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Abstract: Combined granular activated carbon adsorption with membrane 

filtration for high strength wastewater treatment have been carried out. Raw 

oleo-chemical wastewater and leachate were used as sample. Ultrafiltration is 

also relatively low cost, easy to backwash and operates up to 3 barg. 

Experiment was carried out by passing through the sample to an adsorption 

column for 10 minutes followed by membrane filtration at different trans-

membrane pressure of 1, 2 and 3 barg. Oleo-chemical samples were analysed 

for chemical oxygen demand, turbidity, suspended solid and leachate samples 

were analysed for chemical oxygen demand and ammonia nitrogen according 

to APHA method. Results showed that the best chemical oxygen demand, 

suspended solids and turbidity removal for oleo-chemical samples achieved at 

2 bar with 64%, 93% and 97%, respectively. Leachate showed the best 

removal of chemical oxygen demand and ammonia nitrogen achieved at 3 bar, 

with 76% and 87%, respectively. The adsorption process combined with 

membrane filtration is feasible as an alternative for conventional biological 

treatment for high strength wastewater. However, GAC exhaustive 

breakthrough point requires monitoring. 

Keywords: hollow fibre membrane, granular activated carbon, high strength 

wastewater
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1.  Introduction 

Oleo-chemical is a chemical compounds derived industrially from animal 

or vegetable oils or fats. Oleo-chemicals industry is one of the major industries 

in Malaysia that is producing glycerine, fatty acid and ester from oleo-

chemical. The wastewater discharge produces high chemical oxygen demand 

(COD) with value between 6,000 mg/L to 20,000 mg/L (Abbasi M. et al., 

2013). Conventional biological treatment that is commonly used for treatment 

of oleo-chemical wastewater is not sufficient to treat high COD concentration 

which will caused environmental pollution. Leachate is a by-product of 

sanitary landfills containing complex waste composition with high organic 

content, high ammonia nitrogen concentration and strong biodegradability 

(Renou et al., 2008). Due to its large concentration of pollutants, it must be 

properly treated before being discharged. Directly discharging leachate into 

the surrounding environment would cause irreversible harm, especially to 

groundwater systems. High strength wastewater from such as oleo-chemical 

wastewater and leachate is often contaminated with various compounds such 

as phenol, chromium, suspended solids and dissolved organic compounds, 

which leads to high chemical oxygen demand in wastewater and it is crucial 

that it should be treated to an environmental acceptable limit (Ismail et al., 

2016). Effective treatment is required before the effluent can be discharged to 

the environment. Without proper treatment, wastewater effluent produced 

eventually contributes serious and long lasting consequences to human and 

life. 

The activated carbon which is known commercially as activated charcoal 

is made of carbon which is processed to have very small pore sizes. 

Furthermore, this small sizes of pores results in creating very high surface area 

which is used for higher adsorption of the chemical particles in the effluent, 

which is important for the high strength wastewater treatment particularly 

from industrial wastewater treatment process. Much of the available literature 

focused on the removal of trace organic contaminants by GAC from surface 

water (Kim et al., 2010; Deegan et al., 2011; Grover et al.,2011; Hernández-
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Leal et al., 2011) and only a few have investigated the use of GAC adsorption 

for the removal organic contaminants from industrial wastewater (Xing W. et 

al, 2008). Nguyen et al., 2012 reported that membrane treatment or granular 

activated carbon on its own will not adequately remove all trace organics of 

concern in the high industrial wastewater. This study aimed to investigate the 

reduction of chemical oxygen demand from high strength wastewater using 

combined GAC adsorption-membrane ration treatment.  

2.  Materials and Method 

2.1 Experimental Setup 

The physical properties of the hollow fiber membrane are listed in Table 

1. The granular activated carbon used were purchased from the local shop 

(brand: CALGAN). Experiments were carried out in room temperature by 

allowing the wastewater to pass through granular activated carbon filter for 10 

minutes. Then the solution was introduced to the shell side of the hollow fibers 

membrane filter at different trans-membrane pressure of 1, 2, 3 bar in 10 

minutes. Treated effluent were collected in the reservoir for further analysis. 

Experiments were repeated after membrane cleaning has been carried out. 

Membrane was backwashed and rinse with distilled water. 

Table 1. Details specification of hollow fiber membrane 

Materials Polyvinylidene fluoride 

Thickness, (μm) 220 

Inner diameter, (μm) 610 

Average pore size, (μm) 0.2 

Porosity, (%) 50-60 

The wastewater samples used in this investigation was collected from the 

collection sump of the respective wastewater treatment plant. Samples were 

stored at 4oC to prevent biodegradation of pollutants. A cylindrical hollow 

fiber membrane module was prepared for the study as shown in Figure 1.  



4 
 

 

Figure 1. Experimental setup for the membrane filtration system 

2.2 Analytical Procedures 

Conventional wastewater quality parameters, namely pH, temperature, 

turbidity, chemical oxygen demand, ammonia nitrogen, and suspended solids 

were analyzed according to the Standard Methods for the Examination of 

Water and Wastewater (APHA, 2017). Calorific method with HACH 

DR/2800 spectrophotometer (set at 620 nm wavelength) was used in 

measuring COD concentration. Ammonia concentrations was measured by 

Nesslerization Method (4500 NH3) using HACH DR2800 spectrophotometer 

(set at 425 nm wavelength).  

3.  Results and Discussions 

3.1  Removal From Oleo-Chemical Sample 

The pH, COD, turbidity and TSS of raw oleo-chemical wastewater 

collected at the consumption sump tank of the industry were 3.86, 2496 mg/L, 

29.26 PtCo and 90 mg/L, respectively as showed in Table 2. After adsorption 

by GAC at pH 3.86, results observed a reduction in COD, TSS and turbidity 

of 18%, 42% and 43%, respectively. Adjusting pH to 7.58 resulting to better 

absorption for COD, turbidity and TSS of 23%, 53% and 56%, respectively. 

  

membrane 

TMP 

reservoir 

pump 
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Table 2. Raw and treated by GAC for oleo-chemical sample 

Experimental results from the combined GAC-membrane at different 

trans-membrane pressure (TMP) was tabulated in Table 3. Adsorption on 

GAC followed by filtration from membrane have lead to high initial removal 

of organic contaminants. It should be noted that the best COD removal 

achieved at TMP pressure of 2 bar, where most of the pollutants passed 

through the membrane pore resulting to reduction of COD, TSS and turbidity 

of 64%, 99% and 96.3%, respectively.  

Table 3. Effluent quality at different trans-membrane pressure 

It can be seen in Figure 2 that the color of the treated effluent is clear. 

 

Figure 2. Oleochemical wastewater (i) treated, (ii) untreated 

 

3.2  Removal From Leachate Sample 

The removal efficiency of COD and ammonia nitrogen from leachate was 

investigated using combined GAC-membrane treatment. In this study, three 

No pH COD (mg/L) Turbidity (PtCo) TSS (mg/L) 

I 3.86 2496 29.26 90 

 After passing through GAC in 10 min 

II 3.86 2027 (18%) 16.58 (43%) 52 (42%) 

III 7.58 1910 (23%) 13.86 (53%) 40 (56%) 

TMP (bar) COD removal (%) Turbidity removal (%) TSS removal (%) 

1 52.07 84.60 88.15 

2 64.02 99.35 96.30 

3 62.13 97.07 93.50 

(i) (ii) 
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set of experiments on raw leachate at different absorption time and TMP of 5 

min, 10 min and 1 bar, 2 bar, 3 bar, respectively as shown in Figure 3 and 

Figure 4 were conducted.  Each samples were collected and analysed after the 

absorption and filtration treatment.  

Leachate sample collected from Kuala Selangor was characterized as 

showed in Table 4. Results observed a reduction in COD and ammonia 

nitrogen in 5 min absorption time to be 15% and 40%, respectively. Increasing 

absorption time to 10 min resulting to better removal of COD and ammonia 

nitrogen of 25% and 52%, respectively. 

 

Figure 3. Raw leachate used in the study 

Table 4. Raw leachate characteristics 

COD (mg/L)  Ammonia-Nitrogen (mg/L)  pH 

2853  1570 7.71 

 After passing through GAC in 5 min 

COD (mg/L)  Ammonia-Nitrogen (mg/L)  pH 

2418(15%)  950(40%) 8.30 

 

 After passing through GAC in 10 min 

COD (mg/L)  Ammonia-Nitrogen (mg/L)  pH 

2150(25%)  757.5(52%) 8.41 
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Experimental results from the combined GAC-membrane at different 

trans-membrane pressure (TMP) was tabulated in Table 5. High removal rates 

were observed at high TMP. It should be noted that the best removal achieved 

were at TMP pressure of 3 bar, with COD and ammonia nitrogen reduction of 

76% and 87%, respectively. Membrane filtration driven by pressure lead to 

separation through the semi permeable membrane. Organic.  

