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ABSTRACT

Lean construction is a relatively new constructimanagement philosophy which has evolved from Lean
manufacturing principles. Lean construction alorithws various tools like the Pull Approach, JusfTime, Continuous
Improvement, Last Planner System, etc. has gatteetetlof momentum in the developed nations. Thalehge now lies
in implementing it in the developing countries. Thast Planner system is a production planning sysiesigned to
produce predictable work flow and rapid learningpirogramming, design, construction and commissibiprojects.

The essence of Lean Construction is to increaséiciency by elimination of non value adding adiss.

KEYWORDS: Master Schedule, Look-Ahead Schedule, Weekly WarkpPercent Planned Complete, Make Work
Ready Planning

INTRODUCTION

The objective of the present study is to analyeelthst Planner System in reducing the construattonplexities
involved in the project and to analyze the lashptx system to complete the project within theudsifed time and cost
and to study the concept of lean construction and hbwus ibeing implied in the local construction indystean
construction project is very different comparedraalitional construction project management whezarLapproach aims
to maximize performance for the customer at thgegtdevel, set well-defined objective clearly fdelivery process,
design concurrent product and process and applieduption control throughout the life of project.e@rally,
lean approach breaks the construction project tlsmparts of activities which will be defined ahty the start and end
date for completion of each activity with an appethperson to keep on monitoring the all the amtisito be completed

according schedule.
NECESSITY OF THE STUDY

Planning defining criteria for success and prodgatrategies for achieving objectives. Control gayigvents to
conform to plan and promoting, learning and re-piag. Better planning results from overcoming salerbstacles

common in the construction industry, including

* Management focus is on control, which prevents lshdnges and neglects breakthrough, which causes

good changes.

* Planning is not conceived as a system, but is rathéerstood in terms of the skills and talentthefindividuals

who are in charge of planning.
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» One of the best known Lean techniques is the Lkstriér System which has been demonstrated to lexya v

useful tool for the management of the construgpimtess, and continuous monitoring of the planeiffigiency.
* The Last Planner integrated components are master ghase planning, look- ahead and weekly playnin
THE RESOURCE-CONSTRAINED SCHEDULING PROBLEM

Planning is the construction of the project/procegsdel and definition of constraints/objectivesh&tuling
refers to the assignment of resources to activ{esactivities to resources) at specific pointsan durations of, time.
The definition of the problem is thus primarily Ening issue, whereas the execution of the plandgsheduling issue.
Yet planning and scheduling are coupled; the perémce of the scheduling algorithm depends on theblem

formulation, and the problem formulation may bengém information obtained during scheduling
GENERAL FORMULATION
In its most general form, the resource-constrasedduling problem is defined as follows

» Set of activities that must be executed

» Aset of resources with which to perform the atitg

*  Set of constraints which must be satisfied, and

* A set of objectives with which to judge a schedsilgerformance.

* Minimization of project duration

*  Minimization of cost

* Maximization of the net present value of the projec

e Optimum resource utilization efficiency

» Involvement of designers in joint solutions.

» Direct interactions between designers and custamers

» Explicit and healthy client supplier relations.

» Always working with a set of design alternatives
IMPLEMENTATION OF LAST PLANNER SYSTEM

This tool in simple words can be taken to be aimakgion of the above mentioned tools. It also hasumber of
other features which are explained below. The rohjectives of a production control system like tlast Planner System

are as follows
e Manage and mitigate the variability.
» Assignments and schedules should be sound regatdirgprerequisites.

» The completed assignments should be monitored.
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Causes for failure to complete the planned worlukhbe investigated and removed.

There should be a workable backlog for each credvpaaduction unit.

The prerequisites of upcoming assignments shoulddxe ready.

The traditional push based construction processirgitbuld be incorporated with pull techniques.

Traditional project control focuses on hierarchidatision making and thus the decision making E®des in
the hands of few and often decision makers are arewf the ground realities. Decision making povetsuld

be well distributed among the project team.

PLANNNG B
rhmgion = __'= e EHOLS

Figure 1: Last Planner System

In CPM there is strict adherence to the masterdidbeesven when great obstacles lie in its pathe8iigors keep

on pressurizing the subordinates to produce despistacles. Many a time these obstacles resulban guality output

which remain in the project supply chain throughduatst Planner System (LPS) aims to shift the fazfusontrol from the

workers to the flow of work that links them togath&he two main objectives of LPS are to make bettsignments to

direct workers through continuous learning and extive action and to cause the work to flow acmresluction units in

the best achievable sequence and rate. The Figithrevis the processes of Last planner system.

