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ABSTRACT 

 

Conventional in-situ construction has indeed been one of the most common 

construction methods till date, and is being adopted in most of the construction 

projects in Malaysia. Despite its familiarity among designers, contractors and labours, 

there are many disadvantages of it, including time consuming, labour intensive, 

dangerous site condition and many more. Cost and time overrun due to the usage of 

unskilled foreign worker proves the need of shifting to a more organized method of 

construction, which is the Industrialized Building System (IBS).  

In this project, studies were done to develop an improved method of 

construction using IBS components for critical elements of a two-storey residential 

building. The goal is to achieve a lightweight structure, with possible reduction in 

labour usage, shorter construction time, and also overall cost reduction. After an 

extensive literature review, the system was proposed to be made up of structural steel 

framing, composite slab and lightweight concrete block wall. The structure was 

analyzed using Software A and was verified to be structurally stable under the loading 

combinations as indicated by Eurocode. Comparison on the material and labour costs 

of both the proposed method and conventional method of construction had shown that 

the proposed system is able to reduce the material costs, labour costs, and shorten the 

construction time. These results aligned with the previous literature stating that IBS 

enhances the productivity and duration of a construction project, and will help to 

increase the confidence of contractors and developers in transforming into IBS with 

the proven overall cost saving.  
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CHAPTER 1 

INTRODUCTION 

1. INTRODUCTION  

1.1 Background Study 

Industrialized Building System (IBS) is a term specifically used in Malaysia to 

represent the type of construction method where structural components like beams 

and columns are manufactured in a controlled environment either on or off site, and 

then being transported, positioned and assembled into the desired structure (CIDB, 

2016). This construction system is better known worldwide as pre-fabricated, Off-

Site Manufacture (OSM), modular construction or Modern Method of Construction 

(MMC). With this technique, site works like bar bending and formwork placing are 

being greatly minimized, and the quality of the components is constantly high.  

According to Construction Industry Development Board (CIDB, 2016), IBS systems 

in Malaysia can be classified into five main groups:  

(a) Precast concrete framing, panel and box systems 

This is the most common group of IBS products used. Frame system 

involves the load transfer from precast concrete beams or girders, to the 

columns and eventually to the ground. In panel system, loads are being 

transferred through large floor and wall panels. While for box system, 3D 

modules are being fabricated which can be transported at one time.    

(b) Steel formwork system 

Othuman Mydin, Sani and Taib (2014, p. 1002) states that steel formwork 

system is the least pre-fabricated types of IBS. In this method, concrete is 

being placed on site into steel formwork, resulting in high quality finish 

and reduced construction time.  

(c) Steel framing system 

Steel trusses, beams, and portal frame system are some examples of this 

IBS category. They are mainly used for high rise or long span structures.  
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(d) Prefabricated timber framing system 

This system comprises of pre-fabricated timber trusses, beams and columns. 

Its market demand lies on buildings requiring high aesthetical values like 

chalets.  

(e) Block work system  

Components like interlocking Concrete Masonry Unit (CMU) and 

lightweight concrete blocks are developed to replace the tedious work from 

traditional bricklaying.   

Pre-fabricating structural elements in the factory brings a lot of advantages over 

conventional wet construction. By mass producing in the factory, quality is being 

closely monitored and controlled. Less waste is being generated as the components 

are manufactured in the desired dimension and with high precision. Timber 

formwork is also being replaced with reusable concrete or steel mould, saving on the 

Earth’s natural resources. The construction time is significantly reduced as there will 

be mostly installation of pre-fabricated panels onto the load bearing frame at the 

construction site. This can be done by purely a few labours and this indirectly saves 

on the labour cost. Less machineries and cranes are required, allowing the site 

condition becomes tidier and more organized, resulting in a safer site condition. Off-

site construction is also less influenced by the weather, significantly enhancing the 

quality of work, for instance concrete curing (Othuman Mydin et al., 2014, p.1002). 

The overall cost can be reduced especially when similar units are being mass 

produced. Repetitive designs like residential housings will definitely benefit from 

this advantage brought by IBS system. All in all, IBS system is said to be able to 

boost sustainability of the construction industry.  

 One of the downfalls of pre-fabricated construction is that there is less 

flexibility in the design of structural members as the specifications and dimensions 

are taken directly from the manufacturer, and customization will be required for 

special designs, inducing extra cost on the project. However, with the increasing 

number of manufacturers in the market, designers are given more options to select 

the components based on their needs.  
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1.2 Problem Statement 

Construction industry has been long identified as 3D (Dirty, Dangerous and Difficult) 

and labour-intensive. In Malaysia, construction industry is still mainly focusing on 

traditional method of construction, for example reinforced concrete framing which 

involves timber formwork and in-situ placing of concrete elements like columns, 

slabs and beams, and brick wall construction. This type of construction method is 

time consuming, producing more waste, and is susceptible to more reworks due to its 

complexity and various uncertainties throughout the construction process.  

 Moreover, finding for inheritance of skilled labours for this job has also been 

and will still be a real challenge as millennials and generation Z’s are unwilling to 

take up the jobs. Due to the tiring nature of work and low wages provided with a 

limited career development opportunity, construction sector in Malaysia is very 

much dependent on cheap migrant labours. However, most of the foreign workers 

are unskilled, which leads to low productivity and poor quality of work, not to 

mention the social problems that were also created (Iskandar Zulkarnain et al., 2019, 

p. 1007). Often, projects face with time and cost overruns due to the needs for 

rework. This indirectly leads to the reduction in quality of work.   

 All of these issues urge the need of shifting to a better construction method, 

particularly the Industrialized Building System (IBS). Despite the various benefits 

that IBS offer, its implementation in Malaysia is still not as encouraging. One of the 

reasons lies in the perception that IBS is expensive due to the higher material cost 

and cost for labour training. Thus, this project will work on developing an improved 

method of construction which suits the needs and expectations of the local 

communities and construction industry players, together with evaluating its 

economic feasibility in order to achieve a system which is lightweight in nature, with 

fewer labours required, and reduces time and overall cost.  
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1.3 Objectives 

The objectives of this project are as follows: 

i. To develop a new IBS system for low-rise residential building in a tropical 

country which fulfils the parameters of light weight, minimized labour usage, 

overall cost-saving and also time saving.  

ii. To evaluate the proposed system in terms of structural performance and cost.  

 

1.4 Scope of study 

In this project, the scope of work will be focusing on the following:  

i. Perform structural analysis on the elements including structural framing, 

slab, and foundation for the proposed IBS system.   

ii. Perform cost analysis for the proposed method of construction.  

A 2-storey residential housing located in Malaysia will be utilized as the project 

model to facilitate the analysis.  
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CHAPTER 2 

LITERATURE REVIEW 

2. LITERATURE REVIEW 

2.1 Overview of Malaysian Construction Industry  

Construction industry has been a major contributor to the country’s economy and 

Gross Domestic Product (GDP) as it helps to provide for other sectors as well. With 

an increasing population, the demand for construction sector increases as well, be it a 

residential housing, commercial, institutional, or an infrastructure project like 

highway. Unlike manufacturing sector, every construction project is unique. 

Construction projects are fragmented and involve a number of parties. Construction 

projects are resource oriented; among the resources is money, machineries, materials 

and manpower. Construction site is often perceived as ‘dirty, dangerous and difficult’ 

(3D), and the constraints of project include quality, time and cost. Thus a successful 

project can be indicated by several factors: good quality of work, completion of 

project on time, and within budget.  