Table 5. Effluent quality at of combined GAC-membrane at different 

trans-membrane pressure (TMP) 

TMP 

(bar) 

COD  

removal (%) 

Ammonia 

nitrogen 

 removal (%) 

1 43 65 

2 47 73 

3 76 87 

GAC adsorption may lead to high organic matter removal over time, 

however the adsorption capacity will eventually become shattered due to 

exhaustive breakthrough that reduces the capabilities of organic matters being 

absorbed and regeneration of the spent carbon will be needed. This will result 

in higher organic matter to be loaded onto membrane treatment. It is important 

to monitor the performance in order to detect the breakthrough point of the 

biodegradable compounds prior to the membrane treatment. Regeneration of 

GAC or fresh GAC is needed to ensure pre-treatment prior to membrane 

filtration. Raw landfill leachate in a very dark colored liquid. Figure 4 shows 

the color reduction after treatment by combined GAC-membrane at different 

TMP. By physical observation, sample (i) with GAC-TMP of 3 bar shows 

lighter color due to the combined treatment.  
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Figure 4. Leachate treatment at various condition: (i) GAC-TMP of 3 bar, 

(ii) GAC-TMP of 2 bar, (iii) GAC-TMP of 1 bar, (iv) with GAC-10 min., (v) 

with GAC-5 min 

4.  Conclusion 

From the present study, the following conclusion can be drawn: 

1. The best COD removal achieved using combined GAC-membrane for 

high strength wastewater specifically oleochemical wastewater and leachate 

were 64% (at 2 barg) and 76% (at 3 barg), respectively.  

2. GAC pre-treatment initially complement membrane filtration treatment 

very well, however results reaffirm that strict monitoring should be in place 

over the lifetime of the GAC column to detect the breakthrough point of 

biodegradable compounds.  
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Abstract: During the past ten years the impact of the internet on channel 

selection has been dramatic and pervasive throughout the business world. Yet 

strong arguments can be made that few industries have been as invasively 

affected as has the airlines industry. Currently travellers increasingly choose 

the websites to search for flight ticket or other things. This paper provides a 

report of a study that investigated customers’ perception towards purchase 

flight ticket online as well as why some people choose to use this facility and 

why some other still stick with the traditional method of buying flight ticket 

online. Hence, the three factors of online buying were examined in this study. 

Keywords: Airline Industry, e-ticketing system, e-service, e-transaction, Air 

Asi

1.  Introduction 

Generally, online shopping involves seeking information and carrying out 

activities that provide the customers the information that help them to arrive 

at an informed decision and conduct business. On the other hand, online 

buying represents technological infrastructure used to exchange data and 

purchase product or services electronically (Ainin et al, 2009). The airline 

industry has been a major beneficiary of this phenomenon as seen in the 

growth recorded in the emergence of travelling agencies within a very short 

time of period. Most of these agencies within the last decade have set up 

website and mobile applications to communicate and remove the barrier to 

reach to their customer and target market but there are still a lot of people who 

stick to the traditional way of purchasing tickets because of so many factors. 

mailto:*%20noralinaismail@segi.edu.my
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Some of the users find this approach quite risky, or they may not be able to 

use the internet well, on the other hands, they may not be skilful enough and 

this is where dexterity at the use of computer system plays a significant role 

in influencing the user (Carla et al., 2009).The growing use of Information 

Technology (IT) in airlines industry revolutionized the interaction between 

company and customers and can increasingly standardized many services in 

airlines companies. For example, in this technology era, customers are able to: 

(a) search information, (b) booking or purchasing flight ticket, (c) loyalty 

program and many other features through website at anytime and anywhere in 

the world (Rafidah, 2014). 

The purpose of this paper is to explore and understand the study on Air 

Asia e-ticketing system especially on the e-transaction cycle as now e-

ticketing is become more popular electronic transaction among airlines 

companies globally.  

2.  Literature Review 

Over the past decade, the growth of computer-related technologies and 

the wider acceptance of the Internet led to changes in internet user behaviours. 

Besides, e-commerce has increased highly in order to develop a new 

marketplace for many industries, such as travel and tourism, entertainment, 

hotel, transportation, and also airline industry (June & Meiga, 2012). Thus, e-

ticketing has been considered as an important contribution in the e-Commerce 

field. Hence, according to ebookers.com (2015), e-ticket is a technology that 

is paperless and time-saving to various types of activities, such as amusement, 

travel, and many more. E-ticketing, in general, is a new way to buy a ticket 

using Internet application. This process involves two main parties between 

company and customer. This technology allows customers not only limited to 

buy a ticket, but allows customers to compare price, products, and other e-

service facilities before they decide to make a purchase.  

Based on Malaysia Internet User record, in 2011, about 65% of electronic 

buyers bought airline tickets online. This system has offered numerous 

benefits to customers, including decision-making before make a purchase 
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(Sulaiman et.al, 2008). The past studies concluded that an airline e-ticketing 

system is not a new services provided to customer especially in Malaysia 

scenario. Hence, the e-ticketing services is not really new among customer 

nowadays because more than half customers have been purchase flight ticket 

using system for the last two decade. According to Sulaiman et.al (2006, 

2008), the pioneer of e-ticketing system is AirAsia Berhad in 2005. This 

statement is also agreed Rafidah (2014). The AirAsia Company is also known 

as the low-cost carrier airline in Malaysia. In fact, a high percentage of 

customers in Malaysia buys flight ticket rather than other types of tickets, such 

as entertainment, cinema, and sports. Perhaps, due to successful sales and 

promotion done by airlines in Malaysia, awareness among customers can be 

developed (Rafidah, 2014). Moreover, the airline e-ticketing system 

implemented by many airline companies in Malaysia, such as Malaysia 

airlines, AirAsia, Malindo, MasWing, and Firefly, and offering a low fare 

system.  

2.1 E-ticketing System  

In year of 2003 Will (2016) found that the US airline industry had lost 

over 15 billion since the tragedy in September 2001 and was expected to lose 

another 5 billion in year 2005. Moreover, many airlines companies was 

attempted to improve their business and minimize loses by implementing a 

web based or mobile application. Based on world report, most succeed 

approached by implemented e-ticketing system and this system normally acts 

like an alternative system to sell their product through internet by using 

website.  This strategy to ensure can increase customers’ satisfaction.  

E-ticketing can be defined as a model that allows approved agents to 

transmit ticketing information directly to database and all the details of 

customer will store in database. This means all the transaction will do 

electronically using website and customer will give a unique code (booking 

number / flight number) via internet like e-mail or over the phone if any 

(Randiwela, 2010). Through the expanded use of e-ticketing system, airlines 

are able to reduce labour costs and in some cases eliminate commissions 
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altogether so as to improve profit margins. An airline e-ticket is used to 

represent the purchase of a seat on a customer airline, usually through a 

website. An airline e-ticket combines the issue and delivery of the ticket into 

a single operation which is a more practical and faster option to conventional 

manual airline ticketing, effecting sizeable savings for both airlines and travel 

agent (Will, 2016). 

E-Ticketing is not only available on web-based system. Customers also 

can buy using phone application, electronic kiosk and more (June & Meiga, 

2012).  For example, recently, many customers tend to purchase cinema 

tickets using mobile application or website rather than queuing at the counter. 

This activity is part of pre-purchase in transaction cycle where customers 

perform prior to place an order (Alhiou, 2011; Lu & Fienberg, 2003; Khalifa 

& Shen, 2005). According to Romano et al (2013), e-ticketing is gaining 

popularity vastly compared to other online shopping because can give many 

benefits to both company and customer. One of the benefits is its can reduce 

cost in term of printing a paper ticket at once can save time of both side.  Other 

benefits can get by buying online ticket is customers can feel more convince 

because they no need to carry a paper ticket because recently airlines 

companies allowed their customers to check-in online over website and can 

choose their favourite seats. The long term relationship provides many 

potential benefits for many service companies in various industries especially 

in airline industry.  

2.2 Research Design  

Research design is one of the important elements in a research because it 

is a strategy for answering the questions and making a hypothesis testing that 

stimulate the research in the first place. The purpose of the research design 

implemented in this study was to review some of the research designs that 

were used in the past Information System (IS) studies, followed by a 

discussion of the rationale for a particular design. The research design was 

based on a research model and it helped to align the planned methodology 

with the research problem. This research design also helped to draw 
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boundaries for the research in defining the study setting, the type of 

investigation that had to be carried out, the unit of analysis, and other relevant 

issues related to research process, which would only succeed if the researcher 

made the right choices in the research design (Duffy, 1985).  

In this study, the focus group interview session has been conducted in 

order to help a researcher to collect a data and also to develop and instrument.  

2.3 Instrument and Data Collection 

The chosen method for the data collection is focus group. Focus group 

also give benefits because they allow participants or interviewees to feed of 

one another’s ideas and spark thoughts that may not have been captured in 

isolation. The focus group session was conducted as a step to get better 

understanding of flight e-ticketing system in Malaysia. The researcher used 

this approach to identify customers’ perspective towards airline e-ticketing 

system.  

2.4 Sample of the Study  

The focus group was successfully conducted on July 2013, involving 

eight participants of postgraduate students in Kuliyyah of Information and 

Communication Technology (KICT) from the International Islamic 

University Malaysia (IIUM). The participants were selected based on two 

main criteria which is first must be experienced in using any airlines (MAS, 

AirAsia, Firefly, Malindo, or MASwings) and e-ticketing system in Malaysia, 

and secondly is Malaysian and non-Malaysian. The open-ended question 

method was used for this focus group session discussion 

3.  Data Analysis  

The descriptive of this focus group as depicted in Table 1 while the 

questions of this data collection depicted in Table 2 below: 
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Table 1. Profile of respondents for pre-instrument development 

Characteristic  Frequency (N) 

Gender: 

1. Male 

2. Female 

 

3 

5 

Age:  

1. 25 to 34 years 

2. 35 to 44 years 

 

4 

4 

Race: 

1. Malay 

2. Non-malaysian 

 

4 

4 

Employment Status: 

1. Employed  

2. Un-employed  

 

2 

6 

Marital Status: 

1. Single  

2. Married  

 

2 

6 

Highest education: 

1. Post-graduate / professional certificate 

 

8 

 

Table 2. The questions 

No. Question. 

