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Introduction A

Building Information Modelling - BIM & LEAN
Whatsthe B8

Problem?

WHEIGCERUE
Waste?

WHEIGCERUE

Value? 10-17% in OpQratlons
s , - k (*Boston Consultlng Group Report 2016)

“information”
Searchable?
Accessible?
Accurate?
Useful?
Valuable?
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Introduction A

* New approaches to construction management such as
 relational contracting and
* |lean design and construction

are built on a foundation of team integration and open sharing of project-related

information.

* Information and communication technology (ICT) and building information
modeling (BIM) are an effective mechanism for providing construction
stakeholders with the informational and analytical tools for better

management of the construction delivery processes.
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ICT — a description A

* Information and communication technology encompasses computer hardware,
software, and communications devices that allow the sharing and access of

information conveniently, locally, and worldwide.
* The rapid growth of the Internet

* Building information modeling is the process of generating and managing building data
during its life cycle. It is a tool as well as a process, and increases productivity and

accuracy in the design and construction of buildings.
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Animated 3-D/4-D visualization concepts A

ACEMI

* The core concept of animated

3-D visualizations is to provide

|”

a “near-real” replica of the

finished product or facility
from the basic design to the

operation of the facility.
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Virtual design studios and concept A

* Virtual design studios allow designers and experts from different locations to

interact using audio and video conferencing.

* Virtual studios allow designers to discuss matters related to design or

construction without leaving their offices

 The main benefit lies in the fact that experts and designers from any location

and at any time can discuss a design issue and propose an immediate solution.
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Building information modeling A

* Building information modeling (BIM) is the process of generating and

managing building data during its life cycle.

 The American Institute of Architects (AIA) has defined BIM as

“a model-based technology linked with a database of project information.”

A BIM carries all information related to a facility, including its physical and
functional characteristics and project life cycle data, in a series of “smart

objects.”
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BIM definition A

Institutional and
cultural framework

Social parts Coordinated
work practices

Synchronous
collaboration

Information
management

Intelligent
models Technical core

3D CAD

BIM viewed as a sociotechnical system with a technological base and layers of social

JI components
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Predesign/
planning phase

—

Design phase

G—

Construction phase

—

Acceptance phase

<

Postconstruction/
warranty phase

Involve the owner, verify the OPR, ensure
clarity/completeness. Ensure the appropriateness of the
proposed facility design. (Design the “right” facility)
review BOD developed by design team

review scope of equipment and systems

Record design options for evaluation
support design for constructability
provide evaluation of design alternatives
cost analysis of alternatives

Support procurement with accurate quantity take-ofts
facilitate prefabrication from design information

enable just-in-time procurement

reduce conflicts between trades/disciplines, e.qg., structural,
electrical, HVAC, plumbing, fire protection

track construction in real time

Provide virtual start up to verify system readiness
track/manage documentation of equipment
update “as-builts” for record purposes

Track facility condition and performance of
equipment, energy usage

track tenant/user changes

track warranty issues

track life cycle costs

Process flow for
BIM design and
construction
support
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Characteristics of BIM reference framework A
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The information needs to be related to the objects in the model
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Characteristics of BIM reference framework A

ACEMI

Mode! Uses
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Using object-based models to manage project information
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Characteristics of BIM reference framework A

ACEMI

NO NORMAL COORDINATION
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Team organization moves from document-centered to data-based
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LEAN approach to BIM implementation A

ACEMI

Get the
Direction or
Challenge

Establish
your Next
Target
Condition

4

Conduct Experiments

Grasp the to get there
Current

Condition
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History of BIM A

 The term BIM appears to have been adopted by Autodesk to describe “3-D,
object-oriented, AEC-specific CAD.”

* This medium was rich in architectural information and distinguished from the

traditional 2-D drawing.

* Professor Charles M. Eastman at Georgia Institute of Technology has done

extensive work on the process starting in the 1970s under the heading of a

building product model.
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Relationship Between Lean & BIM A

* LEAN = Reducing Waste / BIM = Managing Information / Quality of Information &

Outcomes
*  Waste “Adds No Value” Labour Input :
Physical Output
Wasted Time or Effort Material Input

Information Output

Duplication of Effort Information |I'Ipllt

Abortive Work
Rework Role Is the Information...
Stop-Starting SCDPB What = Accurate
N Time When Timely
Waiting Cost How Much Available

Late Engagement Ql.lﬂllty How Good Accessible
Safety How Risky Searchable

“Fire Fighting”
Excessive Contract Administration
Disputes

Litigation
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Relationship Between Lean & BIM

Which is More Efficient? (Lean)