Construction industry in Malaysia has been facing with several issues. Firstly, 

the shortage of skilled labour. In fact, Malaysia has established Technical and 

Vocational Education Training (TVET) institutions which aimed to provide skilled 

workers for construction sector; however, there is still a shortage of local skilled 

workers to meet the demand (Salleh et al., 2020, p. 620). This is because the locals 

are unwilling to take up the job due to the low wage rates and negative perception on 

the job (Ang et al., 2018; Salleh et al., 2020, p. 626). With the abundance of a 

cheaper alternative, which is the foreign labour, employers are often not willing to 

increase the wage for local workers, or to adopt new construction technologies as 

they are already used to the conventional method of construction. This results in an 

over reliance on migrant labour, which can be seen from the statistics from 

Department of Statistics Malaysia, stating that 22.4% of employment in construction 

sector in the year 2016 was taken up by foreigners (Ang et al., 2018). This is 

worsened by the fact that most of the foreign labours are unskilled, which is one of 
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the main causes of low productivity and quality of work (Durdyev & Ismail, 2016, p. 

453; Yap et al., 2017). The use of unskilled labour leads to the need of frequent 

reworks in order to improve quality of work done. Not only that, foreign workers can 

precipitate economic and social problems (Abdul Kadir et al., 2006, p. 416; Ang et 

al., 2018).   

Other than unskilled workers, Yap et al. (2017) found out that poor 

coordination between parties, and poor quality of construction technology leads to 

reworks as well. In traditional contract model, contractors are often not involved 

during the planning or design stage, causing the lack of constructability 

consideration in the early stage. This leads to design error being identified during 

construction stage and reworks has to be done to mitigate the problem. With this, 

reworks bring negative impacts to both the cost and schedule of project. It incurs an 

additional cost of about 3-6% of contract sum, and 5-10% of schedule delay (Yap et 

al., 2017, p. 602). Quality of work will be affected as well. As a consequence of all 

these issues, construction projects in Malaysia often face with time and cost overrun. 

Another reason to low productivity that is worth mentioning is the poor weather 

conditions as stated by (Durdyev & Ismail, 2016). Activities like concrete casting 

and curing are weather dependent, thus poor weather conditions might lead to the 

delay of project if cast-in-situ method is utilized. Hence, all of these issues imply the 

need of shifting to a more systematic and organized method of construction. 

 

2.2 Implementation of IBS in Malaysia 

In Malaysia, introduction of Industrialized Building System (IBS), which is a form 

of off-site manufacturing and prefabrication, is said to be a measure to increase 

productivity, and to reduce over dependency of construction sector on foreign 

labours (Mohd Amin et al., 2017). It has been introduced in Malaysia since decades 

ago, during the early 1960’s. Modern prefabrication was first introduced in Europe 

after the World War 2 which caused a lot of destructions and people were in 

desperate need of accommodations. CIDB (2016) believes that IBS is able to reduce 

the number of workers required by half and also the construction costs by 14%, 

which is beneficial especially when mass production of components is applicable. 
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In line with the effort of transforming construction process to a mechanized 

or industrialized approach, Construction Industry Master Plan (CIMP) 2006-2015 

was established under CIDB. Through IBS Roadmaps, it is anticipated for IBS 

implementation in construction projects to increase. The effort is continued through 

the initiation of Construction Industry Transformation Programme (CITP) 2016-

2020. The goal is to transform the construction industry through four strategic thrusts, 

which are Quality, Safety and Professionalism; Environmental Sustainability; 

Productivity; and Internationalization (CIDB, 2016). IBS is classified as one of the 

technologies under the effort to enhance productivity, though it contributes to other 

goals as well.   

Despite the various benefits that IBS offers, its implementation in Malaysia is 

still low (Mohd Amin et al., 2017; CIDB, 2016). From the survey conducted by Md. 

Ali et al. (2018), and Razak and Awang (2014), it was found that the low adoption of 

IBS system is mainly due to two reasons, which are the insufficient knowledge on 

this system, and the higher initial cost required. Skilled workers are required in IBS 

to ensure project quality. This causes the contractors and developers to be reluctant 

to transform into IBS system despite its higher productivity, because they are already 

used to the conventional construction methods, and transformation will mean 

additional trainings for the workers and a higher upfront cost.  

The problem associated with IBS also includes the technical and quality 

problems of the prefabricated components. A few researchers agree that connections 

and jointing methods is one of the aspects that require further Research and 

Development (R&D) activities (Md. Ali et al., 2018; Razak & Awang, 2014). 

Innovative approaches are needed to tackle issues like cracks and leakage in the 

building. It will be essential too for the designers to be well versed in the design 

using this relatively new method of construction.   

 

2.3 Comparison between Conventional Method of Construction and IBS 

Past research papers on the comparison between conventional method of 

construction and IBS were being studied, where most of the researches were based 

on case studies and questionnaires. From the studies done, it was found that most of 
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the projects including residential and school projects are still utilizing traditional 

method of construction, which is cast-in-situ method (Abdul Kadir et al., 2006, p. 

417; Haron & Abd. Mutalib, 2012, p. 48; Md. Rahim & Haron, 2013, p. 24).  

In terms of construction time, it is agreed that IBS enables a faster 

construction as labour productivity is higher, and it involves mostly skilled workers. 

Thus IBS requires a smaller crew size as well. Not to forget the site overhead costs 

in a construction project, which includes site staff wages, labour accommodation, 

utilities, labours’ insurance and so on. With a shorter construction time, cost saving 

can be obtained through reduction in overhead costs.  

There are a few contradictions when it comes to cost comparison between 

conventional and IBS system. From the survey done by Ramli et al. (2016), most 

respondents agree that IBS enables a cost reduction of 6 to 10%, and the case study 

result also indicates that there is a 11.9% reduction in the cost of half slab as 

compared to traditional cast-in-situ slab. Case study on a condominium project has 

found to achieve a lower tender price when the project is switched to IBS formwork 

system (Md. Rahim & Haron, 2013). On the other hand, Haron et al. (2005), and 

Haron and Abd. Mutalib (2012) who performed case studies on school project 

realized that conventional system is more cost saving. This is because IBS is costly 

in terms of the components due to limited number of manufacturers and specialized 

contractors. Transportation may also contribute to a higher cost.  

Although both Haron et al. (2005) and Md. Rahim and Haron (2013) were 

comparing the same methods which are conventional system and IBS formwork 

system, they got a different finding. This might be due to Haron et al. (2005) only 

considered the material costs, while Md. Rahim and Haron (2013) also took into 

consideration the labour costs, equipment costs, and overhead costs. This can be 

verified by the study conducted by CIDB (n.d.), in which the cost comparison has 

included structural costs, costs for finishes and also site overhead costs, and the 

result indicates that project utilizing full IBS system is obtained to be the most cost 

saving as compared to partial IBS system and conventional system. Besides, it may 

be deduced that cost reduction depends on the different types of IBS system being 

utilized. As an example, since formwork system contributes to only partial IBS 

Factors in IBS Scoring System, it might not be able to achieve a significant cost 
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saving as compared to components that contribute full IBS Factors such as precast 

concrete columns. Conclusively, cost is still an issue that hinders the contractors 

from shifting to IBS due to the fact that there isn’t a definite saving in IBS as 

compared to traditional method of construction in terms of materials. 

 

2.4 Lightweight Construction 

Apart from utilizing IBS, another criterion for the proposed system in this project is 

lightweight construction due to the various benefits it offers. Lightweight 

construction generally composed of a timber or light steel framing which acts as 

structural support for the building, and non-structural claddings made from 

lightweight materials are being attached to it, acting as wall components. Dorr and 

Stark (2018) perceive lightweight construction as an effort to improve the useful 

weight to dead weight ratio of the structure without affecting its structural 

functionality. Some examples of these innovative lightweight materials are 

lightweight concrete, structural insulated panels and polystyrene building products. 

