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ABSTRACT 

 

Structural design is the systematic examination of a structure's stability, strength, and 

rigidity. The primary goal of structural analysis and design is to create a structure that 

can withstand all applied loads for the duration of its intended life. This report will 

discuss on the structural design used for a 2-storey terrace house. The objective of this 

report is to observe the sequence of works for structural works for a 2-storey terrace 

house and to investigate the materials needed for structural works. Observation on site 

and studying structural design given by the consultant engineer based on drawing was 

done for this report to be made. This report will also show the functions of consultant 

engineers to allow main contractors to continue their work. 
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CHAPTER 1.0 

 

INTRODUCTION 

 

1.1 Background of Study 

Civil engineering structural design is a highly qualified and skilled field. It can 

be defined as a set of methods or tools for determining safe and cost-effective 

construction requirements, as well as ensuring that a proposed structure will be strong 

enough to support its intended load. Structural engineers undertake a structural 

analysis to discover what internal and external forces may affect the structure, then 

design a structure that meets the criteria using the proper materials and reinforcements. 

The professional disciplines of architecture and structural engineering have a close 

link. When constructing a building, structural engineers focus on strength, durability, 

and safety, whereas architects are typically responsible with developing the project's 

visually appealing aspects. 

 

The land on which a building is built, the temperature of the region, the budget 

allotted to the construction of the building, the texture of the soil, the existence of 

water, and other factors all influence the structure and design of a building. The 

primary focus of structural engineers is the safety and stability of the structures they 

build. The key technique that structural engineers use to ensure that a structure can 

withstand the many sorts of forces that it would face during normal operation is 

structural analysis. When conducting a structural analysis, civil engineers focus on the 

three (3) attributes of forces. Firstly, is its magnitude; The magnitude of the force 

acting on the structure. The force's direction; The weight of a heavy snowfall would 

act downwards, in the direction of gravity, whereas a strong wind would act against 

the side of the building. To withstand different types of forces, different materials and 

reinforcement methods are necessary. The force's action is defined by its position. 

Structural engineers must consider the impact of predicted forces on each individual 

region of the structure, not just the entire structure as a whole. 

 

The total of forces acting on a structure must constantly equal zero in order for 

it to remain stationary. Civil engineers, on the other hand, are aware that the structure 
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will be subjected to external forces during its operation. Live loads, such as building 

inhabitants and furnitures, and environmental loads, such as wind, snow, and 

earthquakes, are examples of this. In any event, good structural design necessitates 

civil engineers ensuring that a structure can absorb external force while preserving its 

internal balance. A building that cannott absorb external forces is subject to damage 

and instability. 

 

However, the aim of this study is to discuss and learn the typical structure design used 

and sequence of structural works for a 2-storey terrace houses located at Bandar 

Saujana Perdana. 

 

1.1 Objectives 

Firstly, to observe the sequence of works for structural works in this project 

including paperworks to be submitted to consultant engineer. Secondly, to investigate 

the quantity of materials needed for structural elements mainly on concrete usage and 

their grade of concrete mix used in this project. 

 

1.2 Scope of Study 

The study is carried out at Bandar Saujana Perdana, Mukim Ijok, Selangor 

Darul Ehsan. This study focus on the structural design of a 2-storey terrace house. The 

methods of installation, materials and machineries used for moving materials needed 

for each element was observed during this study. The duration for each element to be 

completed, quantity of labors was also observed. 

 

1.3 Methods of Study 

Firstly, observation was done for a duration of 16 weeks comprising of 

different elements of structure such as piling works, pile cap and etc. The observation 

was recorded by taking pictures of all the elements of structure before and after 

concreting works. Secondly, document reviews by referring from construction 

drawings (structure drawings mainly), standard operating procedures of site 

management was observed during this study. 
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CHAPTER 2.0 

 

COMPANY BACKGROUND 

 

2.1 Introduction of Company 

KITACON SDN. BHD. was founded in 1990 as a main contractor. Residential 

and industrial projects are generally the company's major focus. Kitacon Sdn. Bhd. 

primary projects are located within the Klang Valley. Kitacon Sdn. Bhd. is also 

certified to MS ISO 9001, MS ISO 14001, OHSAS 18001, and MS 1722. 

 

2.2 Company Profile 

 Kitacon Sdn Bhd is a Malaysian company with headquarters in Klang. 

Currently, the company works in the Heavy and Civil Engineering Construction 

industry. This company was established on March 19, 1990. Kitacon Sdn Bhd's latest 

financial highlights for 2019 revealed a 5.96 percent reduction in net sales revenue. 

