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ABSTRACT

The Construction industry is environmentally unfriendly. The construction waste has 
negative impacts on soil, water and surroundings of the environment. It also contributes 
additional cost to construction for waste replacement. In order to mitigate the construction 
waste it is important to explore waste management options that includes, reducing, reusing, 
recycling, refusing and disposing of waste. Therefore, for this purpose, it is necessary to 
identify the sources of construction waste and its causative factors. The most significant part 
of the project is to study the contribution rates of different identified sources of construction 
waste and its causative factors. The contribution rates of different sources and its causative 
factors will help in developing the ways to minimize the waste. Questionnaire survey is done 
to assess the frequency and severity of contribution rate of construction waste. Quantitative 
analysis is adopted to find the contribution rates. Prior to finding contribution rates it is 
necessary from the sources of waste and its factors to undergo various tests. The findings from 
this test will enhance in checking the reliability of the data.
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1.0 INTRODUCTION

Construction waste consists of a wide variety of materials which are in the 
form of concrete, steel, bricks, tiles and other materials arising from various 
construction activities. The survey conducted across the world found that 
India contributes about 4% of construction waste after China (48%), Japan 
(21%), Hong Kong and South Korea (7%). As per Technological Information 
Forecasting and Assessment Council (TIFAC), India is estimated to contribute 
11.4 to 14.69 million tonnes per annum. Though the construction industry has 
the major economic contribution, the construction waste generated creates 
more impact on the environment, economic and social life. Hence, construction 
waste management plays a vital role to enhance reduction, reuse, and recycling 
of waste before disposal. The reduction in wastage level of materials in the 
construction industry has the potential to minimize the cost of construction. 

Construction of commercial buildings and housing development projects are 
the main sources for the generation of the huge amount of construction waste. 
The other sources of construction waste are design, procurement, material 
handling, operations, residuals and others (R.M Gavilan & L.E.Bernold 1994). 
Lack in updating information about on site stocks, supply and location of 
materials on site and reordering the same material are other causes of waste 
generation (Navon & Berkovich 2006). Further, waste can also arise due 
to external factors such as theft and vandalism (B. A. G. Bossink & H. J. H. 
Brouwers 1996). The aim of this study is to identify the sources of waste and its 
causative factors and hence the estimation of contribution rates of sources of 
waste by quantitative analysis. The quantitative analysis helps in the estimation 
of the cost of waste and to develop mitigation strategy for minimising waste.

2.0 LITERATURE STUDIES

The various research studies have been carried out to analyse waste arising 
from construction activities. The study (Burcu Salgın.,Atacan Akgün., Nilay 
Coşgun.&, Kofi Agyekum, 2017) examined the potential of BIM applications 
in preventing/reducing waste in the construction process by identifying the 
reasons of waste generation in the construction sector. The study (T.O.Adeuvi 
& I.A.Odesola, 2015) found the various sources contributing to construction 
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waste available on the sites in Nigeria. It is concluded that the stakeholders 
in the construction industry should jointly consider waste minimisation 
strategies to reduce the level of waste generated on site. The study (O.O. 
Fadiya, P.Georgakis, and E. Chinyio, 2014) revealed contribution rates of nine 
identified sources of construction waste. By questionnaire survey the frequency 
and severity of the contribution of the sources of waste were assessed and 
found that residual waste such as material off-cuts was the highest contributor 
to construction waste. The output (Sasitharan Nagapan, Ismail Abdul Rahman 
& Adi Usmi, 2014) revealed various causative factors contributing construction 
waste generation. By conducting interviews and adopting Mapping technique 
the physical and non-physical waste were detected and from the triangulation 
method, it was concluded that 63 factors contribute to physical waste and 73 
contribute to non-physical waste. 

