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Abstract— In construction, lean techniques are used to reduce 

waste and increase productivity. Lean enterprise is to achieve 

owner expectations through the use of the absolute minimum 

amount of sources. This is achieved by continuous process of 

identification and elimination of waste through a systematic 

approach The aim of the research is to implement the lean 

thinking in an ongoing construction project This research is 

mainly divided into two phases 1) questionnaire survey to 

identify the waste in construction 2)implementation of last 

planner system is. 
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I. INTRODUCTION 

The goals of this paper are to present a concept of Lean 

Construction and discuss the implementation method of last 

planner system benefits achieved during the process.[3]Lean 

construction aims to design and make things differentiated 

from mass and craft forms of construction by the objectives 

and technique, and to optimize performance of the 

construction project system against a standard of perfection 

to meet unique customer requirements[10] In general, a 

increased level of wastes added activities is observed to exist 

in the construction industry. Several studies from various 

countries have confirmed that, wastes in construction 

industry represent a relatively large percentage of production 

cost. The existences of significant number of wastes in the 

construction have depleted overall performance and 

productivity of the industry, and certain serious measures 

have to be taken to rectify the current situation [11] 

 Lean Construction is a production-based project 

delivery system that emphasizes the reliable flow of work 

through the construction process. The aim is to maximize 

value of construction and eliminate waste caused by 

unpredictable work flow. Waste is defined in seven 

categories: over-producing, defects, over-processing, waiting 

for upstream activities or information, excess inventory, 

unnecessary movement of material and people. Lean 

construction (LC) is a method of production aimed at 

reducing resources and effort. Essentially, the methodology 

is to maximize the good and minimize the bad. The basic 

principles include: creating a predicable atmosphere based on 

planning and data, reducing the overflow of waste from 

careful planning and increasing the communication flows 

between the customer and the project at hand. [6]. 

A. Lean Construction Principles 

 
Fig. 1: Lean Construction Principles 

II. LITERATURE REVIEW 

The Lean concept is a combination of concepts such as Just 

in Time (JIT), Total Quality Management (TQM), supply 

chain management and others, all which can be tracked to the 

well-known TOYOTA motor company (Ohno, 1988; 

Koskela, 1997). Lean concept can be tracked back to the early 

1940s where Ford used flow production charts for the B-24 

Bombers and similarly the British used it for the Spitfire 

production during World War II. However, the lean concepts 

scientifically stepped into the spotlight through the publishing 

of the first academic paper published on the Toyota 

Production Systems (TPS) in 1977 and the Toyota 

Productions systems book in 1978 (Holweg, 2007). The 

application of the lean production concept to the construction 

industry actively began in the early 1990s through several 

research and scientific studies (Koskela, 1992; Ballard & 

Howell, 1994; Howell & Ballard, 1994)[5]. 

III. WASTE IN CONSTRUCTION PROCESS & SOURCES OF 

WASTE 

A. Waste in Construction Process 

Phase of research involved the identification of key waste in 

the construction process and resources of waste. 

Sr. 

No 
Type of waste 

Sr. 

No 
Type of waste 

1 Work not done 7 Additional space 

2 
Unnecessary 

materialsmovement 
8 

Delays in 

activities 

3 Re-work 9 
Wastage of 

materials 

4 Unnecessary work 10 Extra processing 
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5 Extra supervision 11 

Unnecessary 

movement of 

labor 

6 Defects 12 
Abnormal wear & 

tear of equip. 

Table 1: Waste in Construction Process 

Sources of waste in construction process 

 Management Related: 3 Misuse 

1 
Unnecessary 

Requirement 
4 Poor Distribution 

2 Excessive Control 5 Poor Quality 

3 Lack of Control 6 Availability 

4 Poor Planning  
Information Related 

: 

5 Excessive Red Tape 1 Unnecessary 

 Resources Related: 2 Defective 

1 Excessive Quantity 3 Unclear 

2 Shortage 4 Late 

Table 2: Sources of Waste in Construction 

IV. RESEARCH METHODOLOGY 

A. Administrating Questionnaires 

Prior to the administration of the survey, a site visits where 

conducted at different sites in month of December 2017. 

