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A What we will learn?

L Lean in construction phase of LPDS

R/

*» Concepts

R

% Lean supply

R

% Lean assembly

» Lean use

* Learning loops

¢ Production control and work structuring
% The last planner system in construction

»* LC levels of implementation
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A Introduction

L The previous section provided an overview of the lean project delivery system

(LPDS) with an emphasis on the programming and design phase of projects.

Q It also presented the Last Planner® System from the perspective of design, in

preparation for the construction phase of projects.

L This section presents lean in the construction phase of the LPDS, including lean

supply, lean assembly, and use.

O The Last Planner® System is described extensively with regard to the joint activities

of different specialists in the project team.
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{Ew Structure of the lean project delivery system (LPDS)

L Source: Adopted from Ballard and Howell, Building Research and Information, 2003

I Purposes ‘ Design A Product ‘ Fabrication : . ‘ Alteration & '
P Concepts Design & Logistics 7 Decommissioning’

i . ‘ Operations &
‘ Detailed . pera
Maintenance

Design Process
Criteria Design
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{E‘ Introduction

L The third triad, lean supply requires
1. Up-front product
2. Process design
to define
1. What is needed
2. When it should be delivered.
* This is especially important with engineered to order components as utilized in

EPC projects.

[ What is the difference between Lean Supply and Traditional Procurement? J

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 7
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$ Traditional procurement

O Traditional projects depend on procurement specialists or buyers to ensure that

1. Materials are available for installation:

2. Materials operate as a functional silo that is decoupled from project workflow.

[ What are the flaws in this process? J

L Flaws in this process result in

1. Material shortages or incorrect materials on site when they are needed that

often cause serious project delays and losses in construction quality.

2. Alternatively, material inventories accumulate, creating

1. Unsafe condition on-site,
2. Tying up scarce capital.

These situations represent examples of construction waste.
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/M\ Lean supply

U Lean supply addresses these problems through three main approaches (Arbulu and
Koerckel 2005):

(1) Improving workflow reliability — maintain constraint identification and

removal,
(2) Using web-based project management software to increase transparency across
value streams, and

(3) Linking production workflow with material supply.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 9
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A Lean supply vs. traditional procurement

A comparison between lean supply chains and traditional procurement

Lean Supply Chains Traditional Procurement

1 Based on systems thinking Purchasing function not systems based

2 Factored in product and process design Standard procedure —

3 Tries to match resources with site needs Seeks lowest price through competitive bidding
4 Seeks overall cost savings via value stream strategy. Marrow focus on balancing price quantity and

quality

5 Early supplier involvermnent Late supplier involvement

6 Pulls resources where possible Pushes resources at the site

7 Material consolidation through centralized Independent warechouses/inventories

logistics centers

S Multi-project view Individual contract view

9 Supply channelized to project needs Project constrained by supply
10 Long term strategy for procurement Short sighted thinking and control
11 Material supply is synchronized through the LPS. Material supply decoupled from workflow

Sowrce: Adapted from AGC course Unit 5

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 10
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A Supply chain management and lean construction

L The main elements of SCM are

1. Information flow,

2. Order fulfillment, and

3. Product development
O With

1.
2.
3.
4.

Faster response times,
Less waste,
More effective information flow, and

Smaller amounts of inventory.

The design process can support the supply chain by using standardization to eliminate

waste as well.

Implementation of SCM has many challenges! J

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573
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A Challenges of supply chain management in construction

O The industry trend toward subcontracting has resulted in

1. Specialization and fragmentation;
2. Each subcontractor tends to act in its own interest and

3. Relationships between the various parties often becomes adversarial.

L The sharing of information is critical for both SCM and lean construction.
% A general contractor (GC), for example, should be able to extract a reliable
commitment from an air conditioning subcontractor that a chiller has been

ordered from a specified supplier.

[ How this could happen? J

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 12
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A Challenges of supply chain management in construction

L Using an online information system, it should be possible for the GC and the owner’s

project manager to verify the supplier’s delivery schedule,

although pricing information could be kept confidential.

% The dimensions and capacities of the chiller could be verified long before

delivery

to ensure that it will be delivered and installed in seamless

agreement with the construction schedule.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 13
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{E‘ Just in time (JIT) and lean construction

In JIT, production is driven by customer demand;

* That is, the needs of the next trade downstream as opposed to “pushing “ to

meet schedules.

O This system allows a JIT approach to be used, so that

s Chiller is not delivered too far in advance, when on-site storage requirements may

become costly and inconvenient.

+» Late deliveries would be avoided.
Unavoidable deviations from the construction schedule would be shared

with all stakeholders and needed adjustments made.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 14
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A Just in time (JIT) and lean construction

L One important function of the supply chain is to ensure the appropriate timing of

material acquisitions to avoid excess material inventories.

O Materials fall within three categories that must each be handled differently:
1. Made to stock items (MTS): These are commercial items that are made to meet
market forecasts.
% Examples are consumables such as nails and small tools.
2. Made to order items (MTO): These are standard items such as rebar and
concrete that are easily produced to meet project needs.
3. Engineered to order (ETO): Items are customized to the project;

% They include steel trusses, HVAC ductwork, systems piping for chillers, and

plumbing.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 15
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{EM, Kanban and lean construction

O Pull/Kanban is a system of delivery instructions from downstream to upstream

activities in which the upstream supplier does not produce

until the downstream customer indicates a need.

v'ltis an essential part of the just-in- time (JIT) process.

O In its original form, Kanban was a card-based system that improved process

management through visual control.

0 Kanban cards maintaining information on

product name, number, due dates, and so on.

(I

The kanban tells the supplying process exactly what it wants and how many.

U

The supplying process is not authorized to make more product until the kanban

advises it to do so.
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Kanban and lean construction

Bin system to show when materials or parts e
are running low

Upper bin
is re-filled

Lo lwg':ln.
now be re-filled
ﬁ
| 2-Batch status
g restored!
. J
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Kanban and lean construction

Inventory control
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{Ew Structure of the lean project delivery system (LPDS)

L Source: Adopted from Ballard and Howell, Building Research and Information, 2003

I Purposes ‘ Design A Product ‘ Fabrication : . ‘ Alteration & '
P Concepts Design & Logistics 7 Decommissioning’

i . ‘ Operations &
‘ Detailed . pera
Maintenance

Design Process
Criteria Design
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K Introduction

Lean assembly is practiced in the actual construction of a project.

L Lean assembly puts materials, systems, and components in place to create a completed

facility.
L The objective of lean assembly is to assemble building elements in the most efficient

manner possible, both onsite and offsite.

O It can be accomplished in a number of ways, such as

through prefabrication offsite where the work can be done in

controlled environment like a factory, and then transported to the site.

v" Piping systems, for example, can be assembled in sections in a
prefabrication facility, tested under high quality standards,

then shipped to a site on a just-in- time basis.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 21
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{EM, Prefabrication

L Prefabrication is a production technique that can enable a contractor to

operate in a lean manner by

reducing the many nonvalue-added steps that are required in field

fabrication.

R/

«» Whereas field work contends with uncertain conditions such

as

weather, and limitations in the availability of skilled
labor, material, and equipment, shop fabrication benefits

from a predictable, controlled environment.
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{E‘ Commissioning

O The commissioning process provides quality assurance

before a facility is completed and accepted by the owner
by ensuring that all systems have been installed as promised in

keeping with the designer’s plans and specifications.

v It improves the probability that the facility will meet the
owner’s project requirements (OPR) and performs as

expected, to provide user satisfaction.
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{Ew Structure of the lean project delivery system (LPDS)

L Source: Adopted from Ballard and Howell, Building Research and Information, 2003

I Purposes ‘ Design A Product ‘ Fabrication : . ‘ Alteration & '
P Concepts Design & Logistics 7 Decommissioning’

i . ‘ Operations &
‘ Detailed . pera
Maintenance

Design Process
Criteria Design
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K Lean use

O The “Use” triad of the LPDS
% Refers to a completed facility, and
s Contains the activities
v" Commissioning,
v Operations and maintenance, and
v" Alteration and decommissioning.

o Following successful commissioning, the facility should undergo a

protracted operations and maintenance phase as it is used.

o “Alteration and Decommissioning” refers to a future activity when

the facility may be repaired, renovated, or taken out of service.
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{Ew Structure of the lean project delivery system (LPDS)

L Source: Adopted from Ballard and Howell, Building Research and Information, 2003

I Purposes ‘ Design A Product ‘ Fabrication : . ‘ Alteration & '
P Concepts Design & Logistics 7 Decommissioning’

i . ‘ Operations &
‘ Detailed . pera
Maintenance

Design Process
Criteria Design
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O “Learning loops” refer to the application of root cause analysis to construction

activities to
review PPC values and commitment reliability.
v In this review, project teams determine the reasons why the tasks
planned for a particular week may not have been accomplished.

v" If errors are detected in this review, the team endeavors “not to make

the same mistake in succeeding weeks”.
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{Ew Structure of the lean project delivery system (LPDS)

L Source: Adopted from Ballard and Howell, Building Research and Information, 2003

I Purposes ‘ Design A Product ‘ Fabrication : . ‘ Alteration & '
P Concepts Design & Logistics 7 Decommissioning’

i . ‘ Operations &
‘ Detailed . pera
Maintenance

Design Process
Criteria Design
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A Introduction

We will first discuss the
“heart” of the LPDS:
Work Structuring and

Production Control Work S ctu ring
Production Control

By: Alavipour, PhD, PMP, CMIT
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$ L ean production management

O Reliable workflow at these levels achieved using:

LEAN PRODUCTION MANAGEMENT‘

— S

Production Planning = Production Control =
Lean Work Structuring Last Planner System
(LWS) (LPS)
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A Lean production management

LEAN PROJECT AND PRODUCTION

PLANNING

LEAN WORK STRUCTURING (LWS)
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A Lean work structuring

O Work structuring and production control are used throughout a project to manage

production (Ballard 1999).

L Work structuring is a process of subdividing work so that pieces are different from

one production unit to the next to promote flow.

O Work structuring develops and aligns the project’s process design with

Engineering design,
Supply chain capability,

Resource allocation strategies, and

S O A o

Assembly efforts.

[ Is it WBS? J
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Kambiz Kordani, M.Sc., PMP



(Lean Project Management) ob Jouol (g9 4 059 9 o i g 1,21

’ o595 (CoONstruction) I sl/cole ads o 4o Ol bgy Jao! 3 coliswl
A Lean work structuring

O Work structuring differs from work breakdown structure which was traditionally

used by planners to
decompose a project into work packages to create a framework for project planning,

scheduling, and controls in the functions it performs.