Over the same time period, its total assets declined by 6.98 percent. Kitacon Sdn Bhd's 

net profit margin fell by 1.5 percent in 2019. 
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2.3 Organization Chart 

 

Figure 1: Image shows the organization chart for this project. 
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2.4 List of Project 

2.4.1 Completed Projects 

No Project Title Project 

Value 

Start 

Date 

Completion 

Date 

Project 

Duration 

Client 

1 EMERALD 

299 

RM 90 

Million 

JULY 

2019 

JULY 2021 2 YEARS GUOCOLAND 

2 SJK (C) Bukit 

Fraser 

RM 6.9 

Million 

SEPT 

2019 

27  

NOV 2021 

1 YEAR 

2 

MONTH 

TROPICANA 

AMAN SDN. 

BHD. 

4 ECO 

ARDENCE 

224 

RM 150 

Million 

JULY 

2018 

FEBRUARY 

2019 

1 YEARS 

8 

MONTH 

ECOWORLD  

 

5 KLK 191 - JULY 

2018 

JULY 2021 3 YEARS KLK LAND 

6 WELLOYD 

48 

RM 56 

Million 

- SEPT 2021 - WELLOYD 

PROPERTIES 

7 Worldwide 

147 

- - SEPT 2021 - WORLDWIDE  

 

 

Table 1.0 shows list of completed projects. 
 

2.4.2 Ongoing Projects 

No. Project 

Title 

Project 

Value 

Start Date Completion 

Date 

Project 

Duration 

Client 

1 BANDAR 

SAUJANA 

PERDANA 

120 

RM 28 

Million 

AUGUST 

2021 

NOVEMBER 

2022 

1 YEARS 

3 

MONTHS 

GLOMAC 

SDN. BHD. 

2 Element 

Residences 

231 

RM 

101 

Million 

2 MARCH 

2020 

1 APRIL 

2022 

2 YEARS 

1 

MONTH 

TROPICANA 

AMAN SDN. 

BHD. 

3 Freesia 

Residences 

198 

RM 

133.6 

Million 

1 JUNE 2021 31 MAY 

2023 

2 YEARS TROPICANA 

AMAN SDN. 

BHD. 

 

4 Dalia 

Residences 

207 

RM 

143.3 

Million 

22 

NOVEMBER 

2017 

10 

NOVEMBER 

2020 

22 

MONTHS 

TROPICANA 

AMAN SDN. 

BHD. 

 

Table 1.1 shows list of ongoing projects. 
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CHAPTER 3.0 

 

CASE STUDY 

 

3.1 INTRODUCTION 

 This study was conducted in an ongoing housing project located in Mukim 

Ijok, Selangor. The project is a ‘Proposed 120 units Double Storey Terrace Houses on 

Lot 6243 and Lot 6240, Phase 4C, at Mukim Ijok, Kuala Selangor, Selangor Darul 

Ehsan’. This project began on 2 August 2021 and shall be completed by November 

2022. There are 10 blocks of houses with each block containing 12 houses. The main 

focus during this study was the structure works for the proposed double storey terrace 

house.  

 

Figure 2: Image shows the site layout plan. 
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Figure 3: Image shows the signboard of the project where this study was conducted. 

 

Figure 4: Image shows the site progress as of 3/1/2022 
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3.2 PILING  

Deep foundations were used in this project. A deep foundation transmits 

building loads to the soil further below the surface than a shallow foundation, which 

transfers loads to a subsurface layer or a range of depths. A pile, also known as a piling, 

is a vertical structural part of a deep foundation that is pushed or drilled into the earth 

in situ at the construction site. One of the main reason deep foundation is used for this 

project is that the soil at shallow depth is poor.  

 

Driven piles, prefabricated reinforced concrete piles with the size of 150mm x 

150mm was used in this project. A pile driver is used to drive prefabricated piles into 

the earth. Square, octagonal, and circular cross-sections are available in concrete piles. 

They are frequently prestressed and strengthened with rebar. Mechanical and other 

methods such as welding pile heads together can be used to join concrete piles. Driving 

piles rather than drilling shafts is advantageous because the displaced earth compresses 

the surrounding soil, creating friction against the piles' sides and therefore enhancing 

their load-bearing capability. Because of its technique of installation, driven piles are 

also regarded to be "tested" for weight-bearing capabilities; as stated by the Pile 

Driving Contractors' Association's slogan, "A Driven Pile...Is a Tested Pile!". 
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Figure 5: Image shows the piling setting out plan for this project 

Figure 5 shows the dimensions for piling points to be driven for this project. A 

total of 1890 pile points; 189 pile points per block was pegged by the surveyor before 

piling works begin. The points are then checked by the site supervisor to verify each 

block contains 189 pegged pile points with its dimension of points true to drawing 

given by the consultant engineer. 

