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ABSTRACT  

 

There are a lot of non-value adding activities or wastes in construction practices and many 

among those were left unnoticed or unattended. Previous studies have shown that there were 

significant amounts of values loss due to construction process flow wastes and tremendous 

productivity improvements can be achieved by simply targeting at reducing or eliminating those 

wastes and/ or improve the process flow. This thesis was conducted on the basis to study the waste 

concepts and the level of “leanness” in local construction practices based on philosophies and 

principles drawn by Lean Construction. From questionnaire survey it was also found that project 

management and design and documentation issues play an important role in causing waste in 

construction sites. The average percentage time spent by labour and equipment in non-value adding 

activities was found to be 46% and 54% respectively. The total cost of waste calculated as percentage 

of project cost varied from 5.37% to 13.56%. The deviation cost of quality in advanced economies has 

been found to be at least 14% of project cost. 
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I. INTRODUCTION 

 

Construction is the second largest economic activity after agriculture in India, and it makes 

significant contribution to the national economy. Construction activity being labour intensive has 

generated employment for about 33 million people in the country (Singh 2008). There are mainly three 

segments in the construction industry like real estate construction which includes residential and 

commercial construction; infrastructure building which includes roads, railways, power etc; and 

industrial construction that consists of oil and gas refineries, pipelines, textiles etc. Indian construction 

industry saw a large scale boom in the past two decades till the recent global economic crisis. Most 

construction companies were forced to slow down some of their ongoing projects because of the 

economic meltdown. One of the major challenges facing this sector is the lack of skilled and quality 

human resources and the limited ability of capital equipment suppliers to meet the demand. As a 

result, most projects ends up in time and cost overruns. Skillful project management and innovative 

solutions are necessary to prevent these bottlenecks. A total of $50 billion is estimated to be spent on 

construction every year in India. The large infrastructure development initiatives undertaken during 

the last two decades have provided an opportunity for the construction industry to undertake a number 

of large projects. In its path of advancement, the industry is faced with problems such as time and cost 

overruns, low productivity, poor safety, inferior working conditions, insufficient quality etc. These are 

associated with considerable amount of waste present in the construction sites. While a few large 

construction companies have started to look into waste reduction and process improvement issues 
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through concepts like lean construction, most organizations are yet to address this issue. As a 

prerequisite to implementing lean principles, in which a major focus is on elimination of waste, it is 

important to understand and quantify the amount of waste actually present in Indian construction sites. 

In general, project managers define the term “waste” rather as physical construction waste than the 

real concept of waste. Waste includes both the incidence of material losses and the execution of 

unnecessary work that generates additional costs but does not add value to the product (Koskela 1992). 

It includes the categories such as waiting time, unnecessary transportation, non value added 

processing, excess inventory, rework etc. However, such waste has not been clearly identified by 

project managers. Hence, it is necessary to have a better understanding of the concept of waste and to 

identify the significant waste variables and their causes. Also a proper methodology has to be 

developed to quantify different categories of waste in terms of cost. Thus this project attempts to 

identify, categorise and quantify waste based on the principles of a new production philosophy called 

lean construction. 

 

II.  METHODOLOGY  

 CONCEPT OF WASTE IN CONSTRUCTION 

In new production philosophy, “waste” has been given a broader concept and definition as 

compared to its usual narrow meaning. According to the new production philosophy, waste should be 

understood as any inefficiency that results in the use of equipment, materials, labour, or capital in 

larger quantities than those considered as necessary in the production of a building. Waste includes 

both the incidence of material losses and the execution of unnecessary works, which generate 

additional costs but do not add value to the product (Koskela 1992). Therefore, waste should be 

defined as any losses produced by activities that generate direct or indirect costs but do not add any 

value to the product from the point of view of the client. Then, any improvement effort should be 

focused on identifying waste in the construction process, analysing the causes that produce waste, and 

acting on these causes to reduce or eliminate them. 