These lightweight components often come in the forms of panels or blocks, where 

panels may contribute to a relatively shorter construction time.   

 While the most common method of construction for walls in Malaysia is the 

brick and mortar due to it being readily available and that the communities are very 

much comfortable with it, this kind of heavyweight construction might pose some 

disadvantages over lightweight construction.  Due to their larger weight, they have 

greater thermal mass, which is undesirable in tropical countries as high thermal mass 

materials tend to store heat during the day and release heat at night. They also have a 

higher embodied energy as compared to lightweight materials, and require higher 

construction costs, specifically in the site preparations and materials transportation 

(Kelly, 2017).  

In contrast, lightweight materials tend to save on construction materials, for 

example by achieving smaller column and foundation sizing due to lower self-weight 

of structure. They have a more rapid response towards temperature change, thus is 

able to cool more quickly. With this, the energy required for cooling is drastically 

reduced. They can also help in saving transportation cost and crane for handling, 
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enhancing the building’s overall sustainability. Lightweight construction can save on 

construction time as well especially when the components are pre-fabricated off site. 

Most importantly, handling lightweight elements greatly reduces workplace hazard, 

which assures workers’ safety. Residential houses usually share common designs 

across the whole domestic area, thus mass production is possible, results in greater 

savings in terms of materials’ unit price and transportation cost.  

 Development of a lightweight construction requires the designer to be 

equipped with knowledge on the material properties, production technology and also 

the costs (Dorr & Stark, 2018). It will not be beneficial if the advantages brought by 

lightweight construction require a very high cost to implement. Unfortunately, from 

the past researches, there are insufficient studies done on the development of 

lightweight construction together with the cost aspect. Hence, this project will focus 

not only on the development of lightweight construction methods, but also the 

economic requirements for the implementation.  

 

2.5 Gap of Research 

From the studies, we can conclude that there is a need for a simple and innovative 

way of construction which is able to reduce the construction time, cost and labours 

required, with improved quality and durability. It would be best too to adopt 

lightweight construction, and also putting effort on environmental sustainability 

through lesser waste production. Although IBS is identified as one of the solutions, it 

is seemed that the implementation in Malaysia is still low. It is well acknowledged 

that utilization of IBS saves construction time, enhances project quality, and reduces 

reliance on foreign labours; however, cost impact appears to be the barrier to 

adoption of IBS in construction projects. There is still insufficient research available 

on the cost comparison between conventional system and different types of IBS. 

Thus, this project will work on developing a prefabricated system with the 

aforementioned properties and lightweight property to improve on construction 

productivity. Cost comparison will be done utilizing the same building layout to 

ensure uniformity and to ensure that a cost-effective system can be introduced. 
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Pass 
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CHAPTER 3 

METHODOLOGY 

3. METHODOLOGY 

Figure 1 shows the flow of work throughout this project in order to achieve the 

objectives in an organized manner.  

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 Flow of Work 

Steps 1 and 2 aimed to solve problems related to the first objective, while the 

following steps are taken to achieve the second objective.  
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3.1 Project Activities 

1. Literature Review 

To start off with the project, an extensive literature review was done to research on 

past articles and materials on the topic of Industrialized Building System (IBS) and 

lightweight construction method. Various techniques specifically methods of 

construction for structural framing, wall and slab systems available in the South East 

Asia were being explored and studied.   

 

2. Development of Suitable IBS System 

After knowledge on the various methods of construction has been established, the 

work progressed with the development of suitable IBS system for the low-rise 

residential project.  The proposed system is a steel framed housing with composite 

deck as flooring system. While for wall components, lightweight concrete blocks, 

particularly Autoclaved Aerated Concrete (AAC) block is utilized.  A common 

roofing and foundation method were adopted, which are light weight roof truss and 

raft foundation respectively.  

 

3. Modelling of Proposed Structure 

Next, the proposed system was modelled using Software A, where floor plan of a 

two-storey residential house was used as a reference for the layout of structural and 

wall components. The properties of materials were defined accordingly, while the 

dimensions of members were assigned starting from the smallest possible dimension 

to perform iterations in order to obtain the optimum sizing required for the structure. 

The types of members being utilized are listed in Table 1. 

TABLE 1 Materials Type 

Structural Members Type of Materials 

Column Square Hollow Section  

Beam Rectangular Hollow Section 

Joist Rectangular Hollow Section 

1st Floor Slab Composite slab (Structural Steel Deck + Concrete Top) 
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Figure 2 shows the 3D model prior to structural analysis.  

 

FIGURE 2 3D Model 

In this project, the code of practice being referred to is Eurocode. Loadings were 

being assigned onto the structure as tabulated below. Superimposed Dead Load 

(SDL) refers to the weight of floor finishes and mechanical wirings, while Live Load 

(LL) constitutes the movable loads that the structure may carry.  

TABLE 2 Loadings Implied on Structure 

Loading Type Loading Values 

Floor Loading 
SDL = 1.2 kN/m2 

LL = 1.5 kN/m2 

Roof Loading  

(Light steel truss) 

DL = 0.8 kN/m2 

LL = 0.25 kN/m2 

AAC Block Wall 

- Exterior 

- Interior 

 

DL = 6 kN/m3 x 0.125m thick x 3m height = 2.25kN/m 

DL = 6 kN/m3 x 0.1m thick x 3m height = 1.8kN/m 

Staircase Loading  

on Beam 
DL = 2.45 kN/m 

Raft Slab 

1st Floor 

Roof Floor 
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FIGURE 3 Applied Loadings on Structural Model 

Load combinations are defined based on Eurocode 1990, which includes: 

 Case 1 (Ultimate Limit State):  1.35DL + 1.5LL 

 Case 2 (Ultimate Limit State):  1.35DL 

 Case 3 (Ultimate Limit State):  1.1DL + 1.5LL 

 Case 4 (Ultimate Limit State):  1.1DL 

 Case 5 (Service Limit State):   1.0DL + 1.0LL  

 Case 6 (Service Limit State):   1.0DL  

 

4. Structural Analysis and Design 

Structural analysis of steel frames and raft foundation was performed with the aid of 

Software A. Optimization of the structural members was done to minimize the 

dimension of members and to obtain a cost-effective design. In this phase, the 

bending moment and shear stresses acting on each frame were examined so that they 

do not exceed the design resistance of the members’ sections. 
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For steel frames, the design check was based on the demand/capacity ratio (or PMM 

ratio), which is the ratio of design force over the resistance capacity of the member 

section. PMM ratio is the sum of the axial force demand/capacity ratio and the 

bending moment demand/capacity ratio. PMM ratio of greater than 1 indicates that 

the steel frame is overstressed.  

Specifications for composite slab as shown in Figure 4 were taken from the 

manufacturer. Design tables and software from the manufacturer were being utilized 

to ensure the steel deck has sufficient capacity to withstand the loading on top.   

 

FIGURE 4 Deck Properties 

 



16 

 

For the design of raft foundation, checks for soil bearing capacity and settlement 

were performed using load combinations for Serviceability Limits State, while 

punching shear ratio and bending moment were obtained using Ultimate Limit State 

load combinations.  

Raft slab was designed using strip based method, where design strips consisting of 

column strip and middle strip were modelled as shown in Figure 5 to obtain the 

maximum bending moment per unit width, and consequently to obtain the required 

area of reinforcement.  

