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1.0 Abstract

This report consists of literature review on Industrialized Building System (IBS) to allow student to have more understanding and knowledge about it. For the precedent study which is Taylors university that we conducted as a real life IBS example. Further elaborated detail about IBS in Taylor’s University will be covered on chapter later. With the knowledge from literature review about IBS and on our precedent study Taylors University, we able to apply all the IBS system to our previous studio project. Finally we also calculate the embodied energy used by the building to find how environmental friendly is IBS compared to normal construction method.

1.1 Introduction

 1.1.1 Aim and Objective

In group of 6, students are required to study IBS of local building. Students are to identify the IBS used in the precedent study and then understand the construction and detail about the component. We are then applied this understanding and knowledge to our previous studio project. Through the embodied energy calculation, we are also to further understanding matters related to energy efficiency and ecological impact. As we work as group, its help us foster good communication skills among group members.











1.2 Literature review

1.2.1 Introduction

          Industrialized Building System (IBS) is a construction process that utilized techniques, products, components, or building systems which involve prefabricated components and on-site installation. The prefabricated components were fabricated at factory and then will be delivered to the site. The system involves offsite and on-site mass production of building components. This system of construction allows for more efficiency and cost effective construction cycle because the pre-cast concrete and prefabricated steel structures for each individual project are customized and standardized.
         At the beginning process, the production of the component may involve planning, managing and maintaining quality to reduce waste (material and cost) and to ensure the component has no defect and can be delivered on time. 

         Industrialized Building System (IBS) also provide a safe environment on site, shorten the time period of construction process, ensure the quality of the structural works, saving cost and reduce manpower need.

1.2.2 Definition of industrialized Building System

          According to CIDB Malaysia, Industrialized Building System (IBS) is defined as a construction technique in which components are manufactured in a controlled environment, either at site or off site, and transported, positioned and assembled into construction works. As such, components that are being pre-fabricated in a controlled environment on-site are also considered as IBS. The followings are the five main Industrialized Building System (IBS) groups that are identified in Malaysia.
1) Pre-cast Concrete Framing, Panel and Box Systems
Pre-cast columns, beams, slabs, 3-D components (balconies, staircases, toilets, lift chambers), permanent concrete formwork, etc;
 
2) Steel Formwork Systems
Tunnel forms, beams and columns moulding forms, permanent steel formworks (metal decks, etc;
 
3) Steel Framing Systems
Steel beams and columns, portal frames, roof trusses, etc;
4) Prefabricated Timber Framing Systems
Timber frames, roof trusses, etc;
 
5) Block Work Systems
Interlocking concrete masonry units (CMU), lightweight concrete blocks, etc.

1.2.3 Classification of Industrialized Building System (IBS)
 IBS system can be classified according structural systematic aspects. IBS can be classifies into three categories as:

1) Linear system or frames (beams and column)

Frame system is system that use column and beam as the main structure member where columns and beams support all the building weight. The walls need to be light and easy to install and concrete panels are introduces as flooring element.
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Figure 1.2.3.1 Frames System







2) Panel System

In panel system, loads are distributed through large floor and wall panels where walls support the building weight. This system is applicable to building which functionally require a large number of walls such as apartment house, hotel and hospital. This system is not applicable to building with large spans or many stories
[image: ]
Figure 1.2.3.2 Panel System


3) Rectangular or Boxes system or Three dimensional system

The box systems include those systems that employ three-dimensional modules or boxes for fabrication of habitable units that are capable of withstanding load from various directions due to their internal stability.
[image: ]
Figure 1.2.3.3 Boxes System

1.2.3.2 Classification according to material 

1) Timber 

There are two types of prefabrication of timber which is ready-cute plus shop fabrication of joints (beams and columns) and structural panels where there are only walls and floors without columns nor beam.
 

2) Brick and block work 

Brick or block mass laying is carried out in a factory and then transported to site. It can also be produced on site next to building under construction in the form of panel and then later on being erected.

3) Steel 

Steel construction essentially contains factors of prefabrication which is one of the criteria of Industrialized Buildings System (IBS). Elements are joined by either welding, riveting or bolting on site. The large proportion of the strength to weight allows a long span or high-rise building. 


