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Abstract: In order to study the dynamic behaviour of construction, specifically seismic response of structures, as many researchers 
did, we have resorted to modelling methods, based on the scaled internal forces. Therefore, this research includes results of an 
experimental investigation aimed to establish the possibility of realistic simulations of the cyclic response of small-scale models of 
one bay, one-storey reinforced concrete frames with masonry infills as a preliminary step for simulating the dynamic response of 
such structural. So, the specimens constructed were 1:9 scale R/C frames. These 1:9 scale infill frames were constructed with 
prototype materials and were tested in an extensive experimental sequence representing specimens of a scale near the prototype (1:3). 
The tested laboratory models include 1:3 scale infilled R/C frames that were built from original material such as steel, concrete and 
masonry infills (hollow masonry units and mortar). With the same scale, geometry and construction materials used for the 
construction of a 1:3 scale 5-story three dimensional building. This program consisted of 16 models, 5 bare and 11 masonry infilled. 
all models refer to single-storey one-bay 1:9 scale as for the original structure and a one third of the scale (1:3) as for the prototype 
(1:3). The reinforced concrete specimens were designed in such a way as to prevent shear failure of the columns. Finally, the present 
paper was carried out in the Laboratory of Strength of Materials and Structures in the Department of Civil Engineering at Aristotle 
University of Thessaloniki. 
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1. Introduction  

The influence of masonry infills on the seismic 

response of framed multi-storey structures has been a 

topic of research for quite some time. This influence, 

although not explicitly addressed by the seismic codes 

of many countries, is believed to be at times rather 

significant by many researchers and practitioners. 

Several researchers studied dynamic behaviour of 

frames during earthquakes [1]. Buildings with soft 

floor and upper stiff floors put high pressure on 
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structural elements. The impact of having masonry 

infills with the surrounding R.C. frames is the focus of 

several studies; however, existing literature does not 

provide elaborate analytical models to understand 

effect of infill [2]. The literature research shows basic 

analytical models such as limit analysis and diagonal 

models. The strut models are commonly used but with 

low accuracy in predicting failure mechanism shown 

due to infilled frames. Effective width of strut is 

estimated by empirical equations based on specific 

experiment data. Therefore, applicability of empirical 

models is limited to experimental set up. The limit 

analysis method provides maximum resistance of the 

structure based on known failure mechanism [3]. Also, 
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when considering multi-story structure failure 

mechanism is complex and fairly unpredictable [4].  

The above topics are being examined in this 

research. Generally, he investigates the problem of the 

interaction of filling elements—reinforced concrete 

frames under dynamic loads through natural 

specimens on a relatively small scale. This is a 

desirable aim, because if it is established that the 

degree of fidelity of examining such phenomena on a 

small scale is sufficient, we can examine the 

influences of various parameters of wall fillings on 

reinforced concrete frames through small-sized 

models. The main advantages of such an examination 

will be the lower cost, on the other hand, that 

relatively complex three-dimensional bodies can be 

simulated and then studied under artificial seismic 

loads [5]. Therefore, more in-depth experimental tests 

are needed, and they are desirable to improve 

analytical models [6]. One of the laboratory 

techniques used to study this influence is to subject 

the top beam, of typical one-bay and one-storey 

framed structural specimens, to pseudo-dynamic 

horizontal cyclic displacements (Fig. 4). These 

specimens are made either of steel or reinforced 

concrete (R.C.) and have masonry infills made either 

of clay, brick or concrete masonry units. This 

experimental arrangement is used as corresponding 

statically to the deformations imposed on the structure 

during prototype earthquake excitations. 