 

FIGURE 5 Design Strips Modelled on Raft Foundation 

 

For conventional method of construction, design of concrete slabs and beams were 

performed using design spreadsheets, while columns were designed using Software 

B. The design for column structure was then being input into Software A for 

verification and followed by the design of raft foundation.  
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5. Cost Analysis 

After the structural system was confirmed to be feasible under the various load 

combinations, cost analysis was performed to examine the economic viability of the 

system proposed. The analysis had included the material and labour costs for the 

specific elements, namely the steel frame, composite deck, raft foundation, and wall 

system. Bill of Quantities (BQ) was prepared in order to quantify and tabulate the 

price for the elements. The costs and labour productivity rate were obtained through 

sources like manufacturers, websites, and published cost data from Construction 

Industry Development Board (CIDB Malaysia) and Building Cost Information 

Services Malaysia (BCISM Sdn. Bhd.). Comparison was performed for the same 

layout of building using different methods of construction, which are the new 

proposed system and conventional system.  
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CHAPTER 4 

RESULTS AND DISCUSSION 

4. RESULTS AND DISCUSSION 

4.1 Proposed Methods of Construction  

4.1.1 Structural Framing 

As compared to heavier concrete members like beams and columns, steel framing is 

relatively lighter, easier to handle, and enables a faster installation. Steel framing 

system has been widely used in commercial structures, warehouses, long span 

structures and so on. Structural steel is proposed to be the structural framing system of 

this structure due to its high strength-to-weight ratio and quick construction as 

compared to reinforced concrete frame. Steel construction also enhances the 

sustainability of the structure by eliminating the carbon emission from concrete 

production. In steel structures design, it is important to include the design for 

connections, corrosion resistance and fire protection despite the typical structural 

strength design. Methods of jointing between dissimilar materials require equal 

attention so that the building will be functional without occurrence of problems like 

leakage and cracks.  

In this project, hollow sections were being selected over I beam sections due 

to the relatively lighter weight and overall constant stiffness on both axes of the 

section. Hollow sections require a lower finishing cost, which includes fire proofing 

treatment and painting due to lesser surface area. The method of construction for steel 

frame involves on-site assembly through welding process, while the connection 

between steel frame and concrete foundation involves base plate connection as shown 

in Figure 6. The end of column section is welded with a base plate which is then 

bolted to the raft foundation using anchor bolts that is being casted in the concrete. 

The interface between concrete and base plate is then filled with non-shrink grout.  
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FIGURE 6 Base Plate Connection (Graitec, n.d.) 

Corrosion resistance of steel can be obtained by applying anti-corrosion paint, or 

performing hot-dip galvanizing. Appropriate fire protection like coatings should be 

applied to provide a sufficient fire rating in order to ensure steel integrity in the event 

of fire.   

4.1.2 Slab System 

According to Ahmed and Tsavdaridis (2019, p. 287), composite construction is 

defined as the combination of steel and concrete into a component which functions as 

a single unit, with a better performance than the two materials being utilized 

separately. The principle lies in the fact that concrete is strong in compression but 

weak in tension, hence it relies on steel to take on the tensile forces in any structural 

component. Some major benefits of composite construction are the reduced self-

weight of the elements, and the speed of construction. While flooring system 

contributes the most to the overall weight of a building, a lightweight floor slab will 

bring substantial benefits to the project. Composite slab comprising of a profiled steel 

deck with an in-situ concrete topping is thus introduced. This combination has gained 

increasing popularity in residential buildings as they are able to provide acoustically 

excellent and fire resistant construction.  

 

FIGURE 7 Composite Slab (Tata Steel Europe, n.d.) 

Anchor Rods 

Grout Pad 

(between base 

plate and concrete) 

Column 
Base Plate 

Concrete 

Foundation 
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Profiled steel decking is made by cold-forming structural steel sheet into 

corrugated profiles, which helps increasing the bending capacity and results in a high 

strength-to-weight ratio. In some cases, embossments are provided for interlocking 

between the decks with the concrete for better shear resistance. Based on 

Steelconstruction.info (n.d.-c), there are two classes of profiled sheeting, which are 

shallow profiles and deep decking, for short span and long span applications 

respectively. Shallow profiles are of trapezoidal or “re-entrant” shapes, while deep 

decking is in trapezoidal shape. They are laid transverse to the secondary beams, and 

connected to the steel beams by shear studs, where shear studs enable the transfer of 

shear stress between the concrete slab and steel beam. These connections are the most 

critical parts for the system in order to achieve composite action between the two 

different materials.  

  The steel decking serves two purposes. Firstly, it acts as a permanent 

formwork for the slab and also as a working platform for the construction workers, 

which eliminates the need for temporary formwork. Special edge forms are used to 

close off the ends of concrete slab. Since the decking is light and able to be stacked in 

bundles, crane lifts are greatly reduced when compared to heavy precast slabs, as the 

bundles of decking can be lifted onto the working platform and then carried by hand 

(Ahmed & Tsavdaridis, 2019, p. 288; Steelconstruction.info, n.d.-b). However, the 

decking should be refrained from pounding of concrete pour to prevent deflection. In 

addition, steel deck acts as tensile reinforcement, thus only upper layer of steel mesh 

is required for cracks control, to resist longitudinal shear, and to act as tensile 

reinforcement in case of fire (Steelconstruction.info, n.d.-a). Additional bars may be 

placed in the troughs if the slab is subjected to heavy loads or designed for longer 

period of fire resistance (SteelConstruction.info, n.d.-b). A nominal mesh 

reinforcement of 0.2% of cross sectional area of slab will be sufficient to achieve 90 

minutes fire resistance (Steel Construction Institute, 2008). The profile of steel deck 

also results in a saving in concrete required. The profiled section eliminates the 

unnecessary concrete, thus reducing the self-weight of slab without compromising its 

structural integrity. With this, services can be easily accommodated into the decking 

profile. 
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4.1.3 Lightweight Wall System  

Types of lightweight wall system compatible with structural steel framing include 

lightweight concrete panels or blocks. As compared with normal concrete with a 

density of 2200 to 2500kg/m3, concrete having a density ranging from 300 to 

maximum of 2000kg/m3 can be classified as lightweight concrete (Hedjazi, 2019).  

Production of conventional concrete creates a huge environmental footprint, and even 

increases when take into account the fuel consumption for its transportation. 

Lightweight concrete is therefore introduced to reduce these footprints. There are 

three generally acknowledged methods for mixing lightweight concrete namely, 

lightweight aggregate concrete, aerated concrete and no fines concrete.  

In the proposed system, Autoclaved Aerated Concrete (AAC) will be utilized 

as the wall component. AAC is one of the lightweight wall construction materials that 

is getting popular in countries like Malaysia, Singapore and Australia. It falls into the 

category of aerated concrete. AAC was invented by Dr. Axel Eriksson from Sweden 

in the year 1924, to cater for the shortage of timber in Europe. It has been widely used 

in Europe for various types of construction. According to Building Green (2012), 

AAC has been used in 60% of Germany’s development in 2006. AAC is made by 

including an expanding agent like aluminium paste into the concrete mix, where 

aluminium paste reacts with the alkaline elements in the cement and form hydrogen 

gas. This induces air bubbles or voids in the concrete mix. These air pockets help in 

contributing to the insulating properties such as thermal and acoustic insulation. They 

also attribute to its light weight property. A typical AAC block has the dimension of 

600mm length with 200mm width, and a thickness ranging from 50mm to 300mm 

(which is equivalent to almost 7 bricks); whereas AAC panel has a typical dimension 

of 3m to 6m height, 600mm width and thickness ranging from 100mm to 300mm. 

