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Abstract – The objective of this paper is to study the behaviour of mixed structures 

made of load-bearing masonry and reinforced concrete frames. These structural systems 

are found in many countries located in seismic areas, including in Romania. The mixed 

structural system can be used for civil, industrial or agricultural constructions and is of 

great technical and economic importance. Although they are often found in practice, in 

many situations these structures are treated wrongly regarding their conformation, but 

also their behaviour. Load-bearing masonry develops a strong interaction with reinforced 

concrete frames under the action of seismic forces, and this approach can lead to a 

substantial inaccuracy in specifying the real seismic response of structures in terms of 

lateral stiffness, strength and ductility. 
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1. INTRODUCTION 

 

The mixed structural system is the structural system in which the gravity loads are 

taken by both the reinforced concrete frames and the load-bearing masonry walls, while the 

lateral loads are mostly taken by the reinforced concrete frames. 

The system can have two versions: 

- the mixed system with predominant walls represents the mixed system in which the 

load-bearing masonry walls largely contribute to taking over the gravity loads; 

- the mixed system with predominant frames represents the mixed system in which 

the reinforced concrete frames mostly contribute to taking over the gravity loads. 

However, the influence of the reinforced concrete frames that interact with the load-

bearing masonry walls can be great and for this reason must be taken into account. The 

behaviour of the assembly will be similar to that of the predominant structural component. 

The mixed structures originate from load-bearing masonry structures, but due to the 

need for larger spaces, the load-bearing masonry is replaced in some interior places with 

reinforced concrete frames. 

Generally, in practice, mixed structures are used with load-bearing masonry walls on 

the outer contour of the building and reinforced concrete frames inside the building to be 

able to have large rooms. 

But it is also possible to meet the version in which the load-bearing masonry walls are 

inside and the reinforced concrete frames are outside. 



74   Ovidius University Annals Series: Civil Engineering, Year 25, 2023 

 

 

2. CASE STUDY. ANALYSIS OF THE BEHAVIOR OF MIXED STRUCTURES 

MADE OF LOAD-BEARING MASONRY AND REINFORCED CONCRETE 

FRAMES 

 

The objective is to determine the behaviour of mixed structures of load-bearing 

masonry and reinforced concrete frames and compare them with the results obtained for a 

structure only of load-bearing masonry and with a structure only of reinforced concrete 

frames. Two variants of mixed structures were analysed: a variant in which load-bearing 

masonry was used on the outer contour of the building, and reinforced concrete frames 

were used inside the building, and a variant in which on the outer contour of the building 

reinforced concrete frames, and load-bearing masonry was used inside the building. 

The comparative study was carried out for the 4 structural solutions on a building 

with a P+2E height regime with a non-circulable terrace, with the residential destination 

located in the municipality of Constanta with the seismic characteristics related to the site. 

The strength class of the concrete used was C20/25; Brikstone brick was used for the 

load-bearing masonry. After the evaluation of the loads and the pre-sizing of the resistance 

elements, the result was for the frames beams a section of 25x60 cm, for the corner column 

and the marginal column a section of 30x30 cm and for the central column a section of 

40x40 cm, and for the load-bearing walls the thickness of the walls of 25 cm, the masonry 

pillars of 25x25 cm and the masonry belts 25x25 cm.For all four structural solutions, linear 

dynamic analysis was performed using the SCIA Engineer finite element program and the 

results obtained are presented below. 

 

 
Fig. 1 Natural vibration periods for the mixed structure with load-bearing masonry on the 

external contour of the building and reinforced concrete frames inside the building 

 

 
Fig. 2 Natural vibration periods for the mixed structure with reinforced concrete frames on 

the external contour of the building and load-bearing masonry inside the building 
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Fig. 3 Natural vibration periods for the load-bearing masonry structure 

 

 
Fig. 4 Natural vibration periods for the structure in reinforced concrete frames 

 

 
Fig. 5 Masonry stress diagram for the mixed structure with reinforced concrete frames on 

the external contour of the building and load-bearing masonry inside the building 
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Fig. 6 Masonry stress diagram for the mixed structure with reinforced concrete frames on 

the external contour of the building and load-bearing masonry inside the building 

 

 
Fig. 7 Stress diagram for the load-bearing masonry structure 
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Fig. 8 Diagram of masonry wall displacements for the mixed structure with load-bearing 

masonry on the external contour of the building and reinforced concrete frames inside the 

building 

 

 
Fig. 9 Diagram of masonry wall displacements for mixed structure with reinforced concrete 

frames on the external contour of the building and load-bearing masonry inside the building 
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Fig. 10 Diagram of displacements for the load-bearing masonry structure 

 

 
Fig. 11 Diagram of displacements for the structure in reinforced concrete frames 
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Fig. 12 Strain diagram for mixed structure with load-bearing masonry on the external 

contour of the building and reinforced concrete frames inside the building 

 

 
Fig. 13 Strain diagram for the load-bearing masonry structure 

 

3. CONCLUSION 

 

Following the analysis of the results obtained regarding the behaviour of mixed 

structures, made with the help of calculation programs, some conclusions and 

recommendations can be drawn.  
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First of all, it can be seen that the mixed structures took from the advantages of the 

two structural systems that we referred to. 

Reinforced concrete frame structures are flexible structures, and load-bearing 

masonry structures are rigid structures. Analysing the natural vibration periods resulting for 

the two types of mixed structures in comparison with the structure in reinforced concrete 

frames and the load-bearing masonry structure, it can be seen that the mixed structures are 

not as rigid as the load-bearing masonry structures, but not very flexible as the frame 

structures from reinforced concrete, this being an advantage in the behaviour of these 

structures. (Fig. 1, Fig.2, Fig.3, Fig.4) 

Mixed structures with load-bearing masonry on the external contour of the building 

and reinforced concrete frames inside the building are more rigid than mixed structures 

with load-bearing masonry on the inside of the building and reinforced concrete frames on 

the external contour of the building. (Fig. 1, Fig.2) 

It is observed that in mixed structures, the behaviour of the structure in taking over 

the seismic force is better than that of the load-bearing masonry structure, this is due 

especially to the reinforced concrete frames. 

But in addition to these advantages, it is also noticeable that in the case of mixed 

structures, areas of high stress concentrations appear at the intersection of the masonry with 

the reinforced concrete frames and at the base of the load-bearing masonry walls due to the 

fact that the eccentricity of the forces on the masonry wall increases. (Fig. 5, Fig.6, Fig.7) 

A solution to counteract the appearance of these areas with high stress concentrations 

is to achieve a better conformation of the structure in these areas. 

It is recommended that these masonry pillars be more developed in the direction of 

the reinforced concrete frames, this aspect leading to the increase of the resistance module 

of the masonry pillars resulting in a reduction of the stress values. 

To reduce the stresses at the base of load-bearing masonry walls, it is recommended to 

increase the thickness of the wall, in this way, by increasing the surface of the transmission of 

the stresses, their values decrease, as a result, the load-bearing masonry would no longer be so 

stressed and would not suffer too much deformation. (Fig. 12, Fig.13)  

Another solution to improve the load-bearing capacity of masonry walls is to choose a 

brick with a higher compressive strength. 
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