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Each cords length was approximately 980 mm to allow the tightening and overlap cord ends. Finally, a 
layer of mortar type A has been applied to cover the reinforcing cord and restoring the original pointed 
finish of the horizontal joints of the masonry assemblages (Fig. 11). Reinforcement was applied on both 
sides of the walls. Table 3 shows the test matrix.  Each specimen is identified by an alphanumeric index: 
the first letter  indicates if the sample is unreinforced (U) or reinforced (R), the second the mortar type (A 
or B) according with the material characterization and the third a progressive number (from 1 to 5).  
 

Table 3: Test matrix. 
Index Mortar used for specimen construction 

(Sand/binder volume ratio) 
Reinforced 

UA_series 2/1 No 
UB_series 3/2 No 
RA_series 2/1 Yes 
RB_series 3/2 Yes 

 
The bending stiffness k has been evaluated using: 
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Where: Fmax is the maximum load and d0.4Fmax and d0.1Fmax are the corresponding mid-span deflections at 40% 
and 10% of Fmax. 
 
TEST SET-UP 
In order to study the effectiveness of the reinforcement technique all specimens have been subjected to the 
three-point bending test to evaluate their flexural behavior. The span was 400 mm and the supports were 
made of two steel semi-cylinder (diameter 40 mm). Load was applied monotonically up to failure using a 
hydraulic jack with capacity of 250 kN.  Deflections at mid-span were recorded using an inductive 
transducer (LVDT). To avoid the local damage of the sample, the load was applied through a square steel 
plate with side of 80 mm (thickness 10 mm). A data acquisition system (Geodatalog series 6000) connected 
with a software (Datacomm) was used to record load, deflection and time readings. The test set-up is 
shown in Figures 12 and 13. 
 

     
Fig. 12: Three-point bending test. 

 
Fig. 13: Test layout (dim. in mm). 

 
 
 
 



TEST RESULTS 
(1) Unreinforced masonry specimens 
Ten unreinforced masonry specimens (five constructed with mortar type A and the remaining five with 
type B) have been tested to evaluate the bending behavior for the purpose to study the effectiveness of the 
strengthening technique through a comparison with the same tests carried out on reinforced samples. 
Table 4 shows the results of the tests in terms of failure load and mid-span deflection for each unreinforced 
specimens. The average failure load is 2.098 kN (standard deviation (SD) 0.312 kN) and 1.035 kN (SD 
0.128 kN) for samples built using mortar type A and type B respectively. The difference between the 
results is due to the different mortar type. As can be seen from Figure 14, the failure, for all the specimens, 
was due to the mortar cracking and the resulting de-bonding between the lower bricks of the assemblages 
which produced the failure. Load-displacement curves (Fig. 15) are linear up to the failure for both the 
specimen typologies and the brittle failure occurred suddenly, without warning for small displacement 
values.  
 

Table 4: Test results of unreinforced specimens. 
Index Failure 

Load [kN] 
Mid-span 
deflection  

[mm] 

Stiffness 
[kN/mm] 

UA_1 2.219 2.132 0.940 
UA_2 1.879 1.916 0.889 
UA_3 1.882 2.066 0.787 
UA_4 2.657 2.289 1.069 
UA_5 1.913 1.887 0.898 

Average 2.098 
(SD=0.312) 

2.058 
(SD=0.165) 

0.917 
(SD=0.102) 

UB_1 0.835 1.181 0.586 
UB_2 1.114 1.966 0.575 
UB_3 1.122 1.456 0.669 
UB_4 0.965 1.658 0.518 
UB_5 0.841 1.303 0.707 

Average 1.035 
(SD=0.128) 

1.513 
(SD=0.310) 

0.611 
(SD=0.080) 

 

 
Fig. 14: Mortar failure and de-bonding between the 

lower bricks of the specimen. 

 

 
Fig. 15: Load-Displacement curves of unreinforced specimens. 
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