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 Nowadays, the generation of waste at construction sites has increased and has become 

uncontrollable because of environmental problems and loss of profit to the contractor. 

The lack of real data or research on such wastes is due to lack of suitable policies 
regarding this issue. The actions of the contractor are not controlled by rules on this 

issue. This situation leads to lack of action or awareness on the contractor’s side. We 

aimed to determine the types of waste at construction sites and to identify a suitable 
method for quantification of each type of waste generated. The methodology used in 

this study involves site observations, interviews with the site personnel, and sampling at 

three different housing construction sites. We identify seven main types of materials, as 
follows: concrete, wood or timber, steel, bricks, mosaic, roof tiles and roof trusses. The 

most suitable materials or wastes are bricks, mosaic, roof tiles and roof trusses. The 

weights of these wastes can be calculated. For other materials, such as steel, concrete 
and wood, the estimation method is proposed for weight calculation. Due to their bigger 

sizes, steel, concrete, and wood are difficult to handle. The Waste Generation Rates for 
the application of the weight method on materials is also presented. By implementing 

the method, the reliable amount of waste generated is determined. 
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INTRODUCTION 

 

 The construction industry consumes a huge quantity of raw materials and is one of the industries that 

contribute to environmental pollution (Yahya and Boussabaine, 2006). Construction waste generated in new 

construction sites, such as new housing development, is typically buried underneath the site itself. This is an 

inexpensive disposal method, but it may lead to instability in land settlement and ground water pollution. These 

potential avenues for environmental harm would necessitate new and innovative regulatory approaches to proper 

waste management.  

 Waste rates may not be directly comparable between countries because of dissimilarity in construction 

techniques, work procedures, and practices. The amount of construction materials wasted on site cannot be 

overlooked (Yahya and Boussabaine, 2006). Waste quantification at the job site is important to control waste 

and achieve waste minimization. Construction waste quantity functions as a sign to scale the construction waste 

management practices (standard, good, or best practices) (Mahayuddin and Zaharuddin, 2013). 

 

 Data on the generated amount of waste in the housing sites in Malaysia are lacking. No proper record of the 

characteristics of the waste from the construction industry is available (Fatta et al., 2003; Oyeshola & Shabbir, 

2011; Coelho & Brito, 2011). The basic waste quantification method still needs to be discovered even if the 

newest systems, such as a web-based estimation and the SMARTWaste systems, have been established by 

studies (Li and Zhang, 2013). Even if the accurate amount of waste is impossible to obtain, waste quantification 

is still required. This study identified nine types of major wastes that are generated in the Malaysian housing 

construction sites. The related material is quantified individually by considering the relevant factors, such as the 

characteristics of the material, workability, and the accuracy of the data. At the end of the study, a summary of 

the amount of waste generated is presented, and the most reliable disposal method for each material is 

suggested. 
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MATERIALS AND METHODS 

 

1.1 Site Selection: 

 The methods used in this study are site observations, site sampling, and personnel interviews. Site 

observation was done by observing the activities at the construction site. The researcher went to the site at least 

once a week to review site activities. The observations are started at the beginning of activities and are finished 

upon completion of the activities. During the observation, the researcher discusses and interviews the site 

personnel to obtain the information related to the activities. 

 The selected construction sites are situated in Pulau Pinang, Malaysia. The types of housing for the studies 

are double story terrace houses. Three housing construction sites are involved in this study, namely, Sites A, B, 

and C. The selection of similar housing types is important, as suggested by Mahayuddin and Zaharuddin (2013). 

They stated that construction sites with similar characteristics are needed for waste quantification. Sites A, B, 

and C are at the initial stage of construction during the observation. The site observation is performed from 

October 2012 to December 2013.  

 
Table 1: Site Sampling Characteristics. 

Project Characteristics Project A Project B Project C 

Types of Houses Double Story Terrace House Double Story Terrace House Double Story Terrace House 

Site Stages Observation Initial to Finishing Initial to Finishing Initial to Finishing 

Project status New residential New residential New residential 

Observation Period 
October 2012 to 

April 2014 
September 2012 to 

December 2013 
December 2012 to 
September 2013 

 

1.2 Site Sampling Method: 

 Two methods are used for the site sampling and weighing.  

 

1.2.1 Weighing Method:  

 The weight method was applied to the bricks, mosaic, roof tiles, and roof trusses. The equipment used for 

the weight method includes the following: a) buckets, b) a weighing scale, and c) shovels. The weight was 

obtained in kilogram (kg). The weighing procedures follow the procedures suggested by Mahayuddin and 

Zaharuddin (2013):  

 Providing adequate bucket for collection of all types of construction waste.  

 Sorting the mixed waste and weigh 

 Recording the data in inventory format 

 Summation of waste quantity in percentage (%) 

 The number of samples in this study depends on the material activities. For the weight method, the sample 

is randomly sorted and weighed. The average weight per sample is multiplied by the number of samples to 

obtain the total weight of the waste.  

 Waste generation rates (WGRs) are calculated based on the formula below: 

WGR = Total Weight (kg) 

      Area (A)     

 The project managers and site supervisors supplied additional information regarding the method of handling 

waste at the site. The collected data assisted in the development of information on the total quantities of 

construction waste and the source and characteristics of waste generated at the job site. 