 

 

Figure 6: Image shows a piling frame used in this project. 

For this project, hydraulic hammer system was used for pile driving with a 

design working load of 250KN for each pile and its maximum length of pile driven 
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taken at 30 meters. Other than that, a factor of safety of 2 times of the working load 

was obtained during test loading of piles.  

 

 

Figure 7: Image shows an example of blow count record for a driven pile point. 

Figure 7 shows that a driven pile point was driven to set and its set graph taken 

twice. Figure 7 also shows that the weight of hammer used in this project is 2.5 tonnes 
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with a drop height of 0.3 meters. After piling works have finished for each block, a 

surveyor surveyed the whole block to submit an as-built piling layout to the consultant 

engineer. Based on the piling structural notes given by the consultant, “The deviation 

of piles from its intended position shall not exceed 75mm.” 

 

 

Figure 8: Image shows an example of an as-built piling layout submitted to the 

consultant engineer. 

Figure 8 shows that the deviation of piles does not exceed 75mm as per 

requirements given by the consultant engineer. Furthermore, there are 24 points of 

driven piles tested by using PDA (Pile Driving Analyzer). The Pile Driving Analyzer 

(PDA), also known as dynamic pile testing (DPT), is a form of dynamic test.  

 

In the construction of a building, the foundation, whether shallow or deep, is 

the "core structure" because it plays a crucial role in providing safe, stable, and 

appropriate strength to sustain the entire structure. To ensure the safe and stable high 

performance of the building structure, the foundation must be precisely selected based 

on structural requirements, subsurface condition, site conditions, and economics. For 

a deep foundation to work as intended, its ultimate strength must fulfil both structural 

and geotechnical restrictions.  
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Figure 9: Image shows the chosen driven pile points for PDA (Pile Driving 

Analyzer) testing. 

Figure 9 shows the points for PDA (Pile Driving Analyzer) was chosen by the 

consultant engineer. The chosen points are then given to main contractors for PDA 

(Pile Driving Analyzer) test to begin. 
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Figure 10: Image (Left) shows 2 sets of accelerometer gauges bolted on pile & 

image (Right) shows PDA equipment for PDA testing. 

Figure 10 shows using wall plugs, two sets of strain and accelerometer gauges 

were bolted on opposing sides of the pile. These gauges are linked to a PDA 

(equipment shown in figure 10) for dynamic signal recording and field evaluation of 

data quality, soil resistance, and pile integrity.  

 

By using the hydraulic hammer with a weight of 250KN and drop height of 0.3 

meters, the hammer was dropped to cause a driving force onto the driven pile. Gauges 

mounted to the pile will collect dynamic force and velocity measurements. At the 

conclusion of the testing, the transducers and accelerometers will be dismantled. The 

data from the PDA will be transmitted and saved to a disc for later reporting and 

analysis. The PDA will process this information to provide an immediate visual and 

permanent record on location. Max. Resistance (RMX), Pile Integrity (BTA), Max 

Force (FMX), Max Stress (CXS), and Energy at Pile Top (EMX) are the most 

important markers for these results. 
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Figure 11: Image shows the results of a PDA test for a driven pile. 

 

Figure 12: Image shows the field sheet results for PDA testing conducted in this 

project. 

Figure 11 shows the results of a PDA test with its specific graphs while figure 

12 shows the field sheet results that was signed by a main contractor PIC (Person-in-
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charge) and a Resident Engineer appointed for this project. These results are then 

submitted to the consultant engineer for their review and instructions to be given after 

PDA testing has completed. 

 

 

Figure 13: Image shows the results reviewed by the consultant engineer. 

Figure above shows the results from PDA test conducted for this project. Based 

on this review, the main contractor can begin piling cutting works for preparation of 

pile cap.  
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Figure 14: Image shows 'checking' of boundary rails that was marked with the 

intended pile positions. 

Before piling cutting works begin, a boundary rail that was marked based on 

the dimensions of intended pile positions was installed. This was done to check for 

deviation of piles that might need an enlargement of pile cap. 