AAC is said to possess a weight of 1/5 of the weight of normal concrete. The concrete 

then achieves its extraordinary strength through steam curing in an autoclave machine. 

Because of its lightweight properties, transportation is less costly. Building Green 

(2012) also stated that even after the intensive autoclaving process, the production 

energy is at approximately 50% of regular concrete due to the reduced cement usage 

in AAC, which contributes to the sustainability criteria of AAC.  
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Apart from that, AAC is also incombustible and does not produce toxic fumes, 

thus is suitable for fire rated usage. According to Downton (2013), the fire rating of 

AAC can be up to 4 hours depending on the thickness of the concrete block. As 

compared to bricks, AAC blocks have a lower thermal conductivity, or a higher R 

value. R value implies the thermal resistance of the blocks, thus its thermal insulation 

property enables the house to stay cool and reduces the air-conditioning requirements 

especially in a hot climate country. In terms of sound insulation, AAC block provides 

Sound Transmission Class (STC) of 40dB and above, thus it is able to provide a 

comfortable living condition for residential housing. Finally, AAC blocks were also 

highly workable as it can be cut into desired dimension by using hand tools. They 

come with a better surface finish, thus enable an easier and thinner application of 

plaster or render as compared to bricks. However, working with AAC blocks requires 

more precise and accurate mortar application due to the low dimensional tolerance of 

thin bed mortar (Building Green, 2012; Downton, 2013). Thus, additional trainings 

should be provided for the construction workers.  

In the proposed system, AAC blocks will be utilized as the non-load bearing 

external and internal wall to replace the traditional bricks. AAC blocks enable an 

easier renovation by home owners as compared to panels which come with tongue 

and groove. AAC block is preferred also because it allows a relatively easier 

placement by workers due to its lightweight property, and the workers are already 

familiar with the block laying method; whereas a panel trolley will be required for 

AAC panel installation.  

 

Another feasible solution to lightweight wall is the lightweight aggregate concrete. It 

is a mix that uses organic or artificial lightweight aggregates as a substitute for coarse 

aggregates. Since organic lightweight aggregates are porous, it tends to absorb more 

water from the mix, which will result in less workable concrete. To compensate that, 

more water was added into the mix, which in turn increasing cement usage to maintain 

adequate W/C ratio, which is uneconomical, less environmental friendly and less efficient 

as this extra cement does not enhance the mechanical properties of the concrete. This 

problem can be solved by using artificial lightweight aggregates, for instance expanded 

polystyrene (EPS) beads. EPS has been used extensively in construction field as means of 
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heat isolation. It is important to note that large quantity of unused EPS was being 

disposed either legally or illegally after construction projects. Therefore, by introducing 

EPS into the concrete mix, this helps the environment not only by preserving natural 

resources but also reducing wastes. According to the research done by Shi, Miao, Luo, 

Wang and Chen (2016), EPS concrete is more durable than regular concrete. It provides 

excellent heat and sound insulation as well. EPS concrete often comes in the form of 

wall panel with fiber cement board attached on both side of the concrete for additional 

protection towards moisture, heat and impact. The surface boards eliminate the needs 

for plastering works as well. Table 3 illustrates the comparison between common clay 

brick, AAC block and EPS panel.  

 

TABLE 3 Comparison between Clay Brick, AAC Block and EPS Panel 

 Clay Brick AAC Block EPS Panel 

Typical 

Dimension 

215mm x 96mm x 

70mm  

600mm x 200mm x  

50-300mm  

2.4-3m  x 610mm 

x 75-200mm  

Weight ~2.5kg/pcs  

(1700-1900kg/m3) 

1/5 of normal concrete 

(550-650 kg/m3)  

600-800 kg/m3 

Cost RM28.89/m2 RM35.00/m2   ~RM40/m2   

Productivity 10 m2/man-day 22 m2/man-day - 

Performance - Fire rating up to 2 

hours for 100mm 

brick 

- Thermal 

conductivity: 

0.6W/mK and 

above 

- Fire rating up to 4 

hours for 100mm 

block 

- Thermal conductivity: 

0.16 W/mK and above 

- Certified by CIDB 

with IBS factor of 0.5 

- Fire rating up to 

4 hours for 

100mm panel 

- Thermal 

conductivity: 

<0.4 W/mK 

- IBS factor of 1.0 
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4.1.4 Jointing and Waterproofing 

To ensure a watertight connection of the entire structure, jointing methods between 

AAC block wall and steel frame were studied and illustrated in figure below. 

Consultation with AAC block manufacturer was done to ensure feasibility of the 

system.  

 

FIGURE 8 Side View Showing Joints between Dissimilar Materials 

 

 

4.2 Structural Analysis 

Based on the analysis performed using Software A, the design and optimum sizes for 

each element are illustrated in the following sections.  

A balance between the structural layout and sizing of members is to be achieved such 

that the weights of each structural member are light enough to be able to be carried by 

1 to 2 persons for ease of installation.  

 

AAC Block Wall 

- Apply 

cementitious 

waterproofing 

layer for wet area 

- Provide AAC 

lintel above 

opening 

 

Wall – Steel Frame 

Joint 

- Metal strip tie (L-

bracket) welded to 

steel frame 

- 10-20mm gap to be 

filled with cement 

sand mortar  

Wall – Floor Joint 

- Damp Proof 

Course (DPC) 

layer to prevent 

rising damp in 

wall 

Raft Slab 

- Provide 

waterproofing 

layer 
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4.2.1 New Method of Construction  

Steel Frame 

From the analysis, the steel members adequately provide support for the imposed 

static loads as their utilization ratio is less than 1. Refer to Appendix A to E for the 

values of utilization ratio for the steel members.  

A summary of structural steel sections and their weight is tabulated in Table 4.  

TABLE 4 Summary of Structural Steel Section Properties 

Element Section Property Section 

Weight 

(kg/m) 

Maximum 

Length of 

Member (m) 

Weight per 

element (kg) 

Roof Floor 

Column 

75x75x2.3mm (S275) 5.143 3.00 15.43 

1st Floor 

Column 

100x100x3mm (S275) 8.955 3.00 26.90 

Roof Floor 

Beam 

75x100x2.3mm (S275) 6.046 3.66 22.20 

1st Floor 

Beam 

100x100x3mm (S275) 8.955 3.66 32.78 

Steel Joist 50x75x1.6mm (S275)  3.008 2.60 7.82 

 

 

Composite Slab 

The maximum unity factors as seen from Figure 9 were extracted from software from 

the manufacturer. The values are lower than 1, which indicates that the design deck is 

sufficient in its construction stage, normal stage, fire condition, and serviceability.  

 

FIGURE 9 Output from Manufacturer’s Software 
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Raft Foundation 

Four checks were performed in the design for raft foundation: 

- Soil bearing capacity check 

- Settlement check 

- Punching shear check 

- Bending moment capacity 

 

Figure 10 illustrates the soil bearing capacity below the raft slab. Maximum soil 

pressure is obtained to be 25.63kN/m2, which is smaller than the allowable bearing 

capacity of 100kN/m2.  

 

FIGURE 10 Soil Pressure Check for New Method of Construction 
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Figure 11 indicates the settlement of foundation with the imposed load from the 

structure above. The maximum settlement is obtained to be 4.3mm which is within 

the allowable settlement of 50mm.  

 

FIGURE 11 Settlement Check for New Method of Construction 

 

Punching shear ratio shown in Figure 12 is the ratio of maximum design shear stress 

over concrete shear stress capacity. Ratio of less than 1 indicates that the concrete has 

sufficient shear capacity. 

