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ABSTRACT

According to Lean Construction Institute nearly 70% of the project suffers from time and
cost overrun due to ineffective conventional project planning system for fast, complex,
dynamic and uncertain project with multiple stakeholders, leading to compromisation of
the project and no value is generated to the client.

Hence it requires a strong, value generating & commitment based project planning system
such as lean based planning system to complete the construction with in stipulated time
and cost.

The study involves qualitative research such as participation and observation of case
study and face to face interview and secondary study to identify the drawbacks of
conventional planning system in terms of time overrun during construction stage - Civil
core and their impact on project performance. And develop a framework as a solution
using lean concept for lean project planning system to enhance the project performance
during civil core construction.

Keywords: Lean Project Management, Last Planner System, Construction Project
Planning, Conventional PM System, Collaboration, Time Management, Planning,
Scheduling and Tracking
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

Construction planners supervise the method of mental imagerya completed building and
dealing backward to work outa way to complete it. Construction coming up
with involves distinguishing all the desired steps to make a structure, cacophonic them
into outlined activities, ordering these steps logically, and decisive the required materials,
manpower, and instrumentation. If you don’'t have a powerful set up, the probability of getting a no-
hit construction project decreases dramatically. The analysis includes finding out methodology of
implementing typical and Lean Project Management System throughout Construction Stage along
side analyzing the challenges faced by typical Project Management System along side a Case
Study throughout Construction Stage for Civil Substructure work for PEB Building and
their needed Aspirations and supply answer exploitation Last Planner System as a Lean Technique
for Construction coming up with along side methodology of Implementation and LPS Templates for
Implementation.

Construction coming up with is that the 1st stage of construction management, the discipline of
taking a construction project from conception to completion. Construction management
includes many alternative parts that succeed coming up with, however: programing is
deciding once to start out, execute, and complete every task. Organizing is obtaining all the
moving items in position  to perform every task. Staffing is assignment individuals to
duties associated with the project. leading is guaranteeing that you just complete tasks as planned,
and observance is guaranteeing that you just meetthe wantsand performance benchmarks
set throughout the design stage. If you don’t meet these necessities, you'll devote respectable time
to the dominant stage, that involves managing the budget and meeting contract necessities.

Since humans are constructing buildings for thousands of years, construction coming up
with is Associate in  Nursing ancient discipline. we will trace some style of construction
project coming up with all the approach back to the Neolithic amount, once builders in Western
Europe were erection Stonehenge.

Today, the tools, techniques, and instrumentation that builders use have modified, however coming
up with remains Associate in Nursing integral a part of the
development management method. whereas construction coming up with is time overwhelming, the
advantages greatly outweigh the prices. A 1994 study by the development business Institute (CII)
found a “positive, quantitative relationship between efforts gone throughout the pre-project coming
up with section and also the final success of a project.”

To be effective, you ought to approach construction coming up with with logic, painstakingness, and
honesty. you may want information and knowledge in
construction strategies and catching, Associate in Nursingd planners should visualize the tasks and
activities  and perceive the  relationships  between  them sothey  willcarry  them get
in an economical sequence.



1.1.1 Failure Reasons of Conventional Construction Planning System

1.
2.

Time and value overrun, lack of extra worth & Scope creep

Schedules centering on long durations failto handle Uncertainties / Variables & the
issues which  require micro-duration  schedules  withthe nextlevel of detall
and numerous uncertainties. They’re reactive in nature & not proactive and that they lack
continuous learning and determination issues from root cause.

The programing (dates & duration) & coming up with of the project ar determined by a couple
of people that aren’t involved the every day task. wherever they address the project as an
entire, not in pieces/parts. rather than programing for a project extensively, we should
always create milestones primarily based schedules for every restricted amount/ a pair of —
six week period, half to whole approach.

The current construction management mechanism lacks commitment, answerability between
stakeholders, Lack of collaboration between them, Leading to lack of cooperation, ineffective
communication & coordination, mistaking, Lack of understanding of interdependencies
between every stakeholder's delivery & every one’s demand ends up inlag from original
schedule & coming up with.

Lack of structured flow of knowledge pattern for style section & continuous improvisation of
the project.

Lack of human-centric approach. Lack of equal importance to value & flow management
Compared to transformation management.

Absence of mechanism to trace stakeholder’s work progress, info flow, Reminders & Alarms
for response ends up in delay of project delivery.

There's a requirement for a mechanism for all stakeholders to grasp the project and its
progress and maintain all of them at same section.

Piechart1 -
Factors that cause major wastein project

® Materials
Procuring &
Handling Stage
= Design Stage

= Theft

® Operational
Stage

® Contract
Bidding Stage

® Residual
(Debris)

Pie chart2 -
Statistical data about lean implementation

= Will implement
infuture

s Using if only
required

+ Already Using

= Not concerned

Fig 1.1 Major Waste in Project due to Conventional PM System & Awareness of Lean
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1.1.2 Lean Construction versus Traditional CPM Approach

Lean approach is additional economical on advanced comes with dynamic nature & high
uncertainties. Here area number of the distinction between the Lean Construction & the
standard project management approach (Sicat 2012):

1. The role ofmanagementin lean is to assure reliable progressin contrary
to ancient methodology that takes corrective action once detective work variances.

2. The most target of  the lean approach is to maximise worth by up the
entire method however within the ancient methodology optimisation is for
every activity severally.

3. Lean could be a pull — driven approach whereas ancient is push-driven approach.

4. Reducing variations at early stages isone amongthe mostaims of lean
thinking whereas within the ancient approach it's not thought-about.

1.2 AIM OF THE PROJECT

To implement Lean Construction conception to the traditional construction project coming up
with system to beat their drawbacks and improve the project performance throughout construction
stage.

1.3 OBJECTIVE OF THE PROJECT

1. Analyze Current Application and Awareness of Lean Construction Management System in
Indian housing industry throughout style Stage.

2. ldentification of drawbacks faced by the traditional Construction Project coming up
with approach and distinguishing their root cause and aspiration from project manager,
contractor, style authority and homeowners perspective.

3. Developing frameworks & templates exploitation lean conception and techniques for
construction project coming up with method so asto enhance the
development method performance.

4. Implementing the frame work on a case study to examine its relevance and impact of lean
over typical system on project performance throughout construction.

1.4 SCOPE & LIMITATIONS OF THE PROJECT
1. Project coming up with method for construction part - Civil Core, to live project in Time
whereas implementing standard project coming up with system and lean coming up with
system.
2. To develop lean primarily based construction project coming up with framework to enhance
project performance throughout construction stage - Civil core by economical time
management.

1.5 RESEARCH METHODOLOGY

Project Introduction

» Abstract
« Background
* [Introduction

STEP 01

+ |dentification of:
o Aim
> Objectives
> Scope
o Research Methodology



STEP 02

STEP 03

STEP 04

Literature Review (Journal reviews)

Analysing Current Construction Project
Planning concepts, practices & techniques.
How conventional system is affecting project
performance during construction stage, What
are those factors ?
People’s Experiences in Indian & Foreign
Context:

o Conventional system failure reasons

o Awareness on lean concept

Literature Case Study (Journal Case Study & Live

example Case study

Study on lean construction planning, Analyse
through literature case study their method of
Implementations.
Benefits of lean over conventional construction
planning system.

Live Case Study (Data Collection; Ana!ys;s, Findings;

Recommendations & Conclusion)

Analysis of Live Case Study:
o The conventional practices
o Challenges and problem Identification
o Ildeaand Solution Generation:
= Development of Lean Construction
Project Planning Framework &
Templates
Implementation of the developed lean framework to
check its applicability and its benefit over
conventional system in the Case Study.
Findings
Recommendations & Conclusions

1. RESEARCH METHOD:

+ Qualitative Research

2. RESEARCH DATA COLLECTION METHOD:

+ Primary Data Collection Method — Case Study
(Participation, Observation, Interview) & Interview /
Survey

« Secondary Data Collection Method — Research
Journals & Books

3. DATA ANALYSIS TOOL:

« Schedule

« Communication Matrix
« RACI Matrix

+ Bar Chart

Fig 1.2 Research Methodology



Table 1.1 Literature & Live Case Study Content

TYPOLOGY TITLE

Research Paper

Literature Case
Study:
01-04

Live Case Study 1
(Literature)

Live Case Study 2

LITERATURE & LIVE STUDY

Journal 1: Mcgraw Hill Construction Lean Construction — Leveraging Coliaboration
& Advanced Practices Tolncrease Project Efficiency.

Journal 2: Traditional Project Management Approach, Industry Challenges And Key
Attributes: A Case Study Of Construction Project Management In Sri Lanka — Asian
Pacific Journal Of Advanced Business & Social Studies — Year 2019

Journal 3: Last Planner System In Construction— Matec Web Of Conference. 117,
00032 (2017)

Journal4: Improving Project Performance Using Lean Construction

In Egypt: A Proposed Framework - The American University In Cairo (2013)
Journal 5: Critical Success Factors For Planning, Scheduling And Control In
Design And Construction — June 2015

Journal 6: Comparative Study Of Last Planner System Over Traditional
Construction Processes

Journal 7: Last Planner®; 5 + 1 Crucial & Collaborative Conversations For
Predictable Design & Construction Delivery (Dec 2015)

Journal 8: Lean Project Delivery — Innovation In Integrated Design & Delivery —
Research Gate , Year —2014

01- Housing Units In Damaturu, Nigeria

02- Four Floor University Underground Garage, US

03- Federal University, North Central Region, Nigeria

04- Comparitive Analysis Of Restrictions Faced During Lean Implementation

SS Logistics, Iggalur, Bangalore

Schwing Stetter (Global Concrete Pump Manufacturing Faclility), Cheyyar,
Tamilnadu
— Building 03 (Civil Core — Substructure)

Table 1.2 Literature — Special Study Content
LITERATURE - SPECIAL STUDY

TYPOLOGY TITLE

SPECIAL STUDY » LastPlanner System

* Choosing By Advantages (CBA)

* Co-Location / Big Room (Online/ Offline)
+ Continuous Flow

* Increased Visualization

* Daily Huddle Meeting

» First Run Studies

* A3 Design Thinking/ Problem Solver



Table 1.3 Literature & Live Case Study Content Purpose
LITERATURE & LIVE CASE STUDY

TYPOLOGY PURPOSE

Research + Awareness of Lean & LPS
Paper + Current Challenges faced by Construction Industry due to Convention
Construction PM System and Expected / Required Solution
* Method of Implementation of LPS
*  Benefits of LPS

Literature + Method of Implementation of LPS
Case Study: + Restrictions faced during Implementation of LPS
01-04 « Motivation & Methods used to overcome those restrictions faced during
implementation of LPS
+  Benefits of Implementing LPS
+  Work Methodology & Different Meetings & Reporting Systems of LPS

LiveCase + Method of LPS Implementation
Study 1 + Example of LPS for Footing Work
(Literature) + Organisation Chart
+ LPS Formats/ Templates
+ Work Methodology & Different Meetings & Reporting Systems of LPS used here

LiveCase -+ Analyse Conventional PM System Implemented during Construction Stage -
Study Substructure Civil Work

* Analysis Delay Reason, their Challenges faced during Implementing
Conventional PM System for Construction Stage — Substructure Civil Work

« Comparison Project Management Process for Construction Stage — Substructure
Civil Work for Conventional PM System Implemented here Vs. Standard
Conventional PM System (To Understand the deviations) and Lean Last Planner
System to be Implemented

+ Lean Waste Classification

* Overall Challenges, Aspirations & Solution as LPS

+ Method of Implementing LPS & Templates



CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

This chapter identifies the present state of affairs whereas implementing standard Project
Management System and Lean Awareness, the prevailing essential success factors, Restrictions
faced and Motivations for lean coming up with implementation throughout construction part and also
the procedure for Implementing Last Planner System as a Lean Construction coming up with Tool.

2.2 DEFINITION OF CONSTRUCTION PROJECT PLANNING

1. Construction coming up with may be a basic and difficult activity within the management and
execution of construction comes.

2. It involves the selection of technology, the definition of labour tasks, the estimation of the
specified resources and durations for individual tasks, and also the identification of any
interactions among the various work tasks.

3. A decent construction set up is that the basis for developing the budget and also the
schedule for work.

Constructon NOTE: The Study
Planning X
2 focuses on Time
oriented Construction
Project Planning

Time
Qrianted
{Crtical

Path

Froblem)

Direct Indirect
Costs Costs

Fig 2.1 Construction Planning Process

2.2.1 Steps for Construction Project Planning

« Step 1: outline the scope of labour, methodology statement, and sequence of labour.

* Step 2: Generate the work breakdown structure (WBS).

» Step 3: Develop the organization breakdown structure (OBS) and link it with work breakdown
structure.

« Step 4: confirm the link between activities — CPM (Critical Path Method).

» Step 5: Estimate activities time length, price expenditure, and resource demand.

» Step 6: Develop the project network.



2.3 LEAN CONSTRUCTION PLANNING

Lean construction (LC) may be a methodology of production aimed toward reducing time, materials,
price and energy. The methodology stress on removal of waste or minimize the non-value additional
activity and maximize the worth additional activity, maximize the worth and output, generate
continuous uninterrupted flow of a project whereas minimizing wasteful aspects and time delay.

It identifies 3 forms of waste; Muda, Mura, And Muri, conjointly called the 3Ms.

Muda: Muda is concerning obtaining eliminates waste, associated refers to an activity or method
that doesn't add price

Mura: Mura is concerning eliminating variances within the advancement method at a planning and
operation level so everything flows equally.

Muri: Muri is concerning removing overload so the nothing slows down.

2.3.1 Principle of Lean Planning

» Specify the worth desired by client

» Remove gratuitous steps, determine steps through price stream.

» Continuous flow method of added steps

* It empowers answerableness

* Introduces pull coming up with between every step wherever continuous flow is feasible.

2.3.2 Lean Focuses On

» Generates price as client’s objective: Eliminate process, minimize waste and optimise as an
entire. Increase productivity & safety.

* Focus on flow: Organise production as continuous flow

* Respect for individuals and human central approach

+ Continuous Improvement

* Reduce Time, Cost, Time and energy

» Pull planning, simply in time

2.3.3 Benefits

+ Construction time will greatly be reduced by inflated coming up with and strategic vision.

+ Fewer accidents and the next rate of safety through inflated employee focus and
understanding.

* Increased schedule reliability and foregone conclusion.

» Improved overall results because of inflated communication and fewer staff.

» Decreased stress for staff and management because of fewer staff.

* Increased productivity all around because of the next rate of designing.

* Increased profits and turnovers, with inflated client satisfaction.

* Increased employee answerableness.

* Increased job satisfaction leading to additional performance commitment

« Learning from each other facilitated United States of America help one another

* Openly mentioned and resolved problems

» Accuracy of model allowed for batching & manufacture

+ Coordination complete before construction, which implies no overtime required to form
coordination drawings.

2.3.2 Tool / Technique Lean Construction Planning - Time Management

» Scheduling, Monitoring, dominant & trailing Tool - Last Planner System (LPS), Huddle
meeting, visual image, FRS



2.4 RESEARCH PAPERS

2.4.1 Research Paper 01: Lean Project Delivery — Innovation in Integrated Design &

Delivery — Research Gate, Year - 2014

Author: Alan Mossman, Senator Ballard & Christine Pasquire

Purpose of the Journal: however lean is effective for project management & method for project
delivery than standard project management system

Findings: From survey — old Construction Stakeholders (Lean Practionnaires & Non-Practionnaire)

Efficiency of Construction Processes in the Industry

(By Level of Lean Engagement)

v el Conatie 2013

Lean Practicioners

Efficiency of Construction Processes in the

Industry
(By Level of Lean Engagement)

M implemented Lean Practices
B Familinr with Lean Practices
W Not Famillar with Lean Practices

IneMicient/Highly Inefficient

32%

14%

Neutral

19%
28%
26%

Efficient/Highly Etficient
19%

M Inefficient/Highly Inefficient

I Neutral

M Efficient/Highly Efficient
Not Sure

56%

Non-Practitioners

Familiarity With or Implementation
of Lean Practices

W Not Familiar With B Familiar With I Implemented

Lean Construction

Pull Planning

>
]
=

Last Planner System®

Just-In-Time

Toyota Way

o
=
3
B

Y

Fig 2.2 Efficiency of CPM & Familiarity of Lean Techniques



2.4.2 Research Paper 02: Traditional Project Management Approach, Industry
Challenges And Key Attributes: A Case Study of Construction Project Management
in Sri Lanka — Asian Pacific Journal of Advanced Business & Social Studies

Ancient Project Management Approach, trade Challenges And Key Attributes: A Case Study of
Construction Project Management in Democratic Socialist Republic of Sri Lanka — Asian Pacific
Journal of Advanced Business & Social Studies — Year 2019

Author: Himali Ekanayake , Raduwan Bin Idar , Fadhil

Purpose of the Journal: This paper tries to analyse the challenges through survey (PMC &
alternative Construction Stakeholders) in terms of key attributes of the standard project
management approach in construction project management and also the expected attributes of
future project management methodology

Findings - Expected New Concepts:

New project coming up with ideas acted joined of the bases for explanation the framework of hybrid
ideas standard & Lean primarily based PM System, projected that effective communication among
all the parties, correct coordination, collaboration, versatile Integrated style delivery and correct
amendment order management, clear objectives and deliverables, waste diminution, root cause
downside finding methodology and continuous learning from expertise for perfection area unit the
foremost necessary factors for a positive improvement of project performance.

2.4.3 Research Paper 03: Last planner system in construction — MATEC Web of
Conference. 117, 00032 (2017)

Author: Katorzyna Cwik, Jerzy roslan

Purpose of the Journal: Comparison between Last Planner System and standard Project coming up
with System

Findings: 66% to 70% - Delayed in UK using CPM FROM 2012 to 2013

Last Planner System - LPS is that the cooperative, Commitment primarily based coming up with
system that integrates “Should-Can-Will-Did” coming up with: Pull Planning, preparation Look-
Ahead coming up with Constraint Analysis, Weekly Work coming up with primarily based Upon PPC
(Percentage Project Complete).

Project axm SHOULD
)

Pl b .
tikiemaiio lanung the conld
[=foemation s ), Should LAST PLANNER

| CAN ®  PLANNING [“™  WILL
; PROCESS
t Executing the

Resources ~v] plan ~* Did

Fig 2.3 CPM Vs. LPS
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Table 2.1 CPM Vs. LPS

Critical Path Method Last Planner System
CPM logic embedded in software Applied common sense
High maintenance Low maintenance
Managing Critical Path Managing variability
Focus on managing work dates Focus on managing work flow
Planning based on contracts Planning based on interdependencies

CPM logic is embedded in code and focuses on managing dates and also the coming up with isn't
valid and helpful any longer. Whereas LPS applies the wisdom in coming up with and focuses on
the graceful work flow similarly as takes under consideration the interdependencies between
activities and section pull coming up with system.

