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ABSTRACT 

Masonry is one of the oldest building materials known to the man and is believed to have 

been in use for over 6000 years. Construction using masonry remains relatively popular in 

many parts of the world and is practiced widely even today. This study present an 

experimental investigation on the axial and diagonal compressive response of hollow cement 

clay interlocking brick masonry walls. Hollow interlocking bricks were collected from the 

Nakhonnayok Province of Thailand. A total under both pure axial and diagonal compression. 

Different types of cement-sand grouts (such as ordinary Portland cement and high 

performance non-shrink cement) with and without steel bars were used to construct the 

masonry walls. It was evidenced from the experimental results that cement grout impact 

ultimate load carrying capacity of hollow cement clay interlocking brick masonry walls under 

axial and diagonal compression. It was also noticed that the reinforced brick masonry walls 

showed very ductile failure mechanism as compared with unreinforced brick masonry walls 

along with an increase in the ultimate load carrying capacity of the hollow cement clay 

interlocking brick masonry walls. 

KEYWORDS: Cement, Interlocking Bricks, Masonry Walls, Axial Compression, Diagonal  

Compression, Compressive Strength, Shear Strength 

 

1.  Introduction 

Masonry is one of the oldest building materials known to the man and is believed to 

have been in use for over 6000 years. Construction using masonry remains relatively popular 

in many parts of the world and is practiced widely even today. Masonry is composed of two 
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different materials namely: the masonry units and the mortar phase. Masonry units may be 

either solid or hollow and may be made of a wide variety of materials. Clay bricks, blocks of 

stone, concrete blocks, pressed earth bricks, calcium silicate bricks, soft mud bricks etc. are 

some examples of masonry units used in masonry construction [1]. The behavior and 

strength of masonry prisms under compressive loading has been a fundamental research 

topic [2 -24]. Sarangapani et al. 2005 conducted a series of tests on masonry prisms 

constructed with very soft solid bricks (modulus of elasticity 500 MPa) and a combination of 

different mortar grades. It was observed that for the soft brick-stiff mortar masonry, the 

compressive strength of masonry increases with the increase in bond strength, which 

increases with the mortar strength along with other factors [25]. Kaushik et al. 2007 

investigate the stress-strain characteristics of clay brick masonry and its constituents i.e., 

solid clay bricks and mortar under uniaxial compression. It was observed that for the strong 

and stiff bricks and mortar of lesser but the comparable strength and stiffness, the stress-

strain curves of masonry do not necessarily fall in between those of bricks and mortar [26]. 

Similar to the axial compression, several experimental studies have been carried out on the 

diagonal compression behavior of masonry walls [27, 28]. Sathiparan et al. 2006 conducted 

diagonal compression tests on non-reinforced and polypropylene mesh reinforced adobe 

masonry wall specimens. Authors reported that the mesh effect was not observed before the 

wall cracked. After cracking, the mesh presence positively influenced the wall behavior [27]. 

San Bartolomé et al. 2009 tested four small walls 800 x 800 x 180 mm under diagonal 

compression to evaluate the shear resistance. Tests were not effective as detachment 

occurred during the handling prior to the test, resulting in very low values for shear 

resistance, which are not cited in the publication [28]. 

In Thailand, hollow cement clay interlocking bricks made of locally available clay, sand 

and aggregates along with cement are widely used to construct low rise residential buildings 

throughout the country. These interlocking bricks are manufactured locally in small factories 

located in the different regions of Thailand. The manufacturing process of these bricks is 

essentially comprised of three steps. In the first step, the large size clay boulders are broken 

into fine pieces by using mechanical grinding machine. In the second step, the fine-grained 

clay is mixed with cement and water using mechanical concrete mixer. In the final step, the 

cement-clay mix is placed into the aluminum molds and pressed either by hydraulically or 
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manually operated machines. The pressed bricks are placed in the room temperature for 7-

10 days (Figure 1). 

 

 

Figure 1 Manufacturing process of interlocking hollow bricks 

 

The CCI hollow bricks are usually used for the construction of load bearing and partition 

walls in different ways such as without using any cement binder, using cement sand grout 

with and without steel bars. Mechanical properties of these hollow cement clay interlocking 

brick units have been investigated by many researchers [29-30]. Joyklad et al. 2018 

investigated the mechanical properties of local cement-clay interlocking bricks in the central 

part of Thailand. The interlocking bricks were collected from different regions of Thailand. 