 

FIGURE 12 Punching Shear Check for New Method of Construction 
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Figures 13 show the bending moment per unit width acting on the design strips for 

both x and y directions.  

 (a) 

 (b) 

FIGURE 13 (a), (b) Bending Moment Acting on Design Strips for New Method of 

Construction 
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From the analysis, the thickness of raft foundation is governed by punching shear 

check. Thickness of 225mm is obtained to be sufficient.  

The maximum positive and negative bending moment per unit width of the strip are 

tabulated in Table 5. Maximum negative bending moment is used for the design of 

top reinforcement while maximum positive bending moment is used for the design of 

bottom reinforcement. Similar arrangement of reinforcement is provided throughout 

the foundation length for simplicity.  

TABLE 5 Maximum Bending Moment and Minimum Reinforcement for Raft 

Foundation in New Method of Construction 

Design Strip X direction (Layer A) Y direction (Layer B) 

Maximum +ve moment (kNm/m) 10.67 6.78 

Maximum –ve moment (kNm/m) -10.40 -7.62 

Minimum area of reinforcement 

required (mm2/m) 

409.59 368.36 

Reinforcement provided T12-250mm c/c T12-300mm c/c 

 

4.2.2 Conventional Method of Construction 

Reinforced Concrete Frame 

The dimension and reinforcement design for the reinforced concrete members are 

illustrated in Table 6. Same design was taken for similar elements for simplicity.  

TABLE 6 Summary of Concrete Members Design 

Element Dimension / 

Properties 

Design 

Reinforcement  

Design Shear 

Link 

Roof Floor & 1st 

Floor Column 

200mm x 200mm   

Concrete C25/30 

4T12 

(1.13%) 

T6-200mm c/c 

Roof Floor & 1st 

Floor Beam 

200mm x 200mm  

Concrete C25/30 

4T12 

(1.13%) 

T8-100mm c/c 

1st Floor Slab  100mm thick 

Concrete C20/25 

T10-300mm c/c  

each way 

- 
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The columns in Figure 14 are shown in blue which indicates that the reinforcement 

design for columns is sufficient.  

 

FIGURE 14 Verification of Column Design in Software A 

 

Raft Foundation 

From Figure 15 and 16, it is shown that the settlement and soil bearing capacity 

checks are within allowable limit where the maximum settlement is obtained to be 

6.3mm and maximum soil pressure is 37.4kN/m2.  

 

FIGURE 15 Settlement Check for Conventional Method of Construction 



31 

 

 

FIGURE 16 Soil Pressure Check for Conventional Method of Construction 

 

Figure 17 shows that punching shear ratio is within the limit of 1. From the analysis, 

the thickness of raft slab is governed by punching shear. 

 

FIGURE 17 Punching Shear Check for Conventional Method of Construction 
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The maximum bending moment acting on each design strip is tabulated in Table 7.  

TABLE 7 Maximum Bending Moment and Minimum Reinforcement for Raft 

Foundation in Conventional Method of Construction 

Design Strip X direction (Layer A) Y direction (Layer B) 

Maximum +ve moment (kNm/m) 20.73 11.15 

Maximum –ve moment (kNm/m) -17.17 -11.64 

Minimum area of reinforcement 

required (mm2/m) 

409.59 368.36 

Reinforcement provided T12-250mm c/c T12-300mm c/c 

 

4.2.3 Discussion  

From the analysis output, both the structure utilizing the proposed IBS system and 

conventional system are in their optimal sections and dimensions, in which they are 

verified to be structurally sound against the static load imposed on the structure.  

By referring to Table 5 and 7, it is shown that the maximum positive and 

negative moment acting on the raft slab in the conventional system is higher than that 

in the proposed IBS system due to the larger weight of traditional reinforced concrete 

frame. This is proven by the greater soil pressure under the raft foundation for 

conventional system, which is 37.4kN/m2 as compared to the proposed system with a 

soil pressure of 25.63kN/m2. Thus, we can conclude that the proposed steel structure 

is lighter than the conventional reinforced concrete framed structure.  

Although the thickness of raft slab and the minimum reinforcement required 

do not differ much between the two systems, the lightweight IBS system still bring 

advantages in terms of ease and speed of construction, and also reduction of labours 

required, as discussed in Chapter 4.3.   
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4.3 Cost Analysis 

4.3.1 Material Cost 

1. New Method of Construction  

Quantity take-off is performed for each of the components as tabulated below. 

Steel Frame 

TABLE 8 Quantity Take-Off for Steel Frame 

Section Property Total 

Length (m) 

Weight per 

meter (kg/m) 

Total 

Quantity (kg) 

Joist 

 50x75x1.6mm (S275) 

 

122.22 

 

3.008 

 

367.64 

Beam 

 75x100x2.3mm (S275) 

 100x100x3mm (S275) 

 

83.83 

96.63 

 

6.046 

8.955 

 

506.84 

865.32 

Column 

 75x75x2.3mm (S275) 

 100x100x3mm (S275) 

 

66.00 

84.00 

 

5.143 

8.955 

 

339.44 

752.22 

 

Composite Slab 

TABLE 9 Quantity Take-Off for Composite Slab 

Material Weight Total Quantity Total Weight 

(kN) 

S355, 0.9mm Metal 

Deck  

0.11 kN/m2 75.16 m2 8.27 

Edge Form for 

120mm slab 

0.11 kN/m2 49.10m  0.65 

C25/30 Concrete 24 kN/m3 0.088 m3/m2 x 75.16 m2 

= 6.62 m3 

158.88 

BRC A6 2.22 kg/m2 75.16 m2 1.66 
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Raft Foundation 

Quantity of reinforcement was calculated by assuming reinforcement bar to be placed 

across the whole length of slab for both top and bottom bars, without taking into 

account the bend length and lap length.  

TABLE 10 Quantity Take-Off for Raft Foundation in New Method of Construction 

Material Volume / Area Total 

Quantity 

C30/37 Concrete 89.79 m2 

225mm thickness 

20.21 m3 

Main bar  

(top & bottom): 

T12-250mm c/c   

Number of bars = 12802/250 x 2 = 104 bars 

Total length = 104 x 6.706 = 697.43m 

Volume = 697.43 x (1.13x10-4) = 0.0788 m3  

618.58 kg 

Distribution bar 

(top & bottom):  

T12-300mm c/c 

Number of bars = 6706/300 x 2 = 46 bars 

Total length = 46 x 12.706 = 584.48m 

Volume = 584.48 x (1.13x10-4) = 0.0660 m3 

518.10 kg 

 

 

AAC Block Wall 

TABLE 11 Quantity Take-Off for AAC Block Wall 

Material Length  

(m) 

Total Quantity 

(m2) 

Total Weight 

(kN) 

AAC Block (interior wall) 

600mm x 200mm x 100mm 

41.61 124.83 74.90 

AAC Block (exterior wall) 

600mm x 200mm x 125mm 

78.05 234.15 175.61 
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Bill of Quantity (BQ)  

TABLE 12 Bill of Quantity for New Method of Construction 

Element Material Unit Quantity Unit Price Price (RM) 

Steel Frame Steel joist 

50x75x1.6mm (S275) 

 

kg 

 

367.64 

 

RM4,362/mt 

 

1,603.65 

Steel beam 

75x100x2.3mm (S275) 

100x100x3mm (S275) 

 

kg 

kg 

 

506.84 

865.32 

 

RM4,114/mt 

RM4,100/mt 

 

2,085.15 

3,547.80 

Steel column 

75x75x2.3mm (S275) 

100x100x3mm (S275) 

 

kg 

kg 

 

339.44 

752.22 

 

RM4122/mt 

RM4,100/mt 

 

1,399.20 

3,084.10 

Composite 

Slab 

0.9mm metal deck 

Edge Form 

C25/30  concrete 

BRC A6 

m2 

m 

m3 

m2 

75.16 

49.1 

6.62 

75.16 

RM59/m2 

RM16/m 

RM208/m3 

RM6.75/m2 

4,434.45 

785.60 

1,377.00 

507.35 

Raft 

Foundation 

C30/37  concrete  

Rebar T12 

m3 

kg 

20.21 

1136.68 

RM218/m3 

RM3/kg 

4,405.80 

3,410.05 

AAC Block 

Wall 

600x200x100mm (int.) 

