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1. INTRODUCTION 

In Nepal, there exists a number of typical structures 

using brick masonry and timber. The brick masonry is 

composed of burnt or sun-dried solid brick with mud 

mortar.  Masonry with mud mortar is weak in strength and 

hence vulnerable to earthquakes. When an earthquake hits 

Nepal, many of brick masonry structures are severely 

damaged or in some cases reach global collapse. 

A strong earthquake hit Nepal on the 25th of April 

2015, followed by a number of aftershocks. The 

earthquakes caused serious damage on monuments. For 

the purpose of their reconstruction, a research team 

including authors started a three-year research project in 

2016. 

In the present paper, recently carried out experiments 

on masonry and material constituting them, are discussed. 

The paper would contribute to better understanding of 

mechanical properties of bricks, mud mortar, and 

masonry composed of these materials. 

 

2. MATERIALS AND METHODS 

2.1 Description of the samples 

2.1.1 Unit brick compression experiment 
Bricks were taken from a historical building in 

Bhaktapur, Nepal. The building is said to be built 300 
years ago although the exact construction date is not 
known. The bricks were cut manually as shown in Fig.1. 
35 brick samples namely UBC 01 ~ UBC 35 were                     
prepared.  

 

 

Dimensions of unit bricks are shown in Table 1. 

 

2.1.2 Mud mortar compression experiment 

The mortar was prepared following the same 

technique as in the wall making of historical buildings. 

Five mud mortar cylinders namely MMC 1 ~ MMC 5 

were prepared. The shape and dimensions are shown in 

Fig. 2 and Table 2, respectively. 

 

2.1.3 Masonry prism compression experiment 

Three masonry prisms namely C2, C4, and C6 were 

constructed using the above mentioned bricks and mud 

mortar. Each bricklayer was about 70 mm (including the 

joint thickness of 10 mm). The shape and dimensions of 

the prism specimens are presented in Fig. 3 and Table 3, 

respectively. 

 
2.1.4 Diagonal compression experiment 

Six masonry walls, namely D1, D2, D3, D4, D5, and 

D6 were constructed. The shape and dimensions are 

shown in Fig. 4 and Table 4, respectively. Each brick 

layer was about 70 mm thick (including 10 mm joint 

thickness). Among six wall specimens, D2 and D6 were 

the unreinforced walls (URM), named as D2U1 and 

D6U2. D1 and D3 were timber reinforced walls (TRM), 

named as D1T1 and D3T2 while D4 and D5 were steel 

reinforced walls (SRM), named as D4S2 and D5S1. 
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Table 1. Dimension of unit bricks  

 Fig. 2. Mud mortar sample           

Fig. 3. Prism sample  

Table 2. Dimension Mud mortar sample           

Fig. 1. Unit brick sample 

Table 3. Dimension of prisms 



 

59-2 
 

 
2.1.5 Three point bending experiment 

Six masonry prisms, namely B1, B2, B3, B4, B5, 

and B6 were constructed. Among Six prism specimens 

two specimens were unreinforced (B5U1, B6U2), while 

rest of four specimens were reinforced with timber (sal 

wood). Among the reinforced specimens, two of them 

were strengthened with diagonal braces (B3B1, B4B2) 

while the other two were reinforced with ladder type 

braces (B1L1, B2L2). The shape and dimensions of all the 

specimens are shown in Fig. 5 and Table 5, respectively. 

 

 
2.2 Description of test procedure 

2.2.1 Unit brick compression experiment 
The brick samples were tested on 400 kN Universal 

Testing Machine. 5 out of 35 specimens (UBC 01~UBC 

05) were measured against strain at the time of loading. 

Experimental set up is shown in Fig. 6. 

 

2.2.2 Mud mortar compression experiment  

The load was applied by Universal Testing Machine 

of 400 kN capacity. Strain in the horizontal and vertical 

direction was measured at the back and front center of the 

cylinder. Fig. 7 shows the compression test on mud mortar 

cylinders.  

 

2.2.3 Masonry prism compression experiment  

The load was applied by means of 500 kN manually 

operating hydraulic jack. The displacement was measured 

using displacement transducers at the center of four sides 

of the prism specimen. Fig. 8 shows the compression test 

conducted on masonry prism.  
 

 
2.2.4 Diagonal compression experiment 

For the test set up, the diagonal force was applied 

through the upper corner by a hydraulic jack and a load 

cell at diagonally opposite bottom corner measured the 

load. Displacement was measured with six displacement 

transducers, two each located in diagonal, vertical and 

horizontal directions, respectively. The experimental set 

up is shown in Fig. 9. , Fig. 10. and fig. 11. for URM, 

TRM and SRM walls, respectively. 