[ What questions WS answers? J
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A Lean work structuring

O Work structuring answers the following questions:
(1) In what units will work be assigned to groups of workers?
(2) How will work be sequenced?
(3) How will work be released from one group of workers to the next?
(4) Will consecutive groups of workers execute work in a continuous flow process or
will their work be decoupled?
(5) Where will decoupling buffers be needed and how should they be sized?
(6) When will different units of work be done?

(Howell et al. 1993 and Tsao et al. 2004).

[ What are some of the products of work structuring? J
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A Lean work structuring

L Some of the products of work structuring are:
% Project execution strategies including global sequencing where sequence of
execution is delineated
building A, then D, then B etc; or build floors of hi-rise in quadrants going
counterclockwise starting at the north side
* Project organizational and contractual structure
% Configuration of supply chains
% Detailed operations design
how to form-rebar-pour basement walls

+* Master schedules

+¢» Phase schedules

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 38
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$ Work structuring and last planner

O Inthe Last Planner® System of production control,
work structuring culminates in the form of schedules that represent specific
project goals.
% Schedules are created for each phase of the project,
1. Beginning at the design phase, and

2. Ending at project completion.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 39
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$ Work structuring and last planner

Work Structuring:
Master & Phase Schedules

Project
Objectives

Work
Structuring

Master and
Phase
Schedules

The Last
Planner

€Lean Construction Instdoute, 2001
Adapted by Tariq Abdelhamid

Michigan State University Production
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A Lean production control

U Production control is represented in the LPDS as a horizontal bar that extends from the

very inception of the project to its conclusion.

» It consists of work flow control and production unit control.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 a1
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{E‘ Lean production control and Last planner

L The LPS of production control

sets up and manages schedules in order that:

% The flow of work is structured for the project.

»  Workflow is planned within the structure of the work.

* Work is controlled to accomplish the plan.

s Weekly measurement evaluates accomplishment and permits

fine tuning for improvement.
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A Lean production control

O Improve workflow reliability on your site by thinking through production process

during product design.

O Thinking production (flow) during design and project planning

FLOW / Waste - Muda \
Qariabmty} Fé@ofﬁ/ Mh-\'
B \ verouraen - vidri

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 43
Kambiz Kordani, M.Sc., PMP



Lean in Construction Phase of the LPDS

(The Last Planner System in Construction)



(Lean Project Management) ob Jouol (g9 4 059 9 o i g 1,21

o595 (CONStruction) >/ e lw dd> wo 35 ©b o9, Jawo! 31 solisim!
{EM] Requirement for successful application of the LPS in the construction phase

L The reliability of the LPS and lean construction hinges on informed commitments
to maintain the trust that is essential for avoiding waste.
% If subcontractor (Sub) B depends on Sub A to have a work area available by a
given day,
v" then Sub B should be able to mobilize crews for that day without the
reservation that Sub A might not keep its promises.
v Should that occur, Sub B could incur significant waste by having

workers report for duty without being able to carry out the scheduled

tasks.
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A Last planner in construction

O The LPS is based on four levels of schedules and planning tools:
1. Level 1: The master pull schedule

2. Level 2: The look-ahead schedule
3. Level 3: The WWP
4. Level 4: Certain projects may require a daily work plan
- Project Master Scheduling
E ] Set Milestones
-a o) e
2 Phase Phase Scheduling =
= Specify handoffs ]
_g L Il IL I J Collaborative planning =
o Reverse phase scheduling 3
+ »
2-6 wks
l 11 1 11 11 I I 1 | Q
(o
e | o o o e o e e o e e o e Y e
> @ 47

Time Horizon



‘A Last planner in construction

-

Work
structuring

~

(Lean Project Management) b Jguo! 09y 410595 oo g ||
o595 (CoONstruction) ly>l/cslw dl> w yo b oy, Jewo! 31 ool

A

Selecting
Current sequencing and
status and sizing work we Look-ahead | (SHOULD)
forecasts think can be
done
|
e I T I -
Selactin .
Make work 5aq uencigg ..«'J Chart PPC
ready by and sizing Weekly T and
scraening work we _~work plans "
and pulling know can reasons

\_

(DID)

Complated
work

The Last Planner® System: process flow

www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573

By: Alavipour, PhD, PMP, CMIT 48

Kambiz Kordani, M.Sc., PMP



é strain}
{ and
@EC“VE 5

l The Last Planner Planning Cycle

Work /Ma:th

Structuring Sched uly
G; h through /Pt;se\l

Status& I—P collaborativea ——»f

@eca? planning & reverse Schedule |
o hedul /

Selecting,
Current gaqueancing, and Look-ahead
!

Status& | sizing work wa

Foracasts THINK can ka Bchadul
done

- ¥ Y
Selecting / \
/ \ Maka wark raady Wiorkable saquencing, and Weakly Wark

(SEEEEECa — 5 Sc;EL-:e"?';ng i Backlog gizing work wa Plan
t KHOWY can be dane \ /

(o) o

Resaurcas |————» Pmduction —» |

N N

Char PPC &
Reasons




(Lean Project Management) ob Jouol (g9 4 059 9 o i g 1,21

o595 (CONStruction) >/ e lw dd> wo 35 ©b o9, Jawo! 31 solisim!
{E‘ Last planner In construction

L The LPS is based on four levels of schedules and planning tools:
Level 1: The master pull schedule

Level 2: The look-ahead schedule

Level 3: The WWP

1.
2.
3.
4.

Level 4: Certain projects may require a daily work plan
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{EM, Level 1. Master pull schedule — Master schedule

d The master schedule may be used to establish

1. Project feasibility

2. Likely duration.

O It identifies long lead-time items.

O If it is prepared before design work is completed,
1. Establishes packages for action by designers

2. Plans their sequencing and timing.

We should have a meeting first!
What should be done in the process of meeting?
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{EM, Level 1. Master pull schedule — Master schedule

L This planning occurs in a meeting of project participants and stakeholders.

L The steps in the meeting process are:

1.

2

-

Have an agenda ready for the meeting;

Introduce the entire team so that stakeholders will know each other;

Ensure that all required project data are available;

Use “Post It” notes on a wall-mounted board,;

Use a backward (Pull) approach for assignments;

Promote creativity (with controlled chaos) to generate a broad cross section of
ideas;

Identify float and verify with stakeholders;

Document the plan (P6 or MS project are examples of software)

Review and fine tune the plan.

What are the limitations in preparing master schedule? }

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 53
Kambiz Kordani, M.Sc., PMP



(Lean Project Management) oU Jguol o9, 4 059 <y o g |2
o595 (CONStruction) >/ e lw dd> wo 35 ©b o9, Jawo! 31 solisim!
{EM, Level 1. Master pull schedule — Master schedule limitations

L There are significant limitations in the master schedule.
1. Itis generally prepared by people who are not going to do the work.
2. Itis similar to preplanning.
3. While the master schedule is followed closely in traditional projects,

it is further modified in lean construction projects.

% Phase scheduling, on the other hand, gets people involved who are

actually going to do the work.

v" For that reason it is generally more realistic to break down a
master schedule into

1. Look-ahead schedule
2. Weekly or daily schedule.

[ What are the steps in preparing master schedule? ]

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 54
Kambiz Kordani, M.Sc., PMP



(Lean Project Management) ob Jouol (g9 4 059 9 o i g 1,21
o595 (CONStruction) >/ e lw dd> wo 35 ©b o9, Jawo! 31 solisim!
{EM, Level 1. Master pull schedule — Master schedule steps

U Planning and scheduling to prepare a master schedule may involve following steps:
1. The project is subdivided into major work activities.

2. The duration and work force requirements are determined for each milestone.

3. The activities are placed in a logical sequence to form the master schedule.
% For example, an excavation has to be made and reinforcement placed before a
concrete foundation can be poured.
4. Project duration is determined from the overall sequence of activities and their

respective durations.

5. Overall duration is reconciled with the contractual requirements of each project.

6. Activity durations are adjusted through resource utilization.
% For example, the time required for placing reinforcement can be accelerated by

Increasing the number of crews carrying out that activity.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 55
Kambiz Kordani, M.Sc., PMP



(Lean Project Management) ob Jouol (g9 4 059 9 o i g 1,21
o595 (CONStruction) >/ e lw dd> wo 35 ©b o9, Jawo! 31 solisim!
{EM, Level 1. Master pull schedule — Master schedule steps

O Planning and scheduling to prepare a master schedule may involve following steps:
5. The master schedule is further refined, using the CPM to
(a) Identify the critical path
v The sequence of activities that directly affect overall project duration
(b) Identify “float” or “slack time” that determines how long an activity can be

delayed without jeopardizing the schedule.

[ What else included in master schedule? }
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Level 1: Master pull schedule — Master schedule

A

EMI
L The master schedule also includes infrastructure items based on:

R/

¢ Estimated quantities

R/

¢ Estimated craft density to complete the work safely and cost effectively.

R/

+«»» Standard rates for labor

R/

¢ Labor distribution curves (industry based, or company based)
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‘{Ew Level 1: Master pull schedule — Master schedule

Milestone planning (level 1)

(2)

| 1(3)

| 1(a)
®

Jan Feb Mar Apr

May Jun Jul Aug Sep Oct MNov Dec

The master pull schedule
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Level 1: Master pull schedule — Master schedule

A sample Master Schedule.
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Orig
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{Ew Level 1. Master pull schedule — Master schedule

[ So, why we need Reverse Phase Scheduling? J
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Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

L Traditional construction emphasizes pushing tasks to meet an optimistic master

schedule,

with little thought to what CAN and WILL be done in a given time frame.
O In LPS, the master schedule is refined as a reverse phase schedule by
using a team to work backward from the expected completion date.

¢ This team comprises “last planners” from different trades/subcontractors.

The master schedule and reverse phase schedule indicate

what work SHOULD be done in order to meet the schedule.
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{EM] Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

U Reverse phase scheduling (RPS) (often termed “pull planning”) specifies the hand

offs between trades for each project phase.

/7

¢ In practice, subcontractors participate extensively in RPS.

U They typically use Post-It notes on a wall-mounted board to plan their schedules in

concert with the schedule for each project phase.

U The integration and coordination of various specialists’ operations is the purpose of

the phase schedule.

[ So, what would be the level of detail in the phase schedule? }
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4

Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

O The level of detail in the phase schedule is determined by
requirement that the phase schedule specify the handoffs between the

specialists involved in doing the work in that phase.