1. - Do you normally buy a ticket from the same airline?  

- What factors those lead you to buy a ticket from the same airline? 

2.  - How would you describe your experience on the website? 

- What are the common functions on the web that you normally do? 

- Which one of these functions is problematic or not meeting your 

expectation? 

3. - Do you have an experience using holiday package on website?  

- In term of holiday needs, what your expectation on this? 

4. - Would you trust this system? 

5. - What other things (besides web) that will make your online experience 

better? 

6. - Is there any cultural or religion issues that affect your satisfaction towards 

airlines e-ticketing services? 

- Any other bad experience with other e-ticketing system? 

7. - What are your expectations on improvement for airlines e-ticketing 

websites in Malaysia? Perhaps available on the other airlines sites but not in 

Malaysia websites? 

4.  Results and Discussion 

During the discussion, all the participants were asked to comment on how 

satisfied they were using any services provided by any airlines in Malaysia. 

The services including web design, search capabilities such as searching on 
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ticket prices, payment methods, check-in options, holiday package as well as 

all the other features on websites. 

Most of the participants were not satisfied and expressed mild frustration 

with AirAsia Berhad in terms of hidden charges, web check-in services, 

culture of flight attendants, the interface of the websites, and most of them 

tried to make comparisons with other airlines. Nevertheless, only one 

respondent who was satisfied with the overall services of the AirAsia Berhad 

system because she found that only this airline provided direct debit as an e-

payment method during that time which is from 2005-2010.  

In addition, all the respondents were very particular with the price factor 

because they mostly bought flight tickets from airlines offering lowest prices 

and without any hidden charges. In terms of experience using websites, most 

participants make comparisons between all the airlines because in the AirAsia 

website cases, they felt that this company had wanted to trick the customers 

through the website in terms of information consistency, the website design 

was not easy to use, time constraint while making online purchase, and also 

bad experience during web check-in as they had to re-fill in the passenger 

details multiple times.  

One of the participants, who was an international customer, expressed 

frustration over the web check-in service provided by AirAsia because he said 

that this company had never acknowledged his web check-in and he had to re-

check-in when he arrived at the airport. He found that this method wasted his 

time and he labelled AirAsia as discriminating customers because he was an 

international customer. Meanwhile, in receiving notifications from airlines, 

most of the participants had been dissatisfied. Based on their experience, they 

found that most of the airlines will give a late notification for the customers if 

there is any flight schedule changes. This issue will affect the customer’s 

initial planning on their travel. As for the trust factor, most of the participants 

trusted the flight e-ticketing system in Malaysia in terms of e-payment, 

privacy, or any other factors. Nonetheless, only one participant admitted that 

he never trusted a system that asked him to give a CVV number when doing 
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an e-payment using a credit card because he felt uncomfortable sharing his 

CVV credit card number on the website.  

As for the holiday packages offered by the airlines, none of the 

participants had purchased it because they found that the holiday package 

prices were higher compared to the prices offered by travel agents. If they had 

wanted to go for a holiday, most of them preferred booking a hotel or any 

other accommodation separately from flight tickets. Lastly, in terms of culture 

and religion issues, most participants expressed unhappiness towards the cabin 

crew.  

They said that most cabin crews were impolite and did not use proper 

Bahasa Malaysia. In fact, one participant claimed that the reason why he did 

not buy any food on board was because the airlines never displayed the “halal” 

logo on their food, which is rather an important issue to Muslim customers. 

The interview discussion also captured that most of the respondents were 

dissatisfied with several online service in the airline e-ticketing system in 

Malaysia. In general, the reasons why participants keep repeating flight ticket 

purchase with the same airlines had been due to the price factor, direct route, 

and e-payment services.   

In the recommendation section, most participants want airlines in 

Malaysia to improve on several services on the websites as well as beyond 

websites to meet their needs and satisfaction. The participant said that the 

airlines need to explain clearly about promotions, improve the services in 

terms of explaining the actual prices, provide detailed information on 

websites, and the seats need to be arranged based on booking number, not 

randomly. 

5.  Conclusion 

This research provides the thorough understanding of how most of 

airlines in Malaysia applies factors in order to determine the level of 

satisfaction towards their companies. This is can be concluded that most of 

airlines in Malaysia now choose to use an internet as a platform to them to sell 
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their flight ticket to the customers. From the finding received, most of 

participants are not really happy with the electronic services like website 

check-in that provided by airlines companies. Perhaps, this finding will help 

the company to improve their services and business skill in future in order to 

meet their customer’s needs.  
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Abstract: The automated microcontroller-based circuit protection and control 

system is integrated with IoT element, which consisted of both hardware 

software components, and communication devices. The designed system is to 

acquire the electrical parameters such as current and voltage as well the power 

consumption using sensors. ThingSpeak is engaged, mainly used to acquire 

data from the microcontroller via wireless communication, to further analyse 

and visualize it in the required form and sends SMS notification to the user 

through Wi-Fi, such as over/under current, over/under voltage, & excessive 

power consumption, depending on the data analysis. Once user received 

notification, remedial action can be further taken to isolate faulted part from 

circuit, or to take desired action for safety purpose. The designed prototype is 

enhanced circuit protection (automated), incorporating data storage, 

monitor/control of electrical loads intelligently and offers user safety and 

security of the electrical operation. 

1. Introduction 

Modern electrical equipment continues to increasingly integrated in 

complexity and real-time monitoring is crucial in industrial, commercial, and 

residential installations. Simplicity has bring to less components, hence each 

equipment is considered critical for normal system operations. As such, the 

importance of circuit protection and overall equipment protection continues to 

be improved. Determining whether a circuit is adequately protected can 

require a high-level view of the electrical distribution system, from the fault 

current available at the source of supply down to the end device connected in 

http://segi.edu.my/segikd/engineering/
http://segi.edu.my/segikd/engineering/


22 
 

the system [M. Kezunovic, et al., 2005]. Smart circuit protection system 

protects circuitry by rapidly disconnecting power to components in the event 

of fault operation. Even though regulation exists in the form of the various 

electrical codes, the emergence of wide variety of new & cheaper product 

offerings can make the proper selection of circuit protection devices a 

challenge [Bo, Z. Q., et al., 2013]. 

 Today's manufacturers of electrical and electronic equipment are under 

constant pressure to speed up production cycle, reduced part count & size, 

increase features, improve functionality, enhance reliability and fast response. 

Products must be small, quick to install, and easy to replace in the field, while 

saving cost. Circuit protection devices are no exception, and these 

requirements have been met by the emergence of "smart" devices. The 

addition of microcontroller has brought-in intelligence, programmability, and 

communications capabilities to circuit-protection monitoring, control and 

creating a new class of devices that can protect equipment more effectively 

[Wang, B., et al., 2011].  

Programmable technology using solid-state power control makes it 

possible to observe and manage the current flow during short circuit, retrieve 

data, and other information from circuit breakers. It also allows engineers to 

program relay switching points and response speed to meet the required 

setting. Many smart relays and circuit breakers include sensing circuits that 

feed information such as voltage, current flows, back to microcontroller or 

other control units and can be reset remotely [Bo, Z. Q., et al., 2013].  

To appreciate circuit protection and control techniques, it is important to 

understand the trend of current technologies available. Keeping in mind the 

broadly-used technologies which employs Arduino-based current and voltage 

sensors to collect the data flowing through the circuit. Moreover, relay element 

is used to connect and disconnect the electrical loads from the power source. 

Furthermore, few communication devices are included in the designed system 

which helps in interact with the user via Wi-Fi and Bluetooth modules, and 
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are being used widely in developed countries [M. Kezunovic and G. Latisko, 

2005].  

2. Material & Methods 

This section is all about the design & elements employed in project to 

achieve the objectives, which explains in details the hardware and software 

used to construct the microcontroller-based circuit protection and automated 

control system to get the desired objectives,  

1). To protect the electrical loads from uncertainties occurred in the circuit, 

detect the faults, and notify the user using microcontroller-based 

communication interface, for the users to engage immediate remedial action 

about the situation.  

2). To monitor and control the electrical loads, to reduce the power 

consumption. Figure 1 shows the work flow of the design for protection & 

control. 

 

Figure 1. Workflow of microcontroller-based circuit protection and control 
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2.1 The Hardware 

A low cost integrated circuit technology has been widely used all over, 

for example Arduino has become one of the open source microcontroller 

platform that can be enhanced its functionality as applied with various types 

of electronic sensors, electrical devices and communication components due 

to its simplicity in programming language, ability to transmit digital and 

analog signals that can be interpreted by computer [Aurilio G., et al., 2014]. 

Table 1. Project used hardware components’ list 

 

 

  

No. Hardware Main Feature 

1 Arduino Mega 

2560 

Open-source platform use for controlling electrical and 

electronic devices using source code 

2 AC/DC voltage 

sensor 

Designed for AC and DC voltage measurement in a wire. 

3 Wi-Fi module Used for communication purpose, upload sensor’s data to 

cloud, and sending notifications to user about circuit 

situation. 

4 Bluetooth 

module 

Designed for making wireless serial communication 

between two microcontrollers. 

5 AC/DC current 

sensor 

Designed for AC and DC current measurement in a wire. 

6 LCD Flat panel display to see the output results in digital form 

on screen mainly to see the input from keypad. 