 

 

Figure 15: Image shows piling cutting works 

Figure 15 shows piling cutting works using oxidation of steel bar inside the 

pile for easier removal. 
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3.3 Concrete  

Grade 25N reinforced concrete mix with 315 kg/m³ cement content was chosen 

and used in this project. Grade 25N indicates a compressive strength of 25N/mm² after 

28 days of cube test. Grade 25 is a standard grade concrete that also indicates a mix 

proportion of 1:1:2 (Cement: Sand: Coarse Aggregate). Before concreting on site 

begins, a slump test and a cube test was done (Figure 16). The cube of concrete will 

then be submitted to a laboratory for cube strength test after 28 days. Reinforced 

concrete mix grade 25 is a standard grade for the construction of slabs, beams, columns 

and footings. 

 

 

Figure 16: Image shows concrete cube filling and slump test on site 

 

 

Figure 17: Image shows concrete cube to be submitted to the laboratory for strength 

test. 
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Figure 18: Image shows the concrete cube test report to be submitted to the 

consultant engineer. 

 

Figure 19: Image shows a table of concrete cube test report. 
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Figure 19 shows the date of casting for each element of structure at its exact 

location and concrete grade used. The laboratory then shows the 7th day and 28th day 

strength of cube test for each element. 

 

 

Figure 20: Image shows the concrete cube test report from the laboratory. 

Figure 20 shows the density kg/m³ and ultimate strength MN/m² of cube test 

for Ground Beam casting at Block E1 after 28 days. 

 

For lean concreting, Grade 15 concrete mix was used in this project. Grade 15 

mix consists of a ratio of 1:2:4 (1 Cement, 2 Sand and 4 Aggregate). Grade 15 is 

commonly used as Plain Cement Concrete that can be useful as bedding for footings, 

beams, and slabs. Furthermore, Concrete mix Grade 15 does not need a slump test and 

cube test because every usage of grade 15 concrete mix in this project does not hold 

any reinforcements. 

 

 In every casting of structural elements, concrete cover was applied according 

to the specified requirement given by the consultant engineer. Protecting the 

reinforcing steel from corrosion induced by environmental factors necessitates the use 
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of concrete cover. The steel reinforcement will deteriorate due to oxidation if it is not 

correctly installed or shielded from the environment. Moisture infiltration and/or 

carbon dioxide entry through the concrete cause oxidation of the reinforcing steel. 

Steel reinforcement will rust and expand to a higher volume than the steel itself when 

it corrodes. The concrete covering the steel cracks, spalls, and delaminates as a result 

of this reaction. The more solid cover there is, the longer it will take for moisture or 

carbon dioxide to infiltrate. Although the concrete cover protects the structural 

reinforcement from the environment, it also protects it during a fire. Concrete may 

reach temperatures of up to 815°C on its surface. When exposed to temperatures above 

649°C, reinforcing steel, on the other hand, loses 50% of its steel strength. Concrete 

cover is required to keep reinforcing steel cooler than the outside environment, and the 

thicker the concrete cover, the higher the fire rating. 

 

 

Figure 21: Image shows concrete cover used for pile cap. 

 Vibration of concrete is essential during casting of structural elements. 

Vibrating concrete is important because it increases the density and strength of the 

concrete by removing air bubbles and packing the aggregate particles together. A 

concrete structure with tightly packed particles will be stronger and more durable. 
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Concrete that has not been vibrated is full of microscopic air pockets (honeycomb), 

resulting in a poor finish and a fragile structure.  

 

Immersion vibrator has been used for this project. Immersion vibrators, often 

known as "poker" or "needle" vibrators because of their tubular design, with an 

eccentric weight that causes vibrations to ripple from the casing and across the 

concrete in which they are immersed. The radius of the vibration is determined by the 

diameter of the casing, the instrument being used, and the frequency and amplitude 

settings. Immersion vibrations are currently available in a variety of action radiuses 

and are powered by fuel, electricity, or compressed air motors. When it comes to the 

actual process of concrete vibration, it is recommended that the immersion vibrator be 

inserted for 15 to 20 seconds until air bubbles stop surfacing. 

 

 

Figure 22: Image shows the vibration of concrete during casting using an immersion 

vibrator. 

 Concrete curing was done by laying wet gunny sack on concrete slab in this 

project as shown in figure 23. Concrete curing is necessary as it helps prevents 

problems that could occur afterwards. Firstly, concrete curing help enhances hydration 

of concrete to reap better strength. Secondly, it improves the sturdiness of concrete by 

way of decreasing cracks. Thirdly, it could also provide better serviceability overall 

performance by way of increasing abrasion resistance. 
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Figure 23: Image shows the curing of Bathroom. 

