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ABSTRACT 

The strength of a brick wall is influenced by the failure of the mortar bond and the resistance of the 

bad joint and head joint when carrying the force. The wider the head joint and bad joint areas 

result in a wider bonded area which increases the diagonal shear strength of the wall. Residential 

walls that have increased ability to withstand diagonal shear forces will be more stable when 

subjected to earthquake lateral forces. This research formulates that the wider the connecting area 

of the body and head joint, the higher the diagonal shear strength. The test was carried out by 

making a square test object measuring 60 x 60cm. then pressure is applied in the diagonal 

direction. At the time of setting up the test object is done carefully and thoroughly. The test object 

is positioned perpendicular to the diagonal direction. The test object is placed absolutely 

perpendicular and is given a load until it is completely damaged. Loading method by providing a 

force that increases regularly until the structure experiences a complete failure. The bonded area in 

each brick shape is measured and compared with the results of the diagonal shear strength. This 

value is analyzed to obtain the effect on the diagonal shear strength. The percentage effect of each 

brick shape is compared and the results are analyzed. The results of the analysis are to obtain 

justification whether the area of the bad joint and head joint affects the diagonal shear strength. 

The novelty of this research is to obtain several brick designs that increase the strength of the 

diagonal shear stress. Tests show that the greater the area of the head joint, the greater the value of 

the diagonal shear stress. 

Keywords: head joint; bed joint; shear; diagonal stress. 

INTRODUCTION  

Brick walls in buildings are considered non-structural and function as insulation or filler. In fact, 

brick walls also contribute strength to the structure, although it is small (Dawe and Seah;, 1989; 

Francisco J. Crisafulli, 1997; Tanganelli et al., 2018; Tomaževič, 2009). In simple houses and one-

story public facility buildings, brick walls have a significant contribution, this is shown by the two 

functions received by brick walls, namely as insulation and transfer as well as resisting forces or 

functioning as a structure (Asteris et al., 2015; Farooquddin, 2000; Kałuża, 2020; Uğurlu et al., 

2017). 

When an earthquake occurs, the building will receive lateral forces which are resisted and 

transferred by beams, columns, brick walls and transmitted to the foundation. These parts will 

experience stylistic exposure that must be anticipated (A.W Hendry and FM Khalaf, 2001; Kałuża, 

2020; Mahlil, Abdullah, 2014; Marwahyudi, 2020). The external force borne exceeds the force 

capacity of the structure, so the building experiences damage. The capacity of a building structure 

(frame building) to withstand external forces can be identified from the behavior (response) of the 

structure when it receives external forces. 

The strength of the wall can be calculated in the laboratory. Walls exposed to earthquakes will 

resist diagonal shear forces. Diagonal shear strength is determined by the strength of the head joint 

and the bad joint supports the force. Diagonal shear strength is determined by the binding ability of 

the head joint and bad joint in the wall (Dautaj et al., 2019; El-dakhakhni, 2017; Lee et al., 2021; 

Tomaževič, 2009). The stronger the bond between the head joint and bad joint, it can be assumed 

that the higher the diagonal shear stress. Diagonal shear strength testing is done by making a 

square test object that is applied with a force in the same direction as the diagonal. 
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The bed joint is the horizontal part where the mortar is attached, while the head joint is the 

perpendicular part where it is attached. The head joint section is easier to increase the binding area 

than the bed joint section. So this research focuses on the area of the bed joint. 

Using bricks instead of split stones in lightweight concrete mixes is an approach that can reduce 

the weight of the concrete, but this can have an impact on the compressive strength of the concrete. 

Factors that influence the compressive strength of lightweight concrete that uses bricks as 

aggregate (Artawan IP et.al, 2023; Verdian R, Muin RB, 2023; Paikun P et.al, 2023). The 

compressive strength of the bricks used as aggregate greatly influences the final strength of the 

concrete. Stronger and more homogeneous bricks will produce concrete with better compressive 

strength. The ratio between cement, water, and aggregate (including bricks) must be adjusted 

precisely to achieve the desired strength and workability. Changes in these proportions can have a 

significant impact on the compressive strength of the concrete (Sitompul ST, Pariatmono P, 2022; 

Romadhon ES et.al, 2022; Widodo S et.al, 2022; Astariani NK et.al, 2023; Argoanto Y et.al, 

2023). 

Smaller, uniformly shaped aggregates tend to produce concrete with higher compressive strength 

due to more even load distribution. Lightweight concrete usually has a lower density than normal 

concrete. This decrease in density can reduce compressive strength, but also reduces the dead load 

of the structure. A good curing process is very important to develop maximum strength of 

concrete. Concrete that is not properly cured can have much lower compressive strength (Baggio 

EY et.al, 2023; Bachtiar E et.al, 2022; Priastiwi YA et.al, 2021; Bagio TH et.al, 2021). 

In general, lightweight concrete with brick aggregate will have lower compressive strength than 

concrete with conventional split stone aggregate. Compressive strength values can vary greatly, 

but some studies show that lightweight concrete with brick aggregate can achieve compressive 

strengths of around 10-20 MPa, depending on the factors mentioned above (Gumilang PD et.al, 

2021; Sutarno S et.al, 2021). However, to obtain more accurate and specific data, laboratory tests 

are needed that measure the compressive strength of the concrete mixture made with the 

proportions and types of materials that will be used in project planning (Mubarak M et.al, 2020; 

Marwayudi M, 2020). 

