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Abstract: 

Masonry infill walls and reinforced concrete frame structures is one of the most commonly used 

combination for design and construction of building structures worldwide. The design practice 

and most of the seismic code regulations do not include the influence of infills on seismic 

resistance, although the contribution is significant for the building seismic performance, 

particularly in the case of slight to moderate earthquakes. Therefore, the effect of infill walls 

should be considered during the design and analysis of RC structures in seismic prone areas. 

This paper deals with seismic assessment of a reinforced concrete frame structure with masonry 

infill walls for the purpose of investigation of the effect of different types of infill on earthquake 

response of this type of structures. The experimental research program performed in the frames 

of the project FRAMA will be presented followed by part of the obtained results which will be the 

basis for further analytical modelling.  
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1. INTRODUCTION 
Design and construction of RC buildings with masonry infill are common in European 

engineering practice especially in its seismically active southern part. The effects of the infill on 
the seismic performance of the integral structure are very important. The infill walls have 
demonstrated poor performance even in moderate earthquakes, namely, due to their brittle 
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behaviour and little or no ductility, they suffer damage ranging from cracking to crushing and 
eventually disintegration (Fig.1). However, it has been recognized that they may have a 
beneficial effect on the seismic performance of buildings from the aspect of reducing the lateral 
storey drift at which the maximum shear force is attained by more than 2 times compared with the 
bare frame, except for the partial-height walls that may cause shear failure of the adjacent columns. 

A review of the literature shows that consensus on the effects of the interaction between 
frames and in-plane masonry walls is still lacking. Some researchers have suggested that infill 
walls have led to collapse of many buildings (Aschheim, 2000; Sezen et al., 2003, Kyriakides, 
2008) and that infill walls may affect the response of frames detrimentally (Murty et al., 2006). 
Others have suggested that masonry infill panels may be beneficial (Akin, 2006; Hassan, 1996; 
Fardis and Panagiotakos, 1997; Henderson, 2002; Mehrabi et al., 1997, [6]). 

 

Figure 1. Damages to infill walls (Photos: L.D. Decanini & L. Liberatore, L’Áquila EQ, 2009; 

[10], R. Milanesi, P. Morandi, G. Magenes & B. Binici, Emilia EQ, 2012, [11]) 

 

Figure 2. Negative effect of infill on seismic performance of a structure – “soft storey” 

mechanism (Photos: L.D. Decanini & L. Liberatore, L’Áquila EQ, 2009) 

 

Figure 3. Negative effect of infill on seismic performance of a structure 

(Photos: L.D. Decanini & L. Liberatore, L’Áquila EQ, 2009) 
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Fardis (2006) reported that the effects of masonry infill could be positive-in the case when 

the bare structural system has little seismic resistance and negative- if the contribution of the 

masonry infill to the lateral strength and/or stiffness is large relative to that of the frame itself. In 

such a case, the infill may override the seismic design and render ineffective the efforts of the 

designer to control the inelastic response by spreading the inelastic deformation demands 

throughout the structure. 

The unfavorable effects can be represented through: (1) loss of integrity of the infill at the 

ground storey that may produce “soft storey” and trigger global collapse, (Fig. 2); (2) brittle 

failure of frame members, notably columns, (Fig. 3); (3) concentration of inelastic demands in 

the part of the building which has a sparser infill, etc. 

Hermans et al. (2011) reported that the differences in stiffness and ductility between the 

structural model (without infill) and the built structure can be very large. As masonry infill walls 

may significantly affect the way in which the building responds to the seismic event, it should 

not be surprising that some buildings collapse although the magnitude of the earthquake is not 

very high. In this case, the seismic loads that are used to analyze the seismic response of the 

structure may vary significantly from what the building will be subjected to.  

Dolsek and Fajfar (2008), [4], captured the essence of the problem stating: “The infill walls 

can have a beneficial effect on the structural response, provided that they are placed regularly 

throughout the structure, and that they do not cause shear failures of columns.” 

A similar conclusion was given by Varum et al. (2017) after Ghorka 2015 Nepal 

earthquake. From the reconnaissance trip, they observed that the material properties of the infills 

and their construction process technique contributed to a significant increase of the lateral 

stiffness of the buildings. For the cases of regular distributions such as in terms of height or 

plant, their contribution was positive and no significant damages were observed. However, the 

common practice of use of the ground-floor of the buildings for commercial purposes originated 

vertical stiffness irregularities that were particularly catastrophic by causing several soft-storey 

mechanisms, which led to the collapse of a significant number of buildings around Kathmandu. 