2. The design Procedure of the Small-Scale 
Model 

2.1 Model Similitude Requirements  

Similarity between a prototype structure and a 

small-scale model is maintained by proper scaling of 

significant physical quantities that govern structural 

behaviour. The design of a model is initiated by 

performing a dimensional analysis, the first step in a 

dimensional analysis is to identify the significant 

variables that affect the structure. Table 1 gives the 

scaling factors that were set as the target and was the 

starting point for the design of the 1:9 physical models, 

always having the target model 1:3. The choice of the 

elastic modulus scale factor λEr between the 

modelling materials and the prototype materials is 

dictated by two variables: the value of λEr which is 

identical to λEr = λσr. In particular, it should be 

defined so as to find suitable substitutes for 

construction materials that satisfy similitude 

requirements in the elastic and inelastic range of 

behavior of structural system up to failure. Thus, for 

the construction of the physical models 1:9 scale, the 

elastic modulus scale λEr was chosen to be 1.5 based 

on a parametric study performed on prototype 

materials tested for this purpose. 

2.2 R.C. Frame Design 

The experimental specimens considered in this 

paper are single-story, one-bay 1:9 R/C frames. They 

have been extracted from the experimental R.C. 

prototype frame of 1:3 scale and scaled with a length 

scale factor of 1/3. The design and detailing of the 

models considered here and scaled prototype frame is 

presented in Fig. 1. Due to the small scale of the 

model, its construction becomes more difficult, and it 

does not directly give impact on full scale elements 

[7]. So, for the simulation of reinforced concrete 

structural elements, used techniques developed by 

other researchers and have been applied successfully. 

Thus, for the construction of the scaled frame used 

scaled prototype materials (concrete and steel). For 

scaled concrete, a cement: aggregates: water ratio of 

1:3:0.7 by weight was used according to the similitude 

requirements for the materials and the proportion of 

concrete materials in the 1:3 scale R.C. frame. 

For scaled longitudinal reinforcement and stirrups, 

small diameter plain bars (Φ 2.4 mm and 0.96 mm) 

used were specially processed to obtain the 

appropriate properties, strength and strong bond with 

concrete. To maintain the similarity between the 

prototype structure and the small-scale model, the 

same plain bars were used in the beams and columns. 
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The mechanical properties of the materials used, 

determined from tests on units or sub assemblages, are 

shown in Figs. 1, 2 and Tables 2, 3. 

The cross-section and the reinforcement details of 

the foundation were designed in such a way as to 

ensure good fixing conditions with the reaction frame 

and as to prevent cracks or other failures, shown Fig. 1. 

The masonry infills consisted of solid clay bricks 

with dimensions 21 mm / 30 mm / 40 mm. With these 

solid small-scale bricks that have been made 

specifically for the purpose of this research, the 

requirements for geometrical similitude are satisfied, 

(thickness, height, width of the infill). Although it was 

possible to simulate the geometric dimensions of the 

prototype (1:3) bricks, it was not possible to simulate 

the fact that the prototype bricks were perforated. 

Taking into account the scaling ratio, the average 

thickness of the horizontal joints of the infill was 

about 3 mm. Also, the corresponding average 

thickness of the vertical joints was about 3 mm. The 

number of horizontal joints of the infill was 10, while 

the corresponding number of vertical joints was 9. 

The design characteristic of the small-scale masonry 

infill and scaled prototype masonry infill is shown in 

Fig. 3. Also, in this figure it shows the types of the 

perforated and  solid clay  brick units  used in building 
 

Table 1  scaling factors (prototype-model).  

Physical quantities Units General case simulation Scales 

Length, l L  λ lr 1:3* 1:9** 

Area, A L2
 λ λΑr lr

= 2 1:9 1:81 

Strain, ε - λεr 1 1 

Moment of inertia, I L4
 λ λlr lr

= 4 1/81 1/6561 

Modulus of elasticity, E FL− 2
 λΕr 1/1.5 1/1.5 

Stress, σ FL− 2
 λ λσr Εr= 1/1.5 1/1.5 

Force, F F λ λ λr Εr lr
= ⋅ 2 1/13.5 1/121.5 

Flexural moment, M FL λ λ λΜ Εr lr
= ⋅ 3 1/40.5 1/1093.5 

 

 

860mm

1710mm 

15
170

15
120 

15 15 
120 

15 15 

30 30

440

30

30

910mm 

B B 

A

A
 

286.7mm

303.0mm 

5 
56.7 

5 
40 

5 5 
40

55

10 10

147

10

10

30.3mm 

BB

A 

A

83.3 50 83.3 50 

 
Prototype: scale 1:3 

 
Model: scale 1:9 

Fig. 1  Geometry and reinforcing details of frames (dimensions in mm).  
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Concrete stress – stain curve of 1:9 Model
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Longitudinal steel stress – strain curve of 1:3 Model 
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Fig. 2  Concrete stress-strain curves and longitudinal steel stress-strain curves of 1:9 model.  
 