7 LEDs Used as an indicator with light. 

8 Buzzer Used as an indicator with sound. 

9 Matrix keypad Set of buttons for user input and functionality. 

10 Resistor Used to reduce current flow, adjust signal levels. 

11 DC power 

adapter 

For steady power supply, regulated voltage. 

12 Jumper Wires Used to interconnect electrical & electronic components. 

13 Breadboard A solder less device used for interconnect electrical 

components using jumper wires. 

14 PC/Laptop Used for writing code and data transferring. 

15 2-Ch Relay Work as a switch, used for controlling electrical load 

16 USB Cable Used to transfer data/ program from laptop to Arduino. 
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2.1.1 Arduino Mega 2560 Microcontroller 

Arduino is an open-source electronics platform based on AT Mega 

microcontroller. It comes in different models to cater to different needs. The 

commonly used ones are Arduino Uno and Arduino Mega. Arduino IDE is 

used for programming an Arduino. A microcontroller is a small computer on 

a single integrated circuit containing a processor core, memory, and 

programmable input/output peripherals [Alsibai M.H., Siang H.M., 2015]. 

The peripherals of microcontroller are given below; 

 Analog & Digital I/O: Provides the ability to control and read input 

& output.  

 A/D Conversion: To convert analog to digital form, to be processed.  

 D/A Conversion: To convert digital to analog form, to be processed. 

 Serial Interface: The serial interface is used to transfer data between 

devices within a system and between systems.  

 Timers: Ability to control duration of event. 

 Flash Memory Used to store program code and data. 

 

Figure 2. Arduino Mega 2560 microcontroller 

2.1.2 ESP 8266 Wi-Fi Module  

ESP 8266 Wi-Fi module is a chip that provides access to a network for 

microcontroller via Wi-Fi. ESP 8266 is having TCP/IP communication 

protocol integrated on chip. This piece is operating with 3.3 V which make it 

hard to directly interconnect with Arduino UNO. So, supply voltage needs to 

be reduced from 5 V to 3.3 V to power the communication. Hence, the 
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communication between ESP 8266 and Arduino UNO is done through UART 

interface because ESP 8266 is a programmed system on chip. This module can 

communicate with Arduino UNO through hardware pins (RX and TX). ESP 

8266 has an ability to be programmed in order to access a network. Arduino 

UNO sends the AT commands to enable the ESP 8266 to connect to local 

network. This Wi-Fi module can be used in either way as client mode or as 

server mode, where microcontroller will have the ability to access any website 

or cloud to upload data of the sensors [Gill S.P.S., 2012].  

 

Figure 3. ESP 8266 Wi-Fi module 

2.1.3 HC-06 Bluetooth Module 

HC-06 module is Bluetooth SPP (serial port protocol) module, designed 

for transparent wireless serial connection setup. The HC-06 Bluetooth module 

can be used in a Master or Slave configuration, making it a great solution for 

wireless communication. The role of the module (master or slave) can be 

configured only by AT commands. The slave modules cannot initiate a 

connection to another Bluetooth device, but can accept instruction. Master 

module can initiate a connection to other devices. This serial port Bluetooth 

module is fully qualified Bluetooth V2.0 EDR (enhanced data rate) 3Mbps 

modulation with complete 2.4 GHz radio transceiver and baseband. It 

uses CSR External single chip Bluetooth system with CMOS technology and 

with AFH (Adaptive Frequency Hopping feature) [Gill S.P.S., 2012]. 
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Figure 4. HC-06 Bluetooth module 

2.1.4 2-Channel 5V Relay Module 

2-Channel relay module consists of 2 relays placed in parallel and share 

same Vcc and ground with different input signals. A relay is a coil switch that 

can be triggered with 5 V to shift the contactor in order to open and close, 

controlling secondary higher voltage circuit of 250VAC /30VDC. The figure 

shown below is a 5V 2-Channel relay interface board, and each channel needs 

a 15-20mA driver current. It can be used to control various appliances and 

equipment with large current. It is equipped with high-current relays that work 

under AC250V 10A or DC30V 10A. It has a standard interface that can be 

controlled directly by microcontroller. The module is supplied with power via 

the pin labeled Vcc and ground via the pin labeled GND. The relays are 

energized with low inputs to the IN1 and IN2 inputs. There are four relays that 

each provide dry contact outputs. That is to say that each relay provides a 

common (COM), normally open (NO) and a normally closed (NC) terminal 

[Alsibai M.H., Siang H.M., 2015]. 
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Figure 5. 2-Channels 5V relay module 

2.1.5 ACS 712 Current Sensor Module 

The ACS712 is a current sensing device which offers an economical and 

precision in sensing AC and DC currents based on the principle of Hall-effect. 

It consists of a precise, low-offset, linear Hall sensor circuit with a copper 

conduction path located near the surface of the die. When current is applied 

through the copper conductor, a magnetic field is generated which is sensed 

by the built-in Hall element. The strength of the magnetic field is proportional 

to the magnitude of the current through the conduction path, providing a linear 

relationship between the output Hall voltage and input conduction current. The 

on-chip signal conditioner and filter circuit stabilize and enhances the induced 

Hall voltage to an appropriate level so that it could be measured through an 

ADC channel of a microcontroller. The ACS712 device eliminates the risk of 

damaging the current monitoring circuit due to the high voltage on the 

conduction side. The electrical isolation between the conduction current and 

the sensor circuit through relay also minimizes the safety concerns while 

dealing with high voltage systems [Aurilio G., et al., 2014]. 

 



29 
 

 

Figure 6. ACS 712 current sensor module 

2.1.6 25V-DC Voltage Sensor Module 

This module is based on resistance principle, where the input voltage of 

red terminal is reduced 5 times of original voltage. The maximum Arduino 

analog input voltage is 5 V, so the input voltage of this module should be not 

more than 5 V x 5 = 25 V (for 3.3 V system, the input voltage should be not 

more than 3.3 V x 5 = 16.5 V). Since the Arduino chip have 10-bit AD, hence 

module simulation resolution is 0.00489 V (5 V / 1023), and the input voltage 

of this module should be more than 0.00489 V x 5 = 0.02445 V [Aurilio G., 

et al., 2014]. 

 

Figure 7. 25V DC voltage sensor module 
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2.1.7 The Software 

Software is the most important thing in prototype of control system in 

order to programme to get desired output. There are several software used in 

this project such as Arduino 1.6.12, where C programming language is the 

core of programming for microcontroller unit (Arduino UNO). Also, this 

project needs other software to acquire and store data in cloud via 

communication, as well data analysis, for example ThingSpeak [Tamkittikhun 

N., Tantidham T., Intakot P., 2015]. 

2.1.8 Arduino 1.6.12 

A program for Arduino hardware may be written in any programming 

language with compilers that produce binary machine code for the targeted 

processor. The Arduino integrated development environment (IDE) is a cross-

platform application that is written in the programming language Java. It 

originated from the IDE for the languages Processing and Wiring. It includes 

a code editor with features such as text cutting and pasting, searching and 

replacing text, automatic indenting, brace matching, and syntax highlighting, 

and provides simple one-click mechanisms to compile and upload programs 

to an Arduino board. The Arduino IDE supports the 

languages C and C++ using special rules of code structuring. The Arduino 

IDE employs the program to convert the executable code into a text file in 

hexadecimal encoding that is loaded into the Arduino board by a loader 

program in the board’s firmware [Tamkittikhun N., Tantidham T., Intakot P., 

2015]. 

2.1.9 ThingSpeak 

ThingSpeak is an open source Internet of Things (IoT) application and is 

used to store and retrieve sensor data from Arduino using the HTTP protocol 

over the Internet or via a Local Area Network. ThingSpeak application enables 

the capture of sensor logging info, as well the location tracking applications. 

ThingSpeak integrated support from the numerical computing 

software MATLAB from MathWorks, allowing ThingSpeak users to 

30 nalyse and visualize uploaded data without requiring the purchase of 

https://en.wikipedia.org/wiki/Programming_language
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license, mainly for monitoring & dispensing information [Tamkittikhun N., 

Tantidham T., Intakot P., 2015]. 

3. Key Features and Applications 

The designed microcontroller-based circuit protection and control ideally 

designed for use at small industries and household areas. The system is based 

on easily available, user friendly hardware component and protection devices, 

simple used software and smartphone application and most importantly 

Arduino Mega 2560 microcontroller which integrated to communicate 

hardware and software components to each other. 

3.1 Automatic Circuit Protection System 

The combination of current sensor, voltage sensor, and relay modules are 

connected to the Arduino microcontroller in between power source and 

electrical loads. The current sensor and voltage sensor read the current and 

voltage flowing through the circuit and sends the data to the microcontroller. 

The programmable relay module can be controlled by writing code to the 

Arduino and each relay channel assigned the preset voltage and current value 

to switch ON and OFF accordingly, cutting the circuit connection. Hence, 

whenever the current and voltage flow increase or decrease than the preset 

values the relay starts operating. 

3.2 Cloud Data Storage Circuit Monitoring System 

ThingSpeak provides online server where the sensors’ data can be 

uploaded and store. The current and voltage reading observed in the circuit 

protection are further uploaded to the ThingSpeak channel, and be able to 

convert data into graphical form which is suitable for monitoring purpose. The 

ThingSpeak server further connects to the Android Virtuino App by using API 

keys generated by the ThingSpeak channel and it helps to visualize sensors 

data to the end user and such application also offers to send SMS notification 

to the user and authorized personnel about the circuit condition. 