Results show that each region is following different mix design ratio based on availability of 

local materials and knowledge [29, 30]. As per author’s information there are limited study 

on the axial and diagonal compressive response of hollow cement clay interlocking hollow 

brick masonry walls. Therefore, the primary objective of this research is to investigate the 

axial and diagonal compressive response and deformability of hollow cement clay 

interlocking brick masonry walls representing existing construction practices in Thailand. 

 

2. Experimental program  

2.1 Test matrix 

In this study a total number of ten masonry walls were constructed and tested. Whole 

experimental program is divided into two groups i.e., group A and group B as shown in table 
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1. Both groups comprised of five hollow cement clay interlocking brick masonry walls. In 

group A, masonry walls were tested under pure axial compression whereas masonry walls 

of group B were tested under diagonal compression. In each group, first wall was constructed 

without using any cement binder, second and third walls were constructed using ordinary 

Portland cement sand grout and non-shrink cement sand grout without steel bars, whereas, 

fourth and fifth walls were constructed using ordinary Portland cement sand grout and non-

shrink cement sand grout with steel bars. The length and height of the tested masonry walls 

were 1000 mm x 1000 mm. Wall names are assigned to represent each research parameter. 

For example in wall specimen 1-A-N-R, first digit is representing wall number, second digit 

is representing loading type i.e., axial compression, third letter is representing use of cement 

sand grout and last letter is indicating the presence of steel bars.      

 

2.2 Material properties 

In this study, the hollow cement clay interlocking bricks were used to construct the 

masonry walls. The masonry bricks were collected from the local plant located in the 

Nakhonnayok province of Thailand. A typical hollow masonry brick sample is shown in the 

figure 2. The typical dimensions of the bricks used in the experimental program were 250 

mm x 125 mm x 100 mm (length x thickness x height). The brick average gross area and 

net area were 375 cm2 and 348 cm2, respectively. According to the Thai community product 

standards, the lowest compressive strength of clay units is 7.00 MPa [31]. In this 

experimental program, the average compressive strength of the CCI hollow bricks was 

recorded as 6.74 MPa, which is considered close to the standard values. Ordinary Portland 

cement and Non-Shrink cement were manufactured by Siam Cement Public Company 

Limited, Thailand and General Engineering Company Limited Thailand, respectively. The 

cement to sand proportion of 1:2 was used for both types of cement grouts. The average 

compressive strength of Ordinary Portland cement sand grout and Non-Shrink cement sand 

grout was 25.0 MPa and 50.0 MPa, respectively. The average yield and ultimate tensile 

strength of steel bars (RB9) was 340 MPa and 440 MPa.       
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Table 1 Test matrix 

Group Wall Binding Material Reinforcement 

A 

1-A - - 

2-A-P Portland - 

3-A-N Non-Shrink - 

4-A-P-R Portland 3RB9 

5-A-N-R Non-Shrink 3RB9 

B 

1-D - - 

2-D-P Portland - 

3-D-N Non-Shrink - 

4-D-P-R Portland 3RB9 

5-D-N-R Non-Shrink 3RB9 

 

 

Figure 2 Typical hollow brick sample 

 

2.3 Construction of masonry walls 

All masonry walls were constructed in the running bond pattern as shown in the figures 

3 and 4. Two masonry walls (1-A and 1-D) were constructed in such a way that hollow 

cement clay interlocking bricks were placed over each other in the running bond pattern 
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without using any mortar or grout to bind bricks to each other as shown in figure 5. The 

construction of the cement grouted un-reinforced (2-A-P, 3-A-N, 2-D-P and 3-D-N) masonry 

walls were similar to the first wall, however, after the construction, the circular and square 

holes in the bricks were filled using ordinary Portland cement sand grout and non-shrink 

cement sand grouts, respectively (Figure 6). The remaining walls (4-A-P-R, 5-A-N-R, 4-D-P-

R and 5-D-N-R) were also grouted with Portland cement sand and non-shrink cement sand 

mortar, respectively, however, prior to the grout filling, steel bars (RB9) were also inserted 

into the holes at different locations to reinforce the masonry walls. A schematic diagram of the 

different construction techniques is shown in the figure 7 and walls are shown in figure 8. 