Table 2  1:9 model and target strength (MPa).  

R.C. frame/masonry Strength Target specimen (1:3*) Model (1:9**) 

R.C. Frames 
Concrete strength (Mpa) 18.25 19.62 

Steel yield stress (Mpa) 228.18 220.73 

Masonry 

Compressive strength (Mpa) 1.45 2.45 

Shear strength** (Mpa) 0.283 0.271 

Tensile strength** (Mpa) 0.145 0.139 

*: Transformed to 1:9 mode conditions; 
**: From a diagonal tension test (max shear = 1.011 *P / (l*t)); 
Max tension = 0.519 *P / (l*t), P = load, l = panel length, t = panel thickness. 
 

of the masonry infills of the 1:3 and 1:9 scale frames. 

In vertical position, the infills were constructed in the 

bays of the frame using lime-cement mortar.  

A cement: lime: sand ratio of 30 g: 750 g: 600 g by 

weight was used. At the same time with the 

construction of these masonry infills, specimens were 

constructed and tested in compression and diagonal 

compression, which results are presented in Table 3.  

3. Experimental Setup—Test Procedure 

According to the similitude requirements, each 

specimen was tested under the combination of a 5.9 

KN axial compressive load on each column and a 

horizontal cyclic load of gradual displacement on the 

upper beam of each R/C frame. The axial compressive 

load was applied on the columns through a rigid steel 
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loading beam equipped with an out-of-plane hinges in 

the ends of the beam. The lateral and axial loading 

applying system and the loading program employed 

for the frame are shown in Figs. 4 and 5. As shown in 

Fig. 5, the applied cyclic displacement was of 

progressively increasing amplitude, comprising a 

series of two equal amplitude displacement cycles 

(first and second). Also, for the measurement of the 

behaviour of the specimens, a number of displacement 

sensors (LVDT) were placed on each model (Fig. 4), 

to measure the relative displacement of the deformed 

specimens relative to their initial undeformed state. 
 

89
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(a) 58.5 × 87 × 191 mm 
For 1:3 scale infill  

29
7m

m

280.7mm
 

(b) 21 × 30 × 40 mm 
For 1:9 scale infill 

Fig. 3  Geometry of the masonry infills and types of clay brick units. 
 

Table 3  Mechanical properties of the materials used.  

R.C. frames Masonry infills 
Name of 
frames 

Concrete strength 
(Mpa) 

Steel yield stress 
(Mpa)  

Name of 
infills 

Compressive strength 
(Mpa)  

Tensile strength 
(Mpa) 

(1) (2)  (3) (4) (5) (6) 

Bare frame  

Average 
Longitudinal 
reinforcement 
of the columns and the 
beams  
Φ 2.5mm 
(220.73 Mpa) 
 
 
 
Stirrups 
Φ 1.0 mm 
(230.00 Mpa) 

 

fb1 15.70 - - - 

fbN2 20.70 - - - 

fbN3 15.89 - - - 

fb4 21.68 - - - 

fbN5 19.62 - - - 

Infilled frames   

f1 21.68 w1 

Average 
(2.45 Mpa) 

0.101 

f2 21.68 w2 0.097 

fN3 21.68 wN3 0.211 

fN4 22.27 wN4 0.189 

f5 22.27 w5 0.220 

fN6 20.70 wN6 0.184 

f7 15.70 w7 0.231 

fN8 15.89 wN8 0.143 

f9 14.22 w9 0.137 

f10 14.22 w10 0.231 

fN11 19.62 wN11 0.201 

f: R.C. surrounding frame; b: bare; N: axial compressive load; w: masonry infill.  
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Fig. 4  Experimental arrangement.  
 