 

 
2.2.5 Three Point bending test 

The test set up for three point bending test on 

unreinforced prism, ladder type reinforced prism and 

diagonal braced type reinforced prism, are shown in fig. 

12. Fig. 13 and Fig. 14 respectively. Force was applied at 

the center of the specimen. Supports were fixed at top and 

bottom of the prisms with the help of a channel section 

and a rod. 

 

 

Table 4. Dimension of wall 

specimens     

Fig. 4. Wall specimens   

Specimen W (mm) D (mm) H (mm) A (mm2)

D2U1 1257 278 1243 3.49 x 105

D6U2 1269 290 1262 3.67 x 105

D1T1 1316 280 1275 3.69 x 105

D3T2 1277 280 1254 3.57 x 105

D5S1 1292 284 1256 3.67 x 105

D4S2 1233 275 1230 3.39 x 105

Fig. 5. Masonry prism 

specimen for bending  

Table 5. Dimension of prisms 

for bending test 

Specimens B D L

B5U1 282 352 838

B6U2 280 349 858

B1L1 283 352 848

B2L2 281 354 863

B3B1 281 350 847

B4B2 285 355 882

Fig. 6. Unit 

brick 

compression 

experiment 

Fig. 7. Mud 

mortar 

compression 

experiment 
Fig. 8. Masonry 

prism compression 

experiment  

Fig. 9. Diagonal 

compression 

experiment  

Fig. 10. Diagonal 

compression 

experiment on 

TRM 

Fig. 11. Diagonal 

compression 

experiment on 

SRM 

Fig. 12. Bending 

test on 

unreinforced prism  

Fig. 13. Bending 

test on prism 

reinforced with 

ladder type braces 

  

Fig. 14. 

Bending test on 

prism reinforced 

with diagonal 

braces 
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3.  RESULTS AND DISCUSSIONS 

3.1 Unit brick compression experiment 

The stress-strain diagram of 5 bricks samples are 

shown in the Fig. 15. The Average compressive strength 

of unit bricks was 5.05 N/mm2 and the standard deviation 

was 2.55 N/mm2. The histogram chart in Fig. 16 indicates 

the average compressive strength of samples to be 4 

N/mm2. The average young’s modulus and Poisson’s ratio 

of unit bricks were 4.3 × 103 N/mm2 and 0.238, 

respectively. 

 
3.2 Mud mortar compression experiment 

The compressive strength for the mud mortar 

cylinders are shown in Table 6. The average value, the 

standard deviation, and coefficient of variation was found 

to be 1.40 N/mm2, 0.24 N/mm2, and 16.4% respectively. 

The specimen MMC 1 and MMC 3 were excluded for the 

calculation of average and standard deviation as their 

values came to be higher than 3σ.  The stress-strain 

diagram for mud mortar samples except MMC 1 and 

MMC 3 are shown in Fig. 17. The value of Young’s 

modulus and Poisson’s ratio are shown in Table 7. The 

average value of Young’s modulus and Poisson’s ratio for 

mud mortar samples are 1.17 × 103 N/mm2
 
and 0.147, 

respectively.  

 
3.3 Masonry prism compression experiment 

The compressive strength and Young’s modulus of 

prism specimens are shown in Table 8 and Table 9, 

respectively. The average value and the standard 

deviation for the compressive strength were found to be 

1.70 N/mm2 and 0.08 N/mm2. The compressive strength 

values for all the three samples were almost close to each 

other. The average Young’s modulus for prism specimen 

was 3.10 x 103 N/mm2. For the prism specimens, the 

stress-strain relation is shown in Fig. 18.  

 

 
The relationship between brick unit, mortar and 

masonry compressive strength is given by the following 

equation as of Euro code 6 (CEN, 2005) 2). 

f’m = k. f’
b 

α
 .f’

j
 
ß
………. (1) 

where k, α, and ß are constants and f’b, f’j and f’m are 

compressive strengths of brick, mortar, and masonry, 

respectively. The values of k = 0.5, α = 0.7 and ß = 0.3, 

although α and ß has a range of values. 

Applying the value of brick and mortar obtained by 

the tests, the equation of Euro code shows 1.72 N/mm2 for 

the compressive strength of the masonry which is very 

close to our result. 