 

4. Results and Discussion 
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This section of the report is more towards the outcomes of the prototype 

and there is a discussion on the results of microcontroller-based circuit 

protection and control system. Moreover, it strives to prove whether the 

purposes are favorably settled or not. The values taken from the current sensor 

and voltage sensor appeared in serial monitor following varying 

circumstances. Furthermore, the consequences of ThingSpeak will be 

cultivated and presented with altered graphs and schemes to heighten the 

reliability and communication of the protection and control system. The 

graphs will help in providing a profound power monitoring system's data using 

Wi-Fi role. The notification about the circuit situation will be manifested and 

examined when the regularity has multi positions and announcements. 

Therefore, the events will be posted according to the measures of 

methodology. 

4.1 Case Study of Current & Voltage Sensors Measurements Under 

Different Conditions 

4.1.1 Condition 1: Over/Under Voltage Condition 

 

Figure 8. Serial monitor readings from 25V DC voltage sensor module 

The above Figure 8 shows the serial monitor reading sensed by voltage 

sensor module using Arduino Mega microcontroller. The voltage varies from 

0-25V, but stated figure shows the range from 0-5V as the power supplied by 

5V DC adapter, but voltage can be changed by using voltage regulator. From 

the serial monitor, the preset values can be assigned to relay for over / under 
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voltage condition. The below Table 2 classify the 25V DC voltage sensor 

module readings. 

Table 2. Condition classification of 25V DC voltage readings using IF 

function 

Conditions Measurement 

range 

(Volts) 

IF function 

coding 

Relay 

switch 

status 

Under voltage 0-3.99 if (voltage1 

<=3.99) 

ON 

Operating 

voltage 

4.0-9.99 else if (voltage1 

<=9.99) 

OFF 

Over voltage 10.0-25.0 else if (voltage1 

<=25.0) 

ON 

4.1.2 Condition 2: Over/  Under Current Condition 

 

Figure 9. Serial monitor readings from ACS 712 current sensor 

Figure 9 shows the serial monitor reading sensed by ACS 712 current 

sensor using Arduino Mega microcontroller. The current varies from 0-4A, 

but stated figure shows the range from 0-1.5A because of DC power supplied 

through 5V and 1.5A.  From the serial monitor, the preset values can be 

assigned to relay for over current and under current condition. Table 3 classify 

the ACS 712 current sensor readings condition. 
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Table 3. Condition classification of ACS 712 current reading using IF 

function 

Conditions Measurement 

range (Amp) 

IF function 

coding 

Relay 

switch 

status 

Under current 0-0.99 if (current1 

<=0.99) 

ON 

Operating current 1.0-1.99 else if (current1 

<=1.99) 

OFF 

Over current 2.0-4.0 else if (current1 

<=4.0) 

ON 

4.1.3 Condition 3: Excessive Power Consumption Condition 

 

Figure 10. Serial monitor readings for power consumption 

Figure 10 shows the serial monitor reading calculated by applying power 

consumption formula which is P=V*I (power is the product of voltage and 

current). It is calculated by using the observed current and voltage value. From 

the serial monitor, the preset values can be assigned to relay for normal power 

consumption and excessive power consumption. Table 4 below classify the 

power consumption condition, where Imax is 2.0A, and Vmax is 10V. 
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Table 4. Classification of power consumption readings using IF function 

Conditions Power 

consumption 

range Power (W) 

IF function 

coding 

Relay 

switch 

status 

Normal power 

consumption 0-20W if (power <=20) OFF 

Excessive 

power 

consumption 

21-48 
else if (power 

<=48) 
ON 

4.2 Thingspeak Channel Outputs 

The ESP 8266 Wi-Fi module is integrated with the microcontroller-based 

circuit control and protection system. Connectivity access through coding, it 

has the ability to send data from current sensor and voltage sensor to the virtual 

server, via ThingSpeak channel. The Wi-Fi module will encode/ decode of the 

collected data, with coding functionality look into the readings of each sensor. 

The results of all collected data are plotted under different categories and 

graphs are updated in every 15 seconds, shown in the following figures. 

4.2.1 Over / Under Current Monitoring 

 

Figure 11. ThingSpeak channel RMS current output [i.e. Over current Relay 

ON (4.51 - 10A); Relay OFF (2.1 – 4.5A); Under current Relay ON (0 – 

2A)] 
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4.2.2 Over / Under Voltage Monitoring 

 

Figure 12. ThingSpeak channel RMS voltage output [i.e. Over voltage 

Relay ON (256 – 280V); Relay OFF (236 – 255V); Under voltage Relay ON 

(220 – 235V)] 

4.2.3 Excessive Power Consumption Monitoring 

 

Figure 13. ThingSpeak channel Power consumption output [i.e. Normal 

consumption Relay OFF (0–20W); Excessive consumption Relay ON (20–

30W)] 
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4.2.4 SMS Notifications Using Thingspeak and Virtuino App 

                                 

Figure 14. Connecting to Server and SMS notification using Virtuino App 

The ThingSpeak server communicates with Virtuino App using IP 

address. Data import done using API write and API read keys. While creating 

ThingSpeak channel, the website generates channel ID and API keys 

specifically which can be further use for communicating with other web 

servers. Virtuino App also use API keys to check the channel readings of 

ThingSpeak channel and generate SMS to send to the end user. The Table 4.7 

shows that how ThingSpeak channel ID and API keys received from 

ThingSpeak website and put in to the Virtuino App. Figure 14 shows the 

communication setting between Virtuino App and Arduino microcontroller. It 

also shows the SMS received from Virtuino App to the user about over voltage 

detected in circuit. 
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Table 5. Classification of readings from ThingSpeak channel for SMS 

notification 

Condition 1: Current flow reading 

Conditions RMS current 

reading (Irms) 

IF function 

coding 

Send SMS 

Notification 

Under current 0-2.0 if (current <=2.0) YES 

Operating 

current 

2.10-4.50 else if (current 

<=4.50) 

NO 

Over current 4.51-10.0 else if (current 

<=10.0) 

YES 

Condition 2: Voltage flow reading 

Conditions RMS voltage 

reading (Vrms) 

IF function 

coding 

Send SMS 

Notification 

Under voltage 220-235 if (voltage 

<=235) 

YES 

Operating 

voltage 

236-255 else if (voltage 

<=255) 

NO 

Over voltage 256-280 else if (voltage 

<=280) 

YES 

Condition 3: Power consumption reading 

Conditions Power 

consumption 

reading (W) 

IF function 

coding 

Send SMS 

Notification 

Normal power 

consumption 

0-20 if (power <=20) NO 

Excessive 

power 

consumption  

20-30 else if (power 

<=30) 

YES 

5. Conclusion 

The microcontroller-based circuit protection and control system used in 

this project is an IoT based structure consist of hardware, software 

components, and communication devices. The designed system has the ability 

to acquire the electrical parameters such as current / voltage values and 

provide platform of monitoring, for example, under / over or excessive / 

normal power consumption. The system is designed to control power through 

relay on/ off, the setting in accordance to the needs. Also able to store captured 

data in the cloud and to visualize data in graphical form through ThingSpeak 

channel (updated in every certain period). Collected data was analyse in such 
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way that the setting was assigned (over/ under voltage or current) to allow the 

turn ON/OFF output relay to protect the circuit from harm. Also, once 

excessive power consumption is detected by the system, an SMS notification 

will be sent for user to take desired action. ThingSpeak server is connected to 

the Virtuino App to relay notification through SMS. The designed prototype 

is apply to alert user about the happening in power consumption, enable to 

capture & store data to the cloud, observe collective info & present to user 

summary in graphical form to allow user to control electrical consumption 

effectively, as well offering the user safety & electrical protection. 
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Abstract: Timber is one of the oldest materials used as main structural 

element prior concrete and steel which have greater ability to sustain load. The 

greater demand for timber as construction materials, the wood engineering 

introduced a new timber type called Engineered Wood Product (EWP). The 

crucial problem in the timber structure which focuses on the structural timber 

connection. The load-carrying capacity of the timber connection and the 

failure modes can be determined according to the European Yield Model 

(EYM). Three-point bending test was used to determine yield moment of the 

fastener, My, bolt bending strength, Fyb and average R-value for three selected 

different bolt diameters which are 12, 16 and 20 mm. The results were 

obtained for comparing between three bolt diameters with F2%, F5% and Fmax 

respectively. The F2% for 12, 16 and 20 mm yield moment of the fastener, My 

was obtained 596.4, 1631.5 and 4650 kNmm accordingly while for bolt 

bending strength, Fyb was 2.1, 2.4 and 3.5 kN correspondingly. The F5% for 12, 

16 and 20 mm yield moment of the fastener, My was obtained 631.1, 1668.3 

and 4895.6 kNmm accordingly while for bolt bending strength, Fyb was 2.2, 

2.4 and 3.7 kN correspondingly. The Fmax for 12, 16 and 20 mm yield moment 

of the fastener, My was obtained 828.2, 2290.8 and 6545.4 kNmm accordingly 

while for bolt bending strength, Fyb was 2.9, 3.4 and 4.9 kN correspondingly. 