/7

% These handoffs then become goals to be achieved through

production control.

/7

«» Remember that we are in front end planning?

v When projects are large and complex,

1. A single master schedule may represent

activities only in broad terms and
2. A single look-ahead to cover all exploded tasks

may become unwieldy.
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{EM] Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

* Rule 1: Allow activities to remain in the
Master/Phase schedule unless positive
knowledge exists that it should not or
cannot be executed when scheduled.
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Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

O Accordingly, the master schedule may be broken up into phase schedules as shown.

O With master schedule activities being exploded into sets of tasks
to cover the entire activity duration,

each one grouping work that need to be performed in close spatial.

explosion of master

schedule activities
7r phase schedule

TIME >

data MASTER SCHEDULE
date

Exploding Master schedule into a Phase schedule
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{EM] Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

O LCI recommends using pull technigues and team planning to develop schedules for

each phase of work,

from design through turnover.

U The phase schedules thus produced are based on targets and milestones from the

master project schedule and provide a basis for look-ahead planning.

[ How team planning performed in the phase schedule? }
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{EM] Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

1. Team planning involves representatives of all organizations that do work within

the phase.
2. Typically, team members write on sheets of paper brief descriptions of

v Work they must perform in order to release work to others

v" Work that must be completed by others to release work to them
3. They tape or stick those sheets on a wall in their expected sequence of performance.
4. Usually, planning breaks out in the room as people begin

1. Negotiating sequence

2. Batch size

when they see the results of their activities on others.

[ What should be done next? ]
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{EM] Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

1. The first step of formalizing the planning and the phase schedule is to develop

a logic network by moving and adjusting the sheets.

2. The next step is to determine durations and see if there is any time left between the

calculated start date and the possible start date.

% It is critical that durations not be padded to allow for variability in performing

the work.

We first want to produce an ‘ideal’ schedule based on average

duration estimates. & | 2
j 9 [ -
. 7 g B
eyt 1 (;J
JE ;‘u ;‘I [
' ool 4
"‘ / 2. 2

What should the team work on next?
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{EM] Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

1. The team is then invited to

reexamine the schedule for logic and intensity application of resources and

methods) in order to generate a bigger gap.

2. Then they decide how to spend that time:
1) Assign to the most uncertain and potentially variable task durations,
2) Delay the start in order to
I.  Invest more time in prior work or
il.  Allow the latest information to emerge, or

3) Accelerate the phase completion date.

What should be done if the gap is not enough to absorb variability? }
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Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

If the gap cannot be made sufficiently positive to absorb variability,
1. Phase completion date must slip out, and
2. Attention turns to making up that time in later phases

% The key point is to deliberately and publicly

generate, quantify, and allocate schedule contingency.

What would we achieve at the end of this phase? }
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Level 1: Master pull schedule — Reverse phase scheduling (pull planning)

O Critical path is identified.

L Acceptable amount of contingency can be introduced to accommodate risk and

uncertainty.

R/

 This approach is based on the pull technique.

O The resulting phase plan provides a framework for integrating the work of various

specialists that are needed to carry out their respective work plans.

It is more realistic than the master schedule,

but does not make allowances for conditions in the field

that may fluctuate from week to week.

[ What are the steps in preparing reverse phase schedule? ]
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{EM[ Level 1: Master pull schedule — Steps to phase/pull scheduling

1. Define the work to be included in the phase; e.g., foundations, building skin, etc.
2. Determine the completion date for the phase,

plus any major interim releases from prior phases or to subsequent phases.

3. Using team scheduling and Post-1t Notes (i.e., sticky notes) on a wall,
a) Develop the network of activities required to complete the phase,
b) Working backwards from the completion date, and
c) Incorporating any interim milestones.
4. Apply durations to each activity, with no contingency or float in the duration
estimates
5. Reexamine logic to try to shorten the duration

6. Determine the earliest practical start date for the phase.
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A

Level 1: Master pull schedule — Steps to phase/pull scheduling

EMI
7

If there is time left over after comparing the time between start and completion with the
duration of the activities on the wall,

decide what activities to buffer with additional time.

a) Which activity durations are most fragile?

b) Rank order the fragile activities by degree of uncertainty.

c) Allocate available time to the fragile activities in rank order.
8. Is the team comfortable that the available buffers are sufficient to assure completion

within the milestone(s)?
If not, either re-plan or shift milestones as needed and possible.

9. If there is excess time available, decide whether to
a) Accelerate the schedule or

b) Use the excess for other phases
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{EM[ Level 1: Reverse phase scheduling (pull planning)
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{E‘ Last planner in construction

O The LPS is based on four levels of schedules and planning tools:
Level 1: The master pull schedule

Level 2: The look-ahead schedule

Level 3: The WWP

1.
2.
3.
4.

Level 4: Certain projects may require a daily work plan
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{EM] Level 2: Look-ahead planning and scheduling

U Lookahead planning involves
1. Taking activities from the master schedule
% It reflects major work items that need to be completed for the milestone
dates in the master pull schedule.
+ It identifies the work activities that CAN be done, within the constraints
that have been indicated.

% Constraints are identified so they can be planned for ahead of time.

% The trade foremen are specifically asked what CAN be done in light of
Issues such as weather conditions, availability of crews, etc.
2. Placing them in the look-ahead schedule.

¢ This schedule represents a time frame that is generally 4-8 weeks in length

for construction tasks.

v That duration has been identified by experience as the most flexible.
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{EM] Level 2: Look-ahead planning and scheduling

|
explosion of master
schedule activities
7r phase schedule
e
. 08ig,
“\'Che Ul Dfﬁ'has
l00kaf, ° AClivifiag
. =d Hcﬁed:!;w
—— WEEKLY WORK PLAN
—— 6-WEEK LOOKAHEAD SCHEDULE
2 MASTER SCHEDULE ™ .
u ] f
dala _F " TRADE 1
-L TRADE 2
_____ ] TRADE 3
! TE >
data  EXPLODED SCHEDULES
for PHASE II
Exploding Master schedule into a Phase schedule
[ Which activities get posted on the look-ahead schedule? ]
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‘{EM, Level 2: Look-ahead planning and scheduling

O The front end planning process, resulting in master schedule and phase schedule,

covers all activities in the entire project.
s By contrast, the look-ahead includes only activities that meet certain

*

considerations.
«* The look-ahead window determines how far ahead of the scheduled start date

*

activities in the master schedule are considered for entry into the look-ahead.

[ What are the purposes of look-ahead schedule? J
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{EW Level 2: Look-ahead planning and scheduling

L The purpose of look-ahead planning is

R/

% Shapes work flow sequence and rate

R/

% Matches work flow to system capacity

R/

% Creates workable backlog: a backlog of work that is ready to be scheduled

R/

“* Prepares detailed work plans

[ What are the brief steps in preparing look-ahead schedule? J
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{EM, Level 2: Look-ahead planning and scheduling — Brief steps

Brief Steps for Look-Ahead Planning
1. Move tasks from the Phase Schedule (i.e., Pull Plan) onto the Look-Ahead Schedule
(Four-Week Look-Ahead, Eight-Week Look-Ahead...)

+»» Add more detailed tasks as needed

2. Each week, the Last Planner Team screens tasks for constraints

¢ Materials, information, obstacles, permissions; anything needed to do the task

3. The Team Members make commitments to remove constraint

4. These commitments are added to the Look-Ahead Schedule
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{EM, Level 2: Look-ahead planning and scheduling — Brief steps

Brief Steps for Look-Ahead Planning

5. Keep alog of constraints for which commitments have not been made.

6. The Project Last Planner Team only allows tasks to keep their scheduled dates
if the team is confident all constraints will be removed in time

to perform the task.

7. As tasks near their start date (about 3 weeks out), Last Planner Team
1. Breaks the tasks into operations and
2. Develops detailed (daily) plans for how the work will be done

¢ These daily tasks form the Weekly Work Plan

[ What major criteria look-ahead schedule should have? }
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{EM, Level 2: Look-ahead planning and scheduling — Major criteria

L Look-ahead schedule items should meet the following criteria:

1. Manageable size:

% Schedule items are small enough, so they can be detailed to show
downstream tasks that prompt work release.

2. Readily measurable:

“ Progress and remaining durations should be measurable.

3. Free of constraints:

|t should be made clear where those constraints that have not been resolved

are so as not to obstruct the flow of work.

[ Let’s look at five quality criteria!l J
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‘A Level 2: Look-ahead planning and scheduling — Five quality criteria

In a landmark paper on shielding, Ballard and Howell proposed five quality criteria
against which a task must be checked

before it is allowed into the weekly work plan (Ballard and Howell 1998)
Definition: Is the task specific? Will it be clear when it has been finished?

% The work should be specific such that its requirements and completeness are
Clear.
Soundness: Are all materials available, including completed prerequisite work, for the
task to be performed?
% Prerequisites are identified and constraints are removed.
Sequence: Is the task being performed in the correct order?
¢ The sequence of activities should be best for constructability.
Size: Is the task sized to the capacity of the crew?
¢ The assignments should be matched to the capacity of the crew.
Learning: When assignments are not completed, are they tracked and reasons

identified?
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‘A Level 2: Look-ahead planning and scheduling — Five quality criteria

* Rule 2: Allow activities to remain in the
lookahead window only if the planner is
confident that it can be made ready for
execution when scheduled. (Screening)

[ How to define activities while preparing look-ahead schedule? J
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{EMI Level 2: Look-ahead planning and scheduling — Activity definition model

O It governs assignments that are moved from the phase schedule to the look-ahead

plan.
O It represents design tasks or construction processes and enables planners to enhance

scheduled tasks to a level of detail.

R/

«»» Directives, prerequisite work, and resources are three main sources of constraints.

R/

¢ This evaluation requires
1. Determination of constraints by examining directives to carry out tasks
2. Comparing them with available resources
3. Evaluating the status of prerequisite work.
v' If the prerequisite work for a task has not been carried out,
then the task cannot be carried through to completion

even if the resources are available.
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{EMI Level 2: Look-ahead planning and scheduling — Activity definition model

Meets

criteria?