4) Reinforced concrete 

Reinforced concrete has high degree of availability and in low material cost. It is very durable and shows a good fire resistance. There are two basic directions in development of reinforced concrete IBS component which is panel components such as walls and floor and pre-cast frame members. 













1.2.3.3 Classification according to relative weight of components 
Industrialized Building System (IBS) components can be classified according to their relative weight as shown in table 1.2.3.3a as below. Relative weight of components should be used as a basis for building classification due to the factor of the weight has significant impact on the transportability of components and has influenced on the production method of the components and their erection method on site.

	No.
	General System
	System
	Production Material

	1
	Frame System
	Light weight frame
	Wood, light gadget materials

	
	
	Medium light weight frame
	Metal, reinforced plastics, laminated wood

	
	
	Heavy weight frame
	Heavy steel, concrete

	2
	Panel System
	Light and medium weight panel
	Wood frame, metal frame and composite material

	
	
	Heavy weight panel (factory produced)
	Concrete

	
	
	Heavy weight panel (tilt up-produced on site)
	Concrete

	3
	Box System (Moules)
	Medium weight box (mobile)
	Wood frame, light gadget metal, composite

	
	
	Medium weight box (sectional)
	Wood frame, light gadget metal, composite

	
	
	Heavy weight produced (factory produced)
	Concrete

	
	
	Heavy weight box (tunnel produced on site)
	Concrete



Table 1.2.3.3a: Building system classification according to relative weight of component.











1.2.4 Types of Industrialized Building System (IBS)

          According to CIDB Malaysia, Industrialized Building Systems (IBS) is a construction process that utilizes techniques, products, components, or building systems which involve prefabricated components and on-site installation. From the structural classification, there are five IBS main groups identified as being used in this country, and these are: 

1) Pre-cast Concrete Framing, Panel and Box Systems 

Pre-cast concrete elements are the most common Industrialized Building System (IBS) type. There are pre-cast concrete columns, beams, slabs, walls, lightweight pre-cast concrete and permanent concrete formworks. Besides that, it also consists of 3-D components such as balconies, staircases, toilets, lift chamber, refuse chamber, etc. 

2) Steel Formwork Systems 

They generally involve site casting, therefore subjected to structural quality control. It is considered as the 'low level' or the 'least prefabrication' IBS type. However, this system offers high quality finishes and fast construction with less site labour and material requirement. These include tunnel forms, tilt-up systems, beams and columns moulding forms and permanent steel formworks like metal decks. 

3) Steel Framing Systems 

Steel framing system commonly used with pre-cast concrete slabs, steel columns and beams have always been the popular choice and being used extensively in the fast-track construction of skyscrapers. Recent development in this type of IBS include the increased usage of light steel trusses. It consists of cost-effective profiled cold-formed channels and steel portal frame systems as alternatives to the heavier traditional hot-rolled sections. 

4) Prefabricated Timber Framing Systems 

The products includes timber building frame and timber roof truss. While timber roof truss systems are more popular, timber building frame systems also have its own niche market where it offers interesting designs from simple dwelling units to buildings that require high aesthetic values such as chalets for resorts. 

5) Block Work Systems 

Tedious and time-consuming traditional brick laying tasks would be much easy with the use of this alternative system. The construction method of using conventional bricks has been revolutionized by the development and usage of interlocking concrete mansonry units (CMU) and light weight concrete blocks.

1.2.5 Advantages and Disadvantages of Industrialized Building System (IBS)

Advantages 

-  Compared to conventional construction method, the Industrialized Building System (IBS) has advantages as follows: 
-  Reduction of unskilled workers 
-  Elimination of conventional timber props and obvious decrease of timber supports throught the use of complete assembly element or prop system   for on-site casting process 
-  Less wastage 
-  Less volume of building materials 
-  Increased environmental and construction site cleanliness 
-  Better quality control 
-  Safer and more organized construction site 
-  Reduced construction time due to the introduction of prefabricated components to replace on-site fabrication 
-  Systematic: M&E piping and conduits can be pre-allowed on walls with no post-hacking required, floor slabs can be arranged like planks speedily, size consistency due to use of molds 
-  Smooth finish 
-  Construction operation is not affected by adverse weather conditions because or prefabrications in factories 
-  Repetitive use of steel, aluminum, etc system formwork and scaffolding provides considerable cost savings 