 
Fig. 5  The lateral loading program.  
 

4. Experimental Results  

The structural behaviour of each model was 

measured and recorded throughout the experimental 

sequence. These measurements were assessed, 

combined and presented using diagrams that capture 

the variation of the dominant parameters of the 

behaviour of each specimen such as: 

 The change of the stiffness; 

 The change of the bearing capacity; 

 The change of the energy dissipation. 

This was done by examining the hysteretic 

force-displacement curves, together with 

force-displacement envelopes curves as well as the 

progress of failure for every single specimen that was 

tested (i.e., bare frames and infilled frames).  

The combined investigation of the measurements 

studied in this study leads to the following:  

 The contribution of infill panels in the total 
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behaviour of masonry infilled R/C frame. 

 The influence of the level of axial compressive 

load for the columns of the frame. 

 The influence of each of the factors is classified 

and relevant conclusions are drawn from the 

comparative study of the obtained results. 

Finally, the main results that were obtained from 

the present research are compared with the results of 

the 1:3 scale target model, so, to show the degree of 

agreement of the circular response between the two 

frames models, with and without masonry infills. 

The main observational remarks on the behaviour 

of bare and infilled frames are the following. 

4.1 Failure Modes of the Frames 

The observed failure modes of the infilled frames 

are similar to the bare frame failure pattern. As shown 

in Fig. 6, plastic hinges are fitted at bottom and upper 

of the column without axial force. While in frames 

with axial load, the plastic hinges are fitted at the 

bottom of the columns and end of beams. Some 

columns have plastic hinges at the mid column section, 

and when slip failure of the infill is observed across a 

horizontal mortar joint.  

Specifically, in the bare frames with no external 

axial load on the columns, no brittle failure due to 

shear of columns and beam was observed. The first 

pair of plastic hinges was formed at the bottom of the 

columns and the second pair was formed at the top of 

the columns. In the frames with an axial load, the 

second pair was formed alternatively at the top of the 

columns or at the ends of the beam. The failure modes 

observed were found to be in good agreement to the 

failure modes of the prototype (1:3).  
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Fig. 6  Failure mode of the bare frame and infilled frame.  
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For infilled frames, infills show splitting from 

frame at non-load corners. The parts of infill showing 

large splitting, show diagonal tension and sliding 

shear cracks across a horizontal mortar joint close to 

mid section of the infill.  

For frames with external axial load on the columns, 

a transverse split in infill bricks was observed as 

shown in Fig. 6.  

R.C. frames showed a similar failure mode to the 

bare frames. Also, infill showed a sliding shear failure 

which is consistent with existing research [3, 6] and it 

was noticed that this caused diagonal cracks in the 

columns. The shear cracks in the columns are likely 

caused due to higher strength of infill compared to 

surrounding R/C frame.  

Also, for infilled frames without external load on 

columns, splitting of infill from frame occurred 

quickly because of elongation of columns under 

tension, while for infilled frames with external axial 

load on columns the separation was observed after 

longer period [1].  

4.2 Hysteretic Loops and Envelopes Curves of the 

Frames 

The hysteretic force-displacement curves for four 

frames (two bare frames and two infilled frames), 

together with force-displacement and force-drift 

envelopes curves for every frame that was studied are 

presented in Figs. 7 and 8. For conciseness, the effect 

of all parameters considered here is summarized in 

Tables 4 and 5 with respect to the initial stiffness, 

peak strength. The displacement curve for bare frame 

shown in Figs. 7a, 7b and 8a indicate elasto-plastic 

behaviour without strain. The angular distortion of the 

curved branch is low which indicates increase in 

cracking of frames. The curved branch is split at angular 
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(c) Infilled frame f7 without axial force 
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(d) Infilled frame fN6 with axial force 

Fig. 7  Lateral load—displacement loops of the frames: (a, c) without axial force; (b, d) with axial force. 
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Fig. 8  Effect of axial load (5.91 KN).  
 

distortion value of 0.6-1.2% where frame approach 

maximum strength, beyond this range strength remain 

constant because of ductile design of the frame.  