IDENTIFICATION OF WASTE 

One side difficult lean construction advocates is that the systematic identification and 

quantification of waste, development of lean operations, and improvement verification. though 

identification of waste may be a requirement for implementing lean, not abundant analysis has been 

worn out this space thus far. Alwi et al. (2002a) investigated the incidence of waste inside contractors 

corporations in country, specializing in nonresidential building and infrastructure comes. information 

was collected through questionnaires. The findings recommend that six factors were found to be the 

key variables of waste together with repair on finishing works, expecting materials, delays to schedule, 

slow tradesmen, waste of raw materials on web site and lack of supervising. Whereas style changes, 

slowness in creating selections, lack of adept labour, inappropriate construction strategies, poor 

coordination among project participants, delay of fabric delivery to web site and poor designing and 

planning were known because the key variables inflicting waste. Similar study was conducted by the 

Alwi et al. (2002b) in Australian housing industry conjointly. The paper recommends that to minimise 

the negative impact of waste, contractors ought to maintain elaborated records of all events that occur 

on-site  in reference to the incidence of waste. 

IMPLEMENTATION OF LEAN CONSTRUCTION 

 

“Making things happen” instead of “monitoring results” is lean production management. 

measurement and rising the performance of production management systems improves the project 

performance and thence worth to the client is achieved. Production management is applied from style 
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to delivery. coaching are going to be a key side of implementation and success of Lean Construction 

conversion efforts. It should be recognised that lean transformations don't seem to be biological 

process however rather ecological, i.e., everything should amendment. Therefore, firms should 

twiddling my thumbs in implementation efforts and notice that advantages can take time to be totally 

leveraged. The Lean Construction Institute recommends that early stages of implementation of lean 

construction begin with full fledged application of the Last Planner System. the appliance of LPS can 

reveal several hidden issues that the corporate will consistently begin to handle. Over time, the issues 

encountered would force moving on the far side the company’s sphere of influence to alternative key 

players within the offer chain. formation strategic alliances and learning from one another are going to 

be the sole manner forward from there on. 

 

III. WASTE INDENTATIONS AND EQUATIONS   

 

The variables were separated into waste variables and waste cause variables. Waste variables 

are those variables that contributed to a reduction in the value of construction productivity and waste 

cause variables could be defined as factors producing waste. 

Waste variables were grouped into five categories–Rework, Waiting, Material, Human 

Resource, and Operations. Waste cause variables were grouped into six categories–People, Project 

Management, Design and Documentation, Material Management, Execution, and External 

 STRUCTURE OF QUESTIONNAIRE 

The questionnaire is given in Appendix  and it consists of three sections. The details of the 

respondents, projects and company profile were gathered in the first section. The second section 

contained questions regarding the frequency of waste and the level of effect/impact of waste on 

construction projects. Respondents were asked to rate the frequency of generation of waste as (1) 

never; (2) rarely; (3) occasionally; (4) often; and (5) always. Also the level of effect/impact of waste 

categories on construction was rated from 1 (no significant effect) to 5 as (high detrimental effect) for 

each waste variable. The third section dealt with the causes of waste. The level of effect/impact of 

waste cause variables on construction were to be rated on a scale from 1 (no significant effect) to 5 

(highly detrimental effect). 

The collected data was analysed using the concept of Relative Importance Index (RII). 

Importance index was calculated for frequency and effect of variables, using equation given below. 

 

(5M1 + 4M2 + 3M3 + 2M4 +1M5 

RII =      5(M1 + M2 + M3 + M4 + M5)     1 

where, 

M1   =  number of respondents who rated 5 

M2  =  number of respondents who rated 4 

M3   = number of respondents who rated 3 

M4  =  number of respondents who rated 2 

M5  =  number of respondents who rated 1 
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Frequency index calculated for waste variables represents the frequency of occurrence of waste 

in construction sites. Impact index calculated for waste variables represents the impact of waste 

variables on construction performance. Similarly impact index calculated for waste cause variables 

indicates the significance of waste cause variables on producing waste in construction sites. Frequency 

index and impact index were calculated by equation. Weighted index for each waste variable was 

calculated by equation multiplying the frequency index by the impact index. Waste variables were 

arranged in descending order of their weighted index values to determine the rank. In case of waste 

cause variables, the rank was determined by arranging the variables in the descending order of the 

impact index calculated by equation. Ranking of variables were then used to identify the critical 

variables. 