RESEARCH METHODS  

Materials  

Diagonal shear stress testing is done by making a square test object measuring 40-120cm (Mahlil, 

Abdullah, 2014; Tsantilis & Triantafillou, 2018; Ullah et al., 2022), then applying pressure in the 

diagonal direction. When setting up the test object, do it carefully and carefully. The test object is 

positioned perpendicular to the diagonal direction. The test object is placed strictly upright and 

subjected to loading until it is completely damaged. The loading method involves applying a force 

that increases regularly until the structure experiences total collapse. Making two test objects in 

each shape. There are two samples in the normal shape, there are two samples in the Z shape, there 

are two samples in the hook Z shape, there are two samples in the hole Z shape and there are two 

samples in the hole shape. The number of test objects is two samples for each design so that there 

are a total of 10 test objects. Each test object measures 60 x 60 cm. It is hoped that the diagonal 

shear test will be able to depict real events in the field. Diagonal shear testing is intended to obtain 

the diagonal shear strength of each brick shape. From this analysis, new phenomena will be 

interesting to research. The test objects are prepared using factory-made mortar. The aim of using 

mortar is to obtain uniform mortar strength. After drying, the test object is colored to show damage 

during the compression test. Next, the test object is given water every one or two days depending 

on the condition of the test object. Water is given from the 2nd day to the 30th day. The test object 

was given a white color on the 29th day and carried out the test on the 30th day. The test was 

carried out in accordance with ASTM 2005 standards with the test object set up in the picture 

below 
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Figure 1. Normal bricks 

 

Figure 2. Pit bricks 
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Figure 3. Z-hole bricks 

 

Figure 4. Z hook brick 
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Figure 5. Z bricks 

Methods  

The method of applying the load to the load cell is carried out in stages starting from 50 kg and 

increasing by 50 kg until the test object is damaged. Pushovers work by applying force regularly 

increasing until the structure experiences total collapse (Frapanti & Tarigan, 2017; Leksono, 2012; 

Zameeruddin & Sangle, 2021). Every time the load on the test object increases, the change number 

on the dial gage is recorded and all damage that occurs is analyzed. The test results are recorded 

and documented for analysis and calculation of diagonal shear stress. The diagonal shear stress of 

brick wall pairs can be calculated by laboratory shear stress using the ASTM formula. The results 

of observations on the load cell, dial gage and the damage that occurred were made into a table as 

a guide for creating a capacity curve. 
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Figure 6. Set up of diagonal shear strength test of brick walls 

Data Analysis  

 

Figure 7. Set up of diagonal shear strength test of brick walls 
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Figure 8. Diagonal shear stress test 

Shear diagonal stress is calculated from laboratory shear tests using the formula 

 

𝑆s =
0,707 𝑃

An
      , because    𝐴n =

𝑤+ℎ

2
𝑡𝑛  (ASTM E 519-02, 2002)                              

Information: 

Ss = diagonal shear stress (MPa) 

P= maximum force resisted (N) 

An = area mm2 

w= width of the test object 

h =  height of the test object 

t =  thickness of the test specimen 

n =  aperture ratio of the test object 

Table 1. Comparison of head joint areas 

No Brick Area ratio to normal bricks (%) 

1 Z 45.4545 
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2 Z hook 54.5455 

3 Z Hole 80.2841 

4 Hole 96.3409 

Table 2. Results of diagonal shear stress calculations 

No Brick Force (N) Voltage (MPa) 

1 Normal 15500 0,166038 

2 Z 19000 0,203530 

3 Z hook 15000 0,160682 

4 Z Hole 21000 0,224955 

5 Hole 22000 0,235667 

 

Several researchers state that the diagonal shear stress of bricks in Indonesia is 0.0709 to 0.2334 

MPa (Idoarjo, 2012; Mahlil, Abdullah, 2014; Marwahyudi, 2013; Romly, 2012). Diagonal shear 

stress results from several designs show between 0.166038 to 0.235667 MPa. 

RESULT AND DISCUSSION 

Table 1 shows the head joint area ratio for various types of bricks. Table 2 shows the diagonal 

shear stresses in various types of bricks. Increasing the head joint area will increase the diagonal 

shear stress as in the picture below. 

 

Figure 9. Graph of diagonal shear stress versus increase in Head Joint area 

Figure 7 above shows that the relationship between the percentage increase in head joint area and 

the percentage increase in diagonal shear stress forms a linear line. This relationship is shown by 

an increase in area of 20% will increase about 10% of the diagonal shear stress, an increase in area 

of 60% will increase about 27% of the diagonal shear stress, an increase in area of 70% will 

increase about 33% of the diagonal shear stress 

CONCLUSION 

The conclusion of this research is that normal bricks reach 1550 Kgf, Z bricks reach 1900 Kgf, Z 

hole bricks reach 2100 Kgf, hole bricks reach 2200 Kgf. Normal bricks reach 0.16603788 MPa, Z 

bricks reach 0.2035303 MPa, Z hole bricks reach 0.22495455 MPa, hole bricks reach 0.23566667 
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MPa. Increase in the head joint area of Z bricks 45.4545%, increase in head joint area of Z hole 

bricks 80.2841%, increase in head joint area of hole bricks 96.3409%. From the results above, it 

can be concluded that the area of the head joint will increase the diagonal shear stress. 
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