 There is no way to build a structure without using construction joints. Because 

we cannot finish the job all at once, construction joints in concrete are unavoidable. 

Vertical and horizontal construction joints are provided at various phases of 

construction depending on the type of structural elements. In this project, construction 

joint for beam and slab was provided at one third of its whole length. Construction 

joint was not provided near or on the toilet area of the structure to prevent from leaking. 

For all construction joints provided in this project, it was shaped as ‘step by step’ for 

better jointing of concrete. Figure 24 shows an example of construction joint on 1st 

floor slab provided in this project. 

 

 

Figure 24: Image shows a construction joint for 1st floor slab. 
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3.4 R.C Pile Cap 

 

Figure 25: Image shows pile cap locations for each house 

 Figure 25 shows the pile cap locations based on the piling layout of each house. 

Based on the figure above, there are a total of 5 pile caps for intermediate houses with 

2 of its pile cap is shared on the partition wall with another unit. As for the corner and 

end unit, its outer wall has their own pile cap arrangement but it still has 3 pile caps in 

the middle zone of the house and a shared pile cap for a partition wall. This concludes 

that corner and end units has a total of 9 pile caps. 

 

 The shape and plan dimensions of the pile cap are determined by the number 

of piles in the group and their spacing. Rectangular pile caps are commonly used for 2 

pile groups of pile caps. 
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Figure 26: Image shows the specifications of pile cap. 

 Figure 26 shows the shape of pile caps used in this project was a standard 

regular shaped pile cap. The specifications for the 1 pile group of pile cap was used 

for partition walls and the end of outer walls that was located at the same row as pile 

cap mentioned for partition walls specifically designed for corner and end units. 

 

 Individual pilings can be used, or they can be grouped together and connected 

by a reinforced concrete cap. Pile caps provide a stable foundation and a greater surface 

for the building load to be distributed onto the piles. They function similarly to piled 

raft foundations, in which a concrete slab rests on potentially movable soil above a 

collection of piles. 
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 Firstly, excavation works was done after piling cutting works has completed 

above topsoil. The earth was excavated for 1200mm deep for pile cap with stumps 

while pile caps without stumps was excavated for 700mm deep as shown in figure 28. 

 

 

Figure 27: Image shows excavation works for pile cap. 

 

Figure 28: Image shows excavated pile cap point. 



36 
 

 Secondly, lean concreting using concrete mix grade 15 of pile cap with 

thickness of 50mm was done. Lean concreting of pile cap acts as a bedding to avoid 

water from underground from direct contact with the finished structure. 

 

 

Figure 29: Image shows lean concreting of pile cap. 

Figure 29 shows lean concreting of pile cap before piling cutting works begins. 

Piling cutting works in the pile cap was done by leaving around 4 inches of the pile 

head to follow the requirements given by the consultant engineer based on structural 

drawing of pile cap. It also acts as a ‘platform’ for rebar to be installed. After piling 

cutting works for pile cap has completed, formwork installation of pile cap was done. 

During this stage, the level using theodolite and a staff of top concrete surface of pile 

cap was taken by the carpenter and marked using nails hammered on the inside of the 

pile cap formwork to act as a ‘marker’ for mason workers during concreting. The level 

of pile cap height for each pile cap design was done by following the structural design 

of pile cap shown in figure 26 which shows 650mm height for all pile caps. By pulling 

strings from nails marked as shown in Figure 14, the carpenters can also determine the 

centre gridline of the pile cap. 
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Figure 30: Image shows installation of pile cap formwork. 

 After the installation of formwork has completed, rebar installation began. 

Reinforcement bar for pile cap was installed complete with its concrete cover and 

following the structural design based on the specifications of each pile cap as shown 

in figure 21. After inspection was done by the clerk of work assigned in this project, 

concreting works can begin. A total of 20m³ of concrete mix grade 25 was needed for 

12 houses including corner and end units. 
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Figure 31: Image shows concreting of pile cap. 

Figure 31 shows during the concreting of pile cap; vibration of concrete was 

done to avoid honeycomb. 

 

 

Figure 32: Image shows a completed pile cap.  
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3.5 R.C Ground Beam 

 Beams are structural elements that transport loads placed along their length to 

their end points, which are then transferred to walls, columns, foundations, and other 

structures. As an alternative to standard foundations, ground beams are beams that 

bridge between pad foundations, piles, and other structures. 