Prerequisite
work

Resources

The activity definition model

Seurce: From Ballard, G., and Howell, G., Building Research and Informatien, 20032, With permission
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Level 2: Look-ahead planning and scheduling — Activity definition model

L Task explosion

v

Form § ey

> Excavate

_ﬂ Layout

Current CPM assumption

Layout
Practices,
Drawings

Moise rules,

Spoil location Drawings

Form

Stakes

Siteplan
Bench-

marks

Layout Excavate

Complete

Labor &
Material

Equipment &
Operator

Surveyor &
Equipment

Actual

Who is responsible for developing and maintaining look-ahead schedule? }
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A

Level 2: Look-ahead planning and scheduling — Responsible parties

In the case of construction, the supervisors who are tasked with executing the schedule

are assigned to developing and maintaining the look-ahead schedule.

s They obtain input from the owner, designers, and material and equipment
suppliers.
% They reconcile the work requirements with the contractor’s labor estimates for

the project.

[ What if there is a discrepancy between look-ahead and master pull plan? }
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{EM] Level 2: Look-ahead planning and scheduling — Discrepancy

O If there is a discrepancy between
1. Look-ahead schedule

2. Level 1 schedule,

Then, re-planning is done to bring them in line with each other.

[ What does constraint mean? J
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‘{EM] Level 2: Look-ahead planning and scheduling — Constraint

O A constraint is an obstacle that inhibits the execution of a task that is required in the

look-ahead plan.

O It should also be beyond the control of the last planner and should be removed so

work tasks can be assigned.

L They have to maintain communication with the foremen, who as last planners,

coordinate the work with their counterparts in other trades.

[ How constraints look in the schedule? ]
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{EM, Level 2: Look-ahead planning and scheduling — Constraint

L Lookahead planning includes constraints.

Constraints:

Phase planning (level 2)

from level 1

Major milestone
schedule

‘ Level 2 phase

e.g., design / plan to deliver
issue: Eq. level 1
delivery Milestone
Level 2 phase schedule and six to eight week lookahead
[ What are typical constraints included in look-ahead schedule? }
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$ Level 2: Look-ahead planning and scheduling — Typical Constraints

L Typical constraints on design tasks are

 Inputs from others,
¢ Clarity of criteria for what is to be produced or provided,
“ Approvals or releases, and

¢ Designer or engineering resources

L Typical constraints on construction tasks are

¢ Completion of design or prerequisite work
» Avallapiqtyeet Q Examples of constraints are:

v’ Materials v Adverse weather conditions,
v Unexpected events,

v Open RFls, and

v' Labor v" Design modifications

v" Information,

v Equipment resources

What is the constraint analysis? ]
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Level 2: Look-ahead planning and scheduling — Constraint analysis

O Constraints analysis involves observing the rule that
no activity can be kept to its schedule date unless the planners are sure there are
no outstanding constraints.
% This approach ensures that only “sound” assignments are made that can be
depended upon, be free of limitations, and will not cause problems

downstream.

O Constraints analysis applies to the production aspects of projects, in design,

fabrication, or construction.

[ How the constraint analysis should be performed in this step? }
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{EM, Level 2: Look-ahead planning and scheduling — Constraint analysis

L Constraints should be formally recorded in a log to indicate

¢ Date of record,

“* Requestor,

“* Responsible party — who should take action on the constraint,

¢+ Description of the constraint,

¢ Tasks/activities affected by the constraint,

% The date required for constraint removal (based on the look-ahead plan),
s Commitment date by the promissory,

¢ The cost impact of the constraint,

% Prerequisite work completed, and

¢ Resources that are unavailable, if any.
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Level 2: Look-ahead planning and scheduling — Constraint analysis

= Constraints show up on the Look-Ahead Schedule

SIX WEEK LOQK AHEAD PLAN

CORETRUCTION MANAGER
PROJECT HAME
PROJECT NUMBER
S UBCONTRACT OF HAME
E
. RESPONSIBLE
g: = Activity PARTY OATE| 1iDecil
2 VWEEK | WEEK | WEEK | VIEEK | VIEEK | VVEEK
; > 3 T = = CONSTRAINT

o ..and also on a Constraints Log

CONSTRUCTION MAMAGER:
YROUECT:

*ROJECT NURMBER:
EESPONSIELE INDIVIDUAL:

UPDATE DATE:

RESPCOMSIBLE
ORG. & DATE DATE NEED DATE DATE
COMST & Lctivity D CONSTRAINT DESCRIPTION RFl# INDIVIDIIAL | IDENTIFIED | RESOLVED | PROMISED | RESOLVED
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{Ew Level 2: Look-ahead planning and scheduling — Constraint analysis

Constraint Analysis Worksheet, Benefits of the Constraint Analysis and Management Process

Itewe  Date Reguestor Responsible  Description of Constraint Diate Commit  Cosi Prerequisite  Resources

No. Party Removal  Date Impact? Work Auvailable
Reguired Complete?

1 311 JB DB Begin process of determining  4/7 4/3 MNone  Yes Yes

when control room floor
plans will be available for
planning electrical work
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Level 2: Look-ahead planning and scheduling — Constraint analysis

L The Constraints Analysis Form, like the one shown, aids in systematically

identifying and tracking the status of constraints on assignments.

Project: Prepared by: Date Prepared:
Responsible Activity Description Make Ready Needs Period to Performthe Work PPC Analysis
Party Rementer the Five Griteria for Release of Assigments | Work Thet Must and Gan Be Ferforred | M| T[W|TH| F| S
Defined - Sound - Froper Sequence - Fight Size - Ableto Leam|  Frior To Redesse of This Assigment | 21] 22| 23| 24| 25| 26] Y| N Reasons For Variance
1 | struenal desoner Revalmate Roof Desin to support mechanical aquupieit Ivichamical equapment loads recervad XXX X X
2 | Architect Tntemial layowr dravungs for 2nd floor X| X X
3 J Architect Reflectad cathing dravangs for mesting roons Finalize location of access panels X|X]IXJX K| Arcess panal location not finalizad
4 |vechanical Engineer | EIVAC drawings for 2nd floor <| x| x x
5 |Hectrical Engineer Lowcurrent dravngs for 2nd floor Location of CCTV cameras X X|X X| Information not recerved
6 JLanckcape architect | Prepare schenmtic lanckcape desion
Workable Backlog
1 J Archirect Firmshing dravangs for first floor X
2
3
4
5
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{EM[ Level 2: Look-ahead planning and scheduling — Constraint analysis

BOLDT /[0 ol g
DR 4 BOLDT COMSTRUCTION DOVIRNY LEA . =
Project. Sarres Dy Sty o) [E
Pl Do Dt d = m .E
Six Week Lookahead | Constraints Analysis —| |5 |E|e HG Week of 10-23-00
1 A2 A Rl el l] 17 1 V1404 nevnd 1VZN04 |- E E ‘5 ] 2 [ ;
E @ ‘g 2 = . E_ oo
Activity =(5|si9 .EE LIRS [ 2 Comments [ Other
§ HCIEE e ‘55 -
Jo o [en'j W | |of | = L (L e (oo
Build mock-up of room 11 Bad |l x i x Millwork & mirror
vl CD's will be issued prior to this info;

: Microscope vibration study BLMEIETE | xx/xn Izolation system will come as addendum
Bid & award bid pack 3 Bad |l x Review with Brad
Submit-review-approve roofing shopdrwng| cese |doees oo Additional submittals required
Release updated construction documents ARt sl Coordinate with Ring & Du
Demolition B |xoduldod [delxl el Jelxlxlxla] [elalue|ula] |ulx| x| [ol]sl |x
Pour roof Boi o
Expedite stone production Bt [l e duludd oo | el || ] [l o Stone was ordered 10-19-00
Steel Shops: Curtainwall Support Duws |l u] |ofufsluls Klein Dickert will coordinate with Mike D
Roof detailing [ o [l
Phase 3 Millwork Shop Drwngs Pracisien | adsfudud |uludululs] |idudululs
Fabricate louvers mrFio | dfufsfdd Juudulusd [ifuds | [fsfud] |l flls] [ K 5-6 week lead time - Ordered 10-19-00
Fabricate auto entrance doors Basam  [dluldnd |udsfulud Shipping 11-3; Besam header to Dickert
Fabricate curtainwall Kol Docter |l ] oo sdulofd o | [l x Waiting for framing materials-by October
Mock-up review e | x Millwork; Mirror
Masonry Work BO aldsd heduduludul |luiuds] |udulfllal |lule| |s x Roger needs to confirm if brick is in
Penthouse framing & decking D Boldt to confirm placement of AHU's
Bid Pack 3 Submittals TRO o efslff [dduludu] |duuluds Award contracts
Start work on patient rooms 3847 -49 mmo || [ []] |dedsldo |duds | [l Meed to coordinate with Jan Keepers

Workable Backlog
Fabricate AHU's /f ACCU Trat Shipping: 11-13-00
Med Gas Equip. Lead-Time Bepiboas Delivery: 11-6-00
Demo shades at main entrance RO
Review room numbering AR Lk

How to use buffers to adapt the JIT concept to construction?

By: Alavipour, PhD, PMP, CMIT
Kambiz Kordani, M.Sc., PMP
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{EM, Level 2: Look-ahead planning and scheduling — Use of buffers

O Ballard and Howell (1995) propose the use of buffers to adapt the JIT concept to

construction.

L Three types of buffers may be used to shield downstream construction processes
from flow variation.
a) Inventory buffers
% Keep excess materials on or near the site
b) Capacity buffers
¢ Build a reserve capacity in crew or operation
c) Schedule buffers

+» Also known as plan buffers or workable backlog

% Work not on the critical path acts as a back up for planned work
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{EM, Level 2: Look-ahead planning and scheduling — Use of buffers

In the application of the Last Planner® technique, buffers include a “workable
backlog™ of tasks that
are available to be done but do not need to be done;

that is, they are not on the critical path.

[ What does workable backlog mean in look-ahead schedule? ]
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{EM[ Level 2: Look-ahead planning and scheduling — Workable backlog

O Workable backlog is used to describe assignments that have met all quality criteria,

but may need other prerequisite work to be done before they can be started.
% For example, the paving of the tennis court for a new university sports center is
scheduled for 3 months’ time.
v It can be done now, as it is on a remote part of the site that has already been
compacted and graded.
v"Itis not on the critical path.

v" This assignment will be maintained as workable backlog.

Workable backlog enables crews to continue working productively

If there is a constraint that prevents the completion of an item on the WWP.
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Level 2: Look-ahead planning and scheduling — Workable backlog

O This backlog allows crews to do productive work in case there are interruptions to
the WWP.

Plan buffers are backlogs of workable assignments.