Frames with infill show different response in 

load-displacement as shown in Fig. 10b.  

The frame with infill shows linear trend up to 

angular distortion of 1.5-3%, beyond this level an 

ascending curved branch is observed, and it shows 

separation of infill from frame with cracks in both the 

infill and frame. The ascending branch splits when 

angular distortion reaches 12%. The trend in branch 

changes at beyond 12% to descending due to losing 

strength of infill material. The tested branch is straight 

and smooth. 

5. Observed Behaviour—Conclusions 

5.1 The Influence of the Parameters Investigated on 

the Cyclic Behaviour of the Small-Scale Frames 

As already mentioned, the level of axial 

compressive load for the columns of the frame, the 

presence of the infill panel and the thickness of the 

mortar joint are the main parameters investigated in 

this study. The presence of these parameters makes 

the problem more complicated, because these 

parameters influence the behaviour of the frame to a 

significant extent (Figs. 7, 8 and Tables 4, 5). 
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 The influence of the presence of axial force  

The presence of axial force on the columns of the 

1:9 frames specimens is important. This is shown by 

the increase in stiffness and strength observed in these 

frames models, as compared to the corresponding 

specimens without axial force. The increase in 

strength is about 60% and the increase in stiffness is 

about 10% (Table 4). 

Because of these increases, the observed narrowing 

constriction of hysteretic loops of the bare frames with 

axial load appear more intense than the bare ones 

without axial force (see Fig. 9). This shows that, the 

presence of axial force on the columns of both the 

bare and the infilled 1:9 frames, increases the energy 

dissipation capacity, (Figs. 9 and 10). Also, the 

increase in the energy dissipation capacity of the 

infilled frames due to the presence of axial force is 

greater than the corresponding energy dissipation 

capacity of the bare frames (Figs. 9 and 10).  

 The influence of the presence of masonry infills 

The influence of the presence of infills on 1:9 

physical frame specimens without axial force is also 

important, this is shown by the increase in stiffness 

and strength observed in these frames models if this  
 

Table 4  Ratio of infilled frames to bare frames strength, initial stiffness (stiffness calculated at displacement 0.17-0.34 mm).  

Frames Infill Axial load 
Maximum horizontal 
load 
P (KN) 

Displacement to 
maximum horizontal 
load δ (mm) 

Strength ratio 
Initial stiffness 
(KN/mm) 

Initial stiffness 
ratio 

fb1,- Not exist Not exist 1.52 2 1.00 2.76 1.0 

fbN2,- Not exist Exist 3.80 4-10 1.00 2.80 1.0 

fbN3,- Not exist Exist 3.56 4-10 1.00 2.64 1.0 

fb4,- Not exist Not exist 1.51 2 1.00 2.89 1.0 

fbN5,- Not exist Exist 4.62 4 1.00 3.91 1.0 

f1,1 Exist Exist 2.83 4 1.86 3.41 1.23 

f2,1 Exist Not exist 3.09 4 2.03 3.86 1.40 

fN3,2 Exist Exist 5.82 4-8 1.63 - - 

fN4,2 Exist Exist 6.91 4 1.82 5.41 1.93 

f5,2 Exist Not exist 7.72 4 1.67 4.64 1.60 

fN6,2 Exist Exist 6.03 4 159 3.57 1.27 

f7,2 Exist Not exist 2.88 4 1.89 3.06 1.1 

fN8,2 Exist Exist 5.36 4 1.41 4.55 1.64 

f9,2,D Exist Not exist 2.44 4 1.61 2.81 1.02 

f10,2,w Exist Not exist 2.78 4 1.83 3.41 1.23 

fN11,2 Exist Exist 6.62 4 1.43 6.19 1.58 
 

Table 5  Ratio of infilled frames to bare frames energy dissipation. First cycles only.  