_ Design Procure Construct Operate
Manufacturing | 5 Q== . Eodilr=

Built It
Twice

Construct a Price & Procure the Assemble 10b% in “Digital Twin”
Coordinated & Resolved Component Parts Accordance with the for Operations &
“Digital Model” from the Model “Digital Model” Maintenance

Construction [ gem grm = B | ik

Built It =R
Once

SCHEDULES  SPECIFICATIONS '3

Uncoordinated Price & Procure Coordinate & Resolve  Poor Information
Unresolved “Packages” Issues on Site for Operations &
“Design Intent” of Work at Risk “Physical Model” Maintenance

Documentation
éAARC (1]0) ¢ Enabling & Supporting BIM
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Practical applications of BIM A

Visualization: 3-D renderings can be readily generated.

Fabrication/shop drawings: It is easy to generate shop drawings for various building

systems

Automated Fabrication

Code reviews

Forensic analysis

Facilities management

Cost estimating

Construction sequencing

Conflict, interference and collision detection

By: Alavipour, PhD, PMP, CMIT Www.dralavipour.com el giledl g 553 &y 30 Lol 598 Jlao 4573
By: K.Kordani PMP, MSc 17



Practical applications of BIM A

* BIM makes a reliable digital representation of the building available for design
decision making, high-quality construction document production, construction

planning, performance predictions, and cost estimates.

* BIM provides two major benefits:

1. As important design information is kept in digital format, it can be easily

updated and shared with all the involved parties.

2. The maintenance of real-time design data in digital form, using parametric

building modeling technology, provides major savings of time and money. This

leads in turn to an increase in project productivity and quality.
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Economic benefits A

e Studies by Stanford University’s Center for Integrated Facilities Engineering
(CIFE) based on several major projects attribute several savings to the use of

BIM: (CIFE 2007)

1. Up to 40% elimination of unbudgeted change,

2. Cost estimation accuracy within 3%,

3. Up to 80% reduction in time taken to generate a cost estimate,

4. A savings of up to 10% of the contract value through clash detections,
5. Upto 7% reduction in project time,

6. Anincrease in field productivity in the range of 20-30%, and

7. Atenfold or greater reduction in requests for information (RFIs) and change orders.
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Benefits of BIM at each construction project phase A

ACEMI

Faster delivery speed resulting in time savings.

Better design — design proposals can be analyzed in detail, using simulation

and other evaluation tools to identify the best solutions.

Lower costs, which represents financial savings.

Better coordination between different disciplines resulting in fewer errors.
Higher work productivity and quality.

Provides benefits in the design, construction, and management phases.
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Benefits of BIM at each construction project phase A

Predesign/
planning phase

{

Design phase

{

Construction phase

{

Acceptance phase

Postconstruction/
warranty phase
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Involve the owner, verify the OPR, ensure
clarity/completeness. Ensure the appropriateness of the
proposed facility design. (Design the “right” facility)
review BOD developed by design team

review scope of equipment and systems

Record design options for evaluation
support design for constructability
provide evaluation of design alternatives
cost analysis of alternatives

Support procurement with accurate quantity take-offs
facilitate prefabrication from design information

enable just-in-time procurement

reduce conflicts between trades/disciplines, e.g., structural,
electrical, HVAC, plumbing, fire protection

track construction in real time

Provide virtual start up to verify system readiness
track/manage documentation of equipment
update “as-builts” for record purposes

Track facility condition and performance of
equipment, energy usage

track tenant/user changes

track warranty issues

track life cycle costs
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Three-dimensional modeling and target cost A

ACEMI

* This modeling supports the target value method of design. As design work
progresses, cost estimating needs to keep pace with the development of the

design.

* Three-dimensional modeling can automatically generate bills of materials, and

the associated pricing keeps designers informed of the overall project cost.

* Three-dimensional enabled project delivery features:
1. Clash detection
2. Construction/installation drawings

3. Procurement (bill of materials)

4. Structural steel detailing for fabrication
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Stages of BIM adoption A

nitial goal :
1 i 2 3

technology, process technolfpgy, process technology, process technology, process
and policy steps A | and poHcy steps B = and policy steps C o ¢ and policy steps D
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fixed starting point . :,

[

l

[

variable ending point

the uitimate goal of employing
BIM concepts and tools to
achieve Virtually Integrated
Design, Construction and
model-based network-based Operation (WDCO)

COLLABORATION INTEGRATION POST-BIM

the status of the Dasign,

Construction and

Operation (DCO) industry

prior to the proliferation &

of BIM concepts and tools object-based

PRE-BIM MODELLING
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Interactions between Lean and BIM A

(Borrmann and Rank, 2008)

Manage
information
flows

Reduce design
development
cycle time

Standardized
work
methods

Pull flow of
information

Pull flow
detailing

prefabrication
and pull of

Maintain information value
r B 53
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BIM application in the construction phase A

ACEMI

e Constructors can use BIM models to provide much more information than the

hard copy construction documents of yesteryear.