 

2.0 Results: 

2.1 Identification of the Types of Waste Generated in the Housing Construction: 

 The types of waste generated in the housing construction sites are different from the types of waste in other 

construction projects. The selection of materials and the types of structure affect construction. The different 

types of houses contribute to the generation of different amounts of waste at the sites. In Malaysia, the familiar 

housing types are bungalow, semi-detached house, terraced house, condominium, and apartments. The factors 

affecting the choices of house depend on the area of construction, development, and the income of people in that 

area.  

  In this study, the construction stage is divided into three stages. The stages are substructure, superstructure, 

and architecture work. The major types of waste generated for substructure and superstructure works are 

concrete, steel, and formwork. Brick, roof trusses, roof tiles, and mosaic wastes are generated during 

architectural stages. The amount of waste generated increases toward the end of the project.  

 

2.1.1 Substructure Stage: 

 The activities in the substructure stages could be divided into two, i.e., raft foundation and ground floor 

slab. The major types of waste generated are concrete, steel, and timber. For the concreting work, the amount of 
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concrete waste generated at this stage is low because of the slab work activities. Slab activities reduced the 

amount of waste generated because it does not involve small structures, such as beam and column, which are 

difficult to handle. For the slab concreting activities, the sources of waste include the transportation waste 

(handling waste) by the truck workers. The total order of the concrete was higher than the amount of waste 

generated. The steel waste generated at this stage is due to the cutting and bending activities. The timber waste 

is also generated due to the cutting activities.  

 

2.1.2 Superstructure Stage: 

 For the superstructure stage, the activities on ground floor column, 1
st
 floor structures, and roof beam are 

included. The same types of waste are generated as in the previous stages, but the amount of concrete waste 

generated increases because of the concreting activities for the column and beams. In some construction 

techniques, concrete beam with slab is preferred, but some of the sites do the processes separately. The amount 

of waste was reduced when slab and beams are combined. For the column, the amount of waste generated is 

quite high (10% of the total amount). From the observation and interview with the site officer, this finding was 

due to the use of bigger buckets to deliver the concrete from lorry to the column. The size of bucket is standard 

for all types of concreting work. According the site officer, the use of smaller sizes is not implemented because 

of the design and the increase in concreting time. The steel waste generated in this stage is due to the cutting and 

bending activities. The timber waste is generated because of cutting activities. Some of the timber wastes decay 

at this stage. Normally, the timber formworks are used up to five times before disposal. From the observation, 

some of the sites still burned the formwork, which is not allowed. The waste is normally transferred to the 

nearest illegal dumping sites. Subsequently, waste is disposed by open burning, as shown in Figures 1 and 2 

below. 

 
 

Fig. 1: Open burning at the illegal disposal site. 

 

 
 

Fig. 2: Open burning at the illegal disposal site (Wood Waste). 

 

2.1.3 Architectural Stage: 

 For the architectural stage, the activities involved brick wall, roof trusses, roof covering and accessories, 

and wall and floor finishes. The major types of waste generated are brick, roof trusses, roof tiles, and mosaic. 

The main sources of waste for the brick are improper handling and poor supervisory system. For the roof trusses 

and roof tiles, the sources of waste are poor handling, poor installation, and cutting waste. For the mosaic waste 

the main sources of waste generated are the use of unskilled labor, poor supervisory system, and poor handling 

or storage. 

 

2.2 Quantification Waste at the Housing Construction Sites: 

 The quantification methods used in this study are the most reliable methods for waste quantification and for 

obtaining the most reliable results for model development. Two methods are used for quantification, namely, 

weighing and estimation methods.  
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Table 2: Summary Data for Project A, B and C.  

Construction Stage 

and Activities 

Major Types of Waste 

Generated 
Sources of Waste 

a) Substructure Stage 

- Raft foundation 
- Ground Floor Slab 

Concrete 

-Slab 

-Column and Beams 

Handling waste due to the transportation causes 

Less waste is generated due to the concrete slab 

activities 

Steel Cutting and bending waste 

Timber/ woods Cutting waste 

b) Superstructure Stage 
- Ground Floor Column 

- 1st Floor Structure 

- Roof Beam 

Concrete 

Poorly constructed formwork, 

Poor supervisory system, 
Improper Handling 

Steel Cutting and bending waste 

Timber/woods 
Cutting waste 

Decay woods 

c) Architectural Stage 
- Brickwall 

- Roof Trusses 

- Roof Tiles 

- Wall and Floor Finishes 

 

 

Brick 
 

Improper handling/storage 
Poor supervisory system 

Roof Trusses 

 

Poor Handling/Storage 

Poor Installation 
Cutting Waste 

Roof Tiles 
 

Poor Handling 

Poor Installation 

Cutting Waste 

Mosaic 

Use of unskilled labour 

Poor supervisory system 

Poor handling or storage 

 
Table 3: Summary for Types of Waste Generated by Construction Stages. 

