) when a larger amount of 

the CM system is provided in the direction of action. 

However, as the floor plan area increases, simply placing 

the CF system in the intermediate zones is insufficient, as 

it does not possess the same resisting capacity as the CM 

system. Consequently, the structure becomes more flexible 

in models M9–M11. 

    

M1-M2-M3                   M4-M5-M6                   M7-M8                   M9-M10-M11 

Figure 5.  Comparative Models for 2 Stories 

    

M1-M2-M3                   M4-M5-M6                   M7-M8                   M9-M10-M11 

Figure 6.  Comparative Models for 3 Stories 

    

M1-M2-M3                   M4-M5-M6                   M7-M8                   M9-M10-M11 

Figure 7.  Comparative Models for 4 Stories 
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A 

 

B 
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C 

Figure 8.  Structural Displacement along the “X” Axis (A: 2 stories, B: 3 stories, C: 4 stories) 

 

A 
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B 

 

C 

Figure 9.  Structural Displacement along the “Y” Axis (A: 2 stories, B: 3 stories, C: 4 stories) 
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3.2. Drift 

Figure 10 shows the drifts of the 11 models along the “X” 

axis for 2, 3, and 4 stories, where the drifts increase in the 

same story as the height of the structure varies. As indicated 

in Figure 10A, model M6 in the second story has a drift of 

0.00335; in Figure 10B, the same model has a drift of 

0.00486 in the second story; and in Figure 10C, the same 

model has a drift of 0.00904 in the second story. This 

indicates that a larger amount of the CF system does not 

necessarily provide an efficient configuration. To improve 

this, it is important to add columns to efficiently enhance 

the system's behavior, as seen in model M9. 

Figure 11 presents the drifts of the 11 models along the 

“Y” axis for 2, 3, and 4 stories. Similar to the “X” axis, the 

drifts increase in the same story as the structure's height 

varies. Furthermore, models M9 – M10 – M11 exhibited 

the highest drift values, which were approximately 53.66% 

(Figure 11A) for the second story, 49.49% (Figure 11B) for 

the third story, and 44.23% (Figure 11C) for the fourth 

story. As with the displacement results, this indicates that 

if the CF system is not sufficiently adequate in its direction 

of action and the floor plan area increases, the structure 

becomes more flexible (models M9–M11), and this effect 

can vary depending on the number of stories. 

3.3. Shear Force 

Figure 12 presents the shear forces of the 11 models 

along the “X” axis for 2, 3, and 4 stories, where Figure 12A 

indicates that model M4 reached the maximum shear force 

with a value of 13.39 Ton.f; Figure 12B indicates that 

model M6 reached the maximum shear force with a value 

of 21.46 Ton.f, and Figure 12C indicates that model M6 

reached the maximum shear force with a value of 29.42 

Ton.f. This indicates that it is not always beneficial to 

increase the amount and length of the CM system, as this 

increases the overall structural weight, which is reflected in 

considerable shear forces. If the configuration is to be 

maintained, the length of the CF system should be 

shortened for 3 and 4-story models; for 2-story models, 

however, M5 would be preferable. 

 

A 
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B 

 

C 

Figure 10.  Structural Drifts along the “X” Axis (A: 2 stories, B: 3 stories, C: 4 stories) 
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A 

 

B 
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C 

Figure 11.  Structural Drifts along the “Y” Axis (A: 2 stories, B: 3 stories, C: 4 stories) 

 

A 
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B 

 

C 

Figure 12.  Structural Shear Force along the “X” Axis (A: 2 stories, B: 3 stories, C: 4 stories) 
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Figure 13 shows the shear forces of the 11 models along 

the “Y” axis for 2, 3, and 4 stories, where Figure 13A 

indicates that model M4 reached the maximum shear force 

with a value of 38.37 Ton.f; Figure 13B indicates that 

model M6 reached the maximum shear force with a value 

of 59.54 Ton.f, and Figure 13C indicates that model M6 

reached the maximum shear force with a value of 79.31 

Ton.f. This indicates that if the configuration is to be 

maintained, the length of the CF system should be 

shortened for 3 and 4-story models; for 2-story models, 

however, model M5 is preferable. 

3.4. Overturning Moment 

Figure 14 shows the overturning moments of the 11 

models along the “X” axis for 2, 3, and 4 stories, where the 

moment increases in the same story as the height of the 

structure varies. As indicated in Figure 14A, the models 

showed an average of 117.71 Ton.f.m, and in the second 

story, there is a moment of 83.70 Ton.f.m. In Figure 14B, 

the models showed an average moment of 254.55 Ton.f.m 

in the third story, and in Figure 14C, an average 

overturning moment of 431.30 Ton.f.m was obtained for 

the four-story model. The effect of the story shear generates 

the overturning moment at each level, accumulating down 

to the base. Consequently, having a larger amount of the 

CM system in one direction results in a much higher 

overturning moment (e.g., M6). On the other hand, when 

only a CF system is present in that direction, the 

overturning moment is considerably reduced (e.g., M11). 