The average R-value for 12, 16 and 20 mm bolt diameter was 0.50214, 

0.42768 and 0.42038 individually. In conclusion, the percentage difference for 

F2% bolt bending strength, Fyb between 12 and 16 mm has raised about 14% 

whereas 16 and 20 mm has shown 46% increased.       
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1.  Introduction 

Beginning with an examination of the microstructure of wood, the 

properties of wood and the elements that impact them are expounded. The 

execution of auxiliary timber is affected by the essential wood properties, for 

example, ties. The impact of these imperfections on the auxiliary properties is 

inspected. Testing and evaluating is utilized to characterize timber into various 

evaluations or quality classes to fulfil diverse end client prerequisites and 

guarantee item dependability. Strategies for testing and evaluating are 

portrayed together with methods for deciding trademark esteems for 

configuration purposes. At last, the natural effect of timber development is 

considered (Zylkowski, 2002). An assortment of commonly used techniques 

are known to connect timber to timber or steel to timber and bolt joint is 

viewed as one of them. Design codes in timber and utilizing on the European 

Yield Models (EYM), the followed equations anticipates the timber 

connections ability and on the off chance that it has a lateral load dowel 

fastener. Two models shapes the primary guideline of the EYM (the procedure 

of wood levelling beneath fasteners and the production of plastic joints in 

fasteners utilizing hard plastic among the utilized substances) (Baxter et al., 

2008). Thus, the research was focuses on  the  comparison between bolt 

bending strength, Fyb and F2%, F5%, Fmax respectively. It also compared for F2% 

of bolt bending strength, Fyb percentage difference between 12 and 16 mm also 

16 and 20 mm bolt diameters.  

2.  Literature Review 

Pirvu, et al (2000) has made the study of wood  structures in Japan seem 

to be able to withstand seismic disturbance and have good performance and 

stability during the event, particularly some of the classical structures like 

pagodas. Albright (2006) specified that the connection is particularly inspired 

by stability in the design of wood structures. Larsen (1973) specified that the 

connection during timber structural design is the most important part of the 
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system. It also transfers the members load and provides ductility within the 

structural system to the members.  

Figure 1 shows bolt and nut configuration which consist of head, shank, 

thread, washer and nut. The bearing that originates to the bolts then into timber 

can allocate a great source of information about the bolt strength. The physical 

and geometric characteristics depend together with timber members on the 

stiffness and strength of the single bolt connection. The characteristics of the 

bolt can be demonstrated by its diameter and the bolt yield strength. Geometric 

aspects consist of fabrication of bolt hole, end or edge distance and spacing 

(Soltis & Wilkinson, 1987). 

 

Figure 1. Bolt and nut configuration (Carter, 1996) 

Splitting under the bolt is the main reason some bolted connection goes 

wrong. If the bolt tends to wedge through the timber triggered by tension that 

is perpendicular to grain pressures, this way of connection. This kind of failure 

can be fixed by enhancing reliability and capacity bolt connection. Total 

solidity of the timber structure therefore needs to be improved by applying 

powerful materials in the engineering industry (Soltis et.al, 1986). Figure 2 

shows the typical load deformation curve of F5% offset load. Figure 3 shows 

modes of failure for double shear timber and panel connection notation as g 

which the failure modes occurred on the side member, h representing the 

failure happened in the main member, j denoted dowel yield occured in main 

member and k characterized yield happened in both main and side member.  
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Figure 2. Typical oad-deformation curve (ASTM D 5764, 2007) 

 

Figure 3. Modes of failure for timber and panel connections (Eurocode 5, 

2008) 

3.  Materials and Methods 

The main objective of this study is to determine bolt bending strength of 

12 mm, 16 mm and 20 mm diameter. The laboratory test was performed using 

a three-point bending test method. Albright (2006) determined the 

characteristic of the yield bending of the fastener using three-point bending 

test and the other one is the cantilever test method. In this study, the three-

point bending test is selected because of the laboratory's limited availability 

device and equipment. There are 15 samples of bolt has been tested and Table 

1 shows the properties of bolt. 
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Table 1. Properties of bolt 

The equipment set up follows the American Standard Test Method 

(ASTM D 5764, 2007), since Eurocode's standard practice is only available in 

designing the structure of the timber. Eurocode's standard practice for testing 

the bending of the fastener was not yet available, the ASTM F1575: Standard 

Test Method for Determining the Bending Yield Moment of Nails was used 

as a guideline in this study with some modification to the test set up to meet 

the standard. Figure 4 shows the schematic diagram of the set up length 

required followed the ASTM F 1575-03. Albright (2006) modified setting up 

the device and applying the modification from his previous study. 

Meanwhile, the second objective of this study, which is to compare 

between the three selected diameters of the bolts bolt bending strength, Fyb and 

F2%, F5%, Fmax respectively. This comparison is to determine whether its 

performance is simply proportional to the sizes of the diameters. The 

hypothesis assumed for this research is that the strength of the bolt will be 

increased proportionately with an increased in diameter sizes used. Figure 5 

shows the configuration of three-point bending test for bolt which was done 

in the lab. 

Properties Remarks 

The diameter of the bolt, d,mm 12 16 20 

Minimal thickness of the single washer, 0.3d, mm 4 5.3 6.7 

Nominal thickness of the nut, 0.8d mm 9.6 12.8 16 

Thickness of timber to steel plates structure, t, mm 120 120 120 

Threaded length of the bolt, b mm (not included in 

determined the total length of bolt) 

30 38 52 

Minimal total length of the bolt plus with 2% extra 

length, mm 

145.6 154.1 162.7 
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Figure 4. Schematic of the set up length required (ASTM F1575, 2003) 

 

Figure 5. Configuration of three-point bending test 

4.  Result and Discussion 

The three-point bending test was conducted to analyse the properties of 

the bolt by the maximum stress, two percent (2%), five percent (5%) of yield 

moment, and R-value graph to determine the mechanical properties of the 

bolts. The plotted graph of the stress-strain graph can determine all of these 

results. According to Pytel and Kiusalaas (2011) the temperature in causes 

dimensional changes a body resulting in expansion, whereas a decrease in 

temperature produces contraction within the material.  

The maximum stress value obtained from the stress-strain graph is the 

maximum stress or much to be known as the Ultimate Tensile Stress (UTS). 
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This is the maximum stress the bolt can withstand before failing or breaking 

while being stretched or pulled. Yield point is the point at which the stress-

strain diagram begins to change its behaviour or permanently deform from a 

linear increase as the load applied earlier. The yield points resulting from this 

study came from a 2% offset at the axis of the strain (ɛ=0.002). This yield 

point was determined from the 2% offset line intersection parallel to the line 

where the curve is most likely to increase linearly or, in other words, the initial 

tangent curve before it begins to change. 

The concept of yield point for 5% offset is the same as the 2% offset as 

discussed before. The difference is just the parallel line of the tangent line 

starting at 5% (ɛ=0.005). The reason for getting the yield point result at an 

offset of 5% is because some structure design uses a 5% offset value based on 

the standards used. To make the result obtained more flexible with other 

design standards, this study provided some results that were mostly practiced 

in the design of world standards. R-squared for linear regression models is a 

goodness-of-fit measure. This statistic shows the percentage of variance that 

the independent variables collectively explain in the dependent variable. R-

squared measures on a convenient scale of 0–100 percent the strength of the 

relationship for both the model and the dependent variable. Calculated 

moment, My is the moment obtained from the formula Sbp/2 where Sbp equals 

to the cylindrical bearing point spacing, mm as shown in Equation 1, 

Equation 2 and Equation 3. 

𝑀𝑦 = 𝐹2% ×
𝑆𝑏𝑝

2
   Eq. 1 

                            𝑀𝑦 = 𝐹5% ×
𝑆𝑏𝑝

2
  Eq. 2 

                               𝑀𝑦 = 𝐹𝑚𝑎𝑥 ×
𝑆𝑏𝑝

2
  Eq. 3 

where Sbp is equal to the cylindrical bearing point spacing, mm 

The bolt's mechanical properties are likely to follow steel's properties as 

bolt is made of steel. Stress is the load applied over the specimen's cross-

sectional area, assuming that the stress is constant over the cross-sectional 
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length (Hibbler, 2014). In simplified equation, this expression can be shown 

in Equation 4. 

                                                      𝜎 =
𝑃

𝐴
    Eq. 4 

where, 

          stress 

P applied load 

A cross sectional area 

Furthermore, for the bolt bending strength, Fyb the formula is shown in 

Equation 5 and Equation 6. 

                                             𝐹𝑦𝑏 =
𝑀𝑦

𝑆
    Eq. 5 

                                            𝑆 =
𝐷3

6
     Eq. 6 

D = diameter of the bolt 

The mean yield of 2% of the 12 mm, 16 mm and 20 mm size of bolts are 

8.7 kN, 17.7 kN and 40.4 kN respectively. The results pattern still shows that 

the 20 mm has the highest yield point while the mean yield point for the 12 

mm diameter is the lowest compared to all three sizes. As declared earlier, the 

pattern of the result obtained might be influenced largely with the length of 

the bolt itself. This shown that, the 20 mm diameter still can withstand the 

largest stress before it begins to deform at this point. Figure 6 shows the R-

value graph for 12 mm of F2%. The graph shows the linear proportional line 

and it can be seen that the value of R obtained was 0.13921. Figure 7 shows 

the R-value graph for 12mm of F5% and the linear proportional line. It can be 

seen that the value of R obtained was 0.18992. Figure 8 shows the R-value 

graph for 12 mm of Fmax. It can be seen that the value of R obtained is 0.25004. 

The graph shows the linear proportional line. The line of the graph looks fit 

quite perfectly into the graph. 
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                               Figure 6. R-value for 12mm 2% deformation 

 

Figure 7. R-value for 12mm 5% deformation 

 

                               Figure 8. R-value for 12 mm Fmax deformation 
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                              Figure 9. R-value for overall 12 mm deformation 

Figure 9 shows the R-value graph for overall 12 mm deformation. It can 

be seen that the value of R obtained was 0.50214. The graph shows the linear 

proportional line. The linear line was acceptable for the average total of 45 

data. It shown that the value that proved the research hypothesis. Hwang and 

Komatsu, 2002 demonstrated that regression coefficient, R-value shown lower 

value due to variety behaviour of the timber species and bolt size diameter. 

