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Abstract 

Shear wall known as high performance structure to resists 

seismic load. It has important that shear wall can be applied to 

masonry building as bearing wall in simple way, high 

performance, and low-cost. Therefore, this research wants to 

develop a simple way as well as simple shear walls that are 

connected by column as stiffer couple to strength the masonry 

wall. The aim of this research is to investigate compressive 

strength of couple simple shear wall compared to analytical 

compressive strength and also compressive strength of 

previous research. There were two couples of simple shear 

wall built on site, one was strengthening of the outer side of 

house wall and the other one was strengthening of the inner of 

masonry wall border edging, which are connected with 

column that placed at the edge and also in the corner. Each 

wall has dimension of 1 x 1 x 0.2 m while the column 

dimension was 0.20 x 0.20 m. Field application in this 

research followed by Rebound Hammer Test. The field result 

then compared of theoretical compressive strength and 

compressive strength of previous research. It is proven that 

couple simple shear wall easy to build and low-cost as well as 

simple design, ease for construction, and effectively 

strengthens the wall. The couple simple shear wall 

compressive strength was higher compared to compressive 

strength of masonry walls without strengthening and the 

theoretical compressive strength. 

Keywords: couple, simple, shear wall, masonry wall, 

strengthening, Rebound Hammer, low-cost. 

 

I. INTRODUCTION 

Masonry building is low-cost structure that built in urban 

housing in many countries. The wall of masonry building 

generally unreinforced and designed to become a bearing 

wall. Since many cities in the world are prone area to 

earthquake, it is important to strengthen the masonry wall to 

reduce potential failure and collapse of the masonry building. 

Several studies have reported about the importance of 

strengthening the masonry wall [1–7], even [8] developed 

strengthening  methods for old historical masonry building in 

Slovenia, but there is little information about simple way to 

strengthening the masonry wall effectively, highly 

performance, and low-cost.  

Shear wall is a structure that aims to resist lateral load such as 

seismic and wind loads [9–12]. For common masonry 

building, shear wall can be built as bearing wall. Indonesia 

National Standard of SNI 03-2847-2013 The Requirement of 

Structural Reinforced Concrete for Building Structure requires 

the thickness of shear wall should not be less than 10 mm to 

assure its performance to resist seismic load. Hence, this 

research wants to develop a simple way as well as simple 

shear walls that are connected by column as stiffer couple to 

strength the masonry wall, especially the unreinforced 

masonry wall. The couple simple shear wall in this research is 

investigated for its compressive strength compared to 

analytical compressive strength and also compressive strength 

of previous research[13]. 

 

II. MATERIALS AND METHODS 

II.I. Materials 

Material used in this research is local product and low-cost, 

i.e. clay bricks, wire mesh, steel reinforcement, cement, and 

sand. Design of the couple simple shear wall was described by 

Fig 1 and Fig 2. Couple simple shear wall purposed to become 

stiffer of the masonry wall, especially unreinforced masonry 

wall. There were two couples of simple shear wall built on 

site, one was strengthening of the outer side of house wall and 

the other one was strengthening of the inner of masonry wall 

border edging. The wall dimension was 1 x 1 x 0.2 m while 

the column dimension was of 0.20 x 0.20 m as explained by 

Table 1. Two walls of the couple simple shear wall connected 

with column that placed at the edge and also in the corner (Fig 

1). 
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Fig 1. Detail of Simple Shear Wall 

 

Fig 2. Design of Simple Shear Wall 

Table 1. Dimension and placement of the couple simple shear wall 

specimen 

code 

dimension of the simple shear 

wall 
placement of the simple shear wall 

length height width 

(mm) (mm) (mm) 

I-D-A 100 100 20 

the inner of masonry wall border 

edging  

I-D-B 100 100 20 

I-D-C 100 100 20 

I-D-D 100 100 20 

I-D-E 100 100 20 

II-D-A 100 100 20 

II-D-B 100 100 20 

II-D-C 100 100 20 

II-D-D 100 100 20 

II-D-E 100 100 20 

III-L-A 100 100 20 

the outer side of house wall 

III-L-B 100 100 20 

III-L-C 100 100 20 

III-L-D 100 100 20 

III-L-E 100 100 20 

IV-L-A 100 100 20 

IV-L-B 100 100 20 

IV-L-C 100 100 20 

IV-L-D 100 100 20 

IV-L-E 100 100 20 
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II.II. Research Program 

 

Fig 3. Rebound Hammer Test Equipment 

 
Fig 4. Rebound Hammer Test shooting points on the simple 

shear wall 

The research was conducted firstly by construction of couple 

simple shear wall and followed by non-destructive test to 

investigate compressive strength of the wall from field 

application. Non-destructive test carried out by Rebound 

Hammer Test with equipment of Matest 2H1Q17 as described 

by Fig 3 and the shooting points described by Fig 4. 

Analytical calculation then performed to get theoretical 

compressive strength. Instead of analytical calculation, 

research of [13] that reported average compressive strength of 

40.30 MPa of masonry wall without strengthening in the same 

site will be compared to this current investigation. It should be 

noted that applied natural polymers for the bricks as also 

investigated by [14]–[17]. 

Theoretical compressive strength be calculated by Equation 

(1) of [18]. 

  𝑓′
𝑐
= 1.14𝑁𝑅 − 12.76                           (1)    

Where: 

𝑓′
𝑐 

= compressive strength (MPa) 

𝑁𝑅  = Rebound Number 

 

 

II.II.1. Field Application 

Construction of couple simple shear-wall as field application 

is described by Fig 5 to Fig 8. Construction of the couple 

simple shear wall can be explained by procedure as follow. 

