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Abstract: 

The design and construction of RC buildings with different types of masonry infill walls is one of 

the most common practices in structural engineering. In order to deepen the understanding of 

the behaviour of this kind of structures, a research project “Frame – Masonry Composites for 

Modelling and Standardizations (FRAmed-MAsonry)” was started at the Faculty of Civil 

Engineering in Osijek, Croatia (2014-2017). The principal investigator on this part was Prof. 

Dr. Vladimir Sigmund. The main objective was to investigate the safety and behavior of 

buildings with masonry-infilled RC frames through near full-scale dynamic earthquake-

simulation tests accompanied by supporting pseudo-dynamic tests of structural assemblies and 

components and by calibrated analytical solutions. The Institute of Earthquake Engineering and 

Engineering Seismology, UKIM-IZIIS from Skopje was partner in the realization of the 

experimental investigations, which were carried out at the IZIIS Dynamic Testing Laboratory in 

the period June 2015-August 2015. The principal investigator on the part of UKIM-IZIIS was 

Prof. Dr. Golubka Necevska-Cvetanovska. 

This paper presents the observations from a series of shaking-table tests done on a 1:2.5 scaled 

three story RC building with masonry infill walls. Two building models (MODEL 1 with hollow-

clay infill walls and MODEL 2 with solid-clay infill walls) were designed and subjected to a 

tailor-made testing protocol to experience performance states between minor damage and near 

collapse.  
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1. INTRODUCTION 

The Institute of Earthquake Engineering and Engineering Seismology, UKIM-IZIIS from 

Skopje following previous investigation in the area given in [2], [3], [7] and [9], was partner in 
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the realization of the experimental investigations, which were carried out at the IZIIS Dynamic 

Testing Laboratory in the period June 2015-August 2015. The principal investigator from IZIIS 

side was Prof. Dr. Golubka Necevska-Cvetanovska. 

The complete experimental programme consisted of:  

 Laboratory tests of concrete, steel, masonry unit (bricks) and mortar specimens for 

definition of their strength characteristics;  

 Quasi‐static tests of 2 series (each consisting of 6 elements) of masonry wall samples in 

cement-lime mortar; the first one of hollow-clay masonry and the second one of solid-

clay masonry bricks, for definition of their mechanical characteristics and failure 

mechanism and  

 Shaking-table tests of the three models of three story RC building with hollow-clay 

masonry infill (MODEL 1), solid-clay masonry infill (MODEL 2) and innovative method 

for construction of infill walls (MODEL 3) to a scale 1:2.5.  

This paper presents the observations from these series of shaking-table tests on a three 

story RC building with masonry infill walls carried out in the Dynamic Testing Laboratory of 

IZIIS in Skopje in the frames of the above mentioned research project FRAMA. The tests were 

expected to contribute to overcoming the contradictions within the research community 

regarding the influence of masonry infill on the seismic performance of such mixed structures. 

The three building models (MODEL 1, MODEL 2 and MODEL 3) were designed and subjected 

to tailor-made testing protocol to experience performance states between minor damage and near 

collapse. 

2.1. Test Units 

Definition of the test structures was governed by the aim to determine the failure 

mechanism of the column in shear. Studies of existing laboratory and field evidence highlighted 

five important constraints in development of proper experimental structure. It is essential: 1) to 

test the specimens in a dynamic (earthquake simulation) environment, 2) to have multiple stories 

in order to approach the fluctuations of axial force that a structural system which involves 

interactions of an RC frame with masonry infill walls would experience, 3) to use near full-scale 

materials and dimensions (masonry units, concrete aggregates, reinforcement, and mortar joints), 

4) to include an intermediate column (a column between two walls) in the test structure, 5) to 

limit the building footprint to approximately 5 by 5 m and its weight to 45 tons because of the 

limits of the IZIIS shaking table. 

The constraints have resulted in the choice of a three-story test structure with two bays in 

the assumed N-S direction and one bay in the E-W direction (Fig. 1). The height of the model 

was 3.9m. MODEL 1 structure had hollow-clay infill walls. MODEL 2 structure had solid-clay 

infill walls and for MODEL 3, an innovative method was applied in construction of the infill 

walls. 

This paper shows the results from the experimental investigations carried out only for 

MODEL 1 and MODEL 2. The design of the two models was performed at the Faculty of Civil 

Engineering in Osijek, while building of the models and testing on the seismic shaking table 

were carried out in the Dynamic Testing Laboratory of IZIIS in Skopje. The artificial mass 

simulation law was applied to account for the scaling. Presented in the paper are selected 

observations only from the design, construction and shaking-table tests of the two models. 

Detailed information regarding the complete experimental programme is given in Necevska-

Cvetanovska et al., (2015) [1]. 