APPLICATION OF LEAN CONSTRUCTION PRINCIPLES TO THE CONSTRUCTION PROCESS

The application of lean construction tools to thenstruction process will be explained in this satti

The construction process is considered as a thraseprocess:

Design
Planning
Scheduling
Execution
Monitoring a

Controlling
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Application of Lean Construction Principles to Desgn Management

« Having some degree of flexibility in the sequenée@sign activities. Not defining activities in ary fine level

of detail and encouraging team work.
* Involvement of designers in joint solutions.
» Direct interactions between designers and custamers
» Explicit and healthy client supplier relations.
» Always working with a set of design alternatives.

By making use of the integrated models, the shareasteful activities can be reduced, output vatae be
increased by more emphasis on customer’s requirgraed variability can be reduced by reducing thenber of steps

involved in the design process; cycle times andtimygortantly continuous improvement can be buibithe process.
Application of Lean Construction Principles in Congruction Planning

They have highlighted the fact that the construcptanning process most prevalent today is thatestloping a
single plan and adhering to it for the entire doratThose plans are seldom reviewed during thewdien stage and the
corrective actions only include adjusting the araischedules to actual performance. To improvepthaning process
they have suggested a shift towards contingencynplg which includes preparation of several dethfdans prior to

execution for different project environments.

Hence the need to review the original plan for pois very seldom arises. To implement the contiogen
planning substantial amount of time and resouraedrto be expended during the construction planpngy to the

execution and also in project control during camgipn work on site.
Application of Lean Construction Principles in Congruction Execution

This stage involves utilization of the last plant®ol (described earlier) of lean construction éaecution of the
project. In this section the meaning of the “pulbgess” for building up of the schedules and thekable backlog is

described.
Phase Scheduling

Lean construction uses the pull technique for dgwekent of project schedules. Thereby only thoskstase
scheduled and executed whose completion releasdstavther tasks. This way, only the work thateguired is done
and thereby prevents any over production. The plsabedules serve as a basis for the developmeluo&fahead
schedules. In the phase scheduling process, repagises of all organizations involved in the phagedown to decide on

the work that must be performed to release workher phases.

The people responsible for the work write theiruiegments on a sheet of paper and stick them oallamtheir
expected sequence of performance. After all shastson the walls, the network diagram is prepangdnbving and
shifting of sheets. Thus new techniques and metbgdss for doing the work are found out. After tiirealization of the

sequence of the activities, durations (without #ogt) are applied to them.
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The network diagram is then reexamined to lookpfmcesses which can be shortened. The earliediqaiastart
date (calculated) for the phase is then determimedvorking backwards from the schedule. If thereams/ positive
difference between the possible and the calculstizd date that time can be allocates to criticat@sses in the phase to
protect them from uncertainties. In case the diffiee is negative then the phase will have to bayddl and the time lost

will have to be made up in other phases.
LOOK AHEAD PROCESS AND LAST PLANNER SYSTEM

The look ahead process involves the following psses: explosion; screening and make ready.
Explosion

This involves exploding the activities mentioned the master schedule to great details to identifythe

pre requisites for the activity before it enters khok a-head window.
Screening

This process is used for determining the statussks that are present in the look a-head windessedan their

pre requisites (constraints). Here we can choosgheh to advance or postpone the tasks based iorstidues.
Make Ready

In this process the lead time (time for order tbveey) is estimated, the pre requisites are puded the work is
executed. This process requires great cautioneasrtiering times have to be estimated reliablyrevgnt any inventory
from building up at site. The status of the consigractivity should be matched with the orderingetinof resources with
great detail and caution. The make ready work #meters the workable backlog so that the scheduled wan begin.
The work is monitored by using PPC (Percent of ié@nComplete) and the inability to achieve a hiiCRs investigated

for process improvement and to prevent the probleoms re occurring.
Percent Planned Complete

PPC or Percent of planned complete is the methed t monitoring of the project. Unlike the teatunes of
earned value estimate which is traditionally used rhonitoring of projects, the PPC measurement thasfollowing

advantages:
* Work is selected by the workers themselves andéhthare is less chance of time over run.
» The causes for the non completion of work are meetl explicitly while analyzing PPC.
* PPC helps in continuous improvement of the constm@roject as
» Efforts are made to prevent the re occurrence ablpms.
LEAN CONSTRUCTION PRINCIPLE

The traditional project management practices traditshe activities in construction as value addagjivities
(those which cannot be removed) and accordinglycthestruction process is a conversion based praonesfich one
value adding activity leads to another. This stét@s as soon as one activity is finished the osinewuld start irrespective

of the fact whether the other pre requisites ofatigvity like materials, labor and equipment avaikable.
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This model pressurizes the available resourcesttfaat thereby resulting in a compromise in thaliqy of the
construction. On the other hand lean constructiom flow and conversion based model where a cargtruprocess is a
collection of conversion processes involving flosfignformation and materials from one process ®dther as depicted

in Figure 2 (Lean Construction process)

Labor Process Oupir

4

Figure 2: Lean Construction Principle

Planning for the project cannot be performed inaiiehuch before the events being planned. Consdiyuen
deciding what and how much work is to be done ldesign squad or a construction crew is rarely aematf simply
following a master schedule established at thermigg of the project.