 

Weighted Index for waste variable 

    = (Frequency Index) x (Impact Index)  2 

 

Critical waste and waste cause variables identified from questionnaire survey represents only 

the perception of respondents regarding the waste in construction industry. Also it has been identified 

from literature review that very few studies have been conducted to quantify all types of waste in 

construction. Implementation of Lean Construction concepts in construction sites can be effective if 

one knows the extent of waste present in each category so that appropriate importance can be given 

and improvements be made to reduce the impact due to it. Hence an attempt has been made to quantify 

significant waste categories identified based on literature review and questionnaire survey. As a first 

step for the quantification purpose, waste in construction has been classified into materials, quality, 

inefficiency due to labour and equipment. 

Material prices represent quite four-hundredth of the overall construction price and therefore, a 

vital issue for the success of a construction project. Material waste includes scrap waste generated in 

sites and also the waste attributable to excess inventory being unbroken in stores. Scrap waste is 

generated in sites attributable to numerous reasons like poor accomplishment, rework, loss of materials 

etc. Scrap waste is that the amount of fabric wasted compared to amount of fabric issued and is 

generally expressed as share of theoretical or measured amount. 

price of quality consists of price of quality management efforts and deviation prices (rework). 

From waste purpose of read, deviation prices or retread prices square measure a lot of important. 

therefore during this study, solely price attributable to retread in construction was thought of for 

quantification. retread has become a pandemic feature of each construction method, that invariably 

ends up in time and value overruns in comes and it may be outlined as doing one thing a minimum of 

one time beyond regulation attributable to non-conformance to necessities. basically retread may end 

up from errors, omissions, failures, injury and alter orders. 

 

 

 

 

 

IV. FIGURES AND TABLES  
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Details of Project Studied 

Parameter Project A Project B Project C Project D 

Location Chennai Chennai Chennai Chennai 

Total construction 

cost(Rs. million) 

160 350 171.5 125 

Type of contract Lumpsum Lumpsum Lumpsum Lumpsum 

Planned duration(months) 16 24 15 24 

Time overrun 56 months 12 months 5 months 4months 

Average no of workers per 

day 

70 150 120 80 

Type of work Bridge Bridge Bridge Bridge 

Table 5.2 Material scrap waste in percentage 

material Project A Project B Project C Project D 

Cement(T) 2.3 3.5 4.6 3.5 

20mm 

aggregate(m3) 

3.2 3.4 4.1 2.7 

10mm 

aggregate(m3) 

5.4 3.2 4.3 1.2 

River sand(m3) 3.8 4.5 3.4 4.7 

Reinforcement(t) 1.7 1.9 2.1 1.5 

Cost of scrap 

waste* 

3.7 3.2 2.4 3.7 

*Calculated using equation above  

V. CONCLUSION  

 

There are a lot of non-value adding activities or wastes in construction practices and many 

among those were left unnoticed or unattended. Previous studies have shown that there were 

significant amounts of values loss due to construction process flow wastes and tremendous 

productivity improvements can be achieved by simply targeting at reducing or eliminating those 

wastes and/ or improve the process flow. 

This thesis was conducted on the basis to study the waste concepts and the level of 

“leanness” in local construction practices based on philosophies and principles drawn by Lean 

Construction. A quantitative survey was carried out through structured questionnaires over a 

randomly selected group of managerial personnel in construction activities. 
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Poor planning and scheduling, lack of skilled labour, design changes, inappropriate 

construction methods, and unclear specifications were identified as the top five critical waste cause 

variables. 

Workers resting during construction, waste of raw materials on site, idle workers, waiting for 

materials, and travelling empty handed were identified as the top five critical waste variables 
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