2.4.4 Research Paper 04: Improving Project Performance Using Lean Construction in
Egypt: A Proposed Framework - The American University in Cairo (2013)

Author: Marwa Gamal Swefie

Purpose of the Journal: advantages of Lean Construction coming up with throughout construction
stage

Findings:

Time & price reduction by implementing lean tools for project coming up with & execution throughout
construction stage

Lean Technigues & their implementation result:

» For coming up with, monitoring, dominant & tracking- LPS, Huddle Meeting, mental image, FRS —
Time Reduction & Productivity and transparency improved.

» For Execution- VSM (Value Stream Mapping); 5 S’s System & Fail safe for quality - price &
Material Reduction

Results:

* In African country to some Lean Construction Techniques in construction of eighty housing
units. These techniques embody Last Planner, Daily Huddle conferences and Increase
visual image. Has resulted effective time management, complete project in sixty two days
that lead to a ton of savings in the project price. The productivity has inflated by forty third.
Additionally it improved transparency.

* Another study shows VSM will improve the performance website management to check the
flows of materials, resources and data and price is reduced by eightieth.

* When utilized all the lean tools on a parking garage project the project has completed below
budget and three weeks ahead of schedule.
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2.4.5 Research Paper 05: Critical Success Factors for Planning, Scheduling and
Control in Design and Construction — June 2015

Author: Elias Bjarnason

Purpose of the Journal: Project Time Management, SWOT Analysis of standard & Lean construction
project coming up with system

Findings: Lean approach was a lot of winning in reference to meeting the objectives for coming up
with, planning and management and is also effective in dealing and reducing uncertainties.

Project Time Management ensures timely completion of the project. Its main focus of Project time
management includes:
» Develop Schedule is that the method of analysing activity sequences, durations, resource
needs, and schedule constraints to make the project schedule.
» Control Schedule is that the method of watching the standing of the project to update project
progress and managing changes to the schedule baseline.

Failure reason for standard project planning- construction stage:
» The final objective is unaware or not focused by everybody.
* The staffing needs weren't a priority. Nobody is aware of the staffing needs.
» Corporate goals aren't understood at the lower structure levels
+ Plans comprehend an excessive amount of in insufficient time.
* Financial estimates area unit poor.
* Plans area unit supported lean information.
* Notry is being created to order the look method.
* No one is aware of the main milestone dates.
» Project estimates area unit best guesses, and aren't supported standards or history.
* Not enough time has been given for correct estimating.
* No one has daunted to visualize if there'll be personnel obtainable with the required skills.
* People aren't operating toward equivalent specifications.
* People area unit systematically shuffled in and out of the project with very little regard for
schedule.

2.4.6 Research Paper 06: Comparative Study of Last Planner System Over Traditional
Construction Processes

Author: Amit Shankar Munje; Dhananjay Subhashrao Patil

Publication: Current Trends in Technology and Science - ISSN: 2279- 0535. Volume: 3, Issue: four
(June-July 2014)

Purpose of the Journal: Comparison between LPS & standard coming up with System

Findings: The last planner system, applied will improve ancient methodology and implying a culture
of continuous improvement and reducing time and price at the same time.

12



Traditional Construction Management:

Concentrates on: what they “should” do. Project management thenceforth monitors and
enforce correspondence of “did” to “should”.

Project manager at the execution stage is replaced by controller.

When one person causes delay in completion of his work, it delays the whole chain of labor
within the project.

When provider doesn’t come on time it will cause delay in activity because of late delivery of
fabric at website.

Last Planner System (LPS):

Last Planner System (LPS):

It emphasizes on collaboration / team work and commitment based mostly approach.

The Last Planner is that the person/team assign for operational coming up with, that facilitate to
improved sequence of labour, completion of individual appointed task at the operational level.

In the last planner system, the sequences of labour include:

Master schedule,

Reverse section schedules,

Six-week look ahead,

Weekly work arrange,

Percentage complete,

Constraint analysis and Variances analysis

Provides optimized schedule coming up with through a pull technique, sequence that matches work
flow and capability for corporal punishment work.

“Should” indicates the work needed to be done consistent with planned schedule demand.
“Can” indicates the work with will really be accomplished on account of assorted constraints
on the sphere.

“Will” reflects the work commitment.

LPS planning process overview

Master scheduling
Project Set milesiones

3 H

Phase scheduling -
Speciy handoffs 5
Coliaborative Planning

Raverse phase scheduling

Phase
) e [EEmses EE——

i1 1

Lookahead planning
Broakdown tasks

identify and remove constraints
Design operations

! !

Commitment/'weekly work plan
Waekly work asssgnments
Reliatlo promising

Measure PPC%

Action reasons for plan flure
Learning v

2~ 6 wooks

1 week

Time horizon

Fig 2.4 LPS Overview
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Sequence of Last Planner System:

1. Master Plan:

This is to get a general arrange and determine all the work packages for the total project showing
the most activities, their length, and sequence.

2. Reverse Planning:

It is regarding dividing into numerous phases elaborated work plan and supply aims which will be
thought of targets by the project team. section coming up with may be a gap between the program
and appearance ahead coming up with.

3. Look Ahead coming up with (6 or two Weeks Look Ahead)

In the look ahead coming up with management focusing and provides attention on what's
presupposed to happen at it slow in the longer term, and to require actions within the gift that cause
that future work.

4. Weekly Work arrange

This is the arrange taken from the contractor tasks for future day or week via weekly conferences,
done by conducting weekly meeting.

The weekly work arrange meeting covers the weekly plans, safety issue, quality issue, resources,
construction ways, and any issues that occur within the field.

5. Percentage Completed (PPC) & Analysis Of Reasons For Non-Completed Tasks:

In this up the project coming up with by continual analysis and learning from stoppage. PPC is
determinant of the proportion of guarantees created that are delivered on time.

Benefits of last planner system:

* Smooth work flow.

» Expected work plans.

* Reduced price.

* Reduced time of project.

* Improved productivity.

* Greater collaboration with field personnel and sub-contractors

* Personal commitment of last call manufacturers (last planners).

+ Coordination of the last planners through regular conferences.

* Use of a basic indicator known as planned tasks completed as planned (PPC).

Lo
Master Classic planning with identification of
N WN
Schedule miestones and construction sequence
Phase Developing sequentes and comprassion
0%
w with all stakeholders of the sse
R USRRE Planning of 6 1o B weeks. Identification of
l. . Mg af 6 10 B weehs. Identihication ( o
W CONSIraings and measures 1o be taken
Pm Detailed planning for the week. Only
0 200%
w activities without constraints

Fig 2.5 LPS Stages Schedule Reliability

14



Table 2.2 CPM Vs. LPS
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2.4.7 Research Paper 07: Last Planner®: 5 + 1 crucial & collaborative conversations
for predictable design & construction delivery (Dec 2015)

Author: Alan Mossman
Publication: analysis Gate- 235791767 (December 2015)

Purpose of the Journal: Understanding on Lean project — LPS

Findings: The LPS improves sure thing & reliability of construction production & complete project
quicker than typical system

Applicability of LPS: The LPS works on tiny & massive Scale comes

Last Planner works with all procurement routes & commercial terms

O Gov O
N T O\ & e S\ (1)
: D)_gpy_ Bk \p B/

D B D P B D B D B 8 Operator D B \ b d
D-B-B D-B EPC CMmagency Cp\@risk PPP IPD Alliance IPD?

assumes neither party is to be trusted assumes trust and verify
owners are ostranged from designers and constructons owners are fully engaged

Fig 2.6 LPS Applicability- Project Model

The new strategy Developed by lean:
» Aligns individuals, systems, business processes & practices to
* Harness the skills & insights of all participants in order that they'll
» Create the specified price for the client (while making associate degree applicable come for
all stakeholders),
* Reduce waste & maximise effectiveness throughout all phases of style, fabrication &
construction.

people
information
equipment
materials
prior work
safe external conditions
safe space
+ shared understanding

Fig 2.7 The Eight Construction Requirement

Critical Path technique (CPM) can't be used as a managing tool for a program:

As per senior managers in a very massive international construction corporations delineated it as a
list won’t to check the practicability of finishing a program in a very given time-frame, its utility stops
there and CPM isn't economical to manage a program.

There are several reasons why organizations and comes adopt last planner:
» To determine & address potential issues before they become obstacles within the project
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To facilitate improve the production method reliability

To scale back the incidence of unhealthy news & to urge what unhealthy news there's early
To produce those are a reliable client for just-in-time deliveries

To develop superior skills and scale back the load on management
To mobilise social pressure through commitment management

To produce a lot of foreseeable & reliable production program

To deliver with a lot of safely, quicker & at reduced price

To stabilise comes and support alternative lean actions

To deliver comes with bigger price sure thing

To improve construction supplying on comes

To improve predictions of labour needed

To scale back the danger of harmful loss

To complete comes on schedule

5 + one Crucial Conversations - Building Trust among Key Performers

Collaborative Programming —creating and agreeing the assembly sequence (and press it if
required)

Make ready— creating tasks within the Look Ahead amount prepared (i.e. constraint free) so
they will be done once the team need to try and do them.

Production planning— collaboratively agreeing production tasks for future amount (shift, day
or week)

Production Management — collaboratively observance production to stay activities not off
course

Measurement, learning and continual improvement — learning along regarding and up
project, coming up with and production processes.

The further system includes 1st Run Studies (FRS).

e >

T orarect miestons pan " miestone pian
12-20 wk handover plan phase plan - handovers to next milestone
4-8 wk lookahgad work being made ready

1 wk production pian ised work
compilated work | .

Fig 2.8 LPS Level of Detailing
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can do

of Satisfaction + ensuring that information, prior work,
materials, space, equipment and tools, external

information_ do
ShOUIdJ et " conditions are ready to come together at the workface

do |

' building synergy, ensuring clean handoffs between trades and ensuring
\ milestone should do_  that earfier trades understand the requirements of later trades
. planning J i
Last ’f‘ mmmummmmmcﬁnmwmm

© Alan Mossman 2014
hitp://oit i/LPS-5cc

Planner® é}% >

System  boulders  rocks pebbles  sand

Fig 2.8 LPS Process Overview

5 + one Crucial Conversations - Building Trust among Key Performers

» Collaborative Programming —creating and agreeing the assembly sequence (and press it if
required)

* Make ready— creating tasks within the Look Ahead amount prepared (i.e. constraint free) so
they will be done once the team need to try and do them.

* Production planning— collaboratively agreeing production tasks for future amount (shift, day
or week)

* Production Management — collaboratively observance production to stay activities not off
course

* Measurement, learning and continual improvement — learning along regarding and up
project, coming up with and production processes.

* The further system includes 1st Run Studies (FRS).
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Plan level Responsible

Project design & Project Manager

development Design Manager

1 Master schedule Project manager

Where

Pre-project/
initiation stage

Before project
start on site

Time scheduling

Develop collaborative
program for design

Establish decision schedule

Develop overview of main
activities;

Set milestones

2 Collaborative
program; phase

Site manager

Collaborative
programming

Develop phase program

program meeting
3 Make Ready Site manager Make Ready Detail activities;

5-9 weeks meeting Identify & remove hazards
4 Production Plan Foreman Production Ensure all activities have

2-4 weeks Planning similar level of detail & follow

meeting correct sequence;
Identify & remove hazards

5 Team plan Team supervisor Team meeting  Go through activities for the

coming week coming week

6 Production Individually, and Morning Decide final team plan;
Management team based meeting review incidents from
daily yesterday; go through today’s

operations

Fig 2.9 Overview of 5 + 1 Crucial Conversations in Last Planner System

2.4.8 Research Paper 08: Lean Project Delivery — Innovation In Integrated Design &
Delivery — Research Gate , Year — 2014

Author: Alan Mossman, John Herschel Glenn Jr. Ballard & Christine Pasquire

Purpose of the Journal: to work out however enabling of integrated style and delivery of comes
victimization Lean project delivery principles & tools is effective for project delivery as compared to
ancient / typical system of project management

Method: Description and analysis of action analysis & learning in current apply

Tools: Incorporated as a lean tool: A3 style thinking, Evidence-based style, Set-based style, Target
price style, Integrated Project Delivery, Last Planner System, Collaboration of Stakeholders

Findings: within the context of Lean Project Delivery with Last Planner System project was able to
complete ten months earlier & with Target price style (TVD) comes are completed below market
value—so much the maximum amount as nineteen below and expected cost falls as style and
construction progresses
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2.5 SPECIAL STUDY

2.5.1 Choosing By Advantages (CBA)
A methodology of deciding methodology supported the importance of benefits.

2.5.2 Co- Location / Big Room (Online / Offline)

Technique of Lean & IPD (Integrated Project Delivery), that is meant to boost collaboration through
bigger team integration by physically conveyance along designers, builders, users and owner along
to figure during a single location, usually on-the-scene or inside shut proximity of the project
website.

2.5.3 Continuous Flow

Uninterrupted & standardised info flow: RFIs, Submittals, amendment Requests, Project Reports.

+ Clear demand & Scope Analysis — All stakeholders

+ Clear identification & directions on deliverables & work flow pattern.

+ Change order management with a lot of client involvement and proactive action to satisfy the
customer’s demand.

* Involvement of shopper & user effectively & advisedly is necessary

» Effective engagement of all stakeholders in cooperative approach from starting

» Avoidance of delay of response / info flow; and resulting in price generation by removing
waste.

2.5.4 Increased Visualization

It is an info communication key to the personnel through signs and labels associated with safety,
schedule and quality- it helps to recollect components like personnel, progress, performance target
and specific needed actions.

2.5.5 Daily Huddle Meeting

Daily start-up Meeting for standing update it additionally involves downside finding and a few
coaching.

2.5.6 First Run Studies:

It involves PDCA (Plan- Do- Check- Act) approach for continuous improvement, learn and solve
downside from its root cause.

2.5.7 A3 Design Thinking/ Problem Solver:

There are varieties of uses of A3s:
* Problem finding — Through PDCA & Root cause Analysis
» Tracking & observance
* Making proposals
» Status coverage
» Strategic coming up with
» Documenting choices

Purpose:

Group of individuals to agree on a haul definition, study the matter and its causes, agree on one or a
lot of countermeasures, implement it/them, & live from what happened and what they learnt within
the method.
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PDCA has five steps look—ask—model- discuss—act (LAMDA for short):

* Look = ‘go and see’ the matter for yourself,

» Ask others for his or her opinions regarding the problem;

» establish root causes and

* Model the matter victimization the info you have;

» Discuss what you have got learnt with key stakeholders and
* Get agreement so you'll be able to take action.

Design thinking: A non-linear process

""" Tosts croate now ideas 1+

5 for the project N
\

Learn from ,‘

pegtotypes to spark
now 1deas

"' * Empathise to helg

Empathize

.. _Tests reveal insights that
"~ “redefine tha problem ™~

Vimerc oy (et e u-.‘il"

do

plan :
check

j act/adjust

Fig 2.10 A3 Design Thinking — PDCA Approach
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2.6 LITERATURE CASE STUDY

2.6.1 Case Study 01 - Housing Units in Damaturu, Nigeria

Low value homes reasonable for LIG by Yobe authorities Of African country.
Managed by Ministry of housing to make three hundred units at state capital:
* A pair of 100 Units — 2 bedchamber Bungalow: Duplex & Semi Detached
* 100 Units — three bedchamber cottage
Ministry of housing has six appointed teams:
*+ 1 Team — enforced Lean system: Last Planner System by Project Manager on coming up
with & operational management
* 5 groups — enforced typical system
Overall Responsibilities of team:
Production, Material Management & Schedule
Master Schedule worn out totally different stages:
Main Structure; Roofing; Finishes; Services

Table 2.3 Project Schedule & Labour Overview

Housing Units 50/ team 50 / team

Team 1 team 5 team

Schedule Implemented LPS Conventional

Working day / week 5 Days/ Week 5 Days/ Week

Estimated Completion— 120 Days 120 Days

Master Schedule

Estimated Completion— 90 Days 90 Days

RPS

Labour Employed/ Unit 7 to 10 per unit 15 per unit

Actual Completion Period 65 to 72 days More than 120 days

Other Results Objectives Many block (250

Achieved Nos.) incomplete

after 120 days,
completed later by
LPS Team

Objectives:
e \Waste & non-value added activities eliminated
e Functional 2 way communication provided
e Collaborative Planning

Before Project Implementation — Pilot Project was implemented:
e Study on LPS
e Method of Implementation on LPS
e Training on LPS
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Table 2.4 Project Parameters

Parameters LPS Conventional
Minutes of Meeting
Schedule

Activity & its duration

Completion Date as per
Schedule

Date Completed

Constraints

Reasons for Failure to
complete project as planned

Labour Employed to each
activity

PPC

Interview of Team Members

Constraints Faced During LPS Implementation:

Team members were not familiar with LPS

Therefore it was tedious job for PM to monitor all the activities

Team member become fed up with new techniques during the project, but appreciated at the
end

Initially project manager has to maintain all documentation of result, including the
subcontractor’s work as they do not appreciated the tedious planning work & recordings

The team members expected that additional management tools are not important to the
project objectives, as it make their work more tedious

Method Used To Overcome The Above Constraints:

The PM proposed an incentive to be given to the committed staff

This improves the participation of project team to record keeping

Daily meetings, interviews were conducted on courses of failure to meet up with schedule
Little constraints were compiled & variance were identified & addressed

Project Performance:

Completed 18 to 25 days before RPS & earlier than master schedule by 48 to 55 days.
PPC Value above 70% as no force majeure interrupted the schedule
Project Participants involvement improved by the provision of incentives
2 Way Communication
Understanding, Accountable, Reliable & Predictable team work
Problem solving in all WWP Meeting before execution
Training on LPS to team member
Problem solved by project manager
Human Errors in small number were also taken care
24



2.6.2 Case Study 02 - Four Floor University Underground Garage, US

Cast in place reinforced concrete structure, 5 Storey building to built on top of garage of steel frame
& reinforced masonry walls for retail shops & dormitories.