L This varies from traditional project management that insists on what SHOULD be

done —

without fully considering whether it CAN be done.
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Level 2: Look-ahead planning and scheduling — Workable backlog

Res {m5|ble

#3 Millwork Shop Drengs

Fabricate louvers wamun fpanns fusean NAPHRY L |56 sl |ead time - Ordered 10-13-00

Tasks =
“ o
ﬂa L _-I,I-‘
q — A
1} F ;
! Build mock-up of room 11 i MEllveori. & mirmor
CO's willl b= lzauad prior to this Info,
-Eumwnmmm sludy s aeeis IBcdaTon ayatem will Coms 38 asdoenaum
Bid & award bid pack 3 [ [ Bieview with Brad
Submit-review -approve roofing shopdrang| .- LddiSenal submittas requirsd
Releass updated construction documents | Coondinats with Ring & Du
Damodition s fussins |essns pores| fosdssn
Pour roof - i
L san fpavns foinan sanals lios o |® ] Imﬂmlﬂ-1m
- |isin Dickert wit coordinats wim Miks D

: s?s - Completions
; oeta
' I

Fabricate auto enirance doors Shipping 11-3. Basam haader to Dickert
UFII‘.I'IEI‘tI curtaimwall —— RRNR) NRNR ' M Tor framing matenais-by Ociober

Mack-up Teview - L. . o |Mmiweor Mmor

Masonry Work - L AL LR L " |moger neacs to confirm it betck 1s 1n

Penthouss framing & decking - Haal s . Immmmuwu

Bl Pack 3 Submittals - REIRARIANER) EARl : : swand coniracts

Start work on patient rooms 3847 43 - TRENR| Tnm_l . s Imhmmmmm

[ workasis Backiog |
Flmuﬂ'm; W — — L Im- 11300
Mad Gas Equip. Lead-Time T— ID"HT. 11600

‘ How to update the look-ahead schedule? J
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{EM, Level 2: Look-ahead planning and scheduling — Update

L Each week, the project team reviews the upcoming items to ensure that

1. They are not obstructed by constraints and
2. They can be carried out predictably.
O This review includes:
1. Incomplete preparatory work,
a) Insufficient labor and/or materials, or
b) Unsatisfied requests for information (RFIs),
such work assignments are considered defective and should be rejected.
2. Current progress,
3. Remaining duration estimates,
4. Forecasted deliveries of equipment and materials.

It results in a continual update on a workflow plan that is realistic and credible to all

project stakeholders.
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{EM, Level 2: Look-ahead planning and scheduling — Specific steps

[ What are the specific steps to prepare look-ahead schedule? ]
UFDATE AN ALLOW  ONLY] APPLY SCREEN CPM TEANSLATE MATCH IST ACTIONS
A DIUST S0OUND OUALITY SCHEDULED SCHEDULE WORELOAD EDED TO
LVASTER pASSIGNMENTS | o |CRITERIA TO—ACTIVITIES  [—MACTIVITIES INT pAND AKE
SCHEDULE NTO WEEESH |4 SSIGNMENTS BEFORE A SSIGNMENTS CAPACITY ASSIGNMENTS
ONE AND TWO. BEFORE ENTEY INTO) ADY  WHEN]
ADVANCING [OOKAHEAD CHEDULED.
BT WEEK WEEES
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‘A Update and revise

=
i a ANRREN e i

» Master Schedule

» Phase Schedule

» b weeks Lookahead
Schedule

jd ol

i

F  Weekly Waork Plan

== .
—— i First Run Studies
Look ahead schedule as part of the planning cycle.
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{E‘ Last planner in construction

O The LPS is based on four levels of schedules and planning tools:
Level 1: The master pull schedule

Level 2: The look-ahead schedule

Level 3: The WWP

1.
2.
3.
4.

Level 4: Certain projects may require a daily work plan
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A Last planner in construction

Work

A

structuring

Selecting
sequencing and
sizing work we
think can be
done

Current
status and
forecasts

Look-ahead

(SHOULD)

/ |

Make work

ready by
scraening

and pulling

\_

] (cAN) WILET .~
Selacting vl

saquencing -
and sizing Weekly Cha;tI:PG
work wa _~work plans
reasons

know can

(DID)

Complated
work

By: Alavipour, PhD, PMP, CMIT
Kambiz Kordani, M.Sc., PMP

The Last Planner® System: process flow
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$ Level 3: Weekly work plan (WWP)

O Weekly work plan (WWP) meetings are held to review the work accomplished for

the past week and plan the work for the following week.

O Itis important to note that planning is really a conversation,

not just a written document.
O Each WWP meeting is an essential part of the process
it depends on open and frank communication between all trades and their last
planners.
U In some projects, it is appropriate to include suppliers such as rebar and truss and
concrete suppliers.
% The issues discussed include the actual schedule, site conditions, safety issues,

construction methods, manpower needs, and capabilities.
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$ Level 3: Weekly work plan (WWP)

0 The WWP emphasizes what WILL be done in the upcoming week —

from those tasks that CAN be done,
based on the informed commitment by the involved trades.
¢ It considers “workable backlog™ if it is needed as a buffer.
v As a rule of thumb it is recommended in committing crews to no more than
75% of their capacity when developing the WWP.

o The crew can maintain its reliability in passing work on to the
downstream crew, when called to do so as they “pull” activities, even if
the weekly (or daily) schedule is interrupted.

 Itis imperative that the last planners promise what they WILL do

only when they have verified beyond a doubt that they can carry them out.
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$ Level 3: Weekly work plan (WWP)

0 The WWP is derived from the look-ahead plan.

L Eligible activities or assignments are those that have no current constraints, and that

have resources available and assigned.

% For example, responsible supervisors enhance the Level 2 activity into a detailed

work-flow or plan.

O The plan is laid out by geographic area and the materials, sequence, and tasks are listed

for each area.
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A Level 3: Weekly work plan (WWP)

» Rule 3: Allow activities into weekly
work plans only if all constraints
have been removed. (Shielding)

[ What are the specific steps to prepare weekly work plan? J
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A Level 3: Weekly work plan (WWP) — Specific steps

= The Look-Ahead Plan and Weekly Work Plan (WWP) are reviewed and
developed concurrently

Six Week Look Ahead
Weekly Work Plan 7
r
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A Level 3: Weekly work plan (WWP) — Specific steps

L These are the steps involved in the process each week:

[UFDATE AN ATLOW  ONLY] [APPLY SCREEN  CPM TRANSLATE BMATCH IST ACTIONS
A DITUST SOUND QUALITY SCHEDULED SCHEDULE [WORKLOAD EDED TO
MASTER BIASSIGMMENTS — CRITERIA TOF—#|ACTIVIIIES —MCTVITIES INT PAD AKE
S CHEDULE NTO WEEKY 4 SSIGNMENTS REFORE 4 SSIGNMENTS CAPACITY 4 5 SIGNMENTS
JONE AND TWO. BEFORE ENTEY INTO) ADY WHEN]|
ADVANCING [ OOKAHEAD CHEDULED.
BV WEEK WEEKS
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‘A Level 3: Weekly work plan (WWP) — Specific steps

FETE T oY PP T

» Master Schedule

» Phase Schedule

» b weeks Lookahead
Schedule

T

—— fJH >  Weekly Work Plan
e i First Run Studies

Look ahead schedule as part of the planning cycle.
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A Level 3: Weekly work plan (WWP) — Forming

Forming the Weekly Work Plan

SHOULD
CAN

ELGIBLE THESE TASKS
PossIBLE FOR NEED TO BE
WORKABLE WILL MADE READY

BackLoG

Unless commitment is made, there are only promises and hopes... but no plans. - Peter Drucker
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A Level 3: Weekly work plan (WWP) — Criteria

U Required work attributes to move from should to will

* Definition ~

« Soundness ) Work meeting these only
) goes to workable backlog

« Sequence

« Size -

» Learning

ELean Constiuction Institute, 2001

O Only assignments that meet these quality criteria may be put on a Weekly Work

Plan.

[ When we reach the work packages in last planner system? }
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A Level 3: Weekly work plan (WWP) —Work packages

O Level 3 activity contains work packages for physical/geographic boundaries;

L Packages are small enough to be

1.

2
3.
4

Managed by one foreman,
Rapidly re-planned
When change occurs, and

Updated quickly and accurately by the foreman for completion.
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an (WWP) — Work packages

Detailed workflow planning (Level 3)

[ Level 2 activity |

4

Work package detailed
workflow plan (partial)

| O | «
Chunk Spool Saquence Tasks
Area 21 [11-2501-1-07 1 Hangfack | Weld |Trim/support | QACC Inspect
complete | complete
Area 21 |11-2501-1-08 2 Hangftack | Weld |Trim/ssupport | QACC Inspect
Area 21 [11-2501-1-09 3 Hangfack | Weld |Trimfsupport | QACC Inspect
Area 21 [11-2501-1-10 4 Hangfack | Weld |Trimfsupport | QACE Inspect

Level 3 weekly work plan
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$ Level 3: Weekly work plan (WWP) — Workflow planning

Detailed workflow planning (level 3)

710 Verfy, cut and prep
|
708 Tack-up
708 Wald-out
4711 WDE and PMI
716 XOMBMW pre-hrdro wallkdown
| ——| 1
725 Shop hydro test
L 706 Deliver SB spool fr Fab shop to EI-L coatings
l
w705 Return SB spool from CIL coatings and plags in laydown
+ 704 Deliver SB spool to work area
— !
714 Shaks-out
715 Hang and tack
— I

1ET-’1!3- Weld out or BOLT-up
lLT"1E Trim and support
1
*?21 NOE and PMI

Detalled workflow planning, Detailed workflow planning using standard processes on a complex project
involving ~5,000 engineered-to-order pipe spools. Standard workflow plan (Level 3) incorporating each of the
~5,000 pipe spools within appropriately defined work packages. In this standard process example, a pipe spool’s
workflow requires: 14 tasks, five teams, six hand-offs between teams, and transport between four site locations
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‘A Level 3: Weekly work plan (WWP) — Sample

BOLDT[= ] -
CESCAR J BOLDT CeORSTRLCTIOM COMPARY LIS,
g e Week of 10/23/00
Weekly Work Plan
Azmignment Deacription Maks Ready Heads Donaf
Remember the Five Criteria for Release of Rﬁg’ﬁiue
Assignments Work that Must and Can Be

E . | B |Defined - Sound - Proper Sequence - Right Size Performed Prior
= |8 |7 Able to Learn to Release of this Assignment il | Comments

FT Issue vibration study BRAWETS

Award Bid Pack 3 DenaGrad
Reissue construction documents Jose Coordinate with Ring & DuChateau

2 Test Glycol Mains JAMET
3 Pour Roof Randy
4 Confirm brick is ready Roger Spahr
4 Stone production RoEs Wesk 1 of 8
5 Complete reof framing Siob Brse
5 Begin roof detailing Sob Brue
5 B Re-submit curtainwall support shops Dilck
5 Issue penthouse curb ASK's Jose
B Submit Phase 2 millwork shops Pregtsion
B Deliver mock-up millwork Erecision
T Submit additional roofing shops Scoft Harms
B h" Resubmit curtainwall shops Jm L
E | Submit curtainwall Struct. Cales Jm L
B Order Glass Jm L ARC verbally confimn dimensions
10 Fab. Louwvers Alr Flow Wifesk 1 of B
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A Level 3: Weekly work plan (WWP) —Weekly planning cycle
——— Weekly Planning Cycle

Monday | Tuesday @ Wednesday Thursday | Friday

.5 ¥ N 7 N

| SUPERS/FOREMEN Prepare Weekly Work Pla> !
! | | 6cSuperintendents | | meeting

DT, | Reviewwves
H H Qutcome:

i i | Outcome: Mext week is : Weekly Work

: | Areas of concemn Coordinated : For next m:m
New Constraints OAC i | And questions |

| meeting | For trades Gweek APand | | e

' ; Constraint log :

Weekly
Coordination

Outcome: distributed !