Figure 15 shows the overturning moments of the 11 

models along the “Y” axis for 2, 3, and 4 stories, where the 

sequence of behavior is similar to the case along the “X” 

axis; however, model M9 for the cases in the 3 stories 

resulted in the model closest to the average moments with 

values of 45.43 Ton.f.m, 100.60 Ton.f.m, and 174.41 

Ton.f.m respectively. As previously mentioned, this 

direction does not feature a CM system; therefore, the 

overturning moments are not as high as in the other 

direction. 

 

A 
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B 

 

C 

Figure 13.  Structural Shear Force along the “Y” Axis (A: 2 stories, B: 3 stories, C: 4 stories) 
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A 
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C 

Figure 14.  Overturning Moment along the “X” Axis (A: 2 stories, B: 3 stories, C: 4 stories) 

 

A 
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B 

 

C 

Figure 15.  Overturning Moment along the “Y” Axis (A: 2 stories, B: 3 stories, C: 4 stories) 
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4. Discussion 

The concrete frame (CF) configurations in the X-

direction of models M5–M6 exhibited larger displacements 

within the structure. This phenomenon indicates that, 

despite using a CF system, it is not suitable for 5-meter 

spans because the slab ribs distribute loads to the beams 

based on their tributary area to the CF system, making the 

structure more sensitive. Conversely, in the Y-direction, 

there is a significant reduction in displacements compared 

to the X-direction, even with spans of up to 3.4 meters, as 

observed in models M9–M10–M11. This is due to the 

stress distribution between the CF and CM systems, which 

prevents excessive flexibility in this direction [22]. 

These commonly used configurations are generally 

suitable for two-story buildings [23], as they remain within 

the permissible drift limit of 0.005 in both directions [24]. 

However, in the X-direction, increasing the number of 

stories often leads to a loss of stiffness despite maintaining 

structural symmetry. On the other hand, in the Y-direction, 

the CM system contributes efficiently to the overall 

structural resistance, even as the number of stories 

increases. 

The shear force in the models increases proportionally 

with the number of stories. However, this effect must be 

analyzed separately for each direction. In the X-direction, 

at the third story, the shear force increased by 55% to 60%, 

and when extended to the fourth story, it increased by 33% 

to 37%, both relative to the second story. Meanwhile, the 

overturning moment in the X-direction was approximately 

2.7 times higher than in the Y-direction, mainly due to the 

wall density in this direction, making it more susceptible to 

overturning [25]. When verifying overturning moments, it 

is crucial to consider the orientation of the confinement 

walls and the number of spans, as these help counteract 

structural overturning. For instance, Model M9 

demonstrated a more balanced response compared to the 

other models. 

For this ISMF alternative, despite having a CF system in 

one direction and its distortion being regulated by the E-

030 Standard [21] at 0.007, it must be reduced to 0.005, 

which corresponds to the CM system. This is because, in 

both directions, for horizontal forces or seismic loads, the 

CM system's tolerance is only limited to such movements, 

whereas the CF system does not share the same restriction. 

A significant challenge with these ISMF structures is 

ensuring proper interaction between the masonry wall and 

the concrete frame. This requires careful planning of the 

sequence between the different phases: foundation, brick 

masonry elements, and frame system elements. It also 

demands quality control of construction materials and well-

defined construction details, particularly for anchorages 

and reinforcements. 

5. Conclusions 

The ISMF exhibits different structural behavior in each 

direction and must be designed based on the most sensitive 

parameters of the CM system, including displacement, 

shear, and overturning. The main advantage of this 

structural configuration is its resistance to horizontal loads 

when confined masonry is aligned with the direction of the 

applied force. However, a notable disadvantage is its 

susceptibility to overturning in the perpendicular direction. 

Additionally, in the framed direction, a stiffer system must 

be considered to accommodate long spans or multiple bays 

that require adequate support. 

Among the practical models analyzed, Model M9 proves 

to be an optimal configuration, as it exhibits minimal 

distortion while maintaining shear and overturning values 

within the average range of all models. Similarly, 

maintaining a slenderness ratio of H/L = 1.3 per story for 

confined masonry ensures efficient structural performance 

up to four stories. 

Finally, further research is recommended to better 

understand the interaction between confined masonry walls, 

framed beams, and framed columns, as these elements 

respond differently to horizontal loads. Additionally, since 

these configurations are commonly used in semi-rural areas, 

further design adaptations should be explored to enhance 

their applicability and structural reliability. 
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