Size of garage: 133,500 sq ft

Project Duration:

o Working days / Week= 5 days/ week
o Master Schedule - 105 working days
o RPS — 89 days
o But completed — 81 days
Project Participants:
o General Contractor
o Formwork Subcontractor (Sub A)
o Rebar Subcontractor (Sub B)
o Vice President of GC & A Research Team (RT) — Experienced in LPS &

Implemented LPS

Table 2.5 Pro'iect Labour Force

General contractor (GC) 7 staffs & 26 workers / day
Sub A 14 workers / day

Sub B 15 worker / day

Objective behind Implementing LPS Here:
* Waste & non-value intercalary activities eliminated
* Functional a pair of method communication provided
+ Collaborative
Before Project Implementation — trial was implemented:
e Study on LPS
* Method of Implementation on LPS
* Training on LPS
Project Team Classification Into two sorts supported Functions Performed:
1. Planner’s Team:
a. junction rectifier by: Project Manager
b. Focus on: Operational coming up with & dominant
c. Members:
GC’s Superintendent
Foreman
Project Engineer (Incharge of website safety)
Sub A
Sub B
a. they're all known as as last planner
Worker's Team:
a. junction rectifier by: Carpenter Foreman
b. Focus on: Daily Huddle Meeting
c. Members:
8. Labours
9. Carpenters

ogkwN

~
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Challenges featured whereas Implementing LPS:
+ dynamic Mind-set & Behaviour of team members with lean technique was challenge
* unacquainted with / Misunderstanding of lean ideas & Implementation
o PM powerfully reacts, puzzled his management ability in question
o He emphatic that there's no would like for extra management tools
o Most of the last planners thought that further management tools weren't
appropriate for housing industry
o Last Planners felt it as extra add on & had adscititious an excessive amount
of to their work
» Initial concern to questioning the standing of the project & sharing ideas by staff to
higher authorities

The on top of Challenges Has Resulted In:
* Initial incomplete implementation of all the tool
* No constraints were indicated
* Low accuracy of constraints & variance were provided
* No daily huddle conferences happened
* RPS was created just for part 1- Underground garage Construction & not part two —
on top of structure

Solutions enforced to beat Challenges featured throughout Implementation of Lean Here By,
PM & RT:

» GC Offered coaching categories

» Incentives & promotions / recognition:

* Promote behavioural amendment

* Encourage worker involvement

* Rewarded real improvement

* Encouraged open 2 way communication

Challenges featured whereas Implementing LPS:
1. Dynamic Mind-set & Behaviour of team members with lean technique was challenge
2. Unacquainted with / Misunderstanding of lean ideas & Implementation
+ PM powerfully reacts, puzzled his management ability in question
* He emphatic that there's no would like for extra management tools
» Most of the last planners thought that further management tools weren't appropriate
for housing industry
« Last Planners felt it as extra add on & had adscititious an excessive amount of to
their work
3. Initial concern to questioning the standing of the project & sharing ideas by staff to higher
authorities

The on top of Challenges Has Resulted In:
» Initial incomplete implementation of all the tool
* No constraints were indicated
* Low accuracy of constraints & variance were provided
* No daily huddle conferences happened
* RPS was created just for part 1- Underground garage Construction & not part two —
on top of structure

Results:
o Constraints Analysis (at create prepared Meeting):
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o Material, Verify period of activity meets schedule, Labour convenience as per
schedule for every activity
o Note: even supposing project anticipated Constraints at early stage, Variables
weren't thought of.
o Variable Analysis:
Performance of previous week wasn't reviewed throughout WWP Meeting as
issues were half-track on the spot and were solved at spot

Other Major problems featured here by Human Error:
* Unclear Indication of the drawings by creator and engineers:- data; Sections &
elaborate drawing for connections; Measurements; little scale drawings & Information
* Due to the current, delay has occurred, labours waited for engineer and principally
junction rectifier to remodel
Table 2.6 Task Scheduling Accuracy

TASK SCHEDULING ACCURACY

No. of Duration Accuracy Of
Tasks Schedule
GC 84 1 or 2 day short + 1day over-or
duration under-
estimated
« But
comparatively
more accurate
SubA | 16 5 to 10 days long Marginal
duration
SubB | 32 Mixed duration 2 Accurate

Table 2.7 LPS Measures Implemented

Tools Criteria for Assessment
Pull Approach, quality, knowledge, communication and
Last Planner relation with other tools

Visualization, continuous improvement, knowledge,
communication and relation with other tools
Time spent under control, review work to be done, issues

Visualization

Dalty Huddie Meetings covered, communication and relation with other tools
Action Plan, continuous improvement, knowledge,
First Run Studles communication and relation with other tools
Average Score
Initial Achieved Expected
Tools Measure Items /Target

Reverse Phase Scheduling, Six Week Look-
Last Planner ahead, Weekly work Plan, PPC Charts and 3.6 7.2 6.25
reasons for variances

Commitment Charts, Safety signs, Mobile

Visuatization signs, Project milestones and PPC Charts 34 7 6.75
Daily Huddle All foreman meeting and start of the day 4.6 7.4 4.75
Meetings meeting . : x

First Run Plan, Do, Check, Act and Productivity 3.1 6.6 4.25

Studies Studies
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Constraints vs. Variances
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Fig 2.11 Constraints Vs. Variance

FRS (First Run Studies):
o Estimated Productivity before Project start: 53% to 62%

o Initial achieved Productivity: less than 30%
Due to:
e Material placing too far
e Weather Condition
e Alignment problem from the prerequisite work performed by other trade
o After first Run Study, Productivity Increased: 3 times the previous value and more
Due to:
e PDCA Approach- Root Cause Problem Analysis & Continuous improvement
e Closure Placement of Material
e Training
Prerequisite check and Approval
Open, two way communication and friendly atmosphere

Accountability avoid blaming
Idea sharing environment between labours, workers, GC, PM, Subcontractors

O O O O

PPC (Percentage Project Completion):
Phase 1 Completed:
o 8 days ahead of RPS
o 16 days ahead of Master Schedule
o 90% to 100% of GC & Last Planner Goal achieved
PPC Value:
o Initial 20% value of PPC - 60 % to 70 %
o Next 40% - 70% & 90%
o Next 15% - above 90%
Main Reason for :
PPC Downward Slope:
1. Weather- heavy snow and wind chill
2. Initial Scheduling / Coordination
3. Prerequisite site work
28



PPC High Value:

Training

Recognition of team

New set of sequence to accelerate & Shape work flow rate and optimize productivity
by PM

Last Planner Commitment & high reliability

Repetitive nature of the project

Increased Visualization:

A.

O

Safety Commitment :

Placed at trailer where safety training was conducted for new employee

Safety meeting conducted at Job site held at the beginning of the project for staffs
and workers.

To discuss Importance of safety practice of company and feedback from people on
site safety at Jobsite.

B. Safety Sign

Placed at different spots of Phase 1 & 2 at site entry and exit, created by workers.

C. Completion Dates:

@)

O O O O O

Milestones as per RPS;

Work Sequence;

Constraints log;

Completion date for each floor;

Expected date of completion as per WWP and

Drawings with work Sequence for workers Placed on the gang boxes at each floors
and retaining wall.

D. PPC Chart

o
O
O

Based on WWP Actual Schedule and Variance analysis by PM
For each week, trade and overall project
Daily Huddle Meetings
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2.6.3 Method of Implementation of LPS at Case Study 01 & 02

STEP 01- MASTER

SCHEDULE

+ Developed by: Project Manager
+ Ultilizes: Push system Approach and Experience from similar project

* Includes:
o Overall Sc
o All phases

hedule

» Further Proceeding:
o Master Schedule

o Drawing

o Work Sequence

o Early warning chart

o Construction Methodology
PROJECT 1- To distribute before RPS Meeting to: All Planner & Rebar

Suppliers

PROJECT 2-To distribute before RPS Meeting to: To project team

members

STEP 2- BEFORE RPS MEETING:
+ Lean concept & Last Planner Procedure - were explained to all the Last

Planner

« LPS Training Provided to: all team members Project Objective linkage

with LPS

STEP 3- RPS MEETING:

+ Project 1 Participants: All last Planners

+ Project 2 Participants: All last Planners & Rebar suppliers

« To Develop: Network of detailed activities in Reverse sequence
from Last Activity and the Last Planner

+ Procedure:

Material Used: Post-its & Long Sheet

a. Planners wrote down activities on post-its ( 1 activity in 1
post-it), Along with individual duration

b. Planners stuck those post-its on long sheet as per time

line- in
date.

backward sequence from the target completion

c. All Planners:

a.
b.
c.
d.
e.

Note for Step 03:

Identify logic between activities

Refine the sequence if required by moving post-its
Discuss & Decide: Which activity would be on
critical path

Determine Floats for those activities on critical path
& with uncertainties

A detailed reverse based schedule is prepared with
determination of constraints

Master Schedule is guide for RPS Production
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STEP 04- SIX WEEKS LOOK-AHEAD (SWLA)

Developed By: Project Manager
Distributed To: Weekly Work Program Meeting Members / Last

Planners at WWP Meeting

Procedure:

1.Iltis a 2 weeks or 6 weeks Micro level breakdown schedule with
constraints indicated in discussions with other last planners based on
RPS & Master Schedule

2.Updated Daily based on progress from actual schedule

3.Research Team (RT) documented constraints with indication by the
PM & Performed Constraints Analysis

ADM Model:

Constraints Identification and removal before Activities start, Aids Make

Ready Planning to check availability of resources, information and

prerequisite for next 2 to 6 weeks, Through Look Ahead window maintaining

constraints log.

Primary Category of constraints includes:

1.  Directives: Guidance / information to be available for the work to be
done or assessed or produced

2.  Prerequisite work: Workto be done prior to the activity to take place
successfully

3. Resources: Man, Material, Equipment and tools and Money

@ o @

ACTIVITY DEFINITION MODEL (ADM)
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S 05- WOR

Project 01 Participants: All Team members, including Honourable
Commissioner of Ministry of Housing Held on: Monday every week
Project 02 Participants: All the last planners and Research Team Heild on:
Thursday every week

Procedure: Each trade submits its own upcoming week's schedule to the
Project Manager on the day before WWP Meeting.

Meeting Addresses:
a. Work to be done for the week; Weekly PPC & Production Plan
b. Issues of Planning Process such as:
+ Schedule,
Manpower,
Material,
Equipment Availability
Safety
Construction Methodology,
Early warning Charts,
« Other Problems from job site
c. First Run Studies - Identify root causes and solving Problem It enhances
open 2 way communication

STEP 06- PERCENTAGE PROJECT COMPLETED (PPC)

Prepared by: Project Managemer

Distributed To: Last Planners in WWP Meetings
On Basis Of: Week Basis, Trade Basis, Overall Project Basis

Done By:

Comparing every week progress and update on original schedule
with actual schedule (Actual Start & Finish) : WWP Schedule and
Variance Control table & Analysing them

ey

N a e PR

Fig 2.12 Method of Implementing LPS in Case Study 01 & 02
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2.6.4 Case Study 03 - Federal University, North Central Region, Nigeria

Project Background:
o Construct 4 Prototype hostel Building by 4 different contractor.
o First three contractors uses Conventional project planning while the 4th Contractor along
with Guidance of project manager continuously implemented Last Planner system.
o Project Cost : 1,200,000
Estimated Project Completion as per Master Schedule:
18 months
Results:
o CRT 1: completed 5 months late
o CRT 2: completed 6 months late
o CRT 3: contractor has abandoned the project due to cost over run
o CRT 4: Started 3 months late but completed 2 months earlier
LPS Implemented here includes:
o Reverse phase scheduling (RPS)
o Look Ahead Planning
o Weekly Work Plan (WWP) & Meeting
o Percentage Plan Completed (PPC) at end of each week

PPC of the Project:

Was low in first week:
o As team members were resistant to LPS Implementation (new system)
o Lack of commitment to change and innovation
o They are sceptical about benefits of LPS Implementation
o Unrealistic Expectations
o Lack of top management commitment

It was overcome by:

o PMiinterest and training of team members about LPS

Weekly progress of project from PPC improved from 40% to 80% and then to 100% at 16th

week due to:
o Project team understood the need to keep promise
o Completing activities as planned
o Improved proactive site planning
o Two way Communication between project stakeholders

Constraints faced here by LPS Includes:
° Material unavailability:
o Due to increase in Price - Concrete and Steel
o Distance between Project Site and Nearest supply location for aggregate & other
materials were high, leading to shortage of material at site
Pre-requisite work
Availability of workforce as project requirement
Late requests / submittals, incomplete design information
Defects requiring rework
Equipment breakdown
Poor weather
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Constraints Addressed by:
By implementing weekly planning & meeting and look ahead/ make ready planning together
with regular Constraint analysis to remove the Constraints before they occur.

1. Better Allocation of resources, an organized flow and access of materials,
making each team aware of what to do and when to do each assignment through
continuous make ready and weekly planning.

2. The problem with material shortage was overcome by 4th contractor by engaging
short term and look ahead planning to ensure they are available as prerequisite
before work starts.

3. Regular availability of information with the help of make ready and weekly
meeting

2.6.5 Case Study 04- Comparitive Analysis Of Restrictions Faced During Lean
Implementation

Table 2. 8 Prolects & Typologies

Advanced Communication and Information hnology Center (ACITC)at Virginia Tech |1'| |' '
Campus, USA
2 Four floor University parking garage, USA Commercial
3 17-storey residential building, Brazil Residential
4 Construction and refurbishment of an industrial building for a steel & car manufacturer , Ind
Brazil ey
6 Faculty of Business and Administration building, General classrooms and laboratories, Saudi Instituti
Arabia SN
7 Cathedral Hill Hospital project, USA Heaith care

Table 2 9 Challenges Faced while Implementlng LPS

i Orgamzatnonal inertia or resistance to change or “This is how I always donelt
attitude

2 | Lack of commitment to LPS implementation or attitude towards new systems
3 Lack of human capital - lack of understanding of new system or difficulty to
make quality assignments or lack of skills and experience
4 Lack of training
5 Lack of leadership or failure of management commitment or organizational
climate
6 Lack of stakeholder support
B Lack of empowerment of field management or lengthy approval procedure from
client and top management
8 Poor use of information generated during implementation of LPS
9 Contracting and legal issues or contractual structure
10 Partial or late implementation of LPS
11 Bad team chemistry or lack of collaboration
12 Bad work ethics and cultural issues
13 Short term vision
14 Inadequate administration
15 Extra resources or more paper work or extra staff or more meetings or
Additional time
16 Misinterpretation of PPC indicator
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Table 2.10 Motivations for Implementing LPS

Summaries Of Motivations Behind LPS Implementation
1 Increase work plan reliability
2 Reduce uncertainty
3 Integrating supply chain management functions
4 Improve work flow reliability
5 Improve construction planning practices
Shielding production, integration between long- and short
6 term planning, controlling and learning, management of
physical flows, cost control and safety planning and control
7 Reducing number of workers
8 Make timely decisions
9 Learning from failures
10 Continuous improvement
11 Reduce cost of construction
12 Eliminate waste
13 Increase profit
14 Reducing batch-size
15 Developing an integrated apprc_aach for product and progress
design
16 Improving productivity
17 Reducing production time
18 Find relationship between plan reliability and schedule
performance index

LPS provides all of the following:

A work plan of what should be done

An organization chart -who does what?

An agreement between trades - when to start and when to finish
A logistics plan - when we need materials, trade teams,
drawings etc

A tool for workflow control - when we want to do which tasks

A basis formonitoring progress

BN =

oo

Fig 2.13 LPS Output

CRITICAL QUALITY CHARACTERISTICS OF AN ASSIGNMENT:

The assignment is well defined.

The right sequence of work is selected.

The right amount of work is selected.

The work selected is practical or sound; i.e., can be done.

PO~

Fig 2.14 Characteristics of an Assignment
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Table 2.11 Benefits by Implementing LPS

BENEFITS REALIZED BY LPS IMPLEMENTATION

1 Increased workflow reliability
5 Reduced project delivery time or reduced production
time

3 Increased work plan reliability

4 | Improved communication among project participants

5 Less firefighting or fewer problems in day-to-day
running of project

6 Improvement in quality of work practice

7 Enhancement of managerial practices

8 Knowledge expansion and learning

9 Reduced stress levels

10 Improved work planning ability

11 Improved informational transparency

12 Reduced cost

13 Better resource leveling

14 Better control over assignments

15 Improved safety

16 Improved microlevel planning

17 Improved resource utilization

18 Improved project performance

19 Reduced batch-size
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CHAPTER 3
CASE STUDY

3.1 LIVE CASE STYDY 01 - SS LOGISTICS- LIGHT INDUSTRIAL PARK AT IGGALURU,
BANGALORE

3.1.1 Project Background

It is a Light Industrial Park at Iggaluru for Flipkart - Warehouse Logistic storage

Area: 9950.40 Sgm of Shop Floor and 1024Sgm of Mezzanine.

Other buildings with Warehouse:

Scrap room, Fire Control room, Transformer with substation, STP with Collection tank,
Parking, Fire Fighting, HVAC, Plumbing and other services were included in the project.
Initial expected project start & end date: 11/12/ 20 to 21/08/21 (249 days)

Project Start after 1st Delay: 22nd Jan 21

Estimated Project Completion after 1st Delay: 21 June 21

Project Management System Followed here- Lean Last Planner System

3.1.2 Project Participants

SS Logistics — Owner

Flipkart- Client (3rd Party Leasing)

Tata Consulting Engineers - Structural Consultant
EPMCR, Chennai — PMC

Jyothi Construction - Civil Contractor

Nikitha- PEB Contractor

3.1.3 Project Organization Chart

Organisation Chart followed here — Construction Stage

Client Owner All Consultants Contractor

\ 4

Fig 3.1 Organization Chart — Construction Stage

3.1.4 Project Schedule Overview - Footing

Footing work divided into 3 work fronts based on footing types and similarities to reduce
wastage during shuttering and to optimize the productivity of contractor.
Current Stage: Civil Core- Footing Work 3rd Work front Concerting
Civil Work — Footing:
= Footing:

o Marking For Excavation
Excavation & Soil Dressing
Soling In Layers
Shuttering & Ppc
Marking & Rebar Work
Footing Shattering & Concrete
Deshuttering & Curing
Soil Filling In Layers Up To Footing Level
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= Pedestal - 1st Lift:
o 1st lift Rebar Work

o Shuttering & Concreting
o Deshuttering & Curing

o Sailfilling in layers up to 1st lift Pedestal
= Grade Beam
o Excavation/ Sail Filling & Dressing Shuttering & PCC

o Marking & Rebar Work
o Shuttering & Concrete
o Deshuttering & Curing

=  Pedestal - 2nd Lift With Anchor Bolt
o Rebar work

o Shuttering & Concrete
o Deshuttering & Curing
O

Soil Filling in layers for PEB Erection

Table 3.1 Footing Progress & Estimated Completion

00 divided ORK FRO ORK FRO ORK FRO Estimated completion
0 due to delay
0. of Footi 43 37 34
U
Overall Original 25Jan21-27 Feb21 02 Feb 2104 Mar 21 09 Feb 21—-11Mar 21 -
: d D Ma 0 0 0

ompletio
Footing 25Jan—08 Feb (12 d) 02 Feb—13 Feb (11d) 09 Feb—20 Feb (11d) 11 Mar 2021
Pedestal — 1tlift 02 Feb— 12 Feb (10d) 09 Feb— 18 Feb (9d) 16 Feb —25 Feb (9d) 15 Mar 2021
Grade Beam 13 Feb — 24 Feb (10d) 19 Feb— 01 Mar (Sd) 26 Feb — 06 Mar (8d) 19 Mar 2021
Pedestal —2"3Jift | 17 Feb—27 Feb (10d) 23 Feb — 04 Mar (9d) 02 Mar — 11 Mar (9d) 23 Mar 2021

3.1.5 Project Delay Overview - Footing

Reason for 1% Delay of Schedule:
o Excavation started by December 25th to 26th 2020, delayed later due to wrong Geotechnical
Investigation done by client employed subcontractor before appointment of Structural
Consultant (TCE) and later waited to receive Structural Consultant's (TCE) Guidance on
construction methodology to that Soil typology.