MODEL DEVELOPMENT

The following are the basic step which is invohredhe development of a model. The Flow chart oftl@anner
system is shown in the figure 3.

Phase

Tasks ‘

/7\ Training on LP

Work shop and Identification of Responsibility
observation for

th it ti
W L Interviews with PM and planning
L J engineer about the current practice

! Preparing weekly plans+make ready

Second Phase
Short term weekly
planning+ make ready

Identifying reasons for incomplete

\7 Calculating PPC

N Preparing a list of activities for the
Third Phase oming weeks
Weekly planning +Look
ahead planning + Phase
Planning

N

Do constraints analysis

Phase planning Sessions

Fourth Phase Interviews with involved people
Evaluation of LP
implementation

(Interviews+ ¥ )
Questionnaire) Survey Questionnaire

o /

Figure 3: Model Development of Last Planner System
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LAST PLANNER SYSTEM
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Figure 4: Processs of Lean Construction vs Last Ptamer System

MASTER SCHEDULE OF THE PROJECT

Master Schedule is the overall project schedulecdntains major milestones only. Milestones dates a
determined by using the pull process from succesndestones, beginning with the project startingtedand

working forward to project completion date.

Table 1: Master Schedule
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Look-Ahead Schedule

Look-ahead schedule represents an intermediaté déydanning. This schedule contains major woskis that
must be completed in order to meet the milestottesda the master pull schedule. Major activitiad #gheir completion

dates are pulled from the master schedule, broken detail and screened prior to entry in the labkad schedule.
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Screening essentially means that all the constragreventing the execution of the activity has bédentified.

Look ahead schedule comes after the master schefipteject.

Table 2: Look Ahead Schedule
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Weekly Work Plan

Look ahead schedule is prepared based on the iafummthat is made ready by Screening and pullihgghvis a
workable backlog of selecting, sequencing and gitive work that can be done through weekly workaplehe Weekly
planner is an assignment level schedule, one weekiiation. This schedule includes all assignmenta&ork activities
that are required to be started that week in otdemaintain the completion dates in the look-ahaatiedule.

Work assignments are pulled from the look-aheaédule onto the weekly work plan.

Table 3: Weekly Work Plan
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DISCUSSIONS OF RESULTS

Based on the present case study the following tseaué determined. The various factors are taldilasefollows

which indicate the data representation to achibeddllowing results.
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Table 4: Master Schedule of the Project

1 Block-1 699 27.86 526.4

2 Block-2 696 27.86 499 25.86
3 Block-3 825 26.87 658 25
4 Block-4 896.73 28.87 825 30
5 Block-5 1427.54 28.03 1427 30
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Figure 5: Planned Duration vs Actual Duration for dl the Blocks
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CONCLUSIONS

The last planners system could be an appropriateddelp solve problems which arise at site dyenecution,
minimizes delays, optimize the resources, and meditite project cost. Present study describes hioastplanner system
is prepared and the case study demonstrates aicajmpl in which the Last planner system enableduber to validate
proposed construction estimation.
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The purpose of using Last planner system for caoBtm simulation is to assist project plannersbgdter
understand the construction process and predicidberate future costs.. This shows that the Liastner system can be
used for this purpose and site is a key to implérties Last planner method. The specific conclusidesved from the

following study are as follows:

» After analyzing the Last Planner system it is obsdrthat there is a saving of Rs.1,15,5800.00 far t
total project. There are 5 blocks which are to bmpgleted by 2014. The amount saved by using lasingrs
system is 1,15,5800.00 for 5 blocks.

e It has been seen that the Last planner system waessful in reducing the construction complexitiesing

execution of the project.

* In conclusion, the developed Last planner systemage accurate and simple to use most with sigaificime

and cost saving.
SCOPE OF FUTURE WORK

An accurate planning can increase the productofityonstruction activities, improve the utilizatiohresources.
A comprehensive forecast of costs, planning arenthén preliminary factors for successful constmttmanagement.
The Last planner system can be successively upéabying engineers to make the project schedules predictable and

increases the chances that work will flow and pigjevill be completed on time.
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