 

 

Figure 3 Details of axial wall (units in mm) 

 

 

Figure 4 Details of diagonal wall (units in mm) 
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Figure 5 Typical construction of masonry walls 

 

 

Figure 6 Typical grouting technique 

 คณะวิศวกรรมศาสตร มหาวิทยาลัยเกษมบัณฑิต บทความวิจัย 



8 Kasem Bundit Engineering Journal Vol.8 No.2 May-August 2018 

 

 

Figure 7 Construction techniques; (a) un-grouted masonry walls, (b) grouted and un-

reinforced masonry walls, (c) grouted and reinforced masonry walls 

 

 

Figure 8 Typical brick walls 

 

2.4 Instrumentation and loading setup 

In this research, the hollow cement clay interlocking brick masonry walls were tested 

under the pure axial and diagonal compression in the reaction frame having a capacity of 

2000 kN. The axial load was applied using a hydraulic jack and load intensity was recorded 
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through a calibrated load cell placed under the loading piston of the hydraulic jack as shown 

in figures 9 and 10. The hollow cement clay interlocking bricks walls were instrumented with 

two (L1 and L2) linear variable differential transducers (LVDTs) to measure the axial and 

diagonal deformation of the masonry walls. During the test, the initiation and propagation of 

cracks were visually inspected and recorded by photographs. 

 

 

Figure 9 Axial compression loading setup 

 

 

Figure 10 Diagonal compression loading setup 
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3. Experimental Results 

3.1 Test matrix 

The axial load versus axial deformation responses of the hollow cement clay interlocking 

brick masonry walls are displayed graphically in the figure 11. The experimental results in 

the term of ultimate load carrying capacity, % increase in the ultimate load carrying capacity 

and the axial deformation of the masonry walls against the ultimate load carrying capacity 

are summarized in the table 2. 

 

Table 2 Experimental results (group A) 

Wall Ultimate load (kN) 

% increase in ultimate 

load as compared with 

wall 1-A 

Axial deformation 

against ultimate load 

(mm) 

1-A 310.0 - 3.80 

2-A-P 635.0 105.0 2.90 

3-A-N 850.0 174.0 2.70 

4-A-P-R 700.0 126.0 2.60 

5-A-N-R 880.0 184.0 2.50 

 

 

Figure 11 Experimental results (group A) 
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The un-grouted masonry wall specimen (i.e., 1-A) was failed at the ultimate load of 

310.0 kN and axial deformation against the ultimate load was 3.80 mm. Further, it can be 

seen (Table 2 and Figure 11) that use of both kinds of cement grouts (i.e., Portland cement 

and non-shrink cement) is very useful to enhance the ultimate load carrying capacity of the 

both reinforced and un-reinforced masonry walls. The masonry wall specimen (2-A-P) was 

reached an ultimate load of 635.0 kN which was 105% higher as compared with the hollow 

brick masonry wall 1-A. The load carrying capacity of the wall specimen 3-A-N was recorded 

174% and 69% higher than the wall specimens 1-A and 2-A-P. The peak load of the wall 

specimen 4-A-P-R was increased by 126% and 21% as compared with wall specimen 1-A 

and 2-A-P, respectively. Increases of 184% and 58% in the ultimate load carrying capacity 

of wall specimen 5-A-N-R were observed as compared with wall specimens 1-A and 3-A-N-

R, respectively. It is evident from the experimental results that cement sand grouts and use 

of steel bars is every effective to enhance the ultimate load carrying capacity of masonry 

walls under pure axial compression. Further, it can also be noticed that the performance of 

non-shrink cement sand grout is superior as compared with ordinary Portland cement sand 

grout. This is mainly because of higher compressive strength of the non-shrink cement sand 

grout as compared with the ordinary Portland cement sand grout.  