Other Overall Delay in Footing Work till today are:
o Rain, Dewatering required
o Labour Availability
o Skilled Labour Availability- Shuttering Carpenter
o Pedestal height was high due to soling which was added , leading to shortage of shuttering

material.
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3.1.6 Project Meetings

Table 3.2 Project Meetings Held as per LPS

RPS Meeting Project start RPS from Master Schedule

SWLA Meeting Month end Month & 2 weeks Schedule
Look ahead window — Prerequisite work,
information, resources make ready & constraint

log
Monthly Report

WWP Meeting Wednesday WWP, Daily detailed Schedule, Progress- PPC
(Weekly, Trade & Monthly); Risk & Root cause
|dentification & Action Plan

Daily Meeting Daily DPR - Submitted following day — Client & PMC

Progress update detailed
Reason for delay & Action plan

Table 3.3 Project Meetings Participants

Schedule Based Participants
Meetings

Master Schedule Client, PMC, Architect, Structural Consultant

RPS Meeting Client, PMC, Architect, Structural Consultant, Civil Contractor & Land
Developer Contractor

SWLA Meeting Client & Flipkart (If Required) ; PMC, Civil & PEB Contractor, Sub

Contractor
WWP Meeting Client, PMC, Civil & PEB Contractor, Flipkart
Daily Meeting Daily Progress Report - Client, PMC, Civil & PEB Contractor

Daily Huddle Meeting: PMC , Foreman, Labours
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3.1.7 Percentage Project Completion

Table 3.4 Civil Work Substructure— Daily Schedule Report Detailed From WWP ( For
Period : 20 Feb - 28th Feb 2021)

DAY WISE CATCHUP SCHEDULE

SS LOGISTICS STATUS AS ON

WORKFRONT-01 (A-F)

Footing Concrete

Soil Fillingin Layers upto FGL in Foootings 6|6|6|6]|5

Pedestal -1st Lift in Nos 8| 8| 2

Grade Beam in Rmt 60| 60| 60|20
Pedestal -2nd Lift with Anchor Bolt +Grid Area 11

Sail Fillingin Layers for Grid (A-F) for PEB Erection
WORKFRONT-02(G-Q)

Excavation & Soil Dressing
Soling in Layers 3
Footing PCC 3

Footing concrete 6] 6
Soil Filling in Layers upto FGL in Foootings 6| 8| 8 6

Pedestal -1st Lift in Nos 6| 8| 4
Grade Beam in Rmt 40
Pedestal -2nd Lift with Anchor Bolt +Grid Area

Soil Fillingin Layers for Grid (A-F) for PEB Erection

WORKFRONT-03(R- U1)

=

Excavation & Soil Dressing 6] 6| 4

Soling in Layers 6] 6 6 6 5

Footing PCC 3| 6] 6/ 6] 6] 2

Footing concrete 6| 6/ 6 6| 6| 1

00
00

Soil Fillingin Layers upto FGL in Foootings
Pedestal -1st Liftin Nos 4, 8| 8| 8
Grade Beam in Rmt

Pedestal -2nd Lift with Anchor Bolt +Grid Area
Sail Fillingin Layers for Grid (A-F) for PEB Erection
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Table 3.6 Civil Work — Daily Progress Report (For Period : 20 Feb — 28th Feb 2021 /1
Week) — Backlog

BA 0

SI.NO. RESOURCE 22-Feb [23-Feb| 24-Feb | 25-Feb | 26-Feb |27-Feb|28-Feb
1 Footing Excavation 3 1 4 4 4 4 4
2 Footing Soling 2 4 6 5 6 4 6
3 Footing PCC 2 5 6 9 4 8 7
4 Footing Concrete 3 -1 2 5 8 10 10
5 Footing Back filling 6 10 0 5 7 11 11
6 Ped 1st Lift Concrete 1 4 9 9 4 11 11
7 Grade Beam Concrete 0 0 0 60 80 100 120
8 Ped 2nd Lift Concrete 0 0 0 11 11 11 11
9 PEB Column 0 0 0 0 0 0 0

Reason for delay (22" to 27" February):

22nd February:
= Shortage of Manpower: Soling, PPC, Concrete, Pedestal 1st lift
= Poor Lighting at Night work: Decreased concrete productivity, safety issues and affects
concrete quality
= Rework - Impact of Rain: Excavation & Back filling
23rd February:
= Shortage of Manpower (Soling, PCC, Pedestal 1st lift, Backfilling, Grade Beam
Preparation)
=  Quality & Safety (Compaction in layer)
24th February
= Shortage of Manpower (Soling, PCC, Pedestal 1st lift, Backfilling, Grade Beam
Preparation)
= Quality & Safety (Curing to follow as per Instruction)
25th, 26th, 27th February:
= Shortage of Skilled labour

3.1.8 Recommendation

1. Need to increased Manpower by Civil Contractor

2. Civil Contractor needs to plan parallel activities for Grade beam & Soil filling works to give
work front to PEB

3. Civil Contractor needs to arrange proper lighting for night work to increase productivity and
safety

4. Civil Contractor needs to follow standards/ drawings- Backfilling & Compaction works in
layers

5. Proper distribution of skilled & unskilled labour

6. Curing to be done on regular basis for minimum of 7 days to attain strength of concrete

7. Safety PPE's to be followed for all the labour inside the site premises
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3.1.9 Overview of Steps Involved In LPS Implementation

Identifying Scope, WBS, OBS, Work Methodology, Work Sequence

Relate WBS & OBS

Master Schedule Prepared (Macro level) by collecting schedules submitted from other
consultants in coordinated manner

Cycle time for each activity as per labour, equipment & material requirement, workability,
process duration and master schedule

Prepare RPS — Reverse Phase Schedule

Prepare SWLA — Here Monthly & 2 week schedules are prepared

WWP — Weekly Plan & Daily detailed Schedule is prepared

Daily Huddle meeting

Daily Project Reporting

PPC

PDCA

Table 3.7 Six Weeks/ Two Weeks Look Ahead Schedule
MAY 2020 JUNE 2020
w0 Wiyt WEEL) WEXA wexs L Wik WEEKY

e SR I Ty -— T AT -y "

A Y
m- mare et v sres xR ey MOH BN o f— = K Y [N o wmaren X
- LUINGRE

“m a " ——n Erreny W oA axan e b
A bt recres oTon PescaIIEC M e ORI KT s xTve mzeE= e sz wrees
g
e v T - < e ATy - T e Ararn wnen -
GSB & WMM Xarem o e e OO0 weren s oo e = KA Enm e =
F'LUNG WORK Lot e R nen “inam ms s =an
IO ST PLATINN WIS PCDRI0N I etz v 00N ATV HEDICENCR WYY TN STV
|

WEEK 1
CONCRETE LOCATION (5) SCOPE OTY
Ll :::Z:::SE:;R ACTIVITY
]
GSB & WMM LOCATION SCOPE OTY
FLL e :::L::;Rmmw
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Table 3.8 Weekly Work Plan / Production Plan

| . . ! ~
CO Proposed Factory building at Thodukadu MRM|
Look Ahead Schedule (Production Plan) - WEEK 1 For "B Block
Location Day 1 Day2 Day3 Day 4 Day 5 Day6 Day7 Activity
North Grid 1 2700 cht Y
F2-2M0s, F3-Nos_|Sunvey and marking Exsaion
735ch ;
o Sand Filing and PCC
Table 3.9 Weekly Work Plan / Production Plan
S5 LOGISTIC WEEK -01
TRADE LWL WORK DAY0L oar-n DAY-03 DAY-04
T | ‘m::f"' lwumvl . aa | sonm wruﬂmlbmm -
! Loca0N Erees Baboyy _‘E' T oamn|  Etelderg -
AOPROVED IRANNG g &
¥ [ | Achiedshanaligees H 3 mlmmmmwmm %
i i | \ 3
3 (oA 10wy | W ‘ & & !mq 1oy W
1| aowa | rootmgMecting oty | adas [ | F | somr | sectigvamg | ooy | s | | 1 mmq[m[sm FoLaawey | FootegManing feumuh| is
1 looom|  janses E OCRIYN | VAD 16 L6 WAL H FROALRL-H| 3 (RDB-14CT
ev— § El HAIE ;
% MR | Saveprdeherain L i ; MO | Sy g Wi T $ . Sermepa ek Wil TL i , mowa Savepotfhepernth T8 §
3 DURAON | L5 | W l I 8 E AN S| oW 1 s ; H 15| W } J hq | = | »
TRADE -CIVIL WORK DAY-01
F FOOti;:ﬁ :!E ntre QUAN““
-]
ﬁ LOCATION Entire Building <
APPROVED DRAWING § 5
w RESOURCE | Architect,Structural Engineer i
= =
& | DURATION | 1Day RFI - 9
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Table 3.10 Civil Work — Daily Progress Report- A3 Problem Solver - PDCA

PROJECT: S LOGISTICS-LIGHT INDUSTRIAL PARK AT IGGALURU DATE REPORT NO.
STAKEHOLDERS:
BACKGROUND
PROJECT STATUS PROGRESS ON 22-Feb-21 QUALITY
DESCRIPTION | Total Com. | Planned |Achieved|  Backiog |
| s 3 3 |
I 0 0 0 SAFETY
[Reason for Backiog:
TARGET CONDITION/MEASURABLE OBJECTIVE:
|Following activities to be completed on % basis STATUS ACHIEVED AS PER SCHEDULE
Example: DESCRIPTION Total |Completed |Balance
100% -Footing Footing 114 114 0
|{Excavation, Soling PCC.Concrete) Pedestal -1st Lift 116 92 24
ROOT CAUSE & GAP ANALYSIS :
Soling (4/6) , g [Excovetion (3/6)
% § PeClse) \ 5 Backfilling (0/6)
g Concrete (3/6) : E

A

§§ Affects Quality of Concrete
z; Causes Safety issues

Decreases Concrete productivity

DELAY IN PLANNED ACTIVITIES

~
”~

RECOMMENDATIONS:

|Example: Civil Contractor needs to increase manpower to achieve 6 Nos per day for soil dressing

IMPLEMENTATION PLAN: As per Weekly wor plan

COUNTER MEASURES
TASK RESPONSIBILITY DUE DATE
Add. 1 Team of 10 members for Soling works Project Manager -Jyothi Construction Immediate
2nd Lift Anchor Bolt Check Project Manager -Nikitha Start of Grade beam work
[Proper Lighting during night works Jyothi Construction Team On Night work basis
[Cube Register Jyothi Construction Team On Daily Basis
|PROJECTED RESULTS:
Current Required rate ReqCoyto | Estimated | Est. Start | Est.Com.
logscripTioN rate | /Dayas per Catchup | plan for Nest | Dyration Date Date
/sy plan s
|Excavation & Soil Dressing 3 3 7 3 25-Feb
Soling in Layers " 3 7 4 26-Feb
Shuttering & PCC 4 6 7 5 27-Feb
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Table 3.11 Civil Work — Week (Working Days) — Manpower, Progress , Backlog &

Cause
ANPOWER & MACHINAR PMC RECOMMENDATIONS
SINO. |RESOURCE 22-Feb-21| 23-Feb-21| 24-Feb-21| 25-Feb-21 26-Feb-21  27-Feb-21  28-Feb-21 Avg Manpower Req Manpower Toiincrease
1 |Borbender 5 5 8 3 8 8 8 7 16 B B
2 |Helper 4 4 5 5 5 5 5 5 12 7 4
3 |Mason 14 14 19 19 15 15 15 16 1 -2 O
s M 1 n 19 19 7 17 15 16 16 0 :
5 | 15 15 15 15 18 18 8 5 2 -13 : E
6 |Carepenter 15 15 15 10 1 1 13 13 20 7 ﬁ B
Total 67 67 81 7 7% % [ w n 30 g :
1 |Excovator 0 1 1 1 1 1 0 1 1 0 s
2 |Tipper 0 2 2 2 2 2 0 1 2 0 .;
3 | 4 4 4 4 4 4 4 4 4 0 g
4 |Tractor 3 3 3 3 3 3 0 3 3 0
SLNO. | DESCRIPTION 22-Feb-21| 23-Feb-21| 24-Feb-21) 25-Feb-21| 26-Feb-21| 27-Feb-21 28-Feb-21  AvgRate ReqRate Wk Progress |Cumulative
1 |Footing Excavation 3 6 3 0 0 0 0 2 4 12 110
BA 0 REASONS FOR DELAY
SI.NO. |RESOURCE 22-Feb-21| 23-Feb-21| 24-Feb-21 25-Feb-21 26-Feb-21/ 27-Feb-21) 28-Feb-21
1 |Footing Excavation 3 1 4 4 4 s | a
Table 3.12 Civil Work — Daily Progress — For each Trade, Work front & PPC
§5 LOGISTICS STATUS AS ON g DELAY ANALYSIS ESTIMATED COMPLETION -01
(43 Nos- GRID A to F)
01-Mar-21 PLANNED|ACTUAL| Delay | %PROGRESS | ENDDATE | NO.OFDAYS | DURATION | ENDDATE
Footing 43
Marking for Excavation 43 43
Excavation & Soil Dressing 43 43
Soling in Layers 4 43
Table 3.13 Civil Work — For Overall Project & PPC | |
ESTIMATED TOTAL COMPLETION
SSLOGISTICS STATUSASON OVERALL PROJECT STATUS OVERALL DELAY ANALYSIS mm PER WORKS)
12-Mar-21 PLANNED| COMPLETED | INCOMPLETE | % PROGRESS wiﬁm NO.OFDAYS | DURATION | ENDDATE
‘Footing 114
Marking for Excavation 114 110 4 09-Feb-21 i 1 05-Mar-21
Excavation & Soil Dressing 114 110 4 15-Fe-21 %5 1 05-Mar-21
Soling in Layers 14 110 4 16-Feb-21 ) 1 05-Mar-21
Shuttering & PCC 114 103 5 17-Fe-2 3 1 05-Mar-21
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3.2 LIVE CASE STUDY 02- SCHWING STETTER, CHEYYAR, KANCHIPURAM
DISTRICT

3.2.1 Project Details

To build a global concrete pump manufacturing facility at Cheyyar, Kanchipuram district, Since unit
at Irungattukottai, Chennai is unable to expand.

PM System Employed here is- Conventional Project Management System during Design &
Construction Stage.

Project Location:
SIPCOT Industrial Park, Cheyyar, Kanchipuram District, Tamilnadu

i/

Cheyyar — Kanchipuram Rd ..

. //
QPerumbugwédtb @ SIPCOT Industrial Park
U(mHLoLy Lo auasnt. [
SITE © Opmfiéo. /)

Fig 3.2 Project Location
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+ Total Site Area: 51.77 Acres
« Major Industrial Building Area: 56,939 SqM

« Major Industrial Buildings:
o Building 01- PreAssembly & Workshop - ] ==
o Building 02- Inspection, Testing & = : !

a.izls ,‘:.-'-—";'r"j'_’ : .. 4 1
Painting a‘!.e!’ :I;q’lll o o L |

o Building 03 — Concrete Trailer, Boom . s =
Assembly & Testing BUILDING -03 Building
o Building 04 - XCMG Admin Structure:
1. El i
« Building that is scope of study: Building 03 — 5 ggét;?lﬁ?u?g om
Civil work (Substructure); 3: Toilet Building
Built-up Area: 11,324 SqM (149m * 76 m) 4. Mezzanine Floor

Why Building 03?

» Less project priority — Project planning, Material management, labour management

« Had most delay duration compared to other blocks but was able to complete prior
other projects

Fig 3.3 Project Details

OVERALL PROJECT DURATION:
« |nitial Estimated Duration: 01 June 2019 — 315t March 2020
« Actual Duration: 01 June 2019 — 315t March 2021

BUILDING 03 PROJECT DURATION:
» Preliminary Estimated Start Date: 15t June 2019
Note: Initial Delay on Start — Due to Land Approval delay (DC Land).
+ |nitial Estimated Duration: 201" Sep 2019 — 301" May 2020
Note: Delay due to lack of coordination in drawing for footing alignment.
+ Project Actual Duration: 28" Sep 2019 — 15" Jan 2021

CIVILWORK — SUBSTRUCTURE BUILDING 03 DURATION ( Delay — 281 days):
+ |nitial Estimated Duration: 20" Sep 19 -26" Jan 2020 (159 days)
+ Actual Duration: 28" Sep 19 —2" Nov 2020 (400 days)

Fig 3.4 Project Duration
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3.2.2 Architectural Layouts

uspies
d13 ® diS — dwns uonos|0D
yue) Bupsa)

BuypueH |leueiel 'd1S
'd13 ‘Knusdie) ‘piep deids

pies AsH

wooy dwnd ‘(dwns Jzem
pajeal) ‘dwng a4 JSepn
on2py) dwns punosBiapun

OWNOX - Baly Bupjied
Bupnied 1dIss

uoneIsans
% e, Jaulojsuel)

28 | ¥o0|g Aunaag
Buiping uiwpy 1dISS
32048 saueuaUIBl
¥20I8 UBYIYH

upY SINOX - 70 Buiping
Bunse) g Alquessy

woog “1ejiei) -g0 Buipiing

Bupuied g Bunsal
‘uopoadsu) -zo Suippng
douysyiopm
2 Alqwassyalid <10 Bulping
puaben

Fig 3.5 View of Site

HVAAIHO ¥3L131S ONIMHOS - M3IA AE 3LIS

49



l | w/L—jooymL - SIQUINN £l =(MaN) 9 + LEL — Jwo)

woi (uwnoD D0N) Wz} - MS O 23U WO JUBZZI JO UOTRIORY R
(uwnio) §3d) W STS) - UMON
Jubiey buppng sIaquINN JE} — JaWoD
<> sooa8 Wi, Wo—(WNOS ) 'SONZ  MS O) S4US9 WOJ) SUIUBZZSHN JO UOREIORY I0jIG +
well woz wy , wg - (1S3 $ISIM I £ ) SON 9
KHU3 buping SbUR00 jjeieAD Duping
woz
4 , A5 e— i m | | | | | m W m N ==
_ | — —— ; _
$3%8 195 ¥ Ueid Aoy f. s S eamae e Sanees S GHM St s st ver (1o RIS +—t
(wozyt .02) hquassysopeiy | L | oy _ b m LT W il ]
. L jeef b | e PRI | ik
(Wsiyi.ox)dmdswas BON (W)! ¢ 1 1 ¢ | i [ 1 [ afHAL H |
' ' 4 i ' 20 2% 4 ' =~
(wg vl .02) Mquessy dunjwoog & | SN ZSEN PR ¥

(wg'y.86'L) seipen ©
(wzyz.sgo)zwen © v
¥o01g jepo)L

(wgzs'9 . SE9S) Joord ¢ e —
G—d&@@.szueogg . ) R (N SN SN SUNN SN SN SN S (NN SN N .m B
(wgg'c . 82.°9) wooy Bugaayy - .