Disadvantages 

There are also several limitations for the Industrialized Building System (IBS) listed as below: 
-  System is more expensive compared to the cheap cost of foreign labour 
-  Lack of modular coordination in buildings makes it difficult to coordinate the manufacture of standard-sized components for IBS products 
-  It is only cost-effective with high quantities of modular-coordinated design elements 
-  It requires adequate site accessibility to transport IBS components from factory to the site 
-  Water leakage becomes a major problem especially when in Malaysia where rain occur rapidly throughout the year 
-  Building construction requires a large working area for the factory trailers, tower cranes and storage for the IBS components



2.0 Roof Construction
2.1 Tensile membrane roof structure
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   [image: ]      
3.0 INDUSTRIALIZED BUILDING SYSTEM (Taylors University)

       Taylor's University which designed by NWKA Architects Sdn Bhd and also a member of the Taylor's Education Group, has continuously provided excellent services for its students in terms of diverse study options, relevant curriculum and teaching methods, on-going partnerships with leading universities worldwide, strong industry linkages, up-to-date facilities and a well-equipped campus. Since its inception in 1969, Taylor's has become one of Malaysia's most successful and reputable private higher education institutions.
Taylor's University Lakeside Campus was constructed partially using Industrialized Building System (IBS) with the extensive use of precast concrete components throughout the buildings. In our case study, we only focused on Block C as our final research.

[image: ]
Figure 3.0.1 Block c of Taylors University

3.1 Precast Concrete Column and Beam 

        The IBS Column and Beams System used for Taylor University are prefabricated and to be installed on site. Most of the design and dimension are standardized and produced in a way where they follow a modular system of installing. This allows a more stabilized, controlled and economical construction while also saves a lot of time. Besides, the column and beams have no finishes on all sides or whatsoever to showcase its raw materialityand further blend the design concept of the overall Taylor University Lakeside Campus.

The connection for the Column and Beams has to be proper to transfer the floor loadings to the foundation. Area of concrete haunch is cast on the column with a locating dowel or stud bolt to fix the beam. A project metal corbel is fixed to the column and the beam is bolted to the corbel. Column and beam reinforcement are hooked together and covered with insitu concrete to complete the joint. With the constant modular design of the IBS Column and Beams system, the continuity and strength of the IBS system could be achieved

[image: E:\Sem5\Btech\F\qwrqweq.jpg]
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Figure 3.1.1 Beam and Column connection
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Table 3.1.1 Beam size
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Figure 3.1.2 Construction of Precast Beam and Column
Column and Beam at Block C Ground Floor
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Column and Beam at Block C First Floor
[image: E:\Sem5\Btech\F\1f.jpg]









































[bookmark: _GoBack][image: E:\Sem5\Btech\F\sectsq.jpg][image: E:\Sem5\Btech\F\secttq.jpg]Section of Block C










































3.2 Precast Concrete Slab 

          The IBS Slab System used for Taylor’s University Lakeside Campus are precast hollow-core slab and to be installed on site. The dimension of the slabs are standardized and used repetitively. They are installed in modular system by joining to columns and beams. They are covered with a layer of cast in situ concrete topping together with reinforced steel bars to allow more stabilized construction.  
[image: ]Slab connection on beam:
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Slab Types and Sizes:
Floor slab at Block C

[image: ]

	Product
	Customized Size

	Strip Slab
[image: ]
	Width: 1200mm
Length: 8000mm
Thickness: 200mm
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The spaces used of Precast Slab
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Floor slabs area between Block C and Block D
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	Product
	Customized Size

	Strip Slab
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	Width: 1200mm
Length: 1600mm
Thickness: 300mm












The space used of Precast Slab
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Floor slabs at corridor between computer labs/classrooms
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	Product
	Customized Size

	Strip Slab
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	Width: 1200mm
Length: 3000mm
Thickness: 200mm




The space used of Precast Slab

[image: ]

3.3 Precast Concrete Staircase

There are 2 types of staircases in Taylor’s which has the IBS construction. Each block Has 9 levels which are connected by one main staircase 

[image: C:\Users\Tina\Desktop\sem 5\B.tech\main staircase.jpg]
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Figure 3.3.1 Staircase at Taylors University
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Detail connection of staircases to slab 
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 (
Main staircase elevation
)
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 (
Main staircase plan
) (
Main staircase
)