Py AN AN /i

Remove constraints . : :
)

| Daily Check-in Meeting to be done at the end of the shift — Foremen and Supers ]

| Monday | Tuesday | Wednesday | Thursday | Friday |
E_l::ll::lk-Ahead ; Weekly ]
Plan Meeting Coordination
Meeting
Checkin | checkin [ crecin—
I — Trades cubrmil
Trades Submil ades Submi Finalize WWP
Look-ahead WWP Updates

Plans
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‘ACE$ Level 3: Weekly work plan (WWP) —Weekly planning cycle

WEEK A WEEK B WEEK C
Friday Monday Tuesday Wednesday Thursday Friday Monday
Calculate
FPC &

Documeant )
learming Midweek
fram
Weekly
Work Plan Planning
Meeting
DistrWute :
Weekhy P Review
Woark Plan status of CaIEuIme
fior Week B Weekly 4—— FPCZ &
Work document
plan for lzarning
Week B from
r weekly
Work Plan
Distribute
Rewview & Weekly
Adjust Work Plan
Waakly S — for Wieek &
Work Flan D —
for Week C
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$ Level 3: Weekly work plan (WWP) —Weekly planning cycle

LAST WEEK THIS WEEK NEXT WEEK
SIMTWIT|F|S|ISMTW|T|IF|IS|SIMIT|{W|T|F|S

Weekly
Work
Flanning
WEEKLY
PPC WORK PLAN
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{E‘ Last planner in construction

O The LPS is based on four levels of schedules and planning tools:
Level 1: The master pull schedule

Level 2: The look-ahead schedule

Level 3: The WWP

> w e

Level 4: Certain projects may require a daily work plan
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{E‘ Level 4: Daily work plan

O The daily workflow plan (Level 4) is appropriate for projects where
1. There is extensive prefabrication

2. There is little or no interchangeability of materials/equipment.

O The Level 4 diagram is similar to the Level 3 weekly diagram,
but the foremen commit daily to completing tasks based on the crew’s

capability and capacity.
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‘ACE$ Level 4: Daily work plan — Daily project schedule

DAILY PROJECT SCHEDULE
Tasks to Be Performead

Project: Prepared by:
Crate:

Work ltems Today Foreman'Craw Work ltems TDdEII Subcontractor

5. Pl

a. .

4, 4.

5. .

. [: 3

7. T.

g. B.

9. a9

10. 10,

Work tems Tomonmow Work ltems Tomorrow

1. 1.

2. 2.

4. 3.

Survey Tasks Today Engineering Tasks

1. 7. ~

2. 2.

3. 3

Mat'ls Meaded Ganaral MNotes

1. 5. 1.

2, B 2.

3. T 3.

g g 4.

Equipmeant Hrs

Dascription 7—a 89 o940 1041 1142 1-2 2-3 a4 4-5 | Bamarks

= b B B I




(Lean Project Management) ob Jouol (g9 4 059 9 o i g 1,21
o595 (CoONstruction) ly>l/cslw dl> w yo b oy, Jewo! 31 ool
ACE

$ Level 4: Daily work plan — Daily crew schedule

DAaILY CREW PLAMMNIMNG CHART

D Sample Tasks to Be Performed
Crew: Prepared by:
First Line Supervisor: Crate:
Worker 78 85 | 840] 1044 1142 1241 ] 12 2-3 -4 4-5
1.
2.
3.
4.
5.
[:
7.
B.
9.
10.
Materials Meaded Major Tools Nesded
1. 1
2. 2
= z]
4. 4
L o
Equip. Plan 7B 859 | 840 | 1041 11142] 124 1-2 2-3 34 4-5
1.
2.
=
Contingency Tasks to Parform {(when time is availabla)
1.
2.
3.
4.
Comments and Notas
1.
. 2.
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A Level 4: Daily work plan — Daily crew schedule — Pretask plan

Pretask Plan
Foreman: Hazard Elimination
Date: Time: AM or PM Personal Protective Equipment
Project: [ safety harnesses [] Special gloves
Location: [ Protective clothing (] Eye protection
Task: [0 Hearing protection [ Face shislds
[ safety footwsar [ Respirators
O Other:
Specific Safety Measures
Potential Hazards Present [ Toeboards, netting (] Evewash, shower
O Pinch points [ Chemical burn O Use monitor ] Housekeseping
[ Materials/scrap (] Thermal burn [ Slope. shore, t-box [] Scaffold
[JElevated work [] Slips, trips, falls [] Set safe position  [] Contain sparks
[ Cawve-in [ Electrical shock [ Fire extinguisher [ Erect barricades
O cuts [ Fire O U=ze proper tools [ Get halp
[0 Heat stress [ Moise O Change procedure [] Contain materials
[ Rigging O Owerhead work O other:
[ Strains, sprains (] Harmful vapors
O Abrasions O Owerextension ltems Verified
By: Alavipour, PhD, PMP, CMIT WWW.d [ Permits obtained [ Task reviewed
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A Level 4: Daily work plan — Daily crew schedule — Pretask plan

Potential Hazards Present (cont'd) ltems Verified (cont'd)
O Particles in eye [ Confined space U Lines drained/purged [ Cthers informed
O Lockouttagouwt [ Dropped items O Close drainsfvents  []Chemical burns
[ =pill hazard O open holes [ Safaty gear present [ ] MSDS reviewsd
[ owverhead work [ Asbestosdead/ete. O check forlow points [ LOTO in place
[ other: O other:

Dascription of procedure to perform task:

Signatures of persons performing the work

(By signing this form, crew members indicate that they understand the task plan and feal fully
prepared to proceed to perform the work safaly.)
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{E‘ Last planner In construction

O The LPS is based on four levels of schedules and planning tools:
Level 1: The master pull schedule

Level 2: The look-ahead schedule

Level 3: The WWP

I

Level 4: Certain projects may require a daily work plan
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‘A Last planner in construc

Work

A
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tion

structuring

Selecting

Current sequencing and
status and sizing work we Look-ahead | (SHOULD)
forecasts think can be
done
l ] (can) (WiLL)
Selactin .
Make work s8q ugncigg o Chart PPC
ready by and sizing Weekly T and
scraening work we _~work plans "
and pulling e reasons

The Last Planner® System: process

By: Alavipour, PhD, PMP, CMIT
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‘A Performance measurement — Traditional approach

/ \.\n Front End
\ / Planning

AIJFI‘E.‘I‘I[

Lockahead
Planning:

| Status & —® Adjusting

A traditional measure for project performance

15 to compare DID agaimnst Project Objectives.

Scheduls

: |

v

. f Commitment I/P\
; can I."l_. Flanning _.".\\"'"' ”-I_-//J'

|
'QJ;Q Production —»ﬂm:- !
O N
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Performance measurement — Lean approach

\ Bv contrast. the Last Planner planning system. with its techmques for lookahead and assignment

( Project
EJJEBWES planning. allows for project performance to be gauged at different levels.

/ \ Front End /

1 | o
| Infarmation Planning - SHOULD

match ADJ.

ﬁurrent Lookahsad
Planning: ADJUSTED
o o
thatuu& —» Adjusting ™ sHoULD
orecasis
Schedule \ _/
Commitment
FPlanning

CAN

| Resources —w  Production DID |
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FrETEeTE T
i

el _ - G

» Phase Schedule

» b weeks Lookahead
Schedule

T

- > Weekly Work Plan

== .
— i First Run Studies
Look ahead schedule as part of the planning cycle.
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{EM, Performance measurement — Completed work

Complete or Not Complete?
That is the PPC Question.

L Whether or not an assignment has been completed requires a YES or NO answer.

L The Last Planner does not give credit to assignments on the Weekly Work Plan that

remain incomplete at the end of the week,

even though they may have been started.

O The rationale for this is that only completed work can be handed off to the next
production unit,
so if any part remains incomplete,
no clean handoff can take place.
In order to create reliable flow from one production unit to the next,

end-of-week completion commitments must be met.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573

i i 139
Kambiz Kordani, M.Sc., PMP



(Lean Project Management) ob Jouol (g9 4 059 9 o i g 1,21
o595 (CONStruction) >/ e lw dd> wo 35 ©b o9, Jawo! 31 solisim!

Performance measurement — Completed work: PPC or PPC1

A

In weekly work planning, the last planner tracks the number of actual completions

divided by the number of planned completions.

s We refer to this performance measure as percent plan complete, PPC, or also
PPC1

as it assesses the reliability of planning work that is one week

out into the future.