600x200x125mm (ext.) 

m2 

m2 

124.83 

234.15 

RM22.50/ m2 

RM28.17/ m2 

2,808.70 

6,596.00 

TOTAL 
RM 

36,044.85 

 

2. Conventional Method of Construction 

Quantity take-off is performed for each of the materials as tabulated below. 

Formwork 

TABLE 13 Quantity Take-Off for Timber Formwork 

Element Width Total Length (m) Total Quantity (m2) 

Roof Floor & 1st 

Floor Column 

0.2m * 4 150.00 120.00 

Roof Floor & 1st 

Floor Beam 

0.2m * 3 180.45 108.27 

1st Floor Slab  0.1m 

 

49.10 4.91 + 75.16 (slab soffit)  

= 80.07 
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Concrete 

Bar Bending Schedule (BBS) as shown in Appendix F to H were prepared for 

columns, beams and slab to tabulate the quantity of reinforcement required. Table 14 

shows the volume of concrete needed for each structural element.  

TABLE 14 Quantity Take-Off for Concrete Material 

Element Dimension  Total Length / Area Total Quantity (m3) 

Roof Floor & 1st 

Floor Column 

200mm x 200mm 150m 6.00 

Roof Floor & 1st 

Floor Beam 

200mm x 200mm 

 

180.45m 7.22 

1st Floor Slab  100mm thickness 75.16 m2 7.52 

Raft Foundation 225mm thickness 89.79 m2 20.21 

 

Bill of Quantity (BQ)  

TABLE 15 Bill of Quantity for Conventional Method of Construction 

Element Material Unit Quantity Unit Price Price (RM) 

Reinforced 

Concrete 

Frame 

Column 

Formwork  

C25/30 Concrete 

Reinforcement (12mm) 

Shear link (6mm) 

 

m2 

m3 

kg 

kg 

 

120.00 

6.00 

619.30 

115.54 

 

 RM31.65/m2 

RM208/m3 

RM3/kg 

RM3/kg 

 

3,798.00 

1,248.00 

1,857.90 

346.60 

Beam 

Formwork 

C25/30 Concrete 

Reinforcement (12mm) 

Shear link (8mm)  

 

m2 

m3 

kg 

kg 

 

108.27 

7.22 

668.79 

461.31 

 

 RM31.65/m2 

RM208/m3 

RM3/kg 

RM3/kg 

 

3,426.75 

1,501.75 

2,006.40 

1,383.90 

Concrete 

Slab 

Formwork 

C20/25 Concrete 

Reinforcement (8mm) 

m2 

m3 

kg 

80.07 

7.52 

357.04 

 RM31.65/m2 

RM198/m3 

RM3/kg 

2,534.20 

1,489.00 

1,071.10 

Raft 

Foundation 

C30/37 Concrete 

Reinforcement (12mm) 

m3 

kg 

20.21 

1136.68 

RM218/m3 

RM3/kg 

4,405.80 

3,410.05 

Brick Wall Clay brick m2 358.98  RM28.89/m2 10,370.90 

TOTAL 
RM 

38,850.35 
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4.3.2 Labour Cost  

1. New Method of Construction  

Labour cost was calculated using labour productivity per man-hour and wage rate per unit work performed. The number of days required per 

work element is tabulated as below.  

TABLE 16 Labour Cost Calculation for New Method of Construction 

  
Work Element Unit 

Total 

Quantity 

Labour productivity 

(unit/man-hour) 

Required 

man-hour 

Required 

man-day 

Labour Wage 

Rate  

Labour Cost 

(RM) 

1 Raft Foundation 

   bar bender kg 1136.68 44.84 25.35 3.17 RM 0.45/kg 511.50 

   concreter m³ 20.21 1.41 14.33 1.80 RM 30.00/m³ 606.30 

        SUBTOTAL 39.68     1,117.80 

2 Steel Frame 

   skilled labour  kg 2831.46 18.80 150.61 18.83 RM 95.00/day 1,788.85 

                  

3 Composite Slab 

   skilled labour m² 81.06 2.22 36.52 4.57 RM 95.00/day 434.15 

   BRC bar bender m² 75.16 6.30 11.93 1.50 RM 2.15/m² 161.60 

   concreter m³ 6.62 1.41 4.70 0.59 RM 30.00/m³ 198.60 

        SUBTOTAL 53.15     794.35 

4 AAC Block Wall 

   IBS block wall installer m² 358.98 2.75 130.54 16.32 RM 14.50/m² 5,205.20 

                  

TOTAL 373.98 46.78   8,906.20 
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2. Conventional Method of Construction  

TABLE 17 Labour Cost Calculation for Conventional Method of Construction 

  
Work Element Unit 

Total 

Quantity 

Labour Productivity 

(unit/man-hour) 

Required  

man-hour 

Required 

man-day 

Labour Wage 

Rate (RM/unit) 

Labour Cost 

(RM) 

1 Raft Foundation 

  bar bender kg 1136.68 44.84 25.35 3.17 0.45 511.50 

  concreter m³ 20.21 1.41 14.33 1.80 30.00 606.30 

        SUBTOTAL 39.68     1,117.80 

2 RC Column & Beam 

  carpenter m² 228.27 3.72 61.36 7.67 23.00 5,250.20 

  bar bender kg 1864.94 44.84 41.60 5.20 0.45 839.20 

  concreter m³ 13.22 1.41 9.38 1.18 30.00 396.60 

        SUBTOTAL 112.34     6,486.00 

3 Slab 

  carpenter m² 80.07 3.72 21.53 2.70 23.00 1,841.60 

  bar bender kg 357.04 44.84 7.97 1.00 0.45 160.70 

  concreter m³ 7.52 1.41 5.34 0.67 30.00 225.60 

        SUBTOTAL 34.84     2,227.90 

4 Brick Wall 

  bricklayer m² 358.98 1.38 260.13 32.52 12.00 4,307.80 

                  

TOTAL 446.99 55.91   14,139.50 
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4.3.3 Discussion  

In terms of material cost, the proposed IBS system is obtained to be slightly cheaper 

than the conventional method, which is around 7.22%. The proposed system achieves 

cost savings mostly through its steel frame. The total cost for steel frame is calculated 

to be RM 11,719.90 while reinforced concrete (RC) frame requires RM 15,569.30. 

Timber formwork contributes to almost half of the RC frame’s cost, which is RM 

7,224.75. The use of timber formwork does not only increase the time required for 

construction, it is also not environmentally sustainable as timber formwork has to be 

disposed after several uses.  

In the aspect of manpower, comparison of the two systems can be done on the 

structural framing, slab system and wall system. The proposed IBS system shows a 

reduction in labour cost of around RM5,000, or equivalent to a percentage of 37. A 

significant saving is again obtained from the steel frame. This is because steel frame 

only requires on-site erection through welding or bolting, while RC frame involves 

three processes on site, which are formwork erection, bar fixing, and concrete casting. 