questionnaires’ given to engineers and administrations of 

sites .The aim of the survey was to introduce the topic of lean 

construction to fraternity so that the waste processes in 

construction processes become conscious a total of 20 sites 

where surveyed the questionnaires’ where given to the all site 

engineers/administrators of all sitesOut of 20 questionnaires’ 

administrated as hard copy 17 have been obtained 

B. Filling Up of the Questionnaires 

The respondents were asked to identify at least six 

constructions waste process prevalent in their organization 

from the Table 3. After identification of the waste they were 

asked to rank the waste from 1 to the desired no (1 being the 

most serious) For the identification of the sources of wastes, 

the respondents were asked to mark sources given in table 2 

with the rank of the waste. For example if rework was identify 

the waste with the rank of 1then all the sources corresponding 

to the waste rework were to be marked as 1 in the 1st column. 

Similarly if a delay was identify as a waste with rank 2, and 

then all sources corresponding to delays had to be marked as 

2 in the 2nd column. The same had to be repeated as per the 

number of wastes by the respondent. 

C. Implementation of Last Planner System 

The Last Planner System, as developed by the Lean 

Construction Institute .Last Planner manages the 

relationships, conversations and commitments that together 

enable program &production planning decisions to be made 

collaboratively at the lowest possible level in a whole range 

of one-off production settings — software development, 

shipbuilding, yacht fit-out, construction and other examples 

of one-off production. With adaptations, LPS works in new 

product development and design too. Last Planner is a short-

term project planning system first used in engineering 

construction 20 years ago. 

The Last Planner System was formally started at the site on 

7th Dec.2017. It was implemented as follows: 

1) Creation of a milestone based master schedule for the 

remaining works. Since there was no schedule being 

followed at site all the remaining activities till 

completion of the project were incorporated in the master 

schedule; the hand over date was taken to be 28th Feb. 

2017 

2) Selection of works to be completed in the coming 10 

weeks were noted in the 10 week Look Ahead Plan .On 

the basis of master scheduled thus developed, activities 

were selected which were to be completed in the coming 

10 weeks they were noted down in the prescribed format 

along with their completion dates based on the prevalent 

conditions 

3) .3. Identification of all prerequisites of the activities in 

look ahead plan and their procurement. All the 

prerequisites (pending activities, labor requirements, 

material requirements, equipment, specifications etc.) of 

the activities listed in look ahead were identified so that 

they can be procured\completed before starting the work. 

4) Creation of weekly work plan (WWP) by selecting 

activities from the look ahead plan whose prerequisites 

had been procured (Appendix C). The activities for 

which all the resources had been procured were enlisted 

in WWP and were required to complete in the coming 

week. 

5) Weekly performance monitoring by calculating the PPC 

(Percent of Planned Complete) and taking necessary 

action to prevent reoccurrence of problems. This leads to 

continuous improvement. The activities in the WWP 

which had not being completed were notated along with 

the reasons for non-completion so that they were not 

repeated again. As suggested by Ballard (2000b) the 

elements of the Activity Definition Model were used at 

the primary categories to provide a guide for reasons 

analysis that facilitated in identification of actionable 

causes. The primary categories were directives, 

prerequisites and resources. 

6) The steps 2-5 had to be repeated every week (Monday) 
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V. DATA ANALYSIS 

A. Cause Effect Matrix 

 
Table 3: Cause Effect Matrix 

B. Finding of Questionnaire’ Survey & Discussion 

 
Table 4: Waste & Their Frequencies of occurrence in The 

Responses 

 
Fig. 2: Incidence of Waste Categories in the Form of Pie 

Chart 

C. Result of Questionnaire 

The causes effects matrix for construction site in vastu Pune 

as shown in the Table, point out most important sources of 

the critical wastes, which were easily identified, waste on 

their frequency of occurrence in the matrix, as follows: 1 

Waste, Delay and interruption were caused majorly due to the 

absence of proper management control at the site along with 

planning. Shortage of resources was also equally responsible 

for the occurrence of this waste. This highlighted the fact that 

there was no scheduling/planning being done at the various 

site and the work was carried out by the word of mouth. 

