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1. Introduction: 

Unreinforced masonry infilled-RC frames are widely used in many 

developing countries. Even though the influence of the masonry 

walls on the behavior of structure was recognized from the 

experience of past earthquake disasters, but many practicing 

engineers still assume that the infill walls are non-structural walls due 

to incomplete knowledge of the behavior of such structures. This 

paper presents an experimental study on RC frame with unreinforced 

masonry infill considering the influence of boundary frame strength 

on their seismic capacity. Part 1 of this study presents the description 

of the experimental plan and outline of test results.  

2. Experimental program:  

2.1 Test specimens:  

Two half-scaled specimens with different RC frames, having same 

unreinforced masonry infills, are designed. The main variance 

parameter for test specimens is the ratio of the boundary frame to 

masonry infill lateral strength defined as β index, as shown in Eq. (1). 

Specimens are named WF (weak frame) and SF (strong frame) with 

β of 0.4 and 1.5, respectively.  

                                                 Eq. (1) 

Where Vf is the boundary frame lateral strength which is calculated 

to be the ultimate flexural capacity of a bare frame with plastic hinges 

at top and bottom of columns. The vinf is the masonry infill lateral 

strength calculated based on Eq. (2) which is a simplified empirical 

equation showing good agreement with experimental database 

studied by the author in [1] 

                                                 Eq. (2) 

Where fm is the compressive strength of masonry prism, tinf is the 

infill thickness, linf is the infill length.  

The specimen dimensions and details are shown in Figure 1. Both 

specimens are identical except for the column size and reinforcement, 

as shown in Figure 1. The beams were designed to be stronger and 

stiff enough  to simulate a typical case of a weak column and strong 

beam system observed in existing buildings of old designs.  

2.2 Material properties; 

The infill panels are constructed using 60 x 100 x 210 mm solid 

bricks conventionally used in Japan according to JIS R 1250 standard 

[2]. A professional mason built the infill, after the frame construction, 

where its thickness is 100mm and mortar head and bed joint thickness 

is about 10mm. Tables 1 and 2 show the material properties based on 

material tests where the values represent the mean values of three 

samples. The reinforcing steel, concrete material were tested based 

on JIS standard [2]. The masonry prism strength is the masonry prism 

compressive strength tested according to ASTM C1314 [3]. The 

material tests were conducted at the same time with the experimental 

loading for each specimen individually.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Test Setup and instrumentation 

The loading system are shown schematically in Figure 2. The 

vertical load was applied on RC columns by two vertical hydraulic 

jacks and was maintained to be 200kN on each column. Two 

pantograph, attached with the vertical jacks, restricted any torsional 

and out-of-plane displacement. Two horizontal jacks, applying 

together an incremental cyclic loading, were attached at the beam 
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Figure 1.Dimensions and reinforcement of specimens; units in mm 

 

b) Specimen SF (Strong frame) 

a) Specimen WF (Weak frame) 

Table 1. Material properties of Concrete and Masonry details 

 

Table 2. Reinforcement mechanical properties 
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level and were controlled by a drift angle of R%, defined as the ratio 

of lateral story deformation to the story height measured at the middle 

depth of the beam (h=1,600mm), as shown in Figure 2. The lateral 

loading program consisted of 2 cycles for each peak drift angle of 

0.05%, 0.1%, 0.2%0.4%, 0.6, 0.8%, 1%, 1.5% & 2 %.  

 

 

 

 

 

 

 

 

 

3. Experimental results: 

The lateral load versus story drift angle of both specimens are shown 

in Figures 3 and 4. Cracks and failure patterns after final drift cycle 

of 2.0% are shown in Figure 5.  

For Specimen WF: very small cracks on mortar bed joint and 

diagonal cracks on bricks near loading corner of infill panel,  less 

than 0.3mm width, started at early stages of loading just when the 

drift angle was 0.05%. At drift angles of 0.2% and 0.4%, the 

longitudinal reinforcement in the tensile column (windward column) 

yielded at the upper critical section and above its mid-height, 

respectively, forming failure mechanism similar to a short column, as 

illustrated in Figure 6-a). Just after reaching the maximum lateral 

strength, there was a sudden drop of lateral load bearing capacity with 

extensive cracking and spalling of bricks. After the drift of 1%, the 

main failure mechanism from diagonal cracks changed to sliding 

cracks, and clear sliding movement at the mid-height of the infill was 

noticed. At drift story of 2% in the negative cycle, the concrete 

around the reinforcement of top compression column spalled-off and 

main bars buckled.   

For 2nd Specimen SF: cracking of infill panel also started at the peak 

of the first loading cycle, which was relatively similar to the crack 

width observed in specimen WF at this stage. At drift angles between 

0.6% ~ 0.7%, both columns yielded at the locations shown in Figure 

6-b). As it reached its maximum strength, the lateral load gradually 

degraded (contrarily to the sudden degradation of strength in 

previous specimen WF) with the drift angle increase until the drift 

angle of 1.5%, where there was a slight drop of the lateral load, after 

the horizontal sliding between bricks clearly increased. At the drift 

angle of 2%, the loading stopped as planned, and the masonry infill 

damage at this point was much greater than observed in the previous 

specimen WF (see Figure 5). In spite that columns had many cracks, 

there was no extensive damage or spalling of cover concrete. 

4. Conclusion: 

Outline of experimental plan and test results are presented. The 

discussion of results are summarized part 2. 
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Figure 5  Crack patterns observed at end of the test:    

Figure 2 Test setup (units: mm) 

 

a) Specimen WF b) Specimen SF 

Figure 6. Hinge locations formed in RC frame in +Ve loading 
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Figure 3   Lateral strength & story drift angle for specimen WF  

 

Figure 4   Lateral strength & story drift angle for specimen SF  
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