The findings (Job Thomas & Wilson P.M, 2013) regarding various sources of 
waste and contributors of construction and demolition waste were identified 
and discussed the importance of 3R.The findings (Nikola Karanovic & 
Aleksander Djuric, 2012) introduced a method of calculating the quantity of 
construction waste from construction materials used for single family house 
and multifamily house on site in city of Novi Sad. The objective (Mansi Jain, 
2012) focussed on finding constitutes of construction waste, sources of waste 
generation, economic feasibility in handling waste at the construction site for 
cost saving by cost benefit analysis and mitigation strategy for the problem. 
The study (Babatunde & Solmon Olusola, 2012) quantitatively assessed the 
percentage of construction material wastage in Nigerian construction sites and 
reported that theft and vandalism waste ranked highest with 16.58% followed 
by cutting waste by 15.44%.  The majority found (Carlos T Formoso, Lucio 
Soibdman, Claudio De Lesare & Edurado L Isatto, 2002) the sources of wastes 
and measuring the waste materials in building projects at Brazil and proposed 
some strategies to improve the managerial capacity of companies at the design, 
procurement, and production stages. The study helped in (A. Gliem, Rosemary 
& R. Gliem, 2002) calculating Cronbach’s Alpha to check the reliability of the 
data. 
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3.0 RESEARCH METHODOLOGY 

The methodology adopted for research is quantitative research method. Information 
about the world is acquired through this method. It is typically sampled survey 
and experiment. The quantitative research method is used to describe variables, 
examine relationships among variables and explore the strength of each variable. 
The research methodology is divided into two segments.

1. Data collection through questionnaire survey
2. Quantitative Analysis 

Questionnaire survey consists of two sections. The first section had the details of 
the respondent and organization details. The second section had the frequency 
and severity of contribution rates of waste sources and its causative factors. 
Data collection is done based on the various sources of construction waste and 
its causative factors. For the corresponding source, various causative factors 
were determined. The sources of waste were classified into eleven groups 
such as procurement, design, workers’ mistakes, management plan, material 
handling, site condition, logistics, manufacturing, operations, misplacement 
and external sources. Based on the source and causative factors, manual survey 
and online survey were done. The questionnaire survey was in the form of a 
5 point Likert scale determining the contribution rates of each causal factor. 
The contribution rates were segregated into frequency contribution rates 
and severity contribution rates. The 5 point Likert scale mentioned 1 to be 
no contribution, 2 as little contribution, 3 as moderate contribution, 4 as high 
contribution and 5 as extreme contribution.

The second phase of the methodology is the analysis phase. The analysis has 
been done using Minitab17. This phase is classified into five stages. In the initial 
stage the response from the respondents are entered into Minitab17 software. 
The first analysis involves finding ordinal logistic regression. The second stage 
of analysis involves finding goodness of fit, which is based on Pearson and 
deviance value. The third stage of analysis is finding correlation matrix. The 
fourth stage of analysis is finding Cronbach value for testing its reliability. The 
fifth stage of analysis is finding the contribution rates using the formulae. The 
contribution rates are found only if the data are reliable. 
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4.0 DATA ANALYSIS 

The collected data is entered in Minitab17. Each source is compared with 
another source to find the p-value from the ordinal logistic regression.  Figure-1 
depicts the output from Minitab17 of ordinal logistic regression values for 
procurement and operations. The p -value can be found for other combinations 
such as procurement with design, procurement with worker mistakes, 
procurement with material handling, procurement with the management plan, 
procurement with logistics, procurement with site conditions, procurement 
with misplacement, procurement with external sources. Similarly, all the 
combinations can be found out. Table-1 shows the p-value for frequency for all 
the combinations.  From the table it is clear that the p-value is less than 0.05 for 
95% significance level and hence the value becomes significant. 
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Figure-2 depicts the Minitab values for goodness of fit for procurement and 
operations. Table-2 and Table-3 shows the value for goodness of fit, which is 
based on Pearson, and Deviance value for frequency respectively. The value 
should lie in the range from 0 to 1. The higher the value the better the model fits 
the data. The combinations of manufacturing and management plan proved to 
be the best fit for the model.
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Figure-3 represents the output from Minitab17 of correlation matrix values for 
procurement with other sources. Table-4 shows the correlation matrix value for 
all the combinations. 
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Manf 0.462 0.623 0.570 0.719 0.671 0.635 0.790    

Operation 0.347 0.523 0.549 0.536 0.614 0.545 0.635 0.590   
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Placement 

0.344 0.367 0.375 0.420 0.484 0.361 0.501 0.380 0.696  

External 
Sources 0.326 0.504 0.446 0.534 0.593 0.536 0.612 0.629 0.585 0.568 

The correlation matrix value should lie in the range 0 to 1. If the values fall 
below it, the particular variable is omitted and analysis is continued.