 

                Figure 10. Percentage difference of 12, 16 and 20 mm diameter of 

bolt 

Figure 10 shows the percentage difference of 12, 16 and 20 mm diameter 

of bolt. The percentage difference obtained between 12 mm and 16 mm 
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diameter of bolt is 14% whereas the percentage difference obtained between 

16 mm and 20 mm diameter of bolt is 46%. Figure 11 shows the bolt yield 

under mode of failures of timber or panel connection. 

 

Figure 11. The bolts (a) before and (b) after the test done

 

5.  Conclusion 

The mean value of the maximum stress for the bolt size 12, 16 and 20 mm 

are 12.1 kN, 24.9 kN and 56.9 kN respectively. Meanwhile the mean of bolts 

of size 12, 16 and 20 mm for 2% offset of yield stress are 8.7 kN, 17.7 kN and 

40.4 kN respectively. Moreover, for the 5% offset of yield stress are 9.2 kN, 

18.1 kN and 42.5 kN respectively. The bolt 20 mm was the highest in bending 

yield strength compared to 12 mm and 16 mm because the bolt diameter was 

affected when finding the yield strength of the bolts. The bigger the diameter, 

the more bolt can sustain the load of bolt bending.  
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Abstract: Building Information and Modelling (BIM) is a technology that 

allows Architecture, Engineering and Construction (AEC) professionals to 

digitally design, test, construct and manage the infrastructure. BIM in 

construction projects has not been fully implemented, due to lack of effective 

strategy in the implementation of BIM. AEC industries struggles to implement 

BIM because of the absence of a Real-World BIM sample and BIM 

framework. This research aims to navigate AEC professionals to implement 

BIM with respect to structural discipline and this paper will also help to 

understand the coordination between other disciplines where one discipline 

model is superimposed on another discipline model. This paper will also help 

to understand different global BIM standards and the most efficient and 

effective BIM tools used all over the world. AEC professionals need 

assistance in the form of a framework which would provide a road map to 

process and implement BIM. Thus, the framework provided in the paper 

expected to increase BIM implementation and eventually widen the usage of 

BIM. 

Keywords: Structural discipline, Superimposition, BIM standards, BIM tools, 

BIM Framework, BIM implementation 
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1.  Introduction 

 Building Information Modelling (BIM) is a detailed simulation of each 

element of the construction process and beyond in a virtual environment. It is 

the smartest and the most promising development happening in Architecture, 

Engineering and Construction industry. It allows AEC professionals to access 

the whole construction process and beyond construction in a virtual 

environment through a prototype. The prototype contains accurate geometry 

and precise data, which helps AEC professionals to understand the 

construction process in virtual reality. Basically, BIM is a data-rich, object-

oriented, intelligent and parametric digital representation of the structure, from 

which concerned activist can extract specific data and analyze it. Later the data 

can be used to make decisions and implement them on the field. BIM is also 

unequivocally tool of collaboration. Collaboration in the design and 

construction decreases design mistakes and increases the productivity of the 

construction industry (Javad Majrouhi Sardroud, 2018). BIM is a structured 

approach where most of the developed countries have been utilizing it and 

such country’s respective government is also ensuring that the private sector 

is adopting the usage of BIM in their practice. BIM dimensions are beyond 3 

dimensions. BIM integration of dimension could be built up till 7 dimensions 

that encompass building geometry (3D), quantity surveying and costing (4D), 

schedule of construction (5D), sustainability (6D) and facility management 

(7D). BIM incorporates all the section of construction from design, analysis, 

construction, operation, legal documents, and data management. BIM 

technology also serves as a platform where AEC professional efficiently and 

effectively communicate during the whole process of the construction (Pranav 

Bhagwat, 2016). 

2.  Problem Statement 

 The absence of a Real-World BIM-based framework and BIM sample in 

the current AEC industry is one of the major problems which have come 

across in Small and Medium Enterprise (SME’s) in developing countries. This 

research aims to navigate construction players with respect to structural 
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discipline to implement BIM and this paper will also help to understand the 

coordination between other discipline while implementing BIM. 

3.  Literature Review  

Adaptation of technology in the AEC industry is moving rapidly towards 

the era of globalization and modernization. Information, Communication, and 

Technology have played a vital role in this transition era (Zahrizan, 2014). 

Where the early concept of BIM dates back to the 1970s and 1980s when the 

computer-aided design (CAD) was introduced and the creation of the 

ArchiCAD software in Hungary in 1982 was the real beginning of BIM, and 

Revit software in 2000 is considered a major turning point in the 

implementation of BIM (Javad Majrouhi Sardroud, 2018). There are several 

hurdles to implement BIM in construction sector like the cultural issue, an 

economic issue, legal and policy issue, the absence of real-time sample is also 

one of the major issues. This paper will be focusing on the absence of real-

time sample to set a framework for processing BIM in the construction sector. 

Approach to persuading stakeholders to use BIM technology is the availability 

of run-time examples of projects implemented using BIM technology (Javad 

Majrouhi Sardroud, 2018).  

British Standards Institution (BSI) has set a standard globally for the 

construction sector to implement BIM. BSI basic standard for BIM 

implementation is called BIM level 2. As shown in the Figure 1, according to 

Bew-Richards maturity model there are several maturity levels at which BIM 

is implemented. The BIM level 0 is an unmanaged computer-aided drawing, 

BIM level 1 or Phase 1 is a 3D model and BIM level 2 or Phase 2 is a 

collaborative detailed 3D model in an environment where each discipline 

model is built separately and collaborated at one platform. 
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                    Figure 1. Bew-Richards maturity model (Weddikkara, 2013) 

In May 2011, the United Kingdom government published the 

Construction Strategy aimed at reducing the cost of public sector assets by up 

to 20% by 2016 ((BSI), 2016). Such a strategy has been achieved in developed 

countries, where the authority of the AEC industry in both the private sector 

and public sector has made it mandatory by including it in their tender 

requirements. BIM Level 2 adoption by the AEC industry requires individuals 

and organizations to embrace the change and accept the modern roles of 

operation between the activists which has been redefined in every sector. The 

International Organization for Standardization (ISO) has released the world’s 

first international standards for BIM, the ISO 19650-1 and ISO 19650-2 

((ISO), 2018).  

 In Malaysia, BIM started in the year 2009 by the private sector. Later, 

the Malaysian government announced its first project National Cancer 

Institute (NCI) under BIM in the year 2010. Authority like Construction 

Industry Development Board (CIDB) has already started to understand the 

importance of BIM in the AEC industry, CIDB complements the AEC 

industry by giving a platform where the usage of BIM could survive and 

thrive. CIMB has been putting effort to implement BIM by providing 

awareness programs, workshops, and engaging industry activists at one 

platform. CIDB is also in the midst of establishing the National BIM 

Committee of Building Information Modelling in the construction Industry in 

order to coordinate the movement of BIM in the country ((CREAM), 2014). 
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CIDB has recommended making BIM mandatory in certain private sector 

projects by 2020. 

4.  Tool Usage  

According to the National Building Specification (NBS) Report 60 

percent of BIM user uses Autodesk (NBS, 2018) around the world. In that 44 

percent of 60 percentage uses Autodesk Revit and the remaining 16 percent 

use other Autodesk tools. Software used as BIM tool under Autodesk are 

Revit, AutoCAD, Navisworks, Infraworks, Civil 3D, 3ds Max, and BIM 360. 

Revit – It is a software which is been used since the year 2000 and is 

considered as a major turning point in the AEC industry to implement BIM. 

Autodesk Revit is a BIM tool that helps designers, contractors, architects, 

structural engineers, and MEP engineers by providing incredible data-rich, 

intelligent, parametric digital, and object-oriented representation of the 

building or the structure from which concerned user can extract specific data 

and then analyze it, which can be used to make decisions and later implement 

them on the field.  

AutoCAD – It is a computer-aided drafting tool in 2 dimensions and 3 

dimensions which is used in the AEC industry and even in the manufacturing 

industry which helps to prepares blueprints and plans. 

Navisworks – It is a powerful 3D review tool primarily used in the AEC 

industry. It complements 3D models of AutoCAD, Autodesk Revit, 

and MicroStation. Navisworks tool runs only on the Windows operating 

system platform. Major features of Navisworks are interference detection 

(Clash detection), 4D time simulation, Quantification, photorealistic 

rendering, and PDF-like publishing. 

Infraworks – It is a planning, designing, and simulation tool of 

infrastructure which provides a platform for engineers to interact with the real-

world virtual site. Engineers can easily convey their design to stakeholders 

and other concerned AEC activists using this tool. 
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3ds Max – It is a graphical programming 3D animation software where it 

is usually used for animations, models, games and at high quality rendering 

purpose. It is also used in architectural visualization studios and even as BIM 

tool. 

BIM 360 – It is a collaborative BIM cloud where construction players are 

associated with the project. Construction players can also communicate and 

manage their respective work remotely but from one single platform. 

360 provides a central workspace in the cloud for the people working on the 

project. Construction players can view 2D and 3D design of the project using 

the BIM 360 viewer on any device. 