Fire exit staircase

Each block has 9 levels which include 2 fire exits on each corner of levels (axo ) different connection of slab and staircases) 

[image: C:\Users\Tina\Desktop\sem 5\B.tech\fire exit.jpg]
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 (
Fire exit staircases 
) (
Indicated fire exit staircases in floor plan
)

3.4 Precast Concrete Wall
          Precast concrete panels and walls offer building designers, owners and managers solid wall systems with superior aesthetics, durability and construction economy. Panels are available in a wide range of textures, patterns and colours to meet design requirements. One of the primary benefits of precast is the virtually limitless architectural effects that can be created. Insulated precast wall panels such as the flexwall system are ideal for rapid construction times and energy-efficient buildings.
 (
MANUFACTURING & CONSTRUCTION BENEFUTS
- High quality control standards
- Fire Protection
- Reduced construction schedule and on-site 
labour
 
- Ability to continue construction through winter weather
DESIGN BENEFITS
- Flexibility of design approach
- High quality finish
- Superior lifespan
- Low maintenance
)          [image: ]                      [image: ]
3.4.1 Precast Concrete Wall Dimension
[image: ]
Location of Precast Concrete Wall At Taylors University
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KERATAN C - C (BLOK D) KERATAN C - C (BLOK E)

TENSILE FABRIC MEMBRANE ROOF SYSTEM

TENSILE STRUCTURES OFFER GREAT OPPORTUNITIES FOR COVERED AREAS.THERE
ARE OF COURSE OTHER CONSTRUCTION METHODS BY WHICH A COVERED OUTDOOR
AREA CAN BE ACHIEVED.

THIS CAN BE ADOPTED TO THE OPEN AREA ROOD PROPOSAL THAT IS TO BE
ESTABLISHED FOR THE MODIFIED DESIGN.SINCE THE ROOF COVER IS THAT OF A
SMALL SCALE CONSTRUCTION,THE USE OF A SIMPLE MAST AND ANCHOR SYSTEM
CAN BE EMPLOYED.

ONE OF THE GREATEST BENEFITS OF THE TENSILE STRUCTURES IS THAT THEY
ARE TRANSLUCENT. THE WOVEN BASECLOTH COMBINED WITH THE APPROPRIATE
COATING ALLOWS A LIGHT TRANSMISSION VALUE AROUND |0%. THIS PROVIDES
A VERY COMFORTABLE LEVEL OF ILUMINATION COMPARED TO THE FULL
BRIGHTNESS OF OUTDOOR.

SINCE FABRIC HAS AN AMAZING TENSILE CAPACITY, THE EFFECT IS TO REDUCE
THE SUPPORTING FRAMEWORK TO A MINIMUM NUMBER OF COMPONENTS. THIS IN
TURN LEADS TO A MUCH MORE LIGHTWEIGHT STRUCTURE THAN OTHER TYPES OF
CONSTRUCTION.
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DETAIL DRAWING OF TENSILE MEMBRANE STRUCTURE
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PRECAST CONCRETE WALL
TAYLOR’'S UNIVERSITY LAKESIDE

Precast concrete panels and walls offer building designers, owners and managers solid wall
systems with superior aesthetics, durability and construction economy. Panels are available in
a wide range of textures, patterns and colours to meet design requirements. One of the primary
benefits of precast is the virtually limitless architectural effects that can be created.Insulated
precast wall panels such as the Flexwall system are ideal for rapid construction times and
energy-efficient buildings.
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- Flexibility of design approach - High quality control standards

- High quality finish - Fire Protection
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- Low maintenance - Ability to continue construction through winter weather
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energy-efficient buildings.
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PRECAST CONCRETE WALL
, 1000 | Py g0y 600 DIMENSION OF PRECAST CONCRETE WALL PANEL

3000 (<f,2M)

There were mainly two types of IBS walls types in Taylor’s
University.Precast concrete wall panel produced on casting beds
cut to 2-6m length with 8 to 20 cm depth (3 to 8 inches) and in

3000 6000 (<6M) variable width of 30, 40, 60, 120, 150, 240 cm (1, 1.3, 2, 4, 5 and
k ¥ P . 8 ft.)
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location of some of the IBS walls and
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