 

3.2 Masonry walls of group B    

The diagonal load versus diagonal deformation responses of the hollow cement clay 

interlocking brick masonry walls are displayed graphically in the figure 12. The experimental 

results in the term of ultimate load carrying capacity, % increase in the ultimate load carrying 

capacity and the diagonal deformation of the masonry walls are summarized in the table 3. 

The un-grouted masonry wall specimen (i.e., 1-D) was failed at the ultimate load of 27.50 

kN and average diagonal deformation against the ultimate load was 12.5 mm. Similar to the 

axial compression, it can be seen (Table 3 and Figure 12) that use of both kinds of grouts 

(i.e., ordinary Portland cement sand and non-shrink cement sand grout) is very useful to 

enhance the diagonal load carrying capacity of the both reinforced and un-reinforced 

masonry walls. The masonry wall specimen (2-D-P), in which square and circular holes were 

filled using ordinary Portland cement sand grout was reached ultimate load of 110.0 kN 

which was 300% higher as compared with the un-grouted hollow brick masonry wall i.e, 1-

 คณะวิศวกรรมศาสตร มหาวิทยาลัยเกษมบัณฑิต บทความวิจัย 



12 Kasem Bundit Engineering Journal Vol.8 No.2 May-August 2018 

 

D. The load carrying capacity of the wall specimen 3-D-N was recorded 500% and 200% 

higher than the wall specimen 1-D and 2-D-P, respectively.  

 

Table 3 Experimental results (group B) 

Wall Ultimate load (kN) 

% increase in ultimate 

load as compared with 

wall 1-D 

Diagonal deformation 

against ultimate load 

(mm) 

1-D 27.5 - 12.5 

2-D-P 110.0 300.0 1.55 

3-D-N 165.0 500.0 2.70 

4-D-P-R 140.0 409.0 1.70 

5-D-N-R 180.0 555.0 3.00 

 

 

Figure 12 Experimental results (group B) 
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observed as compared with wall specimen 1-D and 3-D-N, respectively. The ultimate load 

carrying capacity of reinforced masonry walls is found higher than the unreinforced masonry 

walls which is mainly due to the presence of steel bars. It is evident from the experimental 

results that the use of steel bars is very effective to alter both ultimate load carrying capacity 

and ultimate failure mechanism of the CCI brick masonry walls. In case of reinforced masonry 

walls, it can be seen that right after peak load, there is a sudden drop in the load carrying 

capacity up to the 50% level of the total loading carrying capacity and after that masonry 

walls are still capable to carry load. This phenomenon is in contrast to the pure axial 

compression response as shown in figure 11. This can be associated with the crushing and 

tensile behavior of the bricks and steel bars. The drop in the peak load is mainly due to the 

crushing of the bricks and after that there is force stress transformation from the bricks to 

the steel bars thus resulting into the further stability in the ultimate load carrying capacity at 

50% level of drop in the load carrying capacity.  

 

3.3 Failure modes of masonry walls 

The typical failure modes of hollow cement clay interlocking brick masonry walls tested 

in axial and diagonal compression are shown in the figures 13-15. In general, the final failure 

of the brick masonry walls under axial compression was mainly due to the splitting and 

crushing of the interlocking bricks under the loading region as shown in figures 13-15. 

Whereas in case of diagonal compression, the final failure of the masonry walls was mainly 

due to along the compressed diagonal, sliding of the hollow cement clay interlocking bricks 

along the bed joint (at bottom region) and crushing of the hollow bricks under loading region 

as shown in figures 16-18. The ultimate failure of the un-reinforced cement grouted masonry 

walls was observed brittle and sudden. In contrast to the unreinforced masonry walls, the 

overall response of the steel reinforced masonry walls were found significantly ductile as 

compared with unreinforced masonry walls. The term ductile is used to indicate a stable and 

gradual post peak response (such as in case of wall specimens 4-A-P-R and 5-A-N-R) as 

compared with sudden post peak responses of walls specimens 2-A-P and 3-A-N.     
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Figure 13 Failure mode of wall specimen 1-A 

 

 

Figure 14 Typical failure mode of cement grouted un-reinforced walls (Axial 

compression) 
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Figure 15 Typical failure mode of cement grouted reinforced walls (Axial compression) 

 

 