 

Figure 33: Ground Floor beam sizes plan 

 Figure 33 shows the ground beam plan with its sizes shown as (length x height). 

After pile cap works has completed, the pile caps were backfilled with soil and ground 

beam excavations for partition walls’ base was excavated. The platform of earth where 

the ground beam would lay onto was compacted using a 1 tonne roller compactor. This 

was done for easier access of workers. During this time, a level for the bottom of the 

ground slab was taken using theodolite and a staff pointing at the ground column starter 

bar of pile caps. The level was then marked with a tape. As the beam’s height show in 

figure 33 was included with the thickness of the ground slab, carpenters has fabricated 

their formwork by decreasing 100mm height. 
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Figure 34: Image shows the excavation site for ground beam works. 

 Figure 34 shows the pile cap backfilled until the top pile cap surface with 

ground column starter bars pointing out from the pile cap. 

 

 

Figure 35: Image shows installation formwork ground beam. 

 Figure 35 shows the method of installation of ground beam formwork. Firstly, 

a string was pulled from the site rail marked using nails indicating the sizes of ground 
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beam. The fabricated ground beam formwork was then layed onto the earth while 

adjusting the length of the formwork manually by hand to match the string indicator 

line. The same method was used for either horizontal or vertical beam. Figure 35 also 

shows the pile cap acting as a platform for ground beams which means that the load 

acting on the ground beam would be transmitted to the pile cap. Based on this study, 

the installation of ground beam formwork for 6 units would take 3 days to be 

completed.  

 

 Before installation of reinforcement bar may begin, lean concreting of ground 

beam with thickness of 50mm was done by using Grade 15 concrete mix to act as a 

bedding for the reinforced concrete afterwards. Reinforcement bars installed were 

done by following the requirements of steel bars given by the consultant engineer from 

the structural drawing. Figure 36 shows the structural design for ground beam 

reinforcement bars for this project given by the consultant engineer. Based on this 

study, installation of reinforcement bars for 6 units of houses would take 3 days to be 

completed. 

 

 

Figure 36: Image shows the reinforcement bars needed for GB1, GB3 & GB5. 
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Figure 37: Image shows the completed installation of reinforcement bars for ground 

beam. 

Concreting of ground beam would use the average amount of 80m³ of concrete 

mix grade 25. The concretion of ground beam was vibrated thoroughly during the 

process (shown on figure 22 and 38). 

 

 

Figure 38: Image shows the concreting process of ground beam. 
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Figure 39: Image shows the completed ground beam of 6 units. 

  



44 
 

3.6 R.C Ground Slab 

 Concrete slabs span horizontally between supports in the same way as beams 

do, and they can be simply supported, continuously supported, or cantilevered. Unlike 

beams, slabs are relatively thin structural components that are typically utilised as 

flooring and, on rare occasions, roof systems in multi-storey buildings. Reinforced 

concrete is poured into formwork on-site or into trenches dug into the ground to form 

slabs. Typically, concrete slabs are 150 to 300 mm thick. The applied floor or roof 

loads are transmitted to the slabs' supports. Depending on whether they are supported 

on the ground or suspended in a building, slabs can be divided into two kinds. 

 

 Firstly, the level of reinforced concrete slab (top & bottom) was taken using 

theodolite and a staff (shown in figure 40) to determine the level for backfilling earth 

into ground beams and lean concreting of ground floor slab for installation of BRC. 

The level of bottom surface of reinforced concrete ground slab was marked by using a 

red marker on the side of ground beams.  

 

 

Figure 40: Image shows the process of levelling for ground floor slab. 

Secondly, the backfilled earth into ground beam was compacted using a plate 

compactor and plywood to level the earth smoothly and to avoid sagging of structures. 
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Figure 41 shows the completion of compacting backfilled earth done for preparation 

of lean concreting of ground floor slab. 

 

 

Figure 41: Image shows compacted 'backfilled' earth for ground slab. 

 After ‘Polyethene sheet’ (Damp Proof Membrane) has been layed throughout 

all the compacted earth of ground slab, lean concreting of ground slab was done with 

thickness of 50mm using concrete mix grade 15. Lean concreting of ground slab 

provides smooth surface for installation of BRC as shown in figure 42. 

 

 

Figure 42: Image shows completed lean concreting of ground slab. 
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 Formwork for ground floor slab was installed to provide ‘markers’ for mason 

workers the level of concreting needed for areas that includes drop of floor level such 

as bathrooms and wet kitchens. BRC A7 (200mm x 200mm) ‘cut to size’ was used in 

this project which helped reduce the duration of installation of reinforcements for 

ground slab. Figure 43 shows the layout for BRC A7 ‘cut to size’ used in this project 

given by the supplier. 