Another important fact to note was that the subcontractors 

sometimes worked without any supervision of the site 

engineers and this highlighted the need for more management 

control. Also, in the absence of proper planning, the supply 

chain management at site was erratic resulting in frequent 

material or resource shortage. 532. Rework was another 

waste which bothered the authorities here from site . As 

obtain from the survey majorly the management related 

wastes along with proper quality of resources and unclear 

information contributed towards this waste. It was observed 

that there were frequent design changes at the site which 

highlighted the need for proper planning before progressing 

on with the work; another important factors leading to this 

waste was excessive management control and unclear 

information. Also, in the absence of clear directives, the 

subcontractors were sometime forces to do work which was 

not as per the design specified. It was also observed that times 

work was carried using substandard materials leading to 

frequent confrontation between the various parties involve in 

the project and ultimately resulted in rework and delays in the 

project. 3. The major sources of the waste – defect were usage 

of poor quality materials and incorrect/defective information. 

On further investigation, it was found that incorrect 

information was sometimes passed onto the subcontractors 

from the management and this resulted in defects in 

construction which later had to be reworked upon. 4. Another 

important waste highlighted in the survey – frequent 

clarifications needed – was attributed mainly to the absence 

of proper planning. It was observed that at times the 

management failed to obtain clear directives before starting 

the work and this times resulted in the subcontractors seeking 

frequent clarifications during the work. 
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D. Last Planner System Implementation Results – PPC 

Analysis 

 
Fig. 3: PPC Variation 

 
Fig. 4: Reason Categorization 

 
Table 5: PPC Analysis 

E. Problems Experienced during the Implementation of 

the Last Planner System 

No planning /scheduling techniques were being followed at 

the site.2. The construction wastes were mostly viewed as 

wastage of material.3. Lack of interest on the part of 

contractor to implement  the lps4.Lack of interest among all 

parties towards a joint weekly review meeting to monitor the 

progress of the work and to sort out the problems.5.There was 

excessive rework at the site due to the failure on the part of 

the contractor/site engineer to understand the requirement of 

the authorities.6.There were acute problems in the supply of 

chain management of the contractor, no effort were made to 

stick to the look ahead plan and order materials according to 

the date mention in it. This led to a huge buildup of activities 

in the look ahead plan. 

VI. CONCLUSION & FUTURE WORK 

At the end of project work the major objectives have been 

achieved. Phase 1 of the project work involved the 

identification of the key wastes along with their sources using 

a questionnaire based survey. As obtained from the analysis 

of questionnaire collected, delays and rework were the most 

critical wastes plaguing the construction practices. Their 

sources as found by the cause effect matrix shown in Table 3 

lie in Poor Management Control, Poor Planning and Shortage 

of the Resources Used. Phase 2 of the project involved the 

implantation of the Last Planner System at the extension of 

the shop building to reduce/ remove the wastes identified 

from the survey. Although the wastes could not be removed 

completely they were made conspicuous and were 

documented. The PPC level ranged from 16.67% to 100% 

with an average PPC of 55.84% for the duration of the study. 

It was observed that much more improvement could have 

being achieved if the contractor would have taken keen 

interest in the implementation of the LPS. There was also lack 

of interest among all the authorities to sit for a weekly review 

meeting to solve the problems causing the plan failures but 

nevertheless, a feedback mechanism has being set up in vastu 

construction Pune which can be used to work progress and 

identify the problem affecting the construction progress. It is 

hoped that this mechanism be implemented at all the sites of 

Vastu construction Pune and all parties take interest in the 

implantation of the LPS to realize its benefits. 

VII. FUTURE WORK 

As the implementation of the LPS was not completely 

successful owing to host of reasons discussed in chapter 7th 

its hope that the LPS be applied again to another construction 

Week 7/12-14/12 15/12-22/12 22/12-29/12 30/12-7/1 8/1-16/1 17/1-25/1 26/1-2/2 3/2-10/2 11/2-18/2 19/2-28/2

PPC 20% 50% 63% 71% 33% 33% 50% 83% 60% 80%

Task completed 1 2 5 5 2 1 1 5 3 4

task alloted 5 4 8 7 6 3 2 6 5 5

Reason

rain 1

prerequistie 4 1 2 2 1

Design /Directive changed 1 2

Equipment 1 1

labour 2 1

late work 2 1

others 1
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site taking into consideration the problems faced while 

implementing it for this project. The only major problem 

which lies in way is to make the people concerned change 

their mindset and be opened to new ideas about managing the 

construction projects. 
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