Buuezzaw

(0£12.520°2) sewpe ©
(wg/ev.0L) AW © N |
—(49)Ip01 - Z
(J0ooy4 1) wooy Bugssy .
(Wwg' /iyl . 21) wooy Jwond93 -

s

Fig 3.6 Building 03 Floor Plan & Details

(wogl .S1)
jooud punos 3 uoISIA yum easy Bugsay

50



2-Z NOLLDO3S

wvao 1aaLs

WOOY 1004

VIS 380

NAOD 53 I.E

LAELREEILS

Y

YIS 030

-1 NOILD3S ¢}

M “wo
= 3
llonuul\L P D:—«ﬂ’._. i
R e s A By O ot -0 8]
ili!'/
\

Fig 3.7 Building 03 — Electronic Room & Mezzanine- Floor Plan & Section

51



3.2.3 Project Participants
Table 3.14 Project Participants

PROJECT STAKEHOLDERS

PROJECT PARTICIPANTS

ORGANISATION

Client Schwing Stetter (India) Pvt
Limited, Chennai
Architect Bhaskar Architects,
Chennai

Structural Consultant

Tata Consulting Engineers
Limited, Chennai

P.M.C

EPMCR, Chennai

Contractors

Geotechnical Investigation

F.S. Engineering Pvt. Ltd.,
Chennai

Compound Wall & Land
Developer (65%)

Shrusti, Chennai

Civil Works

Arun Excello, Chennai

Compound Wall (35%) &
Machine Foundation Work

Samy Builders, Chennai

PEB Work

LLYOD Insulation (India)
Ltd, Chennai

Mechanical & Fire fighting
Work

Crescon Projects &
Services Pvt. Ltd, Chennai

Electrical Work

Shakthi Electrical, Chennai

HVAC Work

C square, Chennai

Interior Work

Disha Interiors, Chennai

STP & ETP Works

Hubert, Chennai

KEY: | | In Study Scope
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ORGANISATION CHART

Client— Schwing Stetter (Head Office - Irrungattukottai, Chennai)

Client SPOC

Compound
Wall & Land

Compound
Wall, Land
Development

Structural Civil
Consultant Contractor Development

- 65%

& Machine
Foundation —

LEGEND: 250,

- External Stakeholders =3 Appointed by

[ nternal Stakeholders ==x=x Schedule Monitored & Controlled by PMC

Fig 3.8 Organization Chart

ORGANISATION CHART - PMC & Contractor Point of View

Mr. Kavin Kumar — Project Coordinator of Site Project Manager of
Director of EMPCR EMPCR EMPCR

Contractor Team: Contractor Team:

Contractor
Site Engineer Project Coordinator

Supervisor Foreman Foreman’s Team

LEGEND: [ Off Site — EPMCR Team B On Site — EPMCR Team
I Off Site — Contractor Team [ OnSite— Contractor Team

Fig 3.9 Organization Chart — PMC & Contractor Point of View
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Table 3.16 Project Substructure Activities & Schedule (As Planned vs. As Built)- PEB

3.2.4 Project Schedule — As Planned vs. As Built & Delay Duration
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Table 3.17 Project Substructure Schedule and Reason for Delay (As Planned vs. As
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3.2.5 Site Photographs

CONSTRUCTION PROCESS OF SUBSTRUCTURE CIVILWORK (15T SEP 2018 TO 2™ NOV 2020)- SITE PHOTOGRAPHS

16™ NOV 2019

157 JUN 2020

Fig 3.10 Overall Construction Process
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CONSTRUCTION PROCESS - SITE PHOTOGRAPHS
3 A - = ¥ ’ v R FT - '

Footing- Concreting Process

PEB Pedestal 1** Lift - PEB Pedestal 2™ Lift PEB Pedestal 2 Lift -
Bolt Fixing Concreting

Concreting

RCC Bldg Pedestal-Shuttering RCC Bldg Pedestal-Concreting Plinth Beam- Shuttering & Concreting

Fig 3.11 Substructure Construction Process
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CHAPTER 4
ANALYSIS AND RESULT
Table 4.1 Project as Planned Schedule (PEB Building)

4.1.1 Project as Planned Schedule after 1st Delay (PEB Bldg.)

4.1 ANALYSIS

£+5592 02-10-92 61218} (3 a}81oU0Y Weag Wuid
743562 02-10€C 61-C1Gh or Buuapnus Weag [uid
Z+55vZ 02-106} BL-TIbh oF WalA2I0juRY Weag Yuld
145SE2 02-10-L} 612460 0% Bubel Weag Wuid
148522 02-10-9} 61-21-80 oF D0d § DuLanyg weag Guid

02-10G) B1-21-10 Buissaiq weag uuid

02-10-7} Bunjely weag uld

01+SS61 02-10-80 61-41-02 £0 Jake7 uonaedwoy g Ouipd -eISapad
01+958} BL-Z16C B1-41-02 20 Jake] uonoedwo) g Bulld -e1sapad
vl +SSLL 04+SS9k | 64-2h60 61410} 0¢ 10 Jake uonoedwo) 3 busd -eisapad

1+SS¥) 614G} 610112 Jake Uonoedwoy 3 bujjid Bugoo

=3F1NAIHSS G3INNVYId SV I53r0dd

642160 61-04-1€ 8J810u00 Yl puZ- [Bisapad

Z+SSyl 612400 810182 0% BUuapnysS U puz- [e1sapad
£+9SE1 84-Z440 61-04-92 oF BuixiJ jog
£+SSZ1 61-Zb-L0 610162 3 3j81oU0D Y1715}~ [€153pad
Z+SS1L 61-11-82 81-01-0¢ oF BubaRnys U 1S} - [e1sapad |
1+5S04 B4-11-9C 61-01-81 (3 2j81oU00) § DULBINYS JAVE}S [€1Sapad
64-L1-6Z 61011 Bunjieyy Japieis [eisaped .

1v1S303d

0

61-14-2C 61-01-71 3 [ o

4SS 61-11-60 610411 0¢ Buelinyg Bugood m

£+359 61-11G0 61-01-L0 0e JejSapad ¥ bujjoo —}IoA) Jegay Bufood &

74556 Bi-L1-20 610140 0¢ Bunyreyy Gugoo 2

SSy 61-01-1E 61-04-20 08 20d ® Butiaynys Bugoo4 @
1+8S¢ 61-01-1E 61-01-20 [ ajwa-juy]
7+SST 61-04-0F 8101710 0¢ Buissalq oS bugoo
14551 64-01-82 61-60-62 0e UOEABIX3 Bugoo
610112 61-60-82 Buiej Bugood

ONILOO4

fouspuedeq  ysiuijpauueld sy ueigpauueldsy  sheg Buipjing g3d - SILLIALLOY

63



4.1.2 Project as Planned Schedule after 1st Delay (RCC Bldg.)
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Table 4.2 Project as Planned Schedule (RCC Building)
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4.1.3 Meetings & Reporting as Per Conventional Planning System — Implemented

Here & Footing Typologies with Dimension
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4.1.4 Executed Footing Typology & Work Flow Direction — Color Code
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Fig 4.2 Footing Typologies & Dimension with Color Code
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4.1.5 Foundation Details
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4.1.6 Substructure Civil Work- Cycle Time Baseline

Table 4.3 Substructure Civil Work- Cycle time Baseline
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4.1.7 Cycle Time Calculation, Work Scope per Day And Total Duration

Table 4.4 Substructure Civil Work- Cycle time Calculated, Work scope per Day &
Total Duration before Delay 01
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Table 4.5 Substructure Civil Work- Cycle time Calculated, Work scope per Day &

Total Duration after Delay 01
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4.1.8 Labor Requirement Per Day & Labor Availability

Table 4.6 Labor Requirement
LABOUR REQUIREMENT

Labour Requirement per Day
ACTIVITIES
Description Quantity
1  |Footing Marking Surveyor 1
2 Footing Excavation & Soil Dressing JCB / Excavator +Soil Dressing Team 3
4 Footing Shuttering & PCC Concrete Team 1
5 Footing Marking & Rebar Work Barbender Team 2
6 Footing Shuttering & Concrete Carpenter Team 3
7 Footing Deshuttering & Backfilling Backfilling Team 6
8 Pedestal Rebar work Barbender Team + Welder 2
9 Pedestal Starter Concrete Carpenter + Helper 1
10 |Pedestal -1st Lift Shuttering & Concrete Carpenter Team+ Concrete Team 2
11  |Pedestal -1st Lift Backfilling Backfilling Team 2
12 |Pedestal -2nd Lift Concrete Carpenter Team+ Concrete Team 2
13  |Pedestal -2nd Lift Backfilling Backfilling Team 2
14 |Plinth Beam Marking & Excavation Surveyor+ Excavation 2
15  |Plinth Beam Shuttering & PCC Carpenter+ Concrete Team g 3
16  |Plinth Beam Marking & Rebar work with SC Barbender Team 2
17  |Plinth Beam Shuttering & Concrete Carpenter+ Concrete Team 2

Table 4.7 Labor Typology & Labor Required vs. Available
LABOUR INVOLVED IN THE TEAM

Labors Typology
Involved

Team

LABOUR REQUIRED PER DAY

Sl. No. Labour Typology

/ Day

1 |Surveyor Team Surveyor + Helper 1__|Surveyor

2 |Soil Dressing Team |Excavator + M/C 2 |Bicevbey 25

3 |Barbender Team Barbender + Helper i a‘:‘f:; ﬁ

4 |PCCTeam Mason + M/C 5 M/C 16

5 |RCC Team Mason + M/C 6 |Carpenter 20

6 |Shuttering Team Carpenter + Helper P Excavator 1

7 Curing Team M/C TOTAL QUANTITY 80

8 |Excavator Team Excavator

9 _[Backfilling Team M/C LEGEND
DESCRIPTION KEY
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4.1.9 Equipment Availability & Cycle Time As Planned Vs. As Built

Table 4.8 Equipment Availability & Cycle Time As Planned vs. As Built

wy | wiz weLg [i}4 w0l ad| 1z

wy | wiz w68 61 Susannysed| 07

wy | wiz weLg 81 yomJegayad| 61
L

22d 3 uuannys g4

lepon

SONZOIT | 'SONEOIT SON € SON €51 €1 S
Rt 31 puz- [e3s3pad
— Suuaunys| €1
SONZOIT | CSONEOIT SON € SON £5T 14 T e
SONZOIT | ‘SONEOIT SON € SON E9T 11 Buppay) + Sumad yjog| 7T
SONZOIT| SONEOIT soNE songvt | o1 R L
S un Em..__gn_
T— uaunys| o1
SONZOIT [ 'SONEOIT SON € SON EVT 6 U P
30u0)| 6
"SON T 'SONEOIZ SON € SON E¢T 8 % Suuannys ‘Sunpep
JALIETS [B153pad
‘SON 1 'SONEOIZ SON € L H0Mm Jegay [e1sapad| 8

(s13hey

Z u}) 313:0U0) 3unjocy
SON ¢ SON £9T S 8uuannys 3unooy| 9
oM Jegay| ¢

o o v 3 Suppeyy Sunooy
2d| ¥

ony il £ 1 Suuannys Sunooy
SON ¢ SON £VT T Buissaiq jlos Sunoo4| €
SON ¢ SON EYT 1 uopened dunood| 7
SON ¢ SON £9T Supey Sunood| T

herap 120 3 :uem punaus) aBedaa § uiey - Euliaiewap ‘we) 03 anp Aepg

ON3931

L0geuIpion) § Aepp 25u0csay ‘Uosina) Sumeiq 0y pieH 03 3ng Jeiag

NOLLdRIS30

paiinbay se 3qejieAy 10N

pauinbay se ajqejieAy

=

NOILdI¥IS30

aN3931

ALIINVND V101

Jawwey yue3|

JOIRIQIA

SUIN € - dH § dwnd SuLialemaq|

1531 105 - JnSny

wn) 603 9 - JINIL JNY|

Nimle | n OO

Jaddi)

ol G Bl T I 3 Rl B

(‘wn) 9°0) 81

1

-

Req / Aeg/

3|qejieay  pasinbay
AVQ ¥3d G3HIND3Y SIYINIHOVIN / INIWLIND3

pannbay

sauaunpeyy / syuawdinby

ON IS

73



4.1.10 As Planned Cycle Time Per Day Before & After Delay 01 And Duration Wastage

Table 4.9 As Planned Cycle Time Per Day Before & After Delay 01 And Duration

Wastage — Quantitative Findings
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Table 4.10 : Duration Wasted As Per Execution Vs. Actual Planned After 1st Delay

4.1.11 Duration Wasted As Per Execution Vs. Actual Planned After 1st Delay
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4.1.12 Improper Labor Availability Leading To Delay & ldeal Span (Poor Forecast)
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4.1.13 As Planned Vs. As Built Schedule & Lean Waste Classification
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4.1.14 As Planned Vs. As Built Schedule & Lean Waste Classification With Delay

Reason In Detail

Table 4.13: As Planned Vs. As Built Schedule & Lean Waste Classification With Delay

Reason
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Activities — PEB Building As Built Workscope T |
A FOOTING

1__|Footing Marking 110 2 Nos. / Day
2 __|Fooling Excavation 110 2 Nos. / Day
3__|Footing Soil Dressing 1102 Nos. / Day
4 JAnti-Termite 110 2 Nos. / Day
5 [Footing Shuttering & PCC 110 2 Nos. / Day
6 |Footing Marking 1102 Nos. / Day
7__|Footing Rebar Work — Footing & Pedestal 1102 Nos. / Day
8 [Footing Shuttering 1102 Nos. / Day
g [Footing Concreting & Deshuttering 1102 Nos./Da

As PlannedAs Planned As Built Schedule
Activities  Duration - Duration - Duration- Duration- Delay-

PEB RCC PEB RCC PEB

L LI - - L LJ .- . . - . . -

Late Land Procurement and False Information by SIPCOT to Client

Regarding Land Procurement

Delay Application for Land Approval

Drawing Coordination

Lack of Understanding the Work Scope

Lack of Understanding Site Requirements (Site Not Raised from NGL or Sediment)
Lack of Understanding each Stakeholder's Requirement, Cycle time, Interdependencies and Information Flow Pattern
improper Coordination and Communication/ Collaboration

Lack of Forecast of Weather and Labour during Rain

Lack of Make Ready and Micro Level Scheduling Improper Soll / Geotechnical Analysis
Contractor's Inability to Provide Required Manpower as Promised Earlier

Lack of Priority to the site

Delay of Response from Client and Design Consuitants

Waiting for Drawings and Information

Rework of Drawings

Activities — PEB Building As Built Workscope T |
PEDESTAL

Pedestal Starter Marking 2to 3 Nos. / Day
11_|Pedestal Starter Shuttering & Concrete| 2to 3 Nos. / Day
|12 [Pedestal -1st Lift Shuttering 1to 3 Nos. / Day
13 |Pedestal -1st Lift Concrete 1to 3 Nos. / Day
14 |Bolt Fixing 1to 3 Nos. / Day
15 _|Pedestal -2nd Lift Shuttering 1to 3 Nos. / Day
16 |Pedestal -2nd Lift Concrete 1to 3 Nos. / Day

As PlannedAs Planned As Built Schedule
Activities  Duration - Duration - Duration- Duration- Delay- Delay-

PEB RCC PEB RCC PEB RCC
Pedestal

REASON:
Lack of Understanding Site Requirements (Site Not Raised from NGL or Site Sedimentation Planning)
Improper Coordination and Communication/ Collaboration
Lack of Forecastof Weatherand Labour during Rain leading to labour being Ideal
Lack of Make Ready and Micro Level Scheduling
Contractor's Inability to Provide Required Manpower as Promised Earlier
Lack of Priority to the site
Improper Site Access Planning. Lack of site access.
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0 s ps - PEB Building AsS B OFK SCOpe 0 U D

JIMFAC THON

17_[Footing Filing & Compaction Layer 7 Nos. ! Day
18 Pedestal- Filing & Compaction Layer 01 3 Nos./ Day
19 Pedestal- Filing & Compaction Layer 02 3 Nos. / Day
20 Pedestal- Filing & Compaction Layer 03 3 Nos./ Day

As PlannedAs Planned As Built Schedule

Activities Duration- Duration- Duration- Duration- Delay- Delay-
PEB RCC PEB RCC PEB RCC

Filling &

| Compaction 73 9 95 92 123 364
REASONS:
+ Material Unavailability when Required
 Usage of this Building 03 Site's Material to the Other
+Lack of Priority to the site

Lack of Availability of Required labour as promised by Contractor

SL.No Activities— PEB Building  As Built Work scope

PLIN

Plinth Beam Marking 171021 m/Day

22 _ [Plinth Beam Dressing 171021 m / Day
|23 [Pinth Beam Shuttering & PCC 171021 m/ Day
|24 Plinth Beam Marking 171021 m/ Day
|25 [Plinth Beam Reinforcement 17021 m/Day
26 [Plinth Beam Shuttering 171021 m/Day
27 [Plinth Beam Concrete 171021 m/ Day

As Built Schedule

: Delay-
PEB Duration-RCC PEB

Activities As Planned  As Planned Duration - Bl
Duration - PEB RCC SR

PLINTH BEAM
Plinth Beam 41 20 108 90 147 367

Delay- RCC

REASON:
Lack of Understanding Site Requirements (Site Not Raised from NGL or Sediment)
Improper Coordination and Communication/ Collaboration
Lack of Forecast of Weather and Labour during Rain
Lack of Make Ready and Micro Level Scheduling
Contractor's Inability to Provide Required Manpower as Promised Earlier
Lack of Priority to the site Lack of Site Access
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4.2 RESULTS

4.2.1 Overall Calculated Lean Waste - Substructure Civil Work

Table 4.14: Overall Calculated Lean Waste & Lean Waste Classification and

Challenges Head - Substructure Civil Work
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4.2.2 Delay Reasons, Challenges & Lean Waste and Responsibility