Although RC frame shows a relatively shorter construction time which is around 5 

days ahead of steel frame, RC frame will require additional time for concrete curing, 

which has not been taken into account in Table 17. In addition, productivity for RC 

frame construction is greatly affected by the weather condition, whereas structural 

steel as a factory pre-fabricated component is less likely to be affected by poor 

weather condition.   

In the design of slab, composite slab requires a higher cost of RM7,104.40 as 

compared to RC slab of RM5,094.30. As a substitute to the traditional temporary 

formwork system and tensile reinforcement, the metal decking is much more 

expensive to be an economically feasible alternative for the contractors. Its higher 

price might be due to the limited amount of suppliers within the country, which was 

agreed by Haron et al. (2005), and Haron and Abd. Mutalib (2012). Furthermore, 

nominal wire mesh is still required for cracks prevention and fire performance. There 

is an insignificant saving in concrete volume as well.   

Composite slab and RC slab are having similar manpower requirements for 

steel reinforcement and concrete placing. However, they differ in their formwork 

placement where RC slab requires a higher labour cost for timber formwork erection. 
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There is a huge difference of RM1,433.55 between composite slab and RC slab in 

terms of their total labour costs, where RC slab requires RM2,227.90 while composite 

slab requires only RM794.35. This value has helped to even out the difference 

between the two slab systems from the material cost aspect. Despite the higher labour 

cost of RC slab, a slightly shorter installation time is needed. This might be due to the 

familiarity towards timber formwork among labourers. Besides, installation of metal 

decking requires the use of lorry crane due to its large size and heavy weight. Given a 

rate of RM550 per day for the crane with operator, an installation period of 5 days 

will require an additional machineries cost of RM2,750, which further increases the 

overall costs of composite slab.  

On the other hand, AAC blocks appear to be cheaper when it is bought in bulk. 

AAC block installation has a slightly higher labour wage rate due to the higher 

productivity. AAC block installation is quite similar to the traditional brick wall 

laying, but it comes with a bigger dimension and lighter weight. From the analysis, 

AAC block is able to reduce the required man-day by half from the clay brick laying. 

AAC block may result in further saving if finishing cost is being considered. This is 

because the blocks have a better surface finish from common clay brick, thus a 

thinner coating will be required. A summary of cost comparison for the structural 

framing, slab and wall systems of both systems is illustrated in Table 18. 
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TABLE 18 Summary of Cost Comparison for Structural Framing, Slab and Wall 

Systems 

Proposed IBS System Conventional System 

Steel frame 

   Material 

   Labour 

      TOTAL 

(RM) 

11,719.90 

1,788.85 

13,508.75 

RC Frame 

   Material 

   Labour 

      TOTAL 

(RM) 

15,569.30 

6,486 

22,055.30 

Composite slab 

   Material 

   Labour 

   Lorry crane 

      TOTAL 

(RM) 

7,104.40 

794.35 

2,750 

10,648.75 

RC Slab 

   Material 

   Labour 

 

      TOTAL 

(RM) 

5,094.30 

2,227.90 

 

7,322.20 

AAC Block wall 

   Material 

   Labour 

      TOTAL 

(RM) 

9,404.70 

5,205.20 

14,609.90 

Brick 

   Material 

   Labour 

      TOTAL 

(RM) 

10,370.90 

4,307.80 

14,678.70 

 

In Table 16 and 17, the labour cost output was based on one crew size. A 

shorter man-day required indicates that a smaller crew size is required. With a smaller 

crew size, the site becomes less congested, and this helps to reduce the safety hazards 

and risks. Besides, it should be noted that the material costs calculated have not 

included the percentage for wastage. As compared to traditional method of 

construction, IBS construction such as steel frame is able to reduce the construction 

waste as they often come in precise dimension and better surface finish, thus 

minimum cutting works is required on site. This reduces the possibility of errors 

which lead to reworks. This means that the conventional system will have a much 

higher material costs if wastage is being accounted for.  

In overall, from the cost analysis performed, the new IBS system is proved to 

be lighter, is able to shorten the time for construction by approximately 9 days, and 

provide an overall cost saving of up to RM 8,000, which is equivalent to 18.25%. 

These findings are in accordance with previous studies that IBS offers a faster 

construction time, better productivity, and a smaller crew size. The result also proves 

that the proposed IBS structure has advantage over conventional method of 

construction in terms of material costs and labour costs.  
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5. CONCLUSION AND RECOMMENDATION 

5.1 Conclusion  

In conclusion, the first objective of developing a new method of construction which is 

light weight, reduces labour usage, time saving and overall cost saving has been 

achieved. Extensive researches were done on the existing techniques available in 

South East Asia. The proposed structural framing was decided to be utilizing 

structural steel, whereas the flooring and wall systems will be utilizing composite slab 

and lightweight concrete blocks respectively. The method of connection between 

structural steel members, and between dissimilar materials such as steel to concrete 

slab, and lightweight concrete block to steel, has been established to provide a 

watertight jointing to ensure occupants’ comfort and the structure’s durability.  

In addition, the second objective of examining the proposed system’s 

structural integrity and cost has been achieved as well. Through the analysis output 

from Software A, the steel framed structure was able to withstand the loading 

combinations as indicated in the Eurocode standards. Comparison between the 

proposed system and conventional method of construction using the same building 

layout has proven that the proposed system results in savings in material costs and 

labour costs by around 7.22% and 37% respectively.  It has also achieved reduction in 

the total time required to perform the work elements by 16.33%. In overall, the 

proposed IBS system enables a saving in material and labour costs by 18.25%. These 

findings have justified the potential implementation of the proposed system in terms 

of strength and economics, especially when used in mass production for structure with 

typical design.   
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5.2 Recommendation 

 

It is acknowledged that IBS system is able to bring substantial benefits to the building 

construction in terms of productivity and quality; however it is still difficult to 

quantify the benefits just by looking into the costs requirement for materials and 

manpower. Further research work can be performed to establish work schedule for 

both the proposed system and conventional in-situ construction, and include all the 

necessary costs throughout construction stage, for instance transportation and 

machineries cost for a more comprehensive comparison. A detailed design comprising 

the design for connections should also be performed.  

Considering the time constraint and limited funding, the possible future work 

for this study mainly pertains to the fabrication and construction of an actual model 

structure using the improved IBS system. With this, experimental testing against the 

materials’ strength and behaviours can be conducted. This will also ensure a more 

refined cost and construction time analysis with a more accurate labour productivity 

rate. Besides, it is with hope that this improved method of construction can be 

presented to the industry players like designers, contractors and government 

authorities to obtain constructive feedback on the system’s constructability and 

potential implementation in the Malaysian construction sector.  

Lastly, the research should continue with analysis utilizing different IBS 

components as opposed to the commonly used materials like concrete and bricks to 

keep up with the constantly changing technologies. This is to support the purpose of 

IBS adoption in Malaysia which is to enhance construction productivity and reduce 

dependency on foreign labour.  
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APPENDICES 

APPENDIX A 

PMM Ratio Table for Roof Floor Columns 
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APPENDIX B 

PMM Ratio Table for First Floor Columns 
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APPENDIX C 

PMM Ratio Table for Roof Floor Beams 
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APPENDIX D 

PMM Ratio Table for First Floor Beams 
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APPENDIX E 

PMM Ratio Table for First Floor Joists 
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APPENDIX F 

Bar Bending Schedule for Beams 
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APPENDIX G 

Bar Bending Schedule for Columns 
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APPENDIX H 

Bar Bending Schedule for Slab 

 