1. Foundation construction 

2. Sloof construction 

3. Inner wire mesh installation 

4. Column construction 

5. Brick wall construction 

6. Outer wire mesh installation 

7. Outer reinforcement installation 

8. Plastering  and finishing work 

Two couples of simple shear walls were successfully 

constructed because of the ease of construction and then being 

tested for Rebound Hammer Test after getting hardened. 

     

(a)     (b)           (c) 

Fig 4. Initial stages of couple simple shear wall construction: (a) Foundation construction, (b) Column reinforcement,  

(c) Inner wire mesh installation 
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            (a)       (b) 

       Fig 6. Brick wall construction: (a) One side of wall construction, (b) Two sides of wall construction 

 

   

                     (a)       (b) 

Fig 7. (a) Outer wire mesh and reinforcement installation, (b) Plastering work 

    

                   (a)           (b) 

Fig 8. Finishing stage: (a) Couple simple masonry wall placed at the inner of masonry wall border edging (I-II series), (b) Couple 

simple masonry wall placed at the outer side of house wall (III-IV series) 
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II.II.II. Rebound Hammer Test  

Rebound Hammer Test has been carried out to two couples of 

simple shear wall. Shooting points of the test placed as 

described by Fig 4.  Each point had shot for 5 times as 

described by Table 2. 

  

  

Fig 9. Marking of points of shooting at the surface couple of simple shear walls 

 

Fig 10. Shooting the points of simple masonry wall placed at the outer side of house wall (I-II series) 

 

Fig 11. Shooting the points of simple masonry wall placed at the inner of masonry wall border edging (III-IV series) 
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III. RESULT AND DISCUSSION 

 

Table 2. Compressive Strength Analysis of Rebound Hammer Test 

specimen 

code 

Observed Rebound Number 

(NR) Raverage 
Revised 

R 
Wmax Wmin Waverage 

f'’c 

(MPa) 

f'c 

average 

1 2 3 4 5 (MPa) 

I-D-A 42 42 41 41 43 41.8 41.8 440.68 377.92 409.30 41.72   

I-D-B 40 41 40 40 41 40.4 40.4 416.04 354.26 385.15 39.26   

I-D-C 40 40 40 39 40 39.8 39.8 405.48 344.12 374.80 38.21   

I-D-D 39 40 41 41 40 40.2 40.2 412.52 350.88 381.70 38.91   

I-D-E 40 41 41 41 40 40.6 40.6 419.56 357.64 388.60 39.61 39.54 

II-D-A 42 43 42 41 42 42 42 444.20 381.30 412.75 42.07   

II-D-B 43 44 43 42 43 43 43 461.80 398.20 430.00 43.83   

II-D-C 41 42 42 43 41 41.8 41.8 440.68 377.92 409.30 41.72   

II-D-D 42 40 40 40 41 40.6 40.6 419.56 357.64 388.60 39.61   

II-D-E 43 43 42 44 42 42.8 42.8 458.28 394.82 426.55 43.48 42.14 

III-L-A 40 40 40 39 40 39.8 39.8 405.48 344.12 374.80 38.21   

III-L-B 40 41 41 41 40 40.6 40.6 419.56 357.64 388.60 39.61   

III-L-C 39 40 38 37 37 38.2 38.2 377.32 317.08 347.20 35.39   

III-L-D 39 38 37 40 40 38.8 38.8 387.88 327.22 357.55 36.45   

III-L-E 39 40 40 40 39 39.6 39.6 401.96 340.74 371.35 37.85 37.50 

IV-L-A 40 41 41 41 40 40.6 40.6 419.56 357.64 388.60 39.61   

IV-L-B 39 39 39 38 39 38.8 38.8 387.88 327.22 357.55 36.45   

IV-L-C 38 38 38 37 39 38 38 373.80 313.70 343.75 35.04   

IV-L-D 40 39 37 37 37 38 38 373.80 313.70 343.75 35.04   

IV-L-E 40 40 39 39 37 39 39 391.40 330.60 361.00 36.80 36.59 

 

Result found that every single shear wall has good 

compressive strength, beyond 30 MPa as shown by Table 2. 

However, the series I and II that were couples simple masonry 

wall placed at the outer side of house wall have higher 

compressive strength (39.54 MPa and 42.14 MPa) compared 

to series III and III couples simple masonry wall placed at the 

inner of masonry wall border edging as of 37.50 MPa and 

36.59 MPa (Fig. 12). This phenomenon happened since the 

series I and II were placed under the roof and out of the 

sunlight. This situation has influenced the hardening of the 

wall that the wall compacted as it should be. It is not 

happened to other series, III and IV that placed outdoor and 

hit by sunlight. Imperfect hardening could be occurred and 

compactness may be reduced. Therefore, the compressive 

strength of III and IV series little bit lower than I and II series. 

Instead of the result of Rebound Hammer Test, it is interesting 

that theoretical compressive strength is about the similar 

values of compressive strength of series III and IV. Another 

finding is that compressive strength of series II was higher 

compared to research of [13] of 40.30 MPa as described by 

Fig 13. Hence, it is emphasized that the couple simple shear 

wall proven very good. It has higher compressive strength 

compared to the masonry walls without strengthening of 

average of 37.05 MPa and it also has higher compressive 

strength compared to the theoretical compressive strength. 
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Fig 12. Compressive strength comparison of points of 

Rebound Hammer Test 

 

 

Fig 13. Compressive strength comparison among field test, 

theoretical, and research by [13] 

 

IV. CONCLUSION 

The couple simple shear wall investigated in this research has 

proven easy to build and low-cost. The design is very simple 

and easy for construction and effectively strengthens the wall. 

It is also found that the couple simple shear wall has higher 

compressive strength compared to the masonry walls without 

strengthening and the theoretical compressive strength.  
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