The experimental programme for MODEL 3 is in the phase of realization and the obtained 

results will be published in the near future. 
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Figure 1. 3D view of MODEL 1, MODEL 2 and MODEL 3 

 

The same bare RC frame structure was used for construction of MODEL 2. First, the 

damaged infill from the first and second story was demolished and removed from the structure. 

The next step was insertion of solid-clay masonry infill and vertical RC ties around the openings, 

(Fig. 2). 

 

 

Figure 2. Layout of the models over the shaking table - MODEL 1 (left) & MODEL 2 (right) 

 

3. SHAKING TABLE TESTS ON 1:2.5 SCALED MODELS 

The shaking-table test were designed to address broader open issues within the FRAMA 

project as: 1) the relationship between the drift capacity and the properties of the frame-masonry 

system controlling the drift capacity, 2) the stability of the masonry infill walls subjected to out-

of-plane inertia forces, 3) the effect of the openings in the masonry walls on the response of the 

frame-wall system, 4) the development and calibration of a new sensor to detect crack 

development and enable remote sensing of the safety state of a building after an earthquake. 

The models were subjected to several runs of increasing intensity, covering performance 

levels between minor damage and near collapse. The damage propagation with an increasing 

shaking intensity is discussed and selected test results - acceleration time histories, relative 

displacement time histories and shift in measured frequencies due to damage propagation are 

presented. 
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4.1. Test observation regarding Model 1 
Definition of the dynamic properties of MODEL 1 was the first step of the experimental 

testing, which enabled acquiring of important information about the achieved stiffness (natural 
frequencies) of the model. The natural frequency was defined in the Y direction of the model, by 
applying resonant frequency search tests. The frequencies obtained before the start of the seismic 
response tests (tests 01 and 02) and during the testing sequences after reaching PGA = 0.4 g (test 
08) are presented in Figure 3. The first frequency of the undamaged model was 8.785Hz, while 
after performing a series of five seismic response tests, the frequency was 3.047Hz. This 
emphasizes the reduction of the initial stiffness of the model due to the occurrence of damages, 
especially in the masonry infill. 

 

Figure 3. Obtained frequencies for MODEL 1 

 

Figure 4. Relative displacement at the top of MODEL 1 

The relative displacement of MODEL 1 defined as a difference between the recorded 
displacement at the top (linear potentiometer LP4) and at the bottom (LP1), at PGA = 1.2 g, is 
given in Figure 4. Selected photos showing the damage distribution on the model at PGA=1.2 g 
is presented in Figure 5. 

   

Figure 5. Damage to the infill of MODEL 1 

Before seismic 

response tests 

(test 02)  

After PGA = 

0.4 g (test 08) 
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4.2. Test Observation Regarding MODEL 2 

Definition of dynamic properties of MODEL 2 was the first step of the experimental 

testing, which enabled acquiring of important information about the achieved stiffness (natural 

frequencies) of the model. The natural frequency was defined in the Y direction of the model by 

applying resonant frequency search tests. The frequencies obtained before the start of the seismic 

response tests (tests 01) and at the end of the testing (test 13) are presented in Figure 6. The other 

selected results obtained from the experimental testing will be presented further. The first 

frequency of the undamaged model was 7.51Hz, while at the end of the testing, the frequency 

was 3.11Hz. This emphasizes the reduction of the initial stiffness of the model due to the 

occurrence of damages, especially in the masonry infill. 

 

Figure 6. Obtained frequencies for MODEL 2 

 

Figure 7. Relative displacement at the top of MODEL 2 

The relative displacement of the MODEL 1 defined as a difference between the recorded 

displacement at the top (linear potentiometer LP4) and at the bottom (LP1), at PGA = 1.4g is 

given in Figure 7. Selected photos showing the damage distribution on the model at PGA=1.4g 

are presented in the Figure 8. 

   

Figure 8. Damage to the infill of MODEL 2 

Before seismic response 

tests (test 01)  

 

At the end of testing after 

PGA = 1.4 g (test 13) 
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5. CONCLUSIONS 

The aim of the FRAMA project was to investigate, through dynamic earthquake-simulation 

tests, the safety and behaviour of the RC frame system containing different types of infill 

masonry walls since these systems serve both architectural and structural demands efficiently. 

It should be pointed out that both models were subjected to the same experimental 

programme. However due to the higher resistance of the second model, the tests continued under 

higher intensities of input excitation. As a general observation from the performed tests, it can be 

said that MODEL 2 with solid-clay bricks and vertical RC ties around the openings has shown 

better performance compared to MODEL 1. The damage that appeared in the infill of MODEL 2 

was considerably smaller than that of MODEL 1, even under a higher input acceleration. 
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