Figure-4 shows the output values from Minitab17 of Cronbach value for all 
sources. Cronbach’s alpha is most widely used objective measure of reliability 
of internal consistency of multi items. (M. Tavakol and R. Dennick 2011). Table-5 
shows the Cronbach value, which determines the reliability of the data. This 
Cronbach value should lie between 0.7-1. The item adjusted total correlation 
and squared multiple should be relatively lower than the Cronbach value.
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Table 5.  Reliability Test for Frequency
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Sources Cronbach’s Alpha 
Procurement 0.9334 
Design 0.9272 
Workers Mistake 0.9285 
Management Plan 0.9237 
Material Handling 0.9249 
Site Condition 0.9279 
Logistics 0.9232 
Manufacturing 0.9256 
Operations 0.9286 
Misplacement 0.9358 
External Sources 0.9302 

 

The contribution rates of the sources and its causative factors are computed using the 
equation mentioned below. Equation (1) helps in finding the frequency index value based 
on probability values and weightage of each category. Equation (2) helps in computing 
severity index value. Contribution Index values are calculated using the equation (3) 
which is based on frequency and severity index values. The ratio of the number of 
respondents who selected a particular category to the total number of respondents paved 
the way to find probability values for frequency from the equation (4). Equation (5) helps 
in calculating the ratio of number of respondents who selected a particular category in 
severity to the total number of respondents to find the probability values for severity. 
Contribution rates are found using equation (6). Based on the contribution rates for each 
source, appropriate mitigation strategy is applied to each source. To compute the 
percentage of waste that can be reduced, total number of mitigation strategies adopted 
and total number of causative factors are calculated. The ratio of these two will give the 
percentage of waste that can be computed. Equation (7) helps in finding the percentage 
of waste that can be reduced. Table-6 and Table-7 shows the contribution rates of the 
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waste that can be computed. Equation (7) helps in finding the percentage of waste 
that can be reduced. Table-6 and Table-7 shows the contribution rates of the sources 
and its causative factors which are computed using the equations mentioned below. 
Figure-5 shows the contribution rates for the sources.
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Table-8 shows the percentage of waste that can be reduced adopting the various 
mitigation strategies. It is observed that waste can be reduced by decreasing the 
contribution rates of each source and its causative factors. The contribution rate 
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for each factor has been found. Mitigation measures are dependent on causes of 
waste generation. The average of contribution rates of causative factors that can be 
adopted to minimize waste is calculated. This value is converted to percentage by 
adopting standard methods. The P value obtained from equation (6) is multiplied 
by the obtained value to find the reduction in percentage of waste.

Table 8. Reduction in percentage of waste
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the quantity of waste that can be generated in the ongoing projects. The study of various 
construction industries proved that the importance given to waste management tool in 
India is very low.  

The analysis from the study projected the waste percentage of 11.28%, which has been 
found for in the management plan. This means that proper management plans will have 
to be adopted such as adequate planning, controlling and supervision. Appropriate 
construction methods have to be followed. Waste Management Plans must be installed 
and monitored regularly. Adopting such strategies reduces the waste percentage for 
management by 6.66%. For workers’ mistakes, waste contributed is computed to be 
10.686%. To minimize these waste, the training for workers should be sufficient, the 
worker must be monitored frequently to minimize damages. The waste caused due to 
workers’ mistakes can be reduced by 5.64%. 