Recent investigations point to engineering design of masonry infills for post-earthquake 

structural damage control where horizontal sliding joints were designed as weak points where the 

deformations are concentrated (Preti at el., 2015). 

Another study, which analyzes the response assessment of nonstructural building elements 

(S. Taghavi and E. Miranda, 2003), [8], reported that the largest percentage of cost breakdown 

during earthquake actions belonged to the nonstructural components of the analyzed buildings 

(Figure 4). 

 

Figure 4. Cost breakdown of office buildings, hotels and hospitals 

(S. Taghavi and E. Miranda, 2003) 
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The existence of such contradictions in the views of the research community have led to 

the deconstruction of the frame-masonry system by many regional building codes that contain 

warnings about the interaction of frames and infill walls, but are mostly silent on providing 

recommendations and bounds on their proper proportioning. 

In the new buildings design according to Eurocode 8, (EN 1998: Eurocode 8.2004), [5],   

the masonry infill is a threat as a source of structural additional strength and the so called 

“second line of defense”. So, reduction of input seismic action as a result of favorable infill 

effects is not allowed. Considering this, design of RC buildings with masonry infill according to 

EC8 is on the safety side, but it is not rational because it leads to a significant increase of 

reinforcement in the structural element in comparison with the bare frame. The problem is even 

more complex in the case of seismic performance assessment of the existing RC buildings with 

masonry infill. It is already known that the influence of the infill wall is most significant when 

the structural system itself does not possess adequate seismic resistance, which is often the case 

in a large number of substandard RC buildings in south Europe and the Mediterranean 

constructed before the implementation of the seismic codes, as well as in the case of newly 

designed buildings without respecting the capacity design approach. In such buildings, the 

explicit consideration of the infill wall in an analytical model and its verification is necessary. 

In RC frames infilled with masonry (framed-masonry), the infill walls stiffen the frame and 

reduce the first-mode period leading to a reduction in drift response to strong ground motion. At 

the same time, the addition of the masonry wall to the frame tends to increase the base-shear 

response and reduce the drift capacity of the structure. The increase of lateral force and the 

reduction of the drift capacity leads to serious vulnerabilities unless proper proportioning is 

exercised. The solution of the problem requires understanding of the behavior of masonry and 

concrete subjected to dynamic and random loading reversals, a challenge that demands testing 

under reasonably realistic conditions for confident analysis of the problem and its generalization. 

To improve the understanding of this problem, a research project “Frame – Masonry 

Composites for Modeling and Standardizations (FRAmed-MAsonry)” was started at the Faculty 

of Civil Engineering in Osijek, Croatia (2014-2017). The principal investigator was Prof. Dr. 

Vladimir Sigmund. The main focus of this paper is to present the outcomes of this project which 

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.  

3. TEST PROGRAMME, GROUND MOTION AND INSTRUMENTATION  

3.1. Test Programme and Ground Motion 

The ground motion record used for the shaking table tests was the ground motion recorded 

at the Herceg - Novi station during the 15th April 1979 Montenegro earthquake, (Fig. 5). The 

earthquake had a moment magnitude of 6.9 and a hypocentral depth of 12 km. To account for the 

fact that the structure was constructed to the scale of 1:2.5, the record was scaled in time by 

reducing the duration by a factor √2.5. The record was base line corrected and then scaled to 

match the different levels of peak ground acceleration (PGA) that were used as input signals for 

the shake table tests, (Tables 1, 2). 

The testing procedure consisted of two main phases: 

1. Tests for definition of the dynamic characteristics of the models, before, during the 

performance and at the end of the seismic tests (Table 1 - tests 01, 02 and 08 for MODEL 

1 and Table 2 – tests 01 and 13 for MODEL 2), in order to check the stiffness 

degradation of the model produced by the micro or macro cracks developed during the 

tests – resonant frequency search tests. 
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2. Seismic testing by a selected earthquake record until heavy damage. The tests were 

performed in several steps, by increasing the input intensity of the earthquake, (Tables 1 

and 2), in order to obtain the response in the linear range, as well as to define the initial 

crack state, the development of the failure mechanism and the possible collapse of the 

model – seismic response tests. 

 

  

Figure 5. Acceleration time history and frequency content of the applied earthquake 

 

 

Table 1. Sequential order of the performed tests - MODEL 1. 