Table 4.15: Delay Reasons, Challenges & Lean Waste and Responsibility

DELAY REASONS, CHALLENGES & LEAN WASTE CATEGORY AND RESPONSIBILITY

NO DELAY REASONS CHALLENGES LEAN WASTE RESPONSIBILITY
Scope defination,
Change orders by owner during construction Once production
1 Collaboration, Communication : Owner
(Variations) -due to mezzanine relocation & Coodination waiting defects
. in footing | S e AD Design process, Defects Architect and Structural
: ’ ¥ Communications & : Consultant
2 misallignment of footing sitting in : Waiting
acchitectual and structural drawing Coorditanation, Collaboration,
Information Flow
Ineffective cordination between architect Communications & Defects Architect and Structural
3 structural consultant and also with other Coorditanation, Collaboration, |Waiting Consultant & Other
design consultants Information Flow Design Consultant
Communications & Defects Structural Consultant &
4 [ckofcoordination between structursl | | o s nation. Coltaboration, [Waiting Civil Contractors
consultant and clint contractors
Information Flow
Lack of understanding contractors structural
requirement by structural lay out: Revision Scope defination, Defects Structural Consultant &
S of footing , pedestal layouts & Detailing as  |Collaboration, Communication |Waiting Civil Contractors
per contractor requirement of similar & Coodination
shuttering
DELAY REASONS, CHALLENGES & LEAN WASTE CATEGORY AND RESPONSIBILITY
DELAY REASONS CHALLENGES LEAN WASTE RESPONSIBILITY
Communications &
Delay in delivery of drawings Design Consultants &
6 Coorditanation, Collaboration |Wait
- GFC Drawings after revision ing PMC
Information
Planning , Scheduling &
Date participation or consultation of Vastu |7 g . i;';‘; scope |0fECTS
7 consultant after construction of planned e S Waiting Force Majere
e ke Defination, Design Process,
e Collaboration
Uncertainities in site
a) Rain ( weather) Prerequisite, Defects SIPCOT
8 Project Need & Site Condition, |Waiting s
b)Hard rock required to Information
extracted for foundation
Prerequisite,
1 | f | T
9 z::”d land approval for construction-DC. |, ect Need & Site Condition, |Waiting ;:or
Information S
Delayed in procurement of
Prerequisite,
10 ':::l:v “‘::: : uen:”’COT) Project Need & Site Condition, | Waiting so':cng:
“q Information
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DELAY REASONS, CHALLENGES & LEAN WASTE CATEGORY AND RESPONSIBILITY

NO DELAY REASONS CHALLENGES LEAN WASTE RESPONSIBILITY
Lack of priority to the site for
construction leading to :
A)Lack of availability of labour (25 out of 80
numbers)
8) Lack of availabilty of construction
equipments - Dewatering pumps
C)Use of bullding materials for other
buildings leading to delay of construction
process. eg. Excavated top soil from Building |Resource, Project Need & Site Waiting
3 used for other sites filling; leading to Condition, Project Planning, indentory
11 waiting for soll for filling process when Scheduling & Tracking, Oafocts f Contractor
required . Monitor and Control, '
A Skills
Prerequisite
D) Lack of skilled labour
E)Due to lack of priority to site , other
surrounding site were raised from NGL,
while Building 3 site became lowest in level
|leading to accumulation of rain water from
other site , perhaps leading to additional
work of dewatering . Main water in addtion
to dewater ground water seepage and
rework.
DELAY REASONS, CHALLENGES & LEAN WASTE CATEGORY AND RESPONSIBILITY
NO DELAY REASONS CHALLENGES LEAN WASTE RESPONSIBILITY
1 Labour under utilized during raining time Resource, Skill |F0rce Majeure
since not forecasted earlier Prerequisite PMC
PEB work started at PEB constractor work
station & Steel rod for rebar work avallable [Resource, Prerequisite, e
12 at site prior to the RCC construction started |Communications & Inventory lemc
at the building 3 site leading to long duration |Coorditanation, Collaboration
of Inventory storage.
Geo technical investigation Equipment
13 unavailable compared to required quantity |Resource Waiting Geo consultant
leading to delay
Planning, Scheduling &
Samy bullders : Land development & Tracking({productivity
Compound wall -35% mapping), Communication & |Defects
14 Coordination, Collaboration, |[Waiting Samy contractors
a) Low productivityleading site delayed site |Monitoring & Controlling
handling (Wrong selection of
contractors)
Poor communication & coordination Cosc‘:z:oﬁ?lno::“é:mmumcatfon Defects
15 between project participants-during & Coodination, Project Need Waiting All participants
scheduling, design, construction process & Site Condition
Collaboration, Defects
16 Lack of early involvement of contractors Planning. Schedulling & Waiting |Design Consultants,
during design & scheduling stage Tracking, Design process, Contractors, Owner
Scope defination
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DELAY REASONS, CHALLENGES & LEAN WASTE CATEGORY AND RESPONSIBILITY

NO DELAY REASONS CHALLENGES LEAN WASTE RESPONSIBILITY
Contractors not aware of other contractors |Collaboration, Defacts

17 work flow requirements, Prerequiste and Planning, Schedulling & Waiting Contractors
cycle time and work interdependencies Tracking, Design process, PMC
leading to delay Scope defination
Lack of inputs and responses in timely ;mm dulling & Defects

18 manner from client side , difficult to get Tracking. Design procass, Waiting Owner
approval and understand user requirements Scope delinstion

Information, Planning,
Preliminary drawings were only available Schedulling &Tracking,

19 before construction started. Detalled GFC Design process, Scope Waiting Contractors
drawings were available only before that Defination, Project Need & PMC
activity started. Site Condition, Monitoring &

Controlling
Defects
20 Inadequide details in architecture layout. Design process, Information Waiting Architect
Design process,
Communications &
21 ::'::;‘mm"az’::&m"“ P Coorditanation, Collaboration, 3::;2: Design Consultants
8 Information Flow, Scope
Defination
Unaware of land ownership & land approval Cothmunications &

22  |DYclient- SIPCOT politics with land owness., | . navion, Coltaboration, |Waiting ok
insufficient and improper information information Flow Owner
provided to the client

DELAY REASONS, CHALLENGES & LEAN WASTE CATEGORY AND RESPONSIBILITY
NO DELAY REASONS CHALLENGES LEAN WASTE RESPONSIBILITY
SHIRISTI:
A) Inadequate planning of work
B)Poor quality of work Planning, Scheduling &
C) Lack of effective response to the delay Tracking, Monitoring ,
23 D) No response to PMC delay intimation Communication and Waiting Shiristi
from client & contractor side due to Coordination, Information,
friendship between contractors and client Prerequisite, Collaboration
and less priority to site bullding 3
E) Poor productivity
Bullding 3 site was used as access to other o
2 surrounding site , surrounding construction |Project Need & Site Condition, Waltin p;ncer
|became constraint to Building 3 was not Pre Requisite , Planning alting ok
planeed earlier o
Dewatering has led to additional cost due to :::’;;:;:z &Psg:"f:.umon, Force Majere, PMC,
25  |which availability of dewatering pump was Schedulling &.Tra cking, Waiting,No Value  |Prior Forecast
less than what Is required Generation
| Resource
Macro level planning didnt take in to Collaboration,
consideration of micro level detailed Planning Schedulling &
planning interdependencies, constraint, Pre [Tracking, Monitoring & Defects PMC

26 requisite , information, resorce. check( Control, Prerequisite, Waiting (PM method)
information prior work to be completed , Design process, information,
drawings, specs work scope) before work Project need & Site Condition,
begin. Scope Definition
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DELAY REASONS, CHALLENGES & LEAN WASTE CATEGORY AND RESPONSIBILITY

DELAY REASONS CHALLENGES LEAN WASTE RESPONSIBILITY
27 Site access restriction during rain - low lying [Project need need of Site Waltin :::é'wm
area compared to other sites. condition, Pre requisite ¢
Owner
Defects
28 COVID-19 lock down Uncertainity Waiting Force Majere
Scope information
Ineffective involvement COpRTRRION Defects sy
29 Collaboration > Architect
of Vastu consultant during design stage y Waiting
Design projects Vastu consultant
Schedule
Communications & Delay
30  |Lack of structured flow of information Coorditanation Collaboration |Waiting All the participants
Information
i
o et i Owner
31 |Lackof proactive decision making X ¢ PMC
Information, Planning (PM method)
schedule
Scope information
Communication
Collaboration m:;cm
32 |Unsynchronised process Design projects Waiting
PMC (PM Method)
Schedule, Prerequisite, .
Design consultant
Resource, Site Condition,
Project Monitor and Control
OVERALL CHALLENGE HEAD & LEAN WASTE FACED HERE
SI. No Overall Lean Waste Challenges Head
1 |Defects Scope Definition
2 |Waiting Project Monitoring & Control
3 |Inventory Planning, Scheduling & Tracking
4  |Overproduction Communication & Coordination
5 [Skills Design Process
6 Project Needs & Site Condition
7 Resource Problem
8 Collaboration
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4.2.3 Overall Challenges & Lean Waste and Project Aspiration

Table 4.16: Overall Challenges & Lean Waste and Project Aspiration
Early Selection & Involvement of project participants
Collaboration - Online / Offline (Colocation)
Value Generation - Eliminate Rework

Continuous & Standerdized Information flow
Micro level Scheduling & taking into account of Variables & Contstraints at each micro

levels

Commitment based collaborative planning - Increased Accountability, Reliability and
better Understanding Scope, Interdependencies, Cycletime

Proactive Decision Making & Constraint Analysis prior it occurs or prior activity being
executed and Consideration of Prerequisite (Tasks & Weather); Informations(Drawings,
Work Methodology, Guidelines, Specs, etc) & Resources (Labour, Machine, Equipment &
Machinery)

8 |[Continuous learning

9 |Collaborative Problem Solving Approach

10 |Increased Communication & Coordination between Participants

Increased Productivity & Continuous tracking and productivity analysis (PPC - Percentage
Project Completion)

12 |Proper Work Sequencing / Work flow management

Cross Cluster formation for collaborative design work and enhance coordination in
layoutsand share ideas to avoid revisions and rework

Early response / Timely Information flow and effective participation from Client and
other project participants

15 |Reduce change request by client & other participants

Planning based on available resources and to be predetermined by contractor and equal
priority to all buildings

17 |Importance to Interdependencies

18 |Transperency between Participants - Information flow

0 | BIWIN|-

11

13

14

16
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CHAPTER 5

SUMMARY AND CONCLUSION

5.1 RECOMMENDATIONS - LEAN BASED SOLUTION (LAST PLANNER SYSTEM)

5.1.1 Lean Based Solution and Its Purpose

Table 5.1: Lean Based Solution and Its Purpose
SOLUTION & ITS PURPOSE

Solution Purpose
Early & Continuous Involvement of all project Fisnning, Sc.heduling A Tlrack.:ng;
1 Darticigants - Calka - Big Room Problem Solving, Communication &
Coordination and Design Process
2 Cross Cluster Formation Design Process
Scope Definition, Planning, Scheduling
3 Effective Involvement of Client throughout Project & Tracking; Problem Solving,
Lifecycle Communication & Coordination,
Design Process and Continuous flow
4 User/ Project Requirement Documentation Scope Definition
5 Planning with Integration of Design & Construction Planning, Scheduling & Tracking and
Stage Continuous flow
Design Process, Scope Definition,
s S DS T Planning, Scheduling & Tracking |
7 Equal Importance to : Transformation, Value Generation| 2:;ﬁn:°:£d:::‘?xg::::;::'
& Continuous Information Flow at each stage of activity -
Continuous flow
a Creating Standard Guidelines / Procedures to be Continuous flow & Allignment to
followed by Workers Scope
9 Choosing By Advant!es Design Process & Decision Makingﬁtool
10 Last Planner System
a Master Schedule Planning & Scheduling
b Collaborative Programming + ADM Model (Make Ready
- Prerequisite, Information & Resources)
g Make Ready Planning Planning, Scheduling & Tracking,
d Production Planning / Weekly Work Plan Continuous flow, Problem Solving,
L Production Management Contraints Analysis, Resource Planning
f Measurement, Learning & Continuous Improvement and Constraints Removel
(Percentage Project Completion (PPC) & PDCA)
First Run Studies - Using Root Cause Analysis (A3
- Problem Solver - PDCA)
Planning, Scheduling & Tracking,
11 Visualisation Constraint Log, Safety, Resources and
Motivation
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REQUIREMENT FROM PMC

» Contractor need to share their weekly Work Plan
(It should Contain weekly Planned activities with
Manpower and Material).

» Daily Labour Report and Daily Progress Report
should be sent Before next day work begins to
PMC.

» Manpower (Highlighted Manpower is needed)

» Weekly Review Meeting with Planned Activities
vs Achieved Activities with Quantity (PPC)

» Al Material & Other Approvals should be
discussed earlier with PMC (Not in Progress
Meeting)

» Contractor should be Transparent in Site Issues.

» Lean Tool will be useful for Collaborative Meeting
to identify issues with All the stakeholders (Client,
PMC, Contractors, Design Consultants, Vendors)
to increase the Productivity of the Project.

» Use of Last Planner System (LPS) For
Scheduling — That employs Proactive Contraint
Analysis and removal and Macro & Microlevel
Scheduling with Makeready with Reliable
Commitment based Collaborative Planning &
Scheduling

» A3 Problem Solver/ Design Thinking & FRS that
employs PDCA Approach for Root Cause
Analysis & Collaborative Problem Solving
Approach.

» Visualization aids Motivation, Tracking,
Constraint Log & Maintain Schedule on Track

Fig 5.1 Lean Based Solution as a Requirement from PMC Team
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5.1.2 Work Process (Conventional Vs. Implemented Vs. As Per Lean)

Table 5.2: Work Process (Conventional Vs. Implemented Vs. As Per Lean) - From

Design to Footing Substructure Civil Work
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WORK PROCESS COMPARISON - CONVENTIONAL PM METHOD Vs, METHOD IMPLEMENTED HERE Vs. LAST PLANNER METHOD THAT IS RECOMMENDED
HERE

STEPS CONVENTIONAL EXECUTED HERE IN BUILDING 03 AS PER LEAN

Big Room -Introduction on Lean Concept,
Principle, Last Planner System & Last Planner
System Procedure 1o Project team and Training
on Method of Implementation of Last Planner
System & Project Objectives linkage with LPS
Big Room - Coltaborative Preparation of : Work
Break down Structure; Work out

Client Approval & PMC Approval Interdependencies, Cycle time and work flow
pattern for commitment based planning and
structured Information flow
Big Room - Constraint Analysis through First Run
Studies (A3 Problem Solver- PDCA}); Reverse
Phase Planning & Schedule and Further
Compression
Distribution of Reverse Phase Schedule to all the
Zoning & Spatial Analysis and Report Conceptual Layout & Dimentions design Consultants & Visualisation at common

locations

Big Room - Preparation of Six Weeks Look Ahead
Schedule (Occurs Every 2 weeks / 6 weeks) by
PMC Project Planner - Micro level 2 to 6 week

look ahead schedule with Interaction with design

Consultants to create constraints log for activities

with lead time, Constraint Analysis and proactive

decision making to remove constraints through
A3 Problem Solver; Create lookahead window
for make ready (Prerequisites, Resources,
Information Check list) and Assign resources.

Collecting Master Schedule from Architecture Revision of Preliminary Master Schedule -
Team by PMC Team - Project Planner Project Planner

Revision of Preliminary Master Schedule -
Project Planner

Client Approval & PMC Approval Zoning & Spatial Analysis and Report

Conceptual Layout & Dimentions Preliminary Costing - Class D

WORK PROCESS COMPARISON - CONVENTIONAL PM METHOD Vs. METHOD IMPLEMENTED HERE Vs, LAST PLANNER METHOD THAT IS RECOMMENDED
HERE
STEPS CONVENTIONAL EXECUTED HERE IN BUILDING 03

Waeekly): Each Trade submits their own upcoming
week's schedule to PMC & Client. It includes
work to be done next week, Reason for delay ,
Root cause Analysis and solution through FRS -
A3 Problem Solver

Schematic Architecture Layout Appointment of Geotechnical Investigator by TCE

Preliminary Costing - Class D Client Approval & PMC Approval

Client Approval & PMC Approval

Appointment of Vastu Consultant

Preliminary Costing - Class C Geotechnical Analysis

Vastu Consultation Client Appraval & PMC Approval Geotechnical Report

Cross Cluster Group Formation & Meetings- For
Design Process
Daily Meeting - Work to be done, Dally Project

Detailed Architecture Layouts & Detailing - 50 %

Schematic Architecture Layout

Preliminary Costing - Class € Material Analysis & Supplier / Vendor Analysis Re Work Progress & Problem Solver - POCA
Client Approval & PMC Approval Preliminary Costing - Class 8 A3 Design Thinking
Detalled Architecture Layouts & Detalling - 50 Client Appraval & PMC Approval Zoning & Spatial Analysis and Report
Material Analysis & Supplier / Vendor Analysis Structural Consultant - Structural Design Vastu Consultation

Analysts of URD, Architectural Layouts &

Preliminary Costing - Class 8 Architectural Conceptual Layout & Dimentions

Detailing
Client Approval & PMC Approval Load Analysis & Schematic Structural Layout Load Analysis & Conceptual Structural Layout
Submission to CMDA Client Approval & PMC Approval  Prelin i - Class D - Co E 4
Collecting Master Schedule from Structural Cross Cluster Meeting + PPC (Dally, Weekly,
Structural Consuftant - Structural Design Team by PMC Team Monthly, T Pr )
Analysis of URD, Architectural Layouts & Revision of Preliminary Master Schedule - i
Detailing Project Planner R APDrOval & PMC A :
Load Analysis & Schematic Structural Layout Client Approval & PMC Approval Schematic Architecture Layout
Client Approval & PMC Approval Preliminary Structural Layouts & Detalling Load Analysis & Schematic Structural Layout
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WORK PROCESS COMPARISON - CONVENTIONAL PM METHOD Vs, METHOD IMPLEMENTED HERE Vs. LAST PLANNER METHOD THAT IS RECOMMENDED

HERE

CONVENTIONAL EXECUTED HERE IN BUILDING 03 AS PER LEAN
Collecting Master Schedule from Structural ! Preparation of load Analysis & Spotial
Tum by PMC Team SRR Approvat pppsce, Requirements and zoning in site plan
1 of P y Master Schedule - Preliminary Structural Layouts to Architecture 7 s+ of Sch c
Project Planner Team wpaeation of s e ey
Client Appeaval & PMC Approval Approval from Architecture Team -Coordinetlon]| \...ia1 stuay, Supplier & Vendor Anslysis

of drawings [ Architecture & Structural Drawing)