PPC = Did /Will

Example Lookahead Process Measurements

Complet | Week 1 | Week 2
ed

A
D

=50%

?P":.]_: -
A ABDE
B
C

m|Do|m| =
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{EM, Performance measurement — Completed work: PPC or PPC1

BOLDT =U[LoS

DECAR A BOLDT CORETRLICTION COMPAMNY LISA

Pmject Same Day Sugery

Planner: Dena Deibert Week of 10/16/00

PPC = 69%
Assignment Description Done? PPC Analysis

= | Remember the Five Criteria for Release of Assignments Respansible

2 | Defined - Sound - Proper Sequence - Right Size - Able to| Farty

& Learn M T|w T F| s ¥ u | Reasons For Variance / Comments
Review mock-up drywall dimensions Randy x w |x |x |x " Wardrobe dimensions changed
Review microscope vibration Study David K x % % % N
Review bids - Bid Pack 3 Denal Brad x % % |x |x ¥ Will award next week.
Review roofing shops Jose' x % |x % x ¥ Week 1 of 2
Complete concrete haunches Randy % % |x ¥
Releae order on limestohe Diena x i
Re-submit curtainwall support shops Diick x % x |x |x N |Waiting for curtainwall shop drwg.
Roof framing: 75% complete Bob Brus x |x |x % |x il
Submit Phase 2 Millwork SI'IGFIS Precision x ® |x x M
Fabricate mock-up millwork Precision x % x |x |x ¥ Week 2 0f 3
Re-submit curtainwall shops & structural calcs Jim Leicht x % |x N |Middle of next week
Finalize review of louver shops Tomy! Diavid % % x| x
Review GL-1 and GL-2 ARC!Jim Leight x| x| x
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‘{EW Performance measurement — Completed work: PPC or PPC1

Tracking progress via Percent Plan Complete (PPC)

PPC = number of planned activities completed
number of planned activities

E.g. 10 features planned, 8 features delivered PPC =810 = 80%

Percent Plan Complete

%: Camploka

c3RBEE2E
N
{

i 2 3 q 5 L1 ) g i 10
lteration
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$ Performance measurement — Completed work: PPC2

O PPC2 Divides the number of assignments completed in the plan week
by the number of assignments listed in the Week Two plan.
 Answers the question:
How good a predictor of work flow are plans made

two weeks in advance?

O More advanced: Tasks made ready (TMR): Checks the whole look-ahead
Did / Can

Example Lookahead Process Measurements

Complet | Week 1 | Week 2
ed ppCi=—2D__ 500,  PPC—o— = 339
A A A ABDE ABC
) B B
D C
E
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Performance measurement — Completed work: PPC2

4

O The PPC is the most commonly used metric associated with the LPS to reflect
planning reliability on projects.
% However, perceiving the PPC metric in isolation will lead to an incomplete
understanding of the overall planning process.
v Therefore, recent research expressed the need to complement PPC

with other metrics to measure performance.

[ You will learn later in this course! ]
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{EM, Chart PPC and reasons

O After WWP have been implemented and completed through the “production” block,
completed work is analyzed in the “Chart PPC and Reasons.”
** Where assignments have not been completed,
they are examined and studied through root cause analysis in
order to improve future assignments.

O Completed work (DID) is compared with planned work (WILL).

L The PPC values are calculated.
v The reasons for non-completion are recorded and analyzed in order to improve
the process.
v Learning should be a positive experience.

o Itshould not be an occasion for casting blame!
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{EM, Chart PPC and reasons — Chart PPC

Percent of Planned Completed - DRYWALLERS

Enmpllféd

(%)
=2

%,

22002 4172002 4872002 411572002

4/297 2002
Waalk
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{EW Chart PPC and reasons — Chart PPC

Percent of Planned Completed - PLUMBERS

80

70

1]

50

% Completed
&

30

20

10

372512002 4112002 41872002 411512002 4i22/2002 4/29/2002
By: Al Week > 147
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{EM, Chart PPC and reasons — Chart PPC

L Comparing the results-evolution of PPC

100%
Avg. PPC after LPSI
90%
80%0 I I IS S S .. — L
70% o\
60% o NG e ‘ A
[ ] . ] ] [ ] ] ]
= 50% s e /
- . xd ¥ A Y- Avg. PPC before LPSI
40%p
30% Direction of PPC before LPSI —
20%
10%p ) _
Last Planner Syvstem Implemented (LPSI)
0%
1 2 3 4 5 6 7 8

MONTHS
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Chart PPC and reasons — Reasons for plan failure

O When an assignment is not completed by the end of the plan week,
Last Planner must record the reasons for non-completion.
% Reasons for plan failure fall into categories pertaining to directives, prerequisite
work, resources, and process or output failures.

L Designers and contractors may recognize some of those commonly mentioned:

DESIGN CONSTRUCTION
Directives changes in design criteria changes in directives from superintendent
unaware of code reguirements not informed of performance standard
Prerequisite Work information needed from owner need submittal approval
waiting for vendor confirmation materials did not arrive

request for information unanswered
other contractor still in area

no access to work area

Rezources equipment failure lack of tocls and equipment
unavailability of lead designer to grant labor shortage
approval
Process or Qutput insufficient ime insufficient time
discoversd calculation error no craft coordination
weather
emergency

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 149
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{EM, Chart PPC and reasons — Reasons for plan failure

Reasons For Not Achieving 100% PPC - DRYWALL INSTALLERS

Week 312572002 4172002 4872002 4M15/2002 | 4272002 47292002
PPC 25% 62% 62% 35% 65%
Tasks

Completed 1 8 13 7 13
Tasks Planned 4 13 21 20 20
Coordination 3 1 3 8 2
Engineering 1 1
Owmer Decision

Weather

Pre-Requisite 1 3 1 .
Labor 4

Materials

Contract

Submittals

Equipment

RFl's

Space 3 1 2

By: Alavipour, PhD, PMP, CMIT
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Chart PPC and reasons — Reasons for plan failure

Variance Analysic - Reasons and Catagorization

Diaklo Congfrudion Compesry
East Lansing, Michigan

P roject. Renovation of & 70 Y. Old Fieldhouss
Planney: Ken Gottechalk

Variance Anakrsis

Reasons for Vanance

iy
La=t Planner T
Date (v

Total Humber of Yariances

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 151
Kambiz Kordani, M.Sc., PMP



(Lean Project Management) ob Jouol (g9 4 059 9 o i g 1,21
o595 (CoONstruction) ly>l/cslw dl> w yo b oy, Jewo! 31 ool

Chart PPC and reasons — Reasons for plan failure

Reasons for plan failure can be plotted

o based on their frequency of occwrence.
=t This highlights which failures are
an .
predomimant and  where  process

a0

I improvement efforts may be most
o]
. I l . ._ beneficial.

CIEAFT HFONR. CHAMNGES ERIER- TOHDLET DEEICH
e Liny ETHIH SGERCIDE: EarT PROELEMNT '-I\'.".'..J'I
MEATIIR WONEERS

MUKEER OF MENTIONS
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Chart PPC and reasons — Reasons for plan failure

Average for 5 Projects=36_3% Activities Supervisors Could Not Complete When Planned

40.00%

35.00%
30.00%

25.00%
20.00%

15.00%
10.00%
2.00%

0.00%

- Activities That Could Not Be Completed When Planned=227

Total Planned Activities in Study=625

Material
Drawings
Other
Interferen
ce
Manpower
Prereq
Work
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{EM, Chart PPC and reasons — Reasons for plan failure
BT

Humber of Ocumences

i

Impact on Project PPC Per Catagory

35+

30 4—

25 41—

20 +—

15 14—

10 4+

5 =

D T T T T |_‘ T T T I_I T r_l 1

Lo & T 5 o
& & & & &£ & ¢ 8
(_Fp Q(ﬂ* ctrg@ 6:\ C&' g{‘-ﬁ
Loh
Reason
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Chart PPC and reasons — Reasons for plan failure

Categories Responsible for Incomplete PPC

W e ather
FPre-Requisite
Cipner Deciion
Labor
hateriak
% Contract

E quipm ant

&FI':
Enginearing pace

Coordination
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A Learning from plan failures

L After noting reasons for non-completion, the Last Planner must perform a root

cause analysis.

% The reason that is first apparent may in fact be a consequence of other actions

that took place on the project.

s The Last Planner must get to the source of the action or event chain in

order to learn how repeat failures can be prevented.
% The purpose is not to assign blame to any individual,
but rather to help people understand how a change in their action

might help prevent future plan failures.
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‘@ Learning from plan failures

O Analysis for reasons of

plan failure

By: Alavipour, PhD, PMP, CMIT
Kambiz Kordani, M.Sc., PMP

www.di

A
commitment
is not kept

fhid you try to
make a
reliable

Ma-

promise?

Did someoné
break a
promise to

Who broke

you?

Mo

What could you
have done to
make your
promise reliable?

}

Me{ Why not? [—
reliable
oromise?
Yes
Jie someons Who broke
reak = e what —= Repeat
promise to the o
‘supplier? promise

Mo

VWhat could the
‘supplier have
done to make
their promise
reliable?




’ Learning from
A plan failures

J Reasons

analysis
hierarchy — criteria

and prerequisite
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A | didn't understand
the real criteria for my
deliverable.

A1: Didn't understand
what the reguestor
needed and why she
wanted it.

B: | didn't have
something | nesded as
a prerequigite to my
process,

 —

B.1: Didn't
request needed

A2 Didn't understand
the applicable
requirements.

A3 Redefinition of
criteria occurred during
the plan week.

Y

Wiy did criteria
change during the
weak? What could be
done to avoid the
need for change or to
find out about the
change and include
i your weekly
planming?

B.2: B.3: Promize not
kept by provider

Incomplete

B.4: Can't make
an agreement

make the request.

zpecify content.

+

Why didn't you know
that prerequisite was
neaded or why
didn't you make the
request. What would
prevent repetitions?

B.2.d: Failed to
specify ime.

B.2.e: Failed to
provide sufficient
lead tine

f

Regarding each of
the above, ask what
caused the failure
and what could
prevent it from
regccurring.

prereguisites. request. of prerequisite. with supplier.
Why didn't you +
understand what
the reguestor Why can't you
needed or the make an
applicable agreement with
reguirements? the supplier?
What would
prevent repetition? Analyze B.3 cases
by starting over
B.2.a: Failed to again, selecting A,
B.1.a: Didn't know it dentify the B, or C, and carrying
was needed. requestor. out the analysis. But
e this time, the failure
E!-.?.b. EE”ETD being analyzed is
e ”t'ﬁér - that of the
Bl Knew it was proviger prerequisite provider
eeded - who failed to keap
needed, but didn' B.2.c: Failed to

his promise rather
than the Last Planner
who faiied to
complete an
assignment bacause
that provider failed
to keep his promise,




A Learning from plan failures .
ACEMI '—I

J Reasons

C.1: Lack of

C.2: Insufficient labaor
equipment or tools

or time

analysis

hierarchy — Resources

C.1.a: Breakdown
{Ask what could be
done to prevent
breakdowns_)

C_2 I Labor was
requested and
allocated but not
available when
needed.

C.2.a: Didn't request
enough labor or ime.