 Without axial force, Ν = 0 With axial force, Ν = 5.9 KN  

δi (mm) 

(1) 
Average infilled 
frames 
(KN.mm/mm) 

(2) 
Average bare 
frames 
(KN.mm/mm) 

(3) 
Ratio 
(1)/(2) 

(4) 
Average infilled frames 
(KN.mm/mm) 

(5) 
Average bare frames 
(KN.mm/mm) 

(6) 
Ratio 
(4)/(5) 

Mean value 
[(3)+(6)/2] 

0.167 0.094 0.103 0.910 0.153 0.0536 2.85 1.88 

0.34 0.134 0.135 0.99 0.204 0.0639 3.19 2.09 

0.5 0.212 0.224 0.95 0.234 0.104 2.24 1.59 

1 0.679 0.439 1.55 0.519 0.302 1.72 1.63 

2 1.276 0.885 1.44 1.102 0.637 1.73 1.59 

4 2.000 1.377 1.45 2.388 1.466 1.63 1.54 

6 1.710 1.450 1.18 2.654 1.792 1.48 1.33 

8 1.538 1.437 1.07 2.785 2.052 1.36 1.21 

10 1.365 1.361 1.00 2.870 2.232 1.29 1.14 
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cyclic behaviour compared with the that of bare 

frames without axial force. Thus, in infilled frames 

(without axial force), the increase in the strength of 

50% and the increase in stiffness of 20% are 

compared to the bare frames without axial force. Also, 

it observed a significant decrease in the bearing 

capacity of the infilled frames without axial force, 

during the second loading cycle over the first loading 

cycle (see Fig. 7c). Also, there is a gradually 

decreasing in the bearing capacity of the infilled 

frames in the inelastic region, for a horizontal 

displacement of 4 to 10 mm, that is to say an angular 

distortion value of 12%-30% which corresponds to a 

displacement of 12-30 mm in the corresponding 1: 3 

infilled frames R.C. The presence of infills on 1: 9 

frames increases energy dissipation capacity; this 

result can be attributed to the fact that the system 

dissipates energy through friction across the infill 

cracks. This result occurs at low displacements where 

the infill cracks have small width. It is also noted, the 

loss of energy dissipation during the second cycle in 

relation to the energy dissipation during the first cycle 

is by far greater of both the bare and the infilled 

frames (Figs. 9 and 10). Finally, the ratios of the 

energy dissipation capacity of the infilled frames to 

the energy dissipation capacity of the bare frames, are 

shown in Table 5. 

Generally, all of these parameters have a significant 

contribution to increasing the strength, stiffness and 

energy dissipation of the infilled R/C frames. Thus, 

the overall increase in strength, stiffness and energy 

dissipation due to the presence of axial force and infill 
 

 

 
Fig. 9  Normalized and total energy dissipation-displacement (drift) envelopes of bare frames without and with axial load 
(mean value).  
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Fig. 10  Normalized and total energy dissipation-displacement (drift) envelopes of infilled frames without and with axial 
load (mean value).  
 

panel at the same time, as compared to the bare frames 

without axial force and without infill panel, amounts 

to 75%, 43% and 185%, respectively. 

5.2 Comparison of Cyclic Behaviour between the 1:3 

and 1:9 Model R/C Frames 

 Comparison of R.C. frame response without 

masonry infills 

For the comparison of cyclic behaviour between the 

1:3 prototype frame and the 1:9 model, all the results 

have been reduced to the same scale, i.e. to the scale 

of small physical models 1:9. Figs. 11, 12 and Table 6 

depict a comparison of the cyclic response between 

the target and the 1:9 model, frame both without 

masonry infills. The comparison is made in terms of 

hysteretic loops and envelope curves for the two 

loading cycles. As can be seen, good agreement is 

obtained between the target and the 1:9 model 

response. This good agreement is also exhibited in the 

damage patterns observed in both the target and 1:9 

model R.C. frame specimens without masonry infills. 