Preliminary Specification; DOM, Unit Rate

Preliminary Structural Layouts & Detalling Appointment of Costing Team Analysis & Class D BOQ Preparation
URD & Drawings Analysis, Material Study, Cross Cluster Meeting + PPC (Daily, Weekly,
Chonk Approves 6 MG Appeovel Supplier & Vendor Analysis Monthly, Trade, overall Project]
Preliminary Structural Layouts to Architecture Preliminary Specification; DOM, Unit Rate
Team Analysis & Class D BOQ Preparation Client Approval & PMC Approval
» °'"“' """‘“‘ J Client Approval & PMC Approval Detalled Architecture Layouts & Detailing - S0 %
Lorainatio wings [ Architect
Appoinunenl of Costing Team of MEP Consultant by TCE Land Approval Submission to CMOA
URD & Drawings Analysis, Material Study, Analysis of URD, Architectural and Structural
Supplier & Vendor Analysis Layouts & Preliminary Structural Layouts & Detalling
Preliminary Specification; DOM, Unit Rate Preparation of load Analysis & Spatial
Analysis & Class © BOQ Preparation Requirements and zoning in site plan sty e i S s
. Technical Specification; DOM, Unit Rate Analysis
Client Approval & PMC Approval Preparation of Schematic MEP Drawings & Class C BOQ Preparation
Appointiment of MEP Consultant Client Approvel & PMC Approval o Mmm"""ﬁ':'“" m.‘.","m"'"""'"
Analysis of URD, Architectural and Structural | Collecting Master Schedule from MEP Team by
ml Dﬂdli‘ PMC Team Chent Apy t& :
rmdmm&m Revision of Preliminary Master Schedule - Detalled MEP Drawings, Site Plan & Detailing
Requirements and zoning in site plan Project Planner {50%) Preparation
: Preparation of Detailed Structural Layouts &
Praparation of Schematic MEP Drawings Client Approval & PMC Approval Detailings (50%) - Structural Team
Client Approval & PMC Approval Preparation of MEP Preliminary Layouts Coordination Drawings
Collecung Master Schedule from MEK Team by Cross Cluster Meeting + PPC (Daily, Weekly,
PMC Team SHER AP & TG Approvel Monthly, Trade, overall Project)

WORK PROCESS COMPARISON

CONVENTIONAL

- CONVENTIONAL PM METHOD Vs. METHOD IMPLEMENTED HERE Vs. LAST PLANNER METHOD THAT IS RECOMMENDED

HERE
EXECUTED HERE IN BUILDING 03

AS PER LEAN

Revision of Prefiminary Master Schedule -

Priliminary MEP Drawings to Architecture &
Structural Yeam for Preparation of Coordination

Client Approval & PMC Approval

Project Planner ng
Detailed MEP Drawings, Site Plan & Detailiing
Cli PMC | ¢ -7
ent Approval & Approval (50%) P : Detailed Architecture Layouts & Detailing - 75%
. of MEP § oy Client & PMC al Preparation of Detailed Structural Layouts &

Detailings (75%) - Structural Team

Client Approval & PMC Approval

Detailed MEP Drawings, Site Plan & Detailing
(50%) to Architecture & Structural Team for

Preparation of MEP Detalled Layouts, Site Plan &

Detallings - 75 %
M””m”"d'm‘ Detailed Architecture Layouts & Detailing - 75% Coordination Drawings
Technical Specification; DOM, Unit Rate Analysis
Revised Proliminary Costing - Class B & O e s o

Client Approval & PMC Approval

Client Approval & PMC Approval

Cross Cluster Meeting + PPC (Dally, Weekly,
Monthly, Trade, overall Project)

Detailed MEP Drawings, Site Plan & Detailing

Technical Specification; DOM, Unit Rate Analysis

(S0%) to Architecture & Structural Team for & Class C B0Q Preparation Client Approval & PMC Approval
:5“' YA Delting Client Approval & PMC Approval Detailed Architecture Layouts & Detailing - 100%
- Technical Specification; DOM, Unit Rate Analysis|  Preparation of Detailed Structural Layouts &
Ravid Pary Coning 8 & Class B BOQ Preparation Detailings (100%) - Structural Team
at & PMC | y OVl & PMC St Preparation of MEP Detalled Layouts, Site Plan &
ey i o o Detailings - 100 %
Technical Specification; DOM, Unit Rate Preparation of Detailed Structural Layouts &
Analysis & Class C BOQ Preparation Detailings (75%) - Structural Team Cocoination Drewings
Technical Specification; DOM, Unit Rate Analysis
Client Approval & PMC Approval Client Approval & PMC Approval & Class B 80Q Preparation
Technical Specification; DOM, Unit Rate Preparation of MEP Detailed Layouts, Site Plan |  Cross Cluster Meeting + PPC (Daily, Weekly,
Analysis & Class B BOQ Preparation & -75% Monthly, Trade, overall Project)
Client Approval & PMC Approval Client Approval & PMC Approval Chent Approval & PMC Approval

93



WORK PROCESS COMPARISON - CONVENTIONAL PM METHOD V. METHOD IMPLEMENTED HERE Vs, LAST PLANNER METHOD THAT IS RECOMMENDED

HERE

CONVENTIONAL EXECUTED HERE IN BUILDING 03 AS PER LEAN
Preparation of Detalled Structural Layouts & |Technical Specification; DOM, Unit Rate Analysis| Good For Construction Drawings - Architecture
Detailings (75%]) - Structural Team & Class A BOQ Preparation Team
Client Approval & PMC Approval Client Approval & PMC Approval Good For Construction Drawings - Structure Team
P o!‘MEPt i ; .t,'s's“' "wmwwmu&Mu-m Good For Construction Drawings - MEP Team
i Cross Cluster Meeting + PPC (Daily, Weekly,
Client Approval & PMC Approval Revised Preliminary Costing - Class A Iy, Trade, ™ )
Technical Specification; DOM, Unit Rate
Analysis & A BOQ Preparation Client Approval & PMC Approvai Client Approval & PMC Approval
Preparation of Detailed Structural Layouts &
Chent Approval & PNIC Apy \:_" Detailings (100%) - Structural Team
mmmmm:m&mm-mo Client A | & PMC A val
Revised Preliminary C Class A mmimmwf:wm;asum
Client Approval & PMC Approval Client Approval & PMC Approval
Preparation of Detalled Structural Layouts & | Good For Construction Drawings - Architecture
Detailings {100%) - Structural Team Team
Client al & PMC ) Good For Conslmct;:::uwim « Structure

Good For Construction Drawings - MEP Team

Client Approval & PMC Approval

Good Far Construction Drawings - Architecture

Good For Construction Drawings - Structure

Good For Construction Drawings - MEP T

Submission for Fire

CONTRACTING & TENDERING PROCESS

CONTRACTOR APPOINTMENT & SHOP DRAWING PREPARATION

Appointment of Civil Contractor

Appointment of Civil Contractor (Arun Excello)

Appointment of Civil Contractor {Arun Excello)

Preparation on Civil Shop Drawing by
Structural Consultant & Civil Contractor

Land Procurement Process Initiation

Client Approval & PMC Approval
RAelease of Civil Shop Drawl

Cliant Approval & PMC Approval

Appointment of Plumbing & Fire fighting
Contractor

Appointment of Plumbing & Fire fighting
Contractor

Appaintment of Plumbing & Fire fighting
Contractor
Appointment of STP & ETP Contractor

Appointment of Electrical Contractor

Appointment of STP & ETP Contractor

Kick off Meeting by PMC with all the appointed
Design Consultants, Contractors, Foreman and
Client Team - Big Room (Collaborative Meeting /
Colocation- online or offline mode)

Appointment of Electrical Contractor

Big Room - Project Introduction; Stakeholder
Introduction; Scope Definition; User
Requirement Documentation; Project Nead &
Site Condition

Collection of all the GFC & Distribute 3 sets to
the Individual Contractor respect to Work
package of all the shop drawings - Drawing

8ig Room [Design Consultants, Contractors,
Foreman and Client) - Master Schedule

ter by TCE & PMC Team Distributed and Analyse
8ig Room: Pilot Study (PMC, Contractor &
Foreman) - Introduction on Lean Concept,
Pri Pl Pl
Materiai & Labour Planning rinciple, Last Planner System & Last Planner

System Procedure 1o Project team and Training
on Method of Implementation of Last Planner
System & Project Objectives linkage with LPS

Preparation on Plumbing & Fire fighting Shop
Drawing by MEP Consultant and Plumbing &
Fire fighting Contractor

Material & Labour Planning based Construction
Master Schedule Revision & Resource Allocation

8ig Room - Collaborative (PMC, Client,
Contractors, Foreman & Design Consultant)
Preparation of - Work Beeak down Structure;
Work out Interdependencies, Cycle time and
work flow pattern for commitment based
planning and structured information How
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WORK PROCESS COMPARISON - CONVENTIONAL PM METHOD Vs, METHOD IMPLEMENTED HERE Vs, LAST PLANNER METHOD THAT IS RECOMMENDED

CONVENTIONAL

HERE
EXECUTED HERE IN BUILDING 03

AS PER LEAN

96 Client Approval & PMC Approval

Release of Plumbing & Fire fighting Shop
Drawings

98 Appointment of STP & ETP Contractor

Proparation on STP & ETP Shop Drawing by
MEP Consultant and 5TP & ETP Contractor

100 Client Approval & PMC Approval

Big Room - (PMC, Client, Contractor, Foreman &
Design Consultant) Constraint Analysis through
First Run Studies (A3 Problem Solver- PDCA);
Reverse Phase Planning & Schedule and Further
Compression

Distribution of Reverse Phase Schedule to ol the
Contractor, Foreman, Client & Design
Consultants & Visualisation at common locations

Big Room - Preparation of Six Weeks Look Ahead
Schedule (Occurs Every 2 weeks / 6 weeks) by
PMC Project Planner - Micro level 2 to 6 week
look ahead schedule In interaction with
Contractor, Foreman, Cllent & Design Consultants
1o create constraints log for activities with lead
time, Constraint Analysis and proactive decision
making to remove constraints through A3
Problem Solver; Create lookahead window for
make ready (Prerequisites, Resources,
Information Check list) and Assign resources.

Big Room - Weekly Work Plan (Occurs every
Weekly- PMC, Client Team, Contractors & Design
Consultants): Each Trade submits thelr own
upcoming week's schedule to PMC & Cllent. It
Includes work to be done next week, Reason for
delay , Root cause Analysis and solution through

FRS - A3 Problem Solver

Daily Meeting (PMC, Client Team, Contractors &
Design Consultants) - Work to be done, Dally
Project Report, Work Progress & Problem Solver

PDCA

WORK PROCESS COMPARISON - CONVENTIONAL PM METHOD Vs. METHOD IMPLEMENTED HERE Vs, LAST PLANNER METHOD THAT 1S RECOMMENDED

HERE

AS PER LEAN

CONVENTIONAL

Release of STP & ETP Shop Drawings

Appointment of Electrical Contractor
Preparation on Electrical Shop Drawing by
MEP Consultant and Electrical Contractor

Client Approval & PMC Approval

Release of Electrical Shop Drawings
Collection of all the shop drawings & Ensure
Availability of all the shop drawings - Drawing
Register

Material & Labour Planning

Material & Labour Planning based
Construction Master Schedule Revision &
Resource Allocation

EXECUTED HERE IN BUILDING 03

Preparation on Cvil Shop Drawing by Structural
Consultant & Civil Contractor
Client & PMC al

Release of Civil Shop Drawings

Preparation on Plumbing & Fire fighting Shop
Drawing by MEP Consultant and Plumbing & Fire
fighting Contractor

Client Approval & PMC Approval

Release of Plumbing & Fire fighting Shop

Preparation on STP & ETP Shop Drawing by MEP
Consultant and STP & ETP Contractor
Client Approval & PMC Approval
Release of STP & ETP Shop Drawings
Preparation on Electrical Shop Drawing by MEP
Consultant and Electrical Contractor
Client Approval & PMC Approval
Release of Electrical Shop Drawings
Collection of all the shop drawings & Ensure
Availability of all the shop drawings - Drawing
Register
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SITE DEVELOPMENT WORKS

Contractor Appointment

Site Development & Compound wall

Site Development & Compound wall Contractor

Pp - Shrusti Contract

Big Room- 2 Weeks Look Ahead Meeting (PMC,
Client Team, Site Development Contractor, Civil
Contractor) - to create constraints log for
activities with lead time, Constraint Analysis and
proactive decision making to remove constraints
through A3 Problem Solver; Create lookahead
window lor make ready (Prerequisites,
Resources, Information Check list) and Assign
resources.

Site Clearance

Site Clearance & Compound wall development
Start

Big Room : ADM Model- Constaints Analysis and
removal before Activity Starts for continuous
flow, Includes Prerequisites (Tasks, Weather);

Directives / Information (Drawings, Instructions,

Contract, RFls, Method Statement) & Resources

(Labours, Plant, Space, Materials}

Site Compound wall develop

Site Office Development

Big Room - Weekly Wark Plan (Occurs every
Woelkly): Site Development Contractor submits
his own upcoming week's schedule to PMC &
Client. It includes work to be done next week,
Reason for delay , Root cause Analysis and
solution through FRS - A3 Problem Solver

Daily Meeting (PMC, Client Team, Site
Development Contractor)- Work to be done,

Civil Work Initiation

PR OHis Oeiopmuit Daily Project Report, Work Progress & Problem
|Site Clearance & Compound wall development - Solver - POCA

65% only completed Daily Huddle Meeting (PMC, Site Development

Contractor & Labours) - Work to be done, Daily

SH8 Hoamtion Project Report, Work Progress & Problem Solver

PDCA

Site Develop & Compound wall Contractor | Site Development & Compound wall Contractor

Appointment - Samy Bullders Appaintment

EXECUTED MERE IN JILDING 03

Compound wall development - 35% Remaining

to Procure Land & speed up land approval Site Clearance

process
Land Procured Site Compound wall development
Land Approved by CMDA Site Office Development

Site Cloearance - 35% Remaining Site Handling

Site Handll
- R DR
Civil Work Initiation Civil Work Initiation

Shop Drawing for Civil Work - Release

Material, Equipment & Labour Procurement -

Civil Package

Release of GFC for Civil Work (for Footing
Works) to prepare shop drawings by Civil
Contractor & Structural Consultant

Big Room- 2 Weeks Look Ahead Meeting (PMC,
Client Team, Civil Contractor, Structural
Consultant & Foreman) - to create constraints
log for activities with lead time, Constraint
Analysis and proactive decision making to
remove constraints through A3 Problem Solver;
Create lookahead window for make ready
(Prerequisites, Resources, Information Check list)
and Assign resources.

Big Room : ADM Model- Canstaints Analysis and
removal before Activity Starts for continuous
flow, Includes Prerequisites (Tasks, Weather);

Directives / Information {Drawings, Instructions,

Contract, RFis, Method Statement) & Resources

{Labours, Plant, Space, Materials)

Misallignment In footing location in
architecture layout Vs. Structural Layout

Big Room - Weekly Work Plan (Occurs every
Weekly): Givil Contractor submits his own
upcoming week's schedule to PMC & Client, it
Includes work to be done next week, Reason for
delay , Root cause Analysis and solution through
FRS - A3 Problem Solver
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WORK PROCESS COMPARISON - CONVENTIONAL PM METHOD Vs, METHOD IMPLEMENTED HERE Vs, LAST PLANNER METHOD THAT IS RECOMMENDED

STEPS CONVENTIONAL

EXECUTED HERE IN BUILDING 03

HERE
AS PER LEAN

PEDESTAL ACTIVITIES

Request Submitted & Consulted Client Side
Structural Comsultant and PMC Team

Daily Meeting (PMC, Client Team, Civil
Contractor, Structural Consultant) - Work to be
done, Dally Project Report, Work Progress &
Problem Solver - PDCA

SOIL FILLING ACTIVITIES

Revision of GFC Structural in respect to
Architecture layout with proper Coordination &

Daily Huddle Meeting (PMC, Civil Contractor,
Foreman & Labours) - Wark to be done, Daily
Project Report, Work Progress & Problem Solver

Allignment of footing POCA

PLINTH BEAM ACTIVITIES

Client Approval & PMC Approval

Shop Drawing 10r Civil Work - Release

Work Quality, Specification, Measurement and
Allignment Check, Daily Progress Meets,
Weekly Progress, Monthly Report & Problem
Solving - PMC Team; Client Team & Civil
Contractor Team after each Activity

Contractor's requiroment for similar footing
size where aver passible to reduce shuttering
wastage and cost spent on shuttering reduction

Material, Equipment & Labour Procurement -
Civil Packags

CIVIL SUPERSTRUCTURE WORKS TO BEGIN

Request Submitted & Consulted Client Side
Structural Consultant and PMC Team

FOOTING ACTIVITIES

Revision of GFC Structural drawings with

PEDESTAL ACTIVITIES - SITE EXECUTION

.t

lar footing sizes whera ever p

Client Approval & PMC Approval

SOIL FILLING ACTIVITIES

Preparation oo Civil Shop Drawings for footing
works by Structural Consultant (TCE) & Civl
Contractor (Arun Excello)- Footing Activities

PLINTH BEAM ACTIVITIES

Client Approval & PMC Approval

Work Quality, Specification, Measurement and
Allignment Check, Dally Peogress Mests, Weekly
Progress, Monthly Report & Problem Solving -
PMC Team; Client Team & Civil Contractor Team

after each Act pletion

Footing Activity - Execution (As Planned

CIVIL SUPERSTRUCTURE WORKS TO BEGIN

Footings)
PEDESTAL ACTIVITIES

WORK PROCESS COMPARISON - CONVENTIONAL PM METHOD Vs. METHOD IMPLEMENTED HERE Vs. LAST

Release of GFC for Civil Work {for Podastal
Works) to prepare shop drawings by Civil
Contractor & Structural Consultant

Preparation on Civil Shop Drawings for Ped 1

warks by Structural Consultant (TCE) & Civil
Contractor {Arun Excelo)- Footing Activities

Cliont Approval & PMC Approval

Reolease of Civil Shop Drawings for Pedestal
work
Footing Activity - Execution
SOIL FILLING ACTIVITIES

PLINTH BEAM ACTIVITIES

Release of GFC far Civil Waork (for Plinth Beam
Works) to prepare shop drawings by Civil
Contractor & Structural Consultant

Preparation on Civil Shop Drawings for Plinth
Baam works by Structural Consultant (TCE) &
Civll Contractor (Arun Excello)- Footing
Activities

Client Approval & PMC Approval

Release of Civil Shop Drawings for Plinth Beam
work
Plinth Beam Activity - Execution

Work Quality, Specification, Measurement and

Allignment Check, Weekly Prograss, Monthly

Report & Problem Solving - PMC Team; Client
Team & Cwvil Contractor Team after each Activity

Completion

HERE

Footing Activity - Structural Layout & Execution
(New Mezzanine Location as per Vastu)

Appointment of Vastu Consultant
Vastu Consultation
Relocation of Mezzanine footing by Cllent &

Vastu Cansultant

Preparation of Structural Layouts & Details
New Mezzanine Location
Client Approval & PMC Approval
Preparation of GFC Drawings for Civil Work (for
New Mezzanine Location - Footing Works) to
prepare shop drawings by Civil Contractor &
Structural Consultant
Client Approval & PMC Approval
Release of GFC Drawings for Clvil Work (for
New Merzonine Location - Substructure )

Preparation af Shop Drawing for Civil Work (for
New Mezzanine Location - Substructure )

Client Approval & PMC Approval
Release of Shop Orawing for Civil Work (for
New Mezzaning Location - Substructure

FOOTING ACTIVITIES
PEDESTAL ACTIVITIES
SOIL FILLING ACTIVITIES
PLINTH BEAM ACTIVITIES
Work Quality, Specification, Measurement and