 

3.4 Diagonal compression experiment 

The shear strength and shear stress-shear deformation 

angle diagram of all the specimens are presented in the 

Fig. 19 and Fig. 20, respectively.  For the unreinforced 

wall, the average shear strength was 0.054 MPa. For TRM 

and SRM panels, the average shear strength was 0.106 

and 0.149 MPa, respectively. The average deformation 

angle was 4.24% for unreinforced specimens. For TRM 

and SRM, the average deformation angle was 2.04% and 

1.59%, respectively. The TRM and SRM in our study 

increased the average shear strength by 1.98 and 2.78 fold, 

respectively compared to unreinforced specimens.  

In the reinforced specimen, tensile diagonal was 

reinforced and as a result diagonal crack was not seen 

however in both type of reinforcement, buckling was seen 

in the upper members. The upper members were 

compressed and as a result buckling was seen. 

From the double shear loading test, conducted on the 

specimens collected from Kyushu University headquarter 

building 1 and 3 (Japan), the average shear strength of the 

Fig. 15. Stress strain diagram for 
samples UBC 01~UBC 05 

 

Fig. 16. Histogram of 
compressive strength of   35 

brick samples. 

Fig. 17. Compressive stress-strain 

diagram of mud mortar specimens 

Table 6. Compressive strength  

of mortar specimens 
 

Table 7. Young’s 

modulus and Poisson’s 

ratio of mortar specimens 

  

Fig. 18. Compressive stress-strain diagram of masonry prisms 

 
Table 8. Compressive 

strength of masonry 

prism specimens 

Table 9. Young’s 

Modulus of masonry 

prism specimens 
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specimens (OPS 112 and OPS 121) was found to be 1.12 

N/mm2 1). The shear strength of Nepalese brick masonry 

when compared to Japanese brick masonry, was one-

twentieth of Japanese brick masonry. 

                                                                                                                                                                                                                                                                                                                                                                  
3.5 Three point bending test 

 
The average flexural strength for unreinforced 

specimen, ladder type reinforced specimen and diagonal 

braced type reinforced specimen was 0.126 N/mm2, 0.436 

N/mm2 and 0.713 N/mm2, respectively. The summary of 

test results are shown in table 10. Fig. 21 shows the 

relation of flexural stress versus deflection angle for all 

the specimen. 

For the unreinforced specimen, the specimen starts 

taking load and suddenly decreases when opening starts 

due to tensile splitting however due to strut mechanism, 

the specimen again starts taking load. 

The flexural strength was increased in reinforced 

specimens showing the highest for diagonal type braced 

prism, however sudden drop was seen in the graph when 

maximum load was reached which was also evidenced by 

the sudden split in the specimen. Among ladder type 

reinforced specimen, the specimen B1L1 was damaged 

prior to loading and as a result the graph is slightly 

different than the speciemn B2L2 which shows a smooth 

curve. The failure in ladder type reinforced prism was 

mild and dispersed all over the specimen. 

 

4. CONCLUSIONS 

(1) Despite the large standard deviations in results of 

constituent materials (unit bricks and mud mortar), 

the standard deviation of compressive strength of 

masonry prisms was found to be low. 

(2) Applying the value of brick and mortar obtained by 

the tests, the equation of Euro code showed similar 

results to our experimental results for the 

compressive strength of the masonry. 

(3) The average shear strength of unreinforced wall 

specimens was about one-twentieth of the shear 

strength value of Japanese brick masonry. However, 

the value of shear deformation angle was found 

exceeding 4%, indicating a high deformation 

capacity. 

(4) The TRM and SRM in our study increased the 

average shear strength by 1.98 and 2.78 fold, 

respectively compared to unreinforced specimens.  

(5) The flexural strength was increased in reinforced 

specimens showing the highest for diagonal type 

braced prism. However, sudden split was seen when 

maximum load was reached in diagonal type braced 

prism whereas the failure in ladder type reinforced 

prism was mild and cracks were dispersed all over 

the specimen. 
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Fig. 20. Shear stress-shear deformation angle for all 

the specimen  

Fig. 21. Flexural stress- Deflection angle for all the specimens  

 

  Fig. 19. Shear strength of all specimens  

Table 10. Summary of test results of three point bending test 

Specimen
Max. Flexural 

Load (kN)

Flexural 

Strength

 (N/mm2)

Average 

Flexural 

Strength

 (N/mm2)

Max. deflection

 angle (× 10-2rad. )

Average Max. 

deflection

 angle (× 10-2rad. )

Mid point 

displacement 

(mm)

B5U1 3.28 0.105 6.156 22.776

B6U2 4.46 0.146 6.296 23.296

B1L1 9.73 0.309 4.999 18.498

B2L2 17.83 0.563 6.259 23.158

B3B1 22.99 0.743 7.448 27.558

B4B2 22.01 0.682 8.949 33.111

0.126

0.436

0.713

6.226

5.629

8.199