Test ID Test type Axis Test parameters 

Test01 Sine sweep test Y f: 0.5÷35 Hz, a=0.02 g 

sweep rate: 1 oct/min 

Test02 Sine sweep test Y f: 0.5÷35 Hz, a=0.02 g 

sweep rate: 1 oct/min 

Test03_HN5 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.05 g (Y) 

Test03_HN10 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.1 g (Y) 

Test05_HN20 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.2 g (Y) 

Test06_HN30 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.3 g (Y) 

Test07_HN40 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.4 g (Y) 

Test08 Sine sweep test Y f: 0.5÷35 Hz, a=0.02 g 

sweep rate: 1 oct/min 

Test09_HN60 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.6 g (Y) 

Test10_HN70 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.7 g (Y) 

Test11 Sine sweep test Y f: 0.5÷35 Hz, a=0.02 g 

sweep rate: 1 oct/min 

Test12_HN80 TH Seismic test, Herceg Novi Y Ref. peak acc.: 0.7 g (Y) 

Test13_HN100 TH Seismic test, Herceg Novi Y Ref. peak acc.: 1.0 g (Y) 

Test14_HN120 TH Seismic test, Herceg Novi Y Ref. peak acc.: 1.2 g (Y) 

 

549



 

X Jubilee International Scientific Conference 
„Civil Engineering Design and Construction“ (Science and Practice), Sept. 20-22, 2018, Varna, Bulgaria 

 

Table 2. Sequential order of performed tests - MODEL 2. 

Test ID Test type Axis Test parameters 

Test01 Sine sweep test Y f: 0.5÷35 Hz, a=0.02 g 

sweep rate: 1 oct/min 

Test02_HN5 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.05 g (Y) 

Test03_HN10 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.1 g (Y) 

Test04_HN20 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.2 g (Y) 

Test05_HN30 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.3 g (Y) 

Test06_HN40 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.4 g (Y) 

Test07_HN60 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.6 g (Y) 

Test8_HN70 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.7 g (Y) 

Test9_HN80 TH Seismic test,Herceg Novi Y Ref. peak acc.: 0.8 g (Y) 

Test10_HN100 TH Seismic test,Herceg Novi Y Ref. peak acc.: 1.0 g (Y) 

Test11_HN120 TH Seismic test,Herceg Novi Y Ref. peak acc.: 1.2 g (Y) 

Test12_HN140 TH Seismic test, Herceg Novi Y Ref. peak acc.: 1.4 g (Y) 

Test13 Sine sweep test Y f: 0.5÷35 Hz, a=0.02 g 

sweep rate: 1 oct/min 

 

In such a way, the complete seismic performance of the structures starting from the linear 

range, the appearance of the first cracks in the walls up to the development of the failure 

mechanisms was captured. 

3.2. Instrumentation Set-up 

The model response was monitored by a high speed data acquisition system consisting of 

20 accelerometers (ACC); 20 displacement transducers (LVDT); 4 linear potentiometers (LP) 

and 12 strain gages (SG), providing information about accelerations at different levels and 

points, relative displacements and deformations and strains at selected points. Detailed 

information on the instrumentation can be found in Necevska-Cvetanovska et al. (2015), [1]. 

Selected photos from the instrumentation set‐up are presented in Figures 6, 7 and 8. 

   

Figure 6. Instrumentation of MODEL 1 – LVDT and LPs (frame RA and RB) 
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Figure 7. Instrumentation of MODEL 2 - accelerometers (roof level) 

  

Figure 8. Instrumentation set-up – view on the shaking table 

 

4. 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. Further on, results from MODEL 1 and MODEL 2 are presented, while the 

investigations of behavior of MODEL 3 are ongoing and will be presented in future. 
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4.1. Test observation regarding Model 1 

Testing of MODEL 1 was performed by following the test protocol described in Section 

3.1 (Table 1). The selected observations from the experimental testing are given below. 

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 11. 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 9. Obtained frequencies for MODEL 1 

4.2. Test Observation Regarding MODEL 2 

Testing of MODEL 2 was performed considering the test protocol described in Section 3.1 

(Table 1). The selected observations from the experimental testing are given below. 

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 10. 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 10. Obtained frequencies for MODEL 1 

Before seismic 

response tests 

(test 02)  

After PGA = 

0.4 g (test 08) 

Before seismic response 

tests (test 01)  

 

At the end of testing after 

PGA = 1.4 g (test 13) 
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The relative displacements of MODEL 1 and MODEL 2 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 11. 

 

Figure 11. MODEL 1 and 2 & 3: Comparison of the displacement time-histories for PGA = 1.2 g  

 

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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