Allignment Check, Weekly Progress, Monthly
Report & Problem Solving - PMC Team; Client
Team & Civll Contractor Team after each Activity

Completion
CIVIL SUPERSTRUCTURE WORKS TO BEGIN
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5.1.3 Meetings & Reporting To Be Implemented Based On LPS

Table 5.3: Meetings & Reporting To Be Implemented Based On LPS

SIN0GET ‘UBWSI04 ue|d uopdYy 13 Aejap Joj uoseay
* DINd :Bursaly aippnH Areg pajieap ajepdn 55313014 Areq ‘Bunaaw ajppnH Ajreq
Jopeuo) §3d B IND ‘ONd Aep 1euy 3uop aq 03 J1OM
Ui - Hodey ssaiboid feq | Buneew Aireg uejd uondY '3 Aejap 10j LOSeay
SIUBYINSUOD cmm“% ww_u“wu% IR Sap o B NOM Aieq Bunaaw Ayea / uneaw
§3d % INO 'ONd WaI0 | Buneel dmm ERUERD a1 a0l s e
T JWd '3 1U3}[) - Rep SUIMOJ|0} PARIWANS - ¥dQ
uBYA) SiueynsuoD ubisaq it
9 J0]2RAUOT NS 'JOJIBALOD Buneajy 1§ uonedynuap| 3sned 100y sty (Aljiuow g apest|  ApEam Sunaaw dmm
83d B IND 'OWd ‘WalD VIMS | | ‘Apaam) Ddd -ssa180id ‘anpayds pajielap Ajieq ‘dmm
N : VEo_um._maoa poday Ajyauow
IMeip doys Joj) SjuenNsuoD
0] JUIEJ15000 % Apea) ayew S32n0sal ‘
ubisaq % (abejs juawdopAsp : i 24P DUB YIUOW SUN9IW VIMS
puej ji1) Joyenuon Jadojpasq UOIEWIOJUI oM aysinbasalg - MOPUIM pE3LE ¥007 :
puel g hoﬂuw.h«coo _—EMN Juejnsuo) JNPIYIS SHIIM 7 8 LILOW
[eIMONAS 198UYIIY ‘DNd ‘WalD | Bunesy sdy
UBYNSUOD 8|npeyds

yiom Bujoo4 buunp sjuedionied

sbuneapy
paseg
a|npayosg

sy0dal )@ uoIssNISIg

§d149d se Sugaay

18 5120

Sd1- dunaa

98



61-120-€0

£+5592 61-60-02 61-80-12 0 feq iz we.8 3]2J0U0D Weag Yjulid|
p+SS6Z 61-60-L1 61-80-81 0 Aeq wiz we.g Buuspnys weag yuiid|
Z+SSHT 61-60-€1 61-80-b) 0 feg iz we/8 juswadsojuiay Weag yjuld
|+8SE2Z 61-60-41 61-80-Z1 0 feq wiz we/g Buppe Wesg wuiid
1+8S22 61-60-0} 61-80-41 0 keq wiiz T 20d % Buuaynys weag yjuild
|+8S12Z 61-60-60 81-80-01 0 Aeq iz we./8 Buissaug wesg Yl

51-80-60 0 Buppeyy weag vl

£0 23487 UoRIBCWO] 7 Dulli -{e1sapag)

01+SS8!

64-80-91

61-20-b2

{4

Z0 Jafe) uonoedwod § Gulid -fei1sspad

pi+SSLL

61-80-90

61-40-p1

74

1 0 safe] uogoedwo) @ bul -€jsapad

£+8SS1

6)-20-82

51-80-0¢

81-20-#0

Jake uoioedwod g Buljl4 Bunood

3}310U00 Y17 Puz- [B1Sepad

Z+SShl 61-L0-€C 61-40-10 (X4 Aeq /soN 9 SONEP) BuLsnyS Y puz-[eIsepad
£+SSEL 612012 81-90-62 154 Aeq jSoN 9 SONERL Buii 4 310g|
£+SST1 61-40-81 61-90-92 14 Aeg /soN 9 SON £f} S|3JoU0D UN 15| - [B1S3Pad
Z+SS|HL 81-20-G1 61-90-£¢ 14 AeQ /SoN 9 SONEPL BUUHNYS Y1151~ [B1S9pad]
1+SS01 61-L0-€1L 61-90-1¢ (%4 Aeq /soN 9 SONEPL 81810000 ® BuLBNNYS JapEIS [e)sepad)

£+SS6

61-20-C1

61-20-60

81-90-0¢

Buppey Jape)s [eysapad)

bulagnysaq g bupasouo)

Buuaynus Bunoo

Table 5.4: Project Schedule for Civil Substructure PEB & RCC Bldg.
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5.1.5 Method of Implementation of LPS here in Detail
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STEP 04- SIX WEEKS LOOK-AHEAD (SWLA) 05- Y PLAN
Developed By: PMC, Client. PMC, Civit & PEB Contractor, Sub Contractor  Project 01 Participants: Cient, PMC. Civil & PEB Contractor,

& Design Consultants (When Required) Design Consultants (When Required)
Distributed To: Weekly Work Program Meeting Members Procedure: Each rade submits its own upcoming week's schedule
' to the Project Manager on the day before WWP Megting.
Procedure: Last planners only promise once they have clarified the conditions of
1. Itis a2 weeks or 6 weeks Micro level breakdown schedule with satisfaction, including the due date, and are clear that the task can
constraints indicated in discussions with other last pianners based on be done ie. they have the capabilty, materials, labour, information,
RPS & Master Schedule etc. to do the work

2. Updated Dally based on progress from actual schedule
3. Documenting constraints with indication by the PM & Create lookahead Meeting Addresses:

window and Constraint log _ a. Workto be done for the week; Weekly PPC & Production Plan
4 Performed Constraints Analysis & Remove Constrainis using ADM b. Issuesof Planning Process such as:
+ Manpower,
ADM Model: *  Material,
Constraints (dentification and removal before Activities start, Alds Make +  Equipment Avaliabilty
Ready Planning to check availabiity of resources, information and *  Safety
mmmzmmw Look Ahead window maintaining + Construction Methodology,
« Early warning Charts,
Prh\arycmgofyoleonsnﬂsmm +  Other Problems from job site
1. Directives: Guidance / mformation to be avaiable for the work {0 be c. First Run Studies - Identify root causes and solving Problem It
done or assessed or produced enhances open 2 way communication

2. Prerequisite work: Workto be done o the activiy to take place d. Once the task is complete the last planner responsible declares
e o delivery so that site management or the team responsible for the

successfuly
3. Resources: Man, Matenal, Equipment and foois and Money next task can make an assessment as (o whether it meets the
Conditions of Satisfaction or not.
Visualisation: Locating Constraint Legs, Look Ahead Window and Make €. Prerequisite (Task & Forecast)
ready Plan at common poinis can helps to maintain schedule on track and
Complete activity with lead time within the given duration with no delay

4 PRODUC N E STEP 06- PERCENTAGE PROJECT COMPLETED (PPC)

Conducted by: Site Project Manager Prepared by: Site Project Manager

Participants: Distributed To: Last Planners in WWP Meetings

Daily Huddle Meeting: Site Projec! Manager,

Contractor, Subcontractor & Labours On Basis Of: Daily, Week Basis, Monthly, Trade Basis, Overall Project Basis

Daily Progress Reporting: Site Project Manager, Done By:

PMC Team (Offsite), Client, Design Team (If Required) Comparing every week progress and update on original schedule with actual
schedule (Actual Start & Finish) . WWP Schedule and Variance Control table &

Procedure: Analysing them

A daily stand-up meeting on-site or a brief morning

telephone conference to let everyone know what was Procedure:

completed yesterday, allows early warning of any late

(or early) deliveries and enables the team to identify It Is an evaluation process in a PPC meeting. , the leaming conversations encourage

root cause and solve the problem. quickly renew or leaming from both success & failure so as to reduce the risk of repeated failures and

adjust plans & promises based on this new information. we systematically learn how to work more effectively together more predictable and
reliable workflow,

+  Which promises did you defiver since the last

meeting? Saxn-Week Weekly
»  Which promises are or will be late {or more than Lookahead Waork Plan
24 hours early), and when do you expect to get (SWLA) withf=  (WWP)
them done? Reverse Constraint with
+ Which promises wil you complete before the next Maser [ ] Phse Atis Sadthg Variances
mw Schedule Schedulmg T l
+  What concemns or constraints do you have (RPS) r :
regarding your work? Project Scheduing
+  Are you on frack fo meet the overall work plan? (pdated daily)

Fig 5.2 Method of Implementing LPS here in Detail
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5.2 RECOMMENDATIONS - LAST PLANNER SYSTEM BASED TEMPLATES

5.2.1 Last Planner System based Templates

TEMPLATES DEVELOPED FOR FOLLOWING:
STEPO1 STEP 02 STEP 04 STEP 05
“PRDUCTION
“SHOULD DO" “WILL DO" “DID" MANAGEMENT &
FEEDBACK™

+ Master Schedule + Six/ Two Weeks Look + Weekly Work / + Daily Progress + PPC:

+ Project Ahead Plan Production Plan + Weekly Progress + PDCA&
Understanding - A3 + Look Ahead Window + Monthly Progress + Monthly Progress + FEEDBACK-CONT.
Design Thinking + ConstraintLog + FRS-PDCA/ A3 + FRS-PDCA/A3 LEARNING &

+ Cycle Time + Constraint Analysis Solver Solver IMPROVEMENT

+ Reverse Phase + FRS-PDCA/ A3
Schedule Solver

Fig 5.3 LPS Templates Developed on the following basis

)

A3 Problem Solver/ Design Thinking

A3 Design Thinking Formats Created Based On Understanding The Formats Which Are Used
At EPMCR, Chennai, To Use A3 Sheets as:

Design Thinking Sheets To Understand The Project & Evolve Ideas / Solution

Understanding Challenges, Their Root Cause/ Pain Point, ,Empathize & Ideate
To Provide Solution - PDCA Approach

Implement, Report The Progress / Test Report, Document Them, Get

Feedbacks & Act / Adjust To Undergo Continuous Improvement In

Collaborative Approach Of All The Stakeholders.

A3 Design Thinking Format Thus Includes Following Typologies:

1.

2.

A3 Understanding- Understanding Project Requirement

A3 Empathize She

A3 Project Milestone Identification & Process

A3 Ideating Sheet
A3 Solution Sheet

A3 Solver

et

Fig 5.4 A3 Problem Solver
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Table 5.5: Last Planner System based Templates

TEMPLATE 01: A3UNDERTANDING/DESIGN THINKING SHEET (SHOULD DO)-
BASED OF MASTER SCHEDULE FOR RPS

DESCRIPTION OF PROJECT / WORK / ACTIVIYTY / TASK CLIENT NAME & DESCRIPTION
WORK SCOPE WORK METHODOLOGY TECHNOLOGIES / TRENDS
IMPORTANT FACTS - PROJECT / USER/ CLIENT|  TIME i quauty | Resources |PROPYCTVITY | o crrainTs
BUDGET REQUIRED

AUTHOR: SUPPORT TEAM DATE: TILE

REV.NO:
ACTIVITIES INVOLVED TIME FRAME | INTERNAL STAKEHOLDERS ACTIVITIES INVOLVED TIME FRAME | EXTERNAL STAKEHOLDERS
PLACES - 1. SITE / PROJECT, 2.MATERIAL & EQUIPMENT, 3.STAKEHOLDER BAESD
b Jone? people
this is what we will do m‘;ﬂ i information
by whom? equipment
how long? materials
prior work
this is what we need What's needed to safe external conditions
fodo it ‘;:b': hom? safe space
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TEMPLATE 12: CIVIL WORK (SUBSTRUCTURE) - DAILY PROGRESS REPORT, REASON FOR DELAY & PROBLEM SOLVER
(DID - DAILY PRODUCTION MANAGEMENT WITH PPC AND PDCA (FISHBONE ANALYSIS), FEEDBACK FOR CONTINUOUS
LEARNING & IMPROVEMENT)

Schwing Stetter 05-04-2021 |
PMC, Client, Contractor, Subcontractor, Vendor

Project Status Progress ( Planned Vs. Achieved) | Manpower (Planned Vs. Available)
Description Total Quantity |Planned Achieved |Backlog |Planned  |Available |To Increase
Footing Excavation 143 Nos 6 Nos 3 Nos 3 Nos [1-Excavator] 1 0
Prerequisite Resources Information Quality Safety Others
Soil Test- Improper Nil Shop Dwg Nil Improper Lighting Nil
Weather Forecast

Sl. No. Description Total To Complete (Overall Scope) |Balance
1 Footing Excavation 143 Nos 143 Nos 110 Nos

[ e—— ) S
Fish Bone Diagram

Example: Proper Weather Forecast & Provide Proper Lighting and Availability of Shop Drawing

Sl. No. Task Responsibilties  |Due Dates
1 Proper Lighting during night Contractor On Night |
2 Proper Soil Testing Geotechnical Team | Immediate
Month 1 Work Quantity
Activity Week 01 Work Quantity for each day
Day 01 |Day 02 Day03 |Day04 [pDay05s |pDay06 |Day07
Excavation 6 Nos 6 Nos 6 Nos 6 Nos 6 Nos 6 Nos 6 Nos

—

ReqRate/ |Req Quantity to plan

Activity gua;rentnatel Day as per forUpcomlngdays | swtbate Compleﬁon
Catchup Plan in that Week Date
Excavation 3 Nos 6 Nos 7 Nos- for next 3 days 3Nos | 06-04-21] 09-04-21

114



ApQepeay In0GE) 4O 3] APNIS POS Jado sduwl| SON ¢ SON ¢ SON SON ¢ SON & ON1 SON € UONeARIXT BUNO04
Aeq|90 Aeq| so Aea|vo Aeq|£0 Aea| zo Aea| 1o Aeg uonduisag
U
SON €71 SONZL SON 9 SON £ 0 0 0 0 SON € SON 9 SON ¢ UOpeARICY BU004
Aeq|90 Aea| s0 Aea|vo Aea|€0 Aea| zo Aea| toAea|  uopdudsag
OY
JOLENUO) 0 ON 1 ON | ON | ON1 ON1 ONT ONT ON1T 0 103EARIXY
Aupgisuodsay ‘SON Aeqa|90 Aea| so Aea|v0 Aeq|€0 Aeq| zo Aea| toAeg|  uondudsag
lopenuod pan SON© SON 9T SON £ SONB | SONB SONS| SONB| song| SoNS SON § Japuaqieg
Aypiqisuodsay ‘SON Aeq|90 Aeq| S0 Aea|vo Aea|£0 Aeg| zo Aeg| ToAeq|  uopdudsag
Ud
a OSY 2 90 O¥d HOd HO0Ud

‘'SSIHO0¥d HLIM 0IA) AV13A ¥O4 NOSYIY B D0THIVE 'LHOdIY SSIHO0Ud ATHIIM — (IUNLONULSENS) HHOM TIAID €1 ILYIdWNIL

(SISVE ATM3IIM SISATYNY AV13A B 323NOSIY

115



uogsdwo) 0] "353

31V3a OL TIL SNLYLS 103r0dd TIVH3IA0

1Z-S0-90 sdegie sheq 1 1Z-50-50 %96 SON t SONOTT SONPTT
@jeq pu3| uoneing s Rl Rt 3j@3|dwoou| paajdwon| pauuely
40 'ON| PRINpaYIS %
93d 03 Janopury
( ) sisAjeuy Aejaq [[esan0 snjess 3oafoud ||esen0

ALINNILNOD - 31V0A 01 TIL Ddd 1D310Hd TTVHIAO '8 LHOd3Y SS3UO08d ATHLINOW

ALVA 0L TILSNLVIS
31Va OL L Ddd 103710¥d TIVHIAO 8 L40d3Y SSIHO0Hd ATHINOW

BN N EN N %00T ONOD SONZY | SONZY LONPARIX] SUNDO4 1
PIpUIINT
#jeq pu3| uopeinq| sAeq jo "oN|eieg pu3(ssaidold %| Aepg| jendy | pauueld SBIIARIY
SIBQUINN T -TO W04} XI0M YoM Bunooy _&\»ﬂ.
woRadwo) 353 sisAjeuy Aejag 10IpIoM [ uoRedoT / puo seleypded pom |

uo sn3els Pefoid

Qi) 3LYA OL T1IL Odd LO3rodd TTVHIA0 B LHOdIY SSIUO0Yd ATHLNOW ~ (FHNLIONYLSENS) HHOM TAID ‘¥IL ILVIdWIL

(SISVE ATHLNOW LO3rO¥d FHL ¥0d Odd HLIM

116



5.3 CONCLUSION

Table 5.6: Recommended Project Schedule by Using LPS for PEB & RCC Building-
Overview
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5.3.1 Conclusion

As seen from the literature study and as per Lean Construction Institute nearly 70% of the projects
during Construction suffer from delayed project delivery due to Conventional Construction Project
Planning System which are unsuitable for fast, Complex, Dynamic and Uncertain Projects with
Multiple Stakeholders.

By Adopting Collaborative and Commitment based Construction Project Management System such
as Lean's Last Planner System for Planning, Scheduling and Tracking the reliability of the Project
Schedule can be Increased by 90% and Complete the project within the determined/ Commitment
duration during Collaborative Reverse Phase Scheduling. Also by collaboration and maintaining
accountability by Implementing LPS we can further decrease the duration by 15% to 20%. Further
Last Planner System states the need for balance between Transformation, Value Generation and
Continuous Information Flow by Macro and Micro level Planning (Part to Whole and Viseversa and
Continuous Improvement and Learning- Should do, Can do, Will do, Did and Feedback) that gives
Importance to:

1. Early and Continuous Collaborative Meetings with all the stakeholders (Contractors,
Vendors, Design Consultants, Client, PMC Consultants) during both the design and
construction stage.

2. Implementation of Proactive and Root cause Problem Solver and Design Thinking approach
A3's that Uses PDCA (Plan, Do, Check, Act).

3. Constraints Analysis, Maintaining Constraints Log and Constraints Removal before through
proactive approach before the activity occurs during Make Ready Plan / 2 to 6 Weeks look
ahead Schedule.

4. Provision of Weekly Work Plan and Progress by the Contractors.

5. Daily Labour and Progress Report to the PMC

6. Maintaining Project Complete (PPC)- Trade based, Daily, Weekly, Monthly and Overall
Project based to understand the progress and challenges faced during the process and to
provide solution from root cause analysis to be on track with the proposed schedule and
update the schedule based on current requirements and project's predetermined duration as
per Master Schedule.

7. First Run Studies for Proactive Constraint Analysis

8. Visualization at common spaces and along the Construction Site for Continuous Updates,
Motivations, Increase Safety and to maintain the project on track as per Stipulated Time,
Cost, Resources, Quality and Scope.
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