Construction Stages Types of waste generated 

Substructure Wood, steel, concrete 

Superstructure Wood, steel, concrete, 

Architectural Stage Bricks, roof trusses, roof tiles, mosaic 

 

2.2.1 Weighing Method: 

 The weighing method is the most appropriate and accurate technique for precise measurements on the sites. 

The most suitable materials or waste that can be measured (in terms of weight) are bricks, mosaic, roof tiles, and 

roof trusses. The amount of waste produced can be measured in detail using the measurement scales. Balance 

method can be performed carefully using weighing scales. Some wastes can be weighed accurately. The factors 

to consider for the weighing method include the following: size of the material and repetition of work for 

sampling purposes. Figures 3 to 5 show the Waste Generation Rates (WGR) for four types of materials, 

including brick, mosaic, roof tiles and roof trusses, in the Project A, B, and C.   

 

 
 

Fig. 3: Waste Generation Rates in Project A. 

 

 Figures 3 to 5 show the Waste Generation Rates (WGR) for four types of materials, including brick, 

mosaic, roof tiles and roof trusses, in the Project A, B, and C.  Brick waste is considered as the most frequently 

generated waste in all sites with a WGR from 1.7 to 2.1 kg/m2. In a previous study in Hong Kong, Lu et al. 

(2011) gained 0.82 kg/m
2
 to 1.14 kg/m

2
 for the bricks, block, and mortar. The higher values are due to the 

irresponsible manner by which the site workers dispose the wastes. These materials are considered by the 

management as cheap compared with the mosaic or roof tiles. The site management neglects these major 

materials. The supervisor lacks awareness of waste minimization. The concept of reusing bricks is not applied.  

 The WGR for mosaic waste is lower than that for brick. The WGR is 0.78 kg/m
2
 for Site A, 0.72 kg/m

2
 for 

Site B, and 1.0 kg/m
2
 for Site C. Skilled workers are hired to dispose mosaic. The main cause of waste 

generation is the use of unskilled workers and storage. Mosaic may be stored in the proper condition as 

compared with bricks because mosaic is smaller and is considered more expensive than bricks according to the 
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management. Mosaic waste can potentially be used as a material for the recycling scheme. When wastes are 

neglected, a recycling scheme and proper management are lacking. 

 

 
 

Fig. 4: Waste Generation Rates in Project B. 

 

 
 

Fig. 5: Waste Generation Rates in Project C. 

 

 For the roof tiles, the WGRs are between 0.6 and 1.2 kg/m
2
. The main cause of waste generation for this 

type of material is handling or storage. The amount of waste generated in Project C is the highest among the 

projects. Normally the activities for the roof trusses and roof tiles are subcontracted to an expert group of 

workers (usually from Indonesia). From the interview, the group of work comprises around 4 to 6 skilled 

workers with 3 years to 15 years of experience. Therefore, the sources of waste can be minimized after 

processing by the workers. The main cause of waste for roof tiles is at the storage level. The waste generation 

involving the workers is related to the cutting waste. The same condition applies to trusses. Waste generation is 

mainly due to storage and cutting. The values of waste from roof trusses are 1.35 kg/m
2
 for Project A, 1.2 kg/m

2
 

for Project B, and 1.5 kg/m
2
 for Project C. The same group of roof tile workers is normally involved in the 

management of roof trusses. Waste generated by the roof trusses is mainly due to cutting. 

 

2.2.2 Estimation Method: 

 Some wastes require estimation, i.e., steel, concrete, and wood, because of their large sizes and because of 

the difficulties involved in handling these wastes. The different physical characteristics of construction wastes 

(large size, lack of malleability, and hazardous) cause problems for the researcher (Agamuthu, 2008). Steel 

waste is usually not considered a waste product because steel can be resold as scrap metal. However, the 

monitoring system of steel and the resale of iron at a much cheaper price should be observed. Lau (2008) 

supports the idea that steel waste is the least abundant mainly because of the relatively high cost and high 

recycle value of steel in the local market. This activity is considered as a lump sum activity, in which activity by 

block or per house is not considered. 
 

Table 4: A proposed method to be used for waste quantification. 

Method Types of Suitable Waste Factor of Weigh Able (FOWA) 

Weighing Method Bricks, mosaic, roof tiles, and roof trusses 
Material can be divided in the working area for sampling 

purposes 

Size of material 

Estimation Method Steel, concrete, and wood 

Bigger sizes 

Large volume 
Sampling is difficult because of ‘lump sum’ activities 
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Conclusion: 

 The waste generated at the job sites need to be quantified in whatever condition. The quantification of waste 

reminds the contractor of the value of the material and environmental awareness. The investigation on wastes 

generated by the construction stages explain the concern for the major types of waste generated in the related 

stages. The construction workers’ awareness level should be developed from these findings. A suitable method 

for the waste quantification is developed for each material generated to obtain reliable data for model 

development. By using weight method, concrete data are gained for each material. The amount of waste 

generated may be compared from one site to another to determine the sources or reasons of waste. This method 

is not suggested for implementation by the contractor, who would probably say that the method is impossible to 

implement. In this paper, we propose a suitable method for each major waste generated during different 

construction stages to obtain reliable data. Future works can be developed on waste quantification model based 

on the results presented. 
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