 

 

Figure 43: Image shows the BRC layout plan for ground floor slab. 
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Figure 44: Image shows the table of sizes for BRC used for ground floor slab. 

Figure 44 shows the sizes (meters) in a form of table for each item of BRC A7 

‘cut to size’ to be used for installation of reinforcements for ground floor slab in this 

project. The delivery of BRC A7 ‘cut to size’ was delivered by schedule planned by 

the Project Manager of this project. The sizes of BRC ‘cut to size’ was also shown by 

a tag during the delivery of this item to help barbender identify each item as shown in 

figure 45. 

 

 

Figure 45: Image shows 'tag' attached to BRC delivered on site. 
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Figure 46: Image shows completed BRC installation for ground floor slab. 

 Figure 46 shows that the installation of BRC A7 for ground floor slab was 

installed completely with its concrete cover and steel bar chair (70mm) to distinguish 

the top layer and bottom layer of BRC A7 installed. Based on figure 33, it was shown 

that there are 2T16 (2 bars of 16mm diameter steel bar) layed on some areas of the 

house. Those 2T16’s was installed in between the top layer and bottom layer of BRC 

A7 installed for ground floor slab. The purpose of the 2T16’s was to act as a 

reinforcement bar holding the load of brickwalls that will be installed afterwards. 

 

 Before concretion of ground slab begins, a level of top of ground slab was taken 

by using theodolite and staff to help mason workers determine the top level of concrete 

as shown in figure 47. The level was marked by hammering a steel bar into the lean 

concrete and adjusting the steel bar to the level required shown in figure 48. Concreting 

of ground floor slab uses 120m³ of concrete mix grade 25 including the apron drains. 

Concretion of ground slab was vibrated thoroughly using an immersion vibrator shown 

in figure 22. Figure 49 shows the completed ground slab after formwork opening. 
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Figure 47: Image shows levelling taken for ground floor slab top surface. 

 

Figure 48: Image shows the steel bar indicator for mason workers. 

 

Figure 49: Image shows completed ground floor slab. 
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3.7 R.C Ground Column & R.C Wall 

 A column is a vertical structural element that mostly carries compression loads. 

The column is seen to be the most important structural part of a building because the 

building's safety is dependent on its strength. This is because the breakdown of a 

column would cause a building to gradually collapse, although this would not happen 

if other members failed. Vertical loads are transferred from a ceiling, floor, or roof 

slab, or from a beam, to a floor or foundation via columns. They also have bending 

moments in one or both cross-section axes. The load was shifted from all components 

to the columns since the columns are supported by the foundation. The axial force will 

then be transferred from the column to the footing via the column starter 

bars connected to the footing. Furthermore, when lateral loads are exerted, columns 

transfer such loads to the foundations as well. Finally, moment and shear will be 

transferred to the footing. 

 

 Based on figure 33, it can be seen there were marks such as ‘C1’, ‘C2’ and so 

on. These codes indicate the points for ground floor columns. Figure 50 shows the 

design of reinforcement bars following the level of the building. 

 

 

Figure 50: Image shows the table of column schedule. 
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Figure 51: Image shows completed installation of reinforcement bars for ground 

column. 

 Figure 51 shows that the project observed in this study was using aluminium 

formwork for ground columns, shear walls, first floor beams and slabs. For that reason, 

the concreting of these elements was not done separately. Aluminium formworks used 

in this project was designed for one-time concreting after first floor slab reinforcement 

has been completely installed which was cost effective and not time-consuming. 

 

 R.C wall also known as shear wall was used in this project. A shear wall is a 

structural element that resists lateral forces such as wind forces in a reinforced concrete 

framed building. Shear walls are commonly employed in high-rise buildings that are 

subjected to lateral seismic forces. Wind forces become more significant as a 

structure's height grows in reinforced concrete framed structures. Figure below shows 

the structural design of an R.C wall used in this project. The structural design of the 

R.C wall also shows that the thickness of the wall that also acts as a partition wall 

between unit of houses is 150mm. BRC B6 (100mm x 200mm) was used as 

reinforcement for this R.C wall. The BRC B6 was connected to a 6T12 (6 bars of 

12mm diameter steel bar) starter bar that was installed during ground beam 

reinforcement bars installation. A portion of reinforcement showing part of gridline 

from line 7 to 9 as shown in figure 52 can be shown in figure 53. Concreting of ground 

column and shear wall uses 8m³ of concrete mix grade 25 pump mix for reasons to 

slow down the rate of concrete hardening as it takes some time for concretion to be 

completed using a mobile crane.  
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Figure 52: Image shows the structural design of an R.C wall. 