Figure 16 Failure mode of wall specimen 1-D 
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Figure 17 Typical failure mode of cement grouted un-reinforced walls (Diagonal 

compression) 

 

 

Figure 18 Typical failure mode of cement grouted reinforced walls (Diagonal 

compression) 

 

4. Conclusions 

A series of tests has been conducted to study the axial and diagonal compressive 

response of hollow cement clay interlocking brick masonry walls. Different construction 
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methods and techniques were adopted to investigate their influence on the ultimate load 

carrying capacity and axial deformation behavior of the hollow brick masonry walls. From 

the experimental results, it can be concluded that the hollow brick masonry wall built without 

using cement-sand grout shows large deformation under axial and diagonal loading. The 

cement sand grouted masonry walls (unreinforced masonry walls) resulted in higher ultimate 

load carrying capacity and less deformation as compared with un-grouted masonry wall. The 

overall response of the steel reinforced masonry walls were found significantly improving in 

terms of ultimate load carrying capacity and final failure modes. 

 

Acknowledgement 

The authors are very grateful to the Faculty of Engineering, Srinakharinwirot University, 

Thailand, for providing research grant (Research Grant ID 568/2560) to carry out the 

research work. The authors are also very thankful to the Asian Institute of Technology (AIT) 

for supporting test facilities. 

 

References 

[1] Thaickavil NN, Thomas J. Behaviour and strength assessment of masonry prisms.  

Case Studies in Construction Materials 2018;8:23-38. 

[2] Ewing BD, Kowalsky MJ. Compressive behavior of unconfined and confined clay brick 

masonry. Journal of Structural Engineering 2004;130(4):650-61. 

[3] Sarangapani G, Venkatarama Reddy BV, Jagadish KS Brick-mortar bond and masonry 

compressive strength. Journal of Materials in Civil Engineering 2005;17(2):229-37. 

[4] Atkinson RH, Amadei BP, Saeb S, Sture S. Response of masonry bed joints in direct 

shear. Journal of Structural Engineering 1989;115(9):2276-96. 

[5] Massart TJ, Peerlings RHJ, Geers MGD. Mesoscopic modeling of failure and damage-

induced anisotropy in brick masonry. European Journal of Mechanics-A/Solids 

2004;23(5):719-35. 

[6] Brencich A, Gambarotta L. Mechanical response of solid clay brickwork under eccentric 

loading. Part I: Unreinforced masonry. Materials and structures 2005;38(2):257-66. 

 คณะวิศวกรรมศาสตร มหาวิทยาลัยเกษมบัณฑิต บทความวิจัย 



18 Kasem Bundit Engineering Journal Vol.8 No.2 May-August 2018 

 

[7] Brencich A, Corradi C, Gambarotta L, Mantegazza G, Sterpi E. Compressive strength 

of solid clay brick masonry under eccentric loading. Proc. Brit. Mason. Soc. (UK) 

2002;9(11):37-46. 

[8] ElGawady MA, Lestuzzi P, Badoux M. Static cyclic response of masonry walls retrofitted 

with fiber-reinforced polymers. Journal of composites for Construction (2007);11(1):50-

61. 

[9] Brencich A, Corradi C, Sterpi E. Experimental approaches to the compressive response 

of solid clay brick masonry. In Proceedings 13th International Brick and Block Masonry 

Conference. Amsterdam; 2004. p. 1-10. 

[10] Wei X, Stewart MG. Model validation and parametric study on the blast response of 

unreinforced brick masonry walls. International journal of impact engineering 

2010;37(11):1150-59. 

[11] Berto L, Saetta A, Scotta R, Vitaliani R. Failure mechanism of masonry prism loaded in 

axial compression: computational aspects. Materials and structures 2005;38(2):249-56. 

[12] Griffith MC, Lam NT, Wilson JL, Doherty K. Experimental investigation of unreinforced 

brick masonry walls in flexure. Journal of Structural Engineering 2004;130(3):423-32. 

[13] Cavaleri L, Failla A, La Mendola L, Papia M. Experimental and analytical response of 

masonry elements under eccentric vertical loads. Engineering Structures 2005;27(8): 

1175-84. 