C.1.b: Overloaded
(Azk why loads were
not integrated. )

By: Alavipour, PhD, PMP, CMIT
Kambiz Kordani, M.Sc., PMP

C.2.b.1: Got bumped
by higher priority (Ask
why priority was not
known in advance. )

C.2.bh.2: Abzenteesism
(&=k why absence was
not known in advancs;

if absence was
avoidable.)

C.2.a.1: Didn't
understand load.

C.2.b.1.a: Got bumped
by project pricrity.

Ask why the priority
changed, what could

C.2.a2: Didn't
understand capacity.

C.2.0.1.b: Got bumped
by personal pricrity.

C.2.b1.c: Got bumped
by corporate priority.

be done to avoid the
L mneedfor change, or
what could be done to
include knowledge of
the change in weeakly
planning.
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A Learning and corrective actions
B — _ - _ .
=

'1"!"1'

‘ E.I

TR TR T T

» Phase Schedule

» b weeks Lookahead

R Schedule
T - G
11| I = '_"_:EEE
Wk4 = i III-:‘:==
Wk6
—— fﬁ > Weekly Work Plan
——— i First Run Studies

Look ahead schedule as part of the planning cycle.
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{E‘ Who is the last planner?

L The Last Planner is the person directly overseeing the work done by a production
unit.

L The Last Planner typically is responsible and accountable for the unit's ability to
produce and for the output they produce.

L The Last Planner may self-perform some of the work.

O The Last Planner in design may be the design lead.

O The Last Planner for the general contractor may be a project engineer or an area

superintendent.

L The Last Planner for the specialty contractor may be the crew foreman.

You can be a Last Planner!
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{E‘ When to use?

L The Last Planner can be implemented from the start of a project or

it may be implemented on a project that already is underway.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 162
Kambiz Kordani, M.Sc., PMP



(Lean Project Management) b Jguo! 09y 410595 oo g ||

’ 0595 (Construction) lyellcaluw ds o j0 Ob gy Jeol 3l solasiwl
A Traditional schedule management

=& wesrerer || [TTLE LEARNING

T T /MDNITDR & REACT

- g_%_ﬂ"%f ey EXTREME FRAGMENTATION
i : NO FLOW

STRATEGIC PLANNING

o e e MR CENTRAL CONTROL

—
—“a -
e T — e

] LACK OF A COMMON LANGUAGE g— §GL -
] LACK OF PRODUCTION KNOWLEDGE 5= - T=
] LACK OF TEAM COMMITMENT O —

] DISREGARD FOR VARIABILITY
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A Last planner system

/ SHAPING WORK FLOW

IDENTIFYING & REMOVING CONSTRAINTS

DECENTRALIZED PLANNING

EXPLICIT QUALITY ASSIGNMENTS

RAPID LEARNING

MEASUREMENT

' BUILDING RELIABILITY —

' MANAGING WORK FLOW

' PRODUCTION MANAGEMENT SYSTEM

' COLLABORATIVE TEAM COMMITMENT
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Lean in Construction Phase of the LPDS

(Lean Construction Implementation)
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L_ean construction management

IMPROVE WORKFLOW RELIABILITY ON

/ Waste - Muda\
D /-n_.\

\Varlabnny Mura \ )/ Overburden Mu/
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*Anywhere work is performed, waste is being generated
and must be removed.

Any non-work time
waiting for tools,
supplies, parts, etc..

PROCESSING

Doing more work than
IS necessary

CORRECTION

MOTION

Repair or

WAITING \ Rework
5 times

Any wasted motion
to pick up parts or
stack parts. Also
wasted walking

OVERPRODUCTION
Producing more

than is needed
before it Is needed

INVENTORY
Maintaining excess
inventory of raw mat’ls,
parts in process, or
finished goods.

CONVEYANCE

Wasted effort to transport
matenals, parts, or
finished goods into or
out of storage, or
between
processes.
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A L_ean construction management

Walbridge Aldinger Examples of Construction Waste

Form of Waste Example

1 | Over-Production: Producing aver the Producing more pipe spools than
customer requirements, producing required
unnecessary materials/products

2 | Inventory: Holding or purchasings Stockpiling too much dry wall in area
unnecessary raw supplies, work-in- well before it is needed and in the way
progress inventory, finishing goods of other trades

3 | Tramsportation: Multiple handling, delay | Locating materials to far from the point
in material handling, unnecessary of installation
handling

4 | Waiting: Time delays, idle time Crew B waiting for an activity to be

completed as promised by Crew A
5 | Motion: Actions of people or equipment | Double and triple handling of material

that do not add value to the product when planning could have reduced it to
one move
6 | Over Processing: Unnecessary Rubbing a concrete foundation wall to
processing steps or work elements well when it will be backfilled or
covered
T | Correction: Producing a part that is Punchlist items or items of work that

scrapped or requires rewark /procedures are deficient and do not meet
requirements which require rework
8 | Not Utilizing Human Resources: Not Not considering someone’s idea to

following-up/implementing improve a process or work task
ideas/suggestions particularly if that person performs that
work
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A Value stream mapping

Planning tool to optimize
results of eliminating waste

L

current state VSM Q" future state VSM
bDF D - »
5HBE) | 4 + Lean = |5 E
LuiNy :
H H Basics
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A Value stream mapping

Process and Operation (shingo 1s30-adapteq)

Inspections Inspections Inspections
S
® Processing Processing Processing
@
8- — > —
Wait Wait Wait
Handling Handling Handling
Install Studs Install Electrical Install Drywall ...
Process

An operation represent the work performed to complete the
transformation of materials

A process represent flow of material/info in time and space as it is
being transformed

Note that construction processes do not necessarily have
operations occurring in the discrete fashion shown above
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A Value stream mapping

COMPLETE F OUMNDATICH WALL

11 CF READY-MIK

CONCRETE JRUCK :’ S

100 FT

1 CY BUCKET B g
4 - el
[ " & (%=
FOUNDATION e [ R TN
- ; 5 . T
] .

COMPLETE F OUBDATICORN WALL

[

T BE POURED
~55 LY

- No.of Resournces
SITE AGCESS ROAD, Crew sirength
c_—;i‘::[:} Crane operator

Crane
Concrete truck operator
Concrete truck
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A Value stream mapping

Why should the truck go into the site?

|s there any value added? Suggested Modification #1

Let the truck be parked outside, the crane can swing
the bucket in the same manner from the truck to the
crew pounng concrete.

COMPLETE FOLM DA TICR WALL

11 CY_BEALY-MIX
COMCRETE TRULCK

COMPLETEF
TR MOLLET

1 GV BUCKET

If EDUNDATION
| TO BE FOURED
N

%
<
=
3
E
=
c
g

T, MODILTOM NS 4 3L374M00

Py

FOUNDATION
TO EE POLRED

~55

CONCRETE TRUCK

11 G READY-MIX ‘

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 172
Kambiz Kordani, M.Sc., PMP



(Lean Project Management) ob Jouol (g9 4 059 9 o i g 1,21

’ o595 (CoONstruction) I sl/cole ads o 4o Ol bgy Jao! 3 coliswl
A Value stream mapping

What is the crane’s role? It basically is a
facilitator — helps transfer concrete from
truck to casting crew!

Suggested Modification #2

The crane is omitted from the operation. The concrete mix
Can the truck deliver concrete direcﬂy? truck is equipped with a chute, one that is flexible and can
adjust in length and its angle. The truck can also move as

per the location for casting.

COMPLETE FOUMDOSTIOMN WALL

i =
; . % =
A 11 CY READY-MIX « = =
! CONCRETE TRULK Y (5] e
o COMCRETE
: 2 CHUTE
= z
E g \ FOUNDATION TO
m
é a RAMF |eEPOURED
g 2 \{ ol e
a = P 1/_,../"
o =
E -
= g
5 £
: :

SITE ACCESS
!/_, 1 CF BUCKET

FOLNDATION
TC BE POLRED

~55 ¥

11 C7 READY-MIx
COMNCRETE

EITE ACCESS H%L
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Lean in Construction Phase of the LPDS

(LC Levels of Implementation )
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Level |Features Tools Involved/
Benefiting Party

1 Improved Work LPDS: LPS® Contractor and/or
Coordination Sub-contractor

2 Production LPDS: LWS, Architect/Contract
System Design: LPS® ors/Suppliers
Reliable workflow
on site

3 Align interests, LPDS: Owner/Architect/
define value, and | Relational Contractors/
share wealth Contract, LWS, |Supplier

LPS®
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{EW Level 1

Level 1

IMPROVE WORKFLOW RELIABILITY ON

_ VSM 58, visual site

/ Waste - Muda \
Last Planner System@li //

\Vanablllty -Mura \/Overburden Mu>

Proactive Safety
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The Lean way — Production System
Design to Increase Workflow Reliability

— Lean work structuring will reduce waste caused by
scope changes and design errors/ omissions,

* Understand and challenge customer requirements (BIM)

Lean
- Shift design responsibilities to suppliers (BIM, SCM) Demégn
an
SCM = Supply Chain Management Supply
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 The Lean way - Production System
Design to Increase Workflow
Reliability

— Lean work structuring will reduce waste
caused by scope changes and design errors/
omissions,

» Design product and process together using cross-
functional teams

— Simulation
— First-run studies
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 The Lean way - Production System

Design to Increase Workflow Cean

Reliability Supply
&

— Lean work structuring will reduce waste Assembly

caused by excess inventories

- Establish strategic alliances with suppliers

— Allows pulling inventories/material to site; concrete

— Standardize and industrialize (prefab) wherever
possible
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 The Lean Way - Integrated Project
Delivery Or Relational Contracting to
Increase Workflow Reliability

* This will allow the Architect and CM/GC and
Subs to impact the programming (Project
Definition) phase.
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A Whole system at a glance

Value Recipient
4

Owneré&
Architect(s)&
Contractor(s)

——————

Reliable
Contractor(s) Workflow

Contractor(s)

LC
Implementation
>
Production Control ~Production System LPDS
< r< Design >< >
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$ Lean Design and Construction

ASSIGNMENT 2-3-1:

Read the questions below with your team members to discuss the following

guestions together.

a) How can one ensure that the weekly work plan represents the most

appropriate work to be performed in a given week?

b) What role does constraint analysis play in The Last Planner® System?

c) What is work structuring? What steps does it involve?
Try to answer the above questions together in one or two pages.

Send your paper (in PDF format) to ralavipour@gmail.com

Due on the next week (next week with similar day)
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