 

 

Figure 53: Image shows the complete installation of BRC and reinforcement bars for 

R.C wall. 
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3.8 First Floor Beam & Slab 

 The difference between 1st floor beam and ground beam was only that the 1st 

floor beam was suspended in a building while ground beam was suspended on earth. 

The difference of using aluminium formwork for 1st floor beam and 1st floor slab is the 

method of levelling. The method of levelling for aluminium formwork used in this 

project was by using a laser level which consists of a Rotary Laser and a staff. 

 

Figure 54: Image shows the 1st floor plan layout. 

 Figure 54 shows the 1st floor beam’s sizes (length x height) and span length 

shown on the layout. The use of aluminium formwork that was designed specifically 

following the structural design of the consultant engineer has been time effective. This 

was shown when the deck of slab of aluminium formwork has been completely 

installed, barbenders would hoist up their fabricated beam steel bars for installation of 

1st floor beams. The installation of fabricated 1st floor beam was done by following the 

structural requirements of steel bars given by the consultant engineer as shown on 

figure 55. 
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Figure 55: Image shows the structural design of a few 1st floor beams. 

 BRC A7 (200mm x 200mm) ‘cut to size’ was also used for 1st floor slab. The 

installation of BRC A7 for 1st floor slab was also done by following the BRC layout 

for 1st floor slab as shown in figure below. Its sizes of BRC was also given by the 

supplier in a form of table shown in figure 57. 

 

 

Figure 56: Image shows BRC A7 layout for 1st floor slab. 
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Figure 57: Image shows the 1st floor slab BRC A7 sizes. 

 Figure 57 shows the specific sizes for each layer (top & bottom) of BRC A7 

required for installation of BRC A7 1st floor slab. 
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Figure 58: Image shows the completion of 1st floor beam and slab. 

 Figure above shows the use of steel bar chair (70 mm) as an equipment to 

distinguish top and bottom layer of BRC A7. Wiring conduit and piping was installed 

before the installation of BRC A7 for 1st floor slab. Similar to ground floor slab, 2T16’s 

was shown in the drawing for first floor plan to indicate reinforcements for brickwall 

installation. The method of installation for 2T16’s for 1st floor slab was similar to 

installation of 2T16’s for ground floor slab. 

 

 Concreting of 1st floor beam and slab uses 17m³ of concrete mix grade 25. 

However, the concreting of ground column and shear wall takes place first before 

concretion of 1st floor beam and slab can begin. 

 

 Figure 59, 60 and 61 shows the completed casting of ground columns, shear 

walls and 1st floor beam and slab. 
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Figure 59: Image shows exposed soffit beams of 1st floor beam after opening of 

aluminium formwork. 

 Figure 59 shows the exposed ceiling showing the 1st floor beams and slab 

before skim coat works. 

 

 

Figure 60: Image shows shear wall after opening of aluminium formwork. 
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Figure 61: Image shows completed 1st floor slab. 
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CHAPTER 4.0 

 

CONCLUSION 

 

 From this study, it was observed that structural works of a project such as a 

housing project is the most important part in the process of building a building. 

Structural design is important as it is the only component of a building that transmits 

loads from the whole building into the earth. For example, if a 2 storey building was 

built with insufficient ground columns, the whole 1st floor could collapse because of 

excessive load imposed on the columns. As observed in this study, every element of 

structural works in any projects is very important as it needs to be inspected by an 

experienced Clerk of Work before concreting works can begin.  

 

Concreting works can only begin by confirmation from Clerk of Work. 

Completion of casting for structural elements indicates an increase in site progress. 

For example, if a main contractor does not request for inspection by Clerk of Work 

before concreting of a structural element such as pile cap but decides to initiate 

concreting works without confirmation by Clerk of Work. The Clerk of Work 

appointed for the project can and should send a ‘memo’ to the consultant engineer 

appointed for the project to hack the ‘casted’ pile cap. This is because the Clerk of 

Work has not inspected the reinforcement bars, formworks, and any other structural 

requirement necessary for a pile cap following the structural design given by the 

consultant engineer. 

 

Architecture design might be the factor that attracts customers to buy a house 

but structural design is the backbone that holds every component of a building 

together. 
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