[14] Colangelo F. Pseudo‐dynamic seismic response of reinforced concrete frames infilled 

with non‐structural brick masonry. Earthquake engineering & structural dynamics 

2005;34(10):1219-41. 

[15] Harajli M, ElKhatib H, San-Jose JT. Static and cyclic out-of-plane response of masonry 

walls strengthened using textile-mortar system. Journal of materials in civil engineering 

2010;22(11):1171-80. 

[16] Alcaino P, Santa-Maria H. Experimental response of externally retrofitted masonry walls 

subjected to shear loading. Journal of composites for construction 2008;12(5):489-98. 

[17] Ravula MB, Subramaniam KV. Experimental investigation of compressive failure in 

masonry brick assemblages made with soft brick. Materials and Structures 2017;50(1):19. 

 Faculty of Engineering, Kasem Bundit University Research Article 



วิศวกรรมสารเกษมบัณฑิต ปที่ 8 ฉบับที่ 2 พฤษภาคม-สิงหาคม 2561  19 

[18] Koltsida IS, Tomor AK, Booth CA. Experimental evaluation of changes in strain under 

compressive fatigue loading of brick masonry. Construction and Building Materials 

2018;162:104-12. 

[19] Rahgozar A, Hosseini A. Experimental and numerical assessment of in-plane monotonic 

response of ancient mortar brick masonry. Construction and Building Materials 

2017;155:892-909. 

[20] Pruthvi Raj G, Ravula MB, Subramaniam KV. Failure in Clay Brick Masonry with Soft 

Brick under Compression: Experimental Investigation and Numerical Simulation. In Key 

Engineering Materials 2017;747:472-9. 

[21] Wilding BV, Beyer K. Force–displacement response of in-plane loaded unreinforced 

brick masonry walls: the Critical Diagonal Crack model. Bulletin of Earthquake 

Engineering 2017;15(5),2201-44. 

[22] Wilding BV, Beyer K. Force–displacement response of in-plane loaded unreinforced 

brick masonry walls: the Critical Diagonal Crack model. Bulletin of Earthquake 

Engineering 2017;15(5):2201-44. 

[23] Di Domenico M, Ricci P, Verderame GM. Experimental Assessment of the Influence of 

Boundary Conditions on the Out-of-Plane Response of Unreinforced Masonry Infill 

Walls. Journal of Earthquake Engineering 2018;1-39. 

[24] Di Trapani F, Shing PB, Cavaleri L. Macroelement Model for In-Plane and Out-of-Plane 

Responses of Masonry Infills in Frame Structures. Journal of Structural Engineering 

2017;144(2). 

[25] Kaushik HB, Rai DC, Jain SK. Stress-strain characteristics of clay brick masonry under 

uniaxial compression, Journal of Materials in Civil Engineering 2007;19(9):728-39. 

[26] Sathiparan N, Mayorca P, Nasrollahzdeh NK, Guragain R, Meguro K. Experimental 

study on unburned brick masonry wallettes retrofitted by pp-band meshes. Seisan 

Kenkyu 2006;58(3):301-4. 

[27] San Bartolomé A, Delgado E, Quiun D. Seismic behaviour of a two-story model of 

confined adobe masonry. In Proceedings of 11th Canadian masonry symposium 2009. 

[28] Namboonruang W, Rawangkul R, Yodsudjai W. Strength Properties of Low Thermal 

Conductivity Fly Ash Bricks: Compressive and flexural strength aspects. In Applied 

Mechanics and Materials, Trans Tech Publications 2012;117:1352-7. 

 คณะวิศวกรรมศาสตร มหาวิทยาลัยเกษมบัณฑิต บทความวิจัย 



20 Kasem Bundit Engineering Journal Vol.8 No.2 May-August 2018 

 

[29] Joyklad P, Ali N, Hussain Q. A meticulous study on mechanical properties of Cement-

Clay Interlocking (CCI) hollow brick. Structural Engineering and Mechanics 2018. (under 

review). 

[30] Joyklad P, Areecharoen S, Hussain Q. Mechanical properties of local Cement-Clay 

Interlocking bricks in central part of Thailand. SWU Engineering Journal 2018;13(1):1-

12. 