The waste due to design contributes about 10.324%. The waste can be mitigated by 
adopting a proper design, improving design information and avoiding inexperienced 
designer. The mitigation strategies for design can be reduced by 5.67%. The waste from 
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and its causative factors. The field work obtained from the various construction 
industries infers that most of the wastes generated are disposed. The information 
obtained from small scale construction industries proved that they have poor 
knowledge about the aftermath of the waste generated. The percentage of 
recycling in the construction industry is low. Construction wastes that are often 
reused are concrete, wood and bricks. In Indian scenario, it becomes important 
to impart waste management tool for residential, industrial, commercial and 
infrastructure projects. The purpose of such tool is to estimate the quantity 
of waste that can be generated in the ongoing projects. The study of various 
construction industries proved that the importance given to waste management 
tool in India is very low. 

The analysis from the study projected the waste percentage of 11.28%, which has 
been found for in the management plan. This means that proper management plans 
will have to be adopted such as adequate planning, controlling and supervision. 
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Appropriate construction methods have to be followed. Waste Management Plans 
must be installed and monitored regularly. Adopting such strategies reduces 
the waste percentage for management by 6.66%. For workers’ mistakes, waste 
contributed is computed to be 10.686%. To minimize these waste, the training for 
workers should be sufficient, the worker must be monitored frequently to minimize 
damages. The waste caused due to workers’ mistakes can be reduced by 5.64%.

The waste due to design contributes about 10.324%. The waste can be mitigated 
by adopting a proper design, improving design information and avoiding 
inexperienced designer. The mitigation strategies for design can be reduced 
by 5.67%. The waste from manufacturing contributes about 9.867%. To reduce 
such waste, it is important to manufacture the material with standard sizes, 
good quality and adequate product information. Manufacturing waste can be 
reduced by 5.85% if the mitigation strategies are followed. 

The waste from poor site conditions contributed 9.39%. The waste generated 
from site conditions can be minimized by improving lighting facilities, avoiding 
congestion of materials. These strategies reduce the waste by about 5.41%. 
The waste generated from material handling contributes 9.25% of total waste 
contributed. To diminish such waste, the material should be stored in a suitable 
place, damage during transporting must be reduced and the tools which are not 
suitable should be avoided. Material handling waste can be reduced by 5.30%. 

Procurement errors contributed 9.062% of total waste. To minimize the 
waste contributed, ordering errors, errors in shipping, mistakes in quantity 
surveying should be avoided. Adopting the strategies, the waste reduces by 
5.11%. Improper logistics contributed 8.72%. These wastes are reduced by 
following appropriate delivery method and appropriate delivery schedule. 
The mitigation strategies for logistics can reduce the waste by 4.72%. 

The waste from operation error contributed 7.673%. The strategy adopted to 
reduce such waste is by reducing error caused due to worker specialised in a 
particular work. Operation waste can be reduced by about 4.43%. The external 
sources contribute about 7.026% of waste. The waste can be reduced by 
restricting workers from theft, adopting safety measures to prevent accidents 
and taking precautionary measures during natural disasters. Adopting the 
mitigation strategies for external sources reduces the waste by 4.21%.
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Based on the contribution rates of different sources of construction waste, 
the mitigation strategy is adopted and applied to minimize the waste to a 
maximum extent. 

6.0 CONCLUSION

It is observed from the analysis that among the various sources of construction 
waste management plan contributes higher rate than other sources. The 
contribution rate for worker’s mistake and design are equal and holds place 
next to management plan. The other sources of waste generation, such as waste 
from manufacturing, poor site conditions, material handling and procurement 
errors contributed slightly less rate than design and worker’s mistake. 
Based on the contribution rates, mitigation strategies were recommended to 
minimize the construction waste. The mitigation strategies such as adequate 
planning, controlling and supervision, following appropriate construction 
methods, monitoring waste management plans is the key to reduce waste to 
a maximum extent. The other mitigation measures such as giving sufficient 
training for workers, monitoring the workers frequently, adopting the proper 
design, improving design information, avoiding inexperienced designer 
further reduces the construction waste. The total construction waste that can be 
reduced by adopting an appropriate mitigation strategy for each source is 53%.
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