 Comparison of R.C. frame response with 

masonry infills 

The comparison of cyclic behaviour between the 

target and 1:9 model infill R.C frames is presented 

here in terms of hysteretic loops and envelope curves 

for the first and second loading cycles (Figs. 13, 14 

and Table 6). This must be viewed in the light of the 

good agreement observed in the cyclic behaviour of 

the R.C model and target specimens with masonry 

infills. As can be seen from these comparisons,    

the 1:9 model masonry panel is more flexible than the 
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Fig. 11  Lateral load-displacement loops of 1:9 and 1:3 bare frames.  
 

 
(a) Mean value—models without axial force. 

 
(b) Mean value—models with axial force. 

Fig. 12  Lateral load-displacement envelopes of bare frames of 1:9 and 1:3 bare frames.  
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Table 6  Strength and Stiffness ratio (infilled frames to bare frames) for prototype (scale 1:3) and model (scale 1:9).  

a/a Resource Masonry wall Connection with frame Strength ratio Stiffness ratio Energy dissipation ratio 

1 
[7]  
Prototype (scale 1:3) 

No reinforcement No 1.5-2.4 3.5-7.6 1.1-1.9 

2 
[1]  
Prototype (scale 1:3) 

No reinforcement No 1.53-2.4 2.66-4.70 1.3-1.5 

3 Model (scale 1:9) No reinforcement No 1.52-1.88 1.26-2.03 1.13-2.3 
 

(a) Mean value—models without axial force (b) Mean value—models with axial force 

Fig. 13  Lateral load-displacement loops of 1:9 and 1:3 infilled frames.  
 

(a) Mean value—models without axial force  (b) Mean value—models with axial force 

Fig. 14  Lateral load-displacement envelopes of bare frames of 1:9 and 1:3 infilled frames.  
 

corresponding target panel. This level of discrepancy in 

flexibility has established that the frame-to-panel 

interface of 1:9 panels leads to lower initial stiffness 

of the masonry infills investigated here.  

Also, Fig. 15 shows the capacity of the infilled and 

bare small-scale models to energy dissipation, in 

comparison with the prototype frames (scale 1:3). 

According to these curves, the frames with axial load 

occur at small displacements, higher mean values of 

the dissipation ratio of energy. Finally, the final 

experimental results of this research effort based on an 

original experimental investigation, are shown in 

Table 6. Also, Table 6 shows a comparison of the 

strength ratio, stiffness ratio and energy dissipation 

ratio between the target (1:3) and the 1:9 model.  

5.3 Conclusions of the Experimental Study of R/C 1:9 

Frames with or without Masonry Infills Was Tested 

under Horizontal Cyclic Load 

The main conclusions that can be drawn from the 

experimental study of the one-bay, one-storey scale 

model are the following: 

(1) Through the comparison of the cyclic behaviour 

between the target and 1:9 model infill R/C frames in 

terms of envelope curves, the validity of small scale 

simulation of pseudo-dynamic response of masonry  
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Fig. 15  Mean value and scatter of the ratio of infilled frames to bare frames energy dissipation. First cycles only for 
prototype (scale 1:3) and model (scale 1:9). 
 

infill R.C. frame structures were demonstrated. 

(2) The histeretic loops of the examined bare 

frames are typical cyclic response dominated by the 

inelastic rotation of the plastic hinges. On the contrary, 

pinching effects occur at the force-displacement 

curves of the infilled frames, typical to brittle 

behaviour due to infill cracking. 

(3) The failure modes of the 1:9 infilled frames are 

almost the same as those of corresponding 1:3 target 

infilled frames.  
(4) Good agreement in energy dissipation of 

prototype and model for infilled frames. 

(5) The importance of the frame to infill panel 

influence was established by the present study and the 

expeimental simulation of the 1:3 “prototype” cyclic 

behaviour. 

The observed behaviour for the 1:9 scaled models 

due to the presence of the masonry infills simulates 

successfully: 

 The stiffness increase. 

 The strength increase. 

 The post elastic behaviour for the masonry and 

R.C. elements. 

 The energy dissipation during cyclic loading. 

 The influence of the interface between infill and 

R.C. elements. 

 The influence of mortar strength for the masonry. 

 The influence of the confinement of the masonry 

within the frame together with the influence of the 

axial load applied at the columns. 
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