[31] Community Product Standards Division, CPSD. Thai Community Product Standards: 

Interlocking Block (602/2547), Thai Industrial Standards Institute (TISI), Bangkok; 2004. 

 

Author’s Profile    

Panuwat Joyklad (Ph.D), Assistant Professor, Srinakharinwirot 

University, Thailand. E mail: panuwatj@g.swu.ac.th 

 

 

 

 

 

Qudeer Hussain (Ph.D), Research Faculty, CONTEC, School of Civil 

Engineering, Sirindhorn International Institute of Technology, 

Thammasat University, Thailand. Email: qudeer@kbu.ac.th 

 

 

  

 Faculty of Engineering, Kasem Bundit University Research Article 


	1. งานวิจัยฉบับนี้ศึกษาประสิทธิภาพของแผนภูมิควบคุมสัดส่วนของเสีย 3 วิธี คือ แผนภูมิควบคุม p แผนภูมิควบคุม Ewma และแผนภูมิควบคุม Isrt p ewma
	2. ศึกษาเฉพาะกรณีค่าผิดปกติ (Outliers) ออกนอกขีดจำกัดควบคุมเท่านั้น
	3. งานวิจัยฉบับนี้ทำการทดสอบภายใต้การแจกแจงทวินาม (Binomial Distribution) เนื่องจากในการทดลองแต่ละครั้งจะมีผลลัพธ์ได้เพียง 2 ทางคือ ดี เสีย ซึ่งสอดคล้องกับข้อมูลที่เป็นจำนวนนับ เช่น จำนวนของเสีย สัดส่วนของเสีย
	4. กำหนดค่าสัดส่วนของเสียเมื่อกระบวนการอยู่ภายใต้การควบคุม (p0) เท่ากับ 0.04 ถึง 0.10 โดยเพิ่มขึ้นครั้งละ 0.02 เนื่องจากค่าสัดส่วนของเสียดังกล่าวพบได้บ่อยในหลายอุตสาหกรรม และมีการนำมาศึกษาประสิทธิภาพของแผนภูมิควบคุมเช่นกัน [11-13]
	5. กำหนดค่าสัดส่วนของเสียเมื่อกระบวนการไม่อยู่ภายใต้การควบคุม (p1) = p0 (1+δ) โดยที่ δ = 0.01, 0.05, 0.1, 0.5, 1.0 และ 2.0 เนื่องจากแผนภูมิควบคุม p สามารถตรวจจับการเปลี่ยนแปลงของกระบวนการได้ดีเมื่อระดับการเปลี่ยนแปลงค่าสัดส่วนของเสียมีค่ามาก จึงทำให้ผ...
	6. กำหนดขนาดตัวอย่าง (n) เท่ากับ 50, 100, 200 และ 300 เนื่องจากสามารถพบได้บ่อยในการนำแผนภูมิควบคุมไปใช้งานจริง และยังสอดคล้องกับงานวิจัยอื่น ๆ ในการศึกษาประสิทธิภาพของแผนภูมิควบคุม [11, 13, 14]
	7. กำหนดค่าพารามิเตอร์ของแผนภูมิควบคุม (𝜆) เท่ากับ 0.05 เนื่องจาก เมื่อกำหนด 𝜆 เท่ากับ 0.05 เป็นทางเลือกที่ดีในการนำไปใช้ เนื่องจากแผนภูมิควบคุมจะสามารถตรวจจับการเปลี่ยนแปลงได้อย่างรวดเร็ว เมื่อข้อมูลมีการเปลี่ยนแปลงไปเพียงเล็กน้อย [5]
	8. กำหนดระดับนัยสำคัญ (α) เท่ากับ 0.0027 และพิจารณาความสามารถในการควบคุมค่าความผิดพลาดประเภทที่ 1 โดยใช้เกณฑ์ของ Bradley นั่นคือ ค่าความผิดพลาดประเภทที่ 1 อยู่ในช่วง (0.00243, 0.00297) [15]
	9. งานวิจัยฉบับนี้จำลองข้อมูล 10,000 รอบ และทำซ้ำ 50 ครั้ง ในแต่ละสถานการณ์โดยใช้โปรแกรม R