5.  BIM Framework  

 

      Figure 2. Framework to implement BIM with respect to Structural 

discipline 

5.1  Implementation of BIM Using the Framework 

BIM is a process of construction which is primarily driven digitally, 

informatively, and systematically. To implement such a process sophisticated 
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software or tools are required. For this paper, Autodesk tools are considered 

because 60% of the world uses Autodesk for BIM this is according to National 

Bureau of Standards (NBS). The composite structure is considered as a sample 

for this paper where information of the project is collected through several site 

visit, from engineers, architects, contractors and clients and all the information 

acquired is used for building the framework to implement BIM. 

Interoperability - Before starting BIM implementation process 

Interoperability must be understood. Interoperability is a process of 

transferring the BIM model from one tool to another tool. It is the ability to 

communicate between varying types of BIM tools. The idea is to reduce the 

data loss while transferring the model from one tool to another. BIM engineer 

must keep interoperability in their mind while transferring data. If any data is 

lost while transferring the model, BIM engineer must take note of the lost data 

and remodel it in the new tool. 

Revit Template and Family - The first step of using the BIM Revit tool is 

to select the accurate and discipline-oriented template. This will help the BIM 

engineer to process and use the Revit tool to its complete extent. If an 

appropriate template is not chosen correctly modeling of the structure will be 

completed, then BIM engineer must remodel the work from the start using the 

appropriate template. There are several types of Revit template which are 

architectural template, structural template, mechanical template, electrical 

template, and plumbing template. Templates could be customized depending 

upon the project usage and BIM engineer’s and project’s requirement. 

AutoCAD process - After the site inspection architect designs the 

structure according to the client’s requirements. Once the architectural design 

is confirmed and granted, the architectural drawings are extracted. 

Architectural drawings are extracted in AutoCAD in DWG format. Then the 

architectural drawing goes to the engineer for structural designing purpose. 

Structural engineer goes through the architectural drawing and designs the 

structure under the respective conditions. After the completion of the 

structural designing, structural drawings are extracted in AutoCAD in DWG 
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format. Once drawings are extracted in AutoCAD, coordinate each model with 

respect to other discipline. 

Revit Process - Revit template is selected with respect to the discipline. 

Each discipline has its own different model, hence each model is built in its 

own respective discipline template. Revit models are primarily divided into 3 

categories, 

-        Architectural model 

-        Structural model 

-        MEP model (Mechanical Electrical and Plumbing) 

This paper majorly concentrates on the implementation of BIM with 

respect to structural discipline. Clients requirement with respect to Level of 

Detail (LOD) or Level of Information (LOI) should be consulted and taken 

into consideration. Structural Template is selected before modeling the 

structural model. AutoCAD structural drawing of the structure is linked to 

Revit so that models could be built on similar coordinate. As shown in the 

figure 3 the model is built with exact precision according to the structural 

drawings. In reinforced concrete structure each steel bar is calculatedly placed 

in the model, this will help the contractor to check and to implement the same 

dimension at the site. The topography of the construction site is extracted by 

Autodesk Civil 3D in an XML file. 

 

Figure 3. Structural model 
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     Once the model is built, each element of the model is fed with detailed 

information according to the clients LOD requirements. Feeding information 

to each element is one of the major tasks of BIM. This will provide clarity to 

construction players throughout the life span of the building. As shown in the 

Figure 3, the stump is modeled exactly and detailed information is being fed 

to each element using the type properties. 

Figure 3. Placement of steel bar in Reinforced Concrete structure and 

feeding information using properties 

Quantity take-off and cost analysis are one of the key features of Revit 

tool. Once the model is built and all the information is fed then it is easy to 

extract the cost estimation and quantity from the model, as shown in Figure 

4.  

 

                                   Figure 4. Concrete and steel quantity take off 
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Architectural Model – The detailed architectural sample model is built to 

display the collaboration between Structural Model and Architectural Model. 

This model will also be used in Navisworks for clash detection purpose. 

Architectural Template is selected before modeling the architectural model. 

AutoCAD’s architectural drawing of the building is linked to Revit tool so that 

models could be built on similar standard coordinate. 

As shown in Figure 5, the model is built with exact precision according 

to the architectural drawings. Once model is built, the information is fed to 

each element of the model. This will provide clarity to construction players 

throughout the life span of the structure. The topography of the construction 

site is extracted by Autodesk Civil 3D in an XML file. Once all the above 

process is over, the engineer’s drawing sheets are linked to the model and the 

informative model is sent to the BIM manager for approval.  

 

Figure 5. Informative architectural model 

Navisworks - Export Informative Architectural model and Informative 

Structural model into Navisworks, as it shown in Figure 6. Before exporting 

make sure the coordinates of the respective discipline models are in the same 

standard coordinate. If not, coordinate the models to one specific location. 

Navisworks has 2 primary features, Clash detection and Time liner. And other 

features are quantification, preview, animation and rendering. After clash 

detection and timeliner process, Navisworks model proceeds for visualization, 
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animation and rendering process which helps client and construction players 

to understand the structure better. 

 

Figure 6. Architectural model superimposed on structural model 

Clash detection - Clash detection tool is one of the most powerful tools in 

BIM. Architectural model and Structural model are superimposed at one 

common standard coordinate, as shown in Figure 6. When both models are 

coordinated to one location, clash detection process is carried out between 

models for any interference. If any interference is found, go back to Revit and 

amend the structure. Clash detection can easily find flaws in the engineering 

drawing and construction errors, so it increases the efficiency of the 

construction process. 121 clashes were detected when the architectural model 

clashed with the structural model. Different detected clash is as shown in 

Figure 7, 8, and 9. Clash detection can be classified by Hard clash, duplicate 

clash, clearance clash, and tolerance level of the clash can also be adjusted 

depending on the client’s requirement. 
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                Figure 7. Clash detected between steel column and Office floor  

 

                          Figure 8. Clash detected between Base plate and wall 

 

                     Figure 9. Clash detected between Railing and Raft foundation             
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Timeliner - Timeliner tool is a schedule simulation of construction. It 

helps clients and construction players to view the construction in a virtual 

simulation. Time liner simulates the construction and duration taken by each 

part of the construction. Structures progress can be seen in the Figure 10 and 

Figure 11 during week 27 and week 55 respectively. 

 

                            Figure 10. Progress of the construction in 27 weeks 

 

                          Figure 11. Progress of the construction in 55 weeks 

3ds Max - Navisworks model is then imported into 3ds Max for better 

rendering and animation purpose. Transfer of file is done by exporting the 

model in FXB format and later importing the same FXB file into 3ds max. 

Rendered model can been seen in the Figure 12. The quality of visualization 

in 3ds Max is better than all the other Autodesk tools. This process is optional 

in BIM and is only used if the client has mentioned it. 
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                                               Figure 12.  Rendered model 

Infraworks - It helps construction players by integrating designed models 

in a virtual real-world environment. Infraworks extracts the real image of the 

site from the satellite and creates the exact environment for better conceptual 

understanding of the building. Initially, site environment is extracted through 

the satellite from Model Builder. Details of the site must be mention in Model 

Builder including the size of the area. Process of extraction takes time 

depending on the size of the site. Once the virtual site is created Revit model 

is imported into Infraworks. So, after resolving all the clash detection in 

Navisworks, amended Revit models are imported into Infraworks. Import can 

be done in two methods which are, by using GIS (Geographic information 

system) coordinate or by uploading the model into Infraworks, as shown in 

the Figure 13. After placing the model on the virtual site the artificial sun 

path, roads, tree, and calculated traffic system can be added to the site. This 

helps to create a virtual real-world simulation of the Building at the site. 

Virtual real-world simulation of the Building at the site video can also be 

created at high resolution. 
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                     Figure 13. Side view of the site on actual topography 

BIM 360 - This is one of the most revolutionary tools in BIM. BIM 360 

is a cloud that offers one common uniform platform to Architects, engineers, 

contractors, clients and anyone who is related to the project. Construction 

players between each other can analyze, communicate, correct, and approve 

projects from one single platform without meeting each other. This increases 

the efficiency and productivity of the design and construction process. Once 

the tool is set to operate, BIM manager will send the invitation to required 

construction players. BIM manager will be the Admin of the project in BIM 

360, as shown in the Figure 14. Only the Admin has the authority to give 

permission to construction players whether other construction players can join 

the project or not. Clash detection can also be done in BIM 360, as shown in 

the Figure 15. Construction players can also see the progress of the project by 

looking into models, drawings, analysis, and documents created in each 

discipline. Any correction required could be sorted instantaneously because 

construction players will always be connected to the cloud through BIM 360. 
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                      Figure 14. Admin managing the model in the cloud 

 

                                      Figure 15. Clash detection in cloud 

6.  Conclusion 

AEC industry is rapidly moving towards digitization where the industrial 

shift from 2D to 3D and from 3D to BIM is becoming mandatory in developed 

countries and developing countries. Each decade the process of construction 

is transforming and evolving, in which BIM has become a revolutionary way 

of planning, designing, executing, and documenting the construction process. 

But the implementation of BIM is the real challenge to the current AEC 

industry especially at the Small and Medium Enterprise level (SME’s). AEC 
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industry is lagging to implement BIM in their respective sector because of the 

absence of a Real-World BIM-based framework and the BIM sample in the 

current AEC industry. 

Understanding of BIM and BIM implementation process is important for 

AEC professional. As this paper explains the concept of BIM, global standards 

for BIM utilization, BIM tools which are eminently used around the world and 

majorly this paper provides a framework for AEC professional to implement 

BIM. Framework navigates AEC professionals through each major process of 

BIM with respect to Structural discipline and BIM tool utilization. The 

framework would help to widen the usage of BIM eventually. 
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