* Fewer errors are committed in the interpretation of contract documents, and
the interaction of various building systems is checked for clash detection long

before installation or erection begins.
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BIM kiosks A

e According to Hans Thomas Holm of Norway, Head of Project Life Science in

Oslo, Statsbygg/Owner Dept.

* BIM kiosks offer great benefits in terms of digital interaction on construction

sites.

* A key benefit of BIM kiosks is mobility; it ensures optimum accessibility for all

ongoing work in the building.
* As reported by Hans, important lessons were learned from this application:

“Good web access on the construction site is an important prerequisite. Setting
up a building site network can be very demanding, and can require significant

technical expertise before it works satisfactorily.”
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BIM kiosks A

BIM
Kiosk

hitp://www.BIMKiosk.com
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BIM during occupancy A

* Details of building materials, equipment, systems and “as built” information
are readily available through BIM to facilitate the management of a facility for

optimum performance.

 Example: Rented space
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Case study 1: BIM for the detailed design phase A

ACEMI

* Professor Salman Azhar and his research teams of Auburn University, Alabama
describe the following to illustrate the cost and time savings available with BIM

on an actual construction project.

* This case study outlines the use of BIM at the detailed design phase.

* The project is a $35 million LEED® Silver certified, 110,000 square academic

building on the campus of Emory University in Atlanta, GA.

* It is a multi-purpose structure designed to provide instructional and research

space and constructed by Holder Construction Company, of Atlanta, GA.
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Case study 1: BIM for the detailed design phase A

* The project details are as follows:

The project architect developed the building information model of the facility at the early
design phase to determine the best building orientation and evaluate various skin options

such as masonry, curtain wall and specific window styles.
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Case study 1: BIM for the detailed design phase A

ACEMI

* The project details are as follows:

The building information model was also used to perform daylight studies, which, in

effect, helped to decide the final positioning of the building on the site.
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Case study 1: BIM for the detailed design phase A

* The project details are as follows:

In order to achieve this, views of the facility were established within a BIM software
model using the software’s sun positioning feature. Subsequently, the shading and lighting
studies, as well as right-to-light studies were conducted in order to determine the effects
of the sun throughout the year as well as the effects the proposed facility would have on

surrounding buildings.
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Case study 1: BIM for the detailed design phase A

ACEMI

* The project details are as follows:

Right-to- light studies were also conducted to evaluate lighting conditions at the proposed

facility’s courtyard space, and those spaces adjacent to the courtyard.
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Case study 1: BIM for the detailed design phase A

 As a direct result of these studies, the building’s design was adjusted as

follows:
1. window openings on the west facade were reduced;

2. the penthouse, which is located on the roof of the building, was reduced in

overall square footage; and

3. the overall height of the building was reduced. As all of these design
adjustments were able to be incorporated during the design phase, the
analyses prevented costly and time-consuming redesign at later stages in the

project life cycle (Azhar 2011).
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Case study 2: Using BIM with the Hilton Aquarium A

ACEMI

* The review teams collaborated with Holder Construction Company, Atlanta, Georgia.

(Azhar et al. 2008a, 2008b). The project details are as follows:

* Project name: Hilton Aquarium, Atlanta, Georgia

Project scope: $46M, 484,000 SF hotel and parking structure

e Delivery method: Construction manager at risk

* Contract type: Guaranteed maximum price

* Design assist: GC and subcontractors on board at design definition phase

* BIM scope: Design coordination, clash detection, and work sequencing

* File sharing: Navisworks used as common platform

* BIM cost to project: $90,000, 0.2% of project budget (540,000 paid by owner)
e Cost benefit: S600,000 attributed to elimination of clashes

.I * Schedule benefit: 1143 hours saved
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Case study 2: Using BIM with the Hilton Aquarium A

e The contractor created 3-D models of the architectural, structural, and MEP

systems of the proposed building. z

(c) Plumbing model

(a) Architectural model (b) Structural model
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Case study 2: Using BIM with the Hilton Aquarium A

ACEMI

* Using the developed models, the project team achieved the following benefits:

1. Proactively identified 590 conflicts between structural and MEP components

and resolved them prior to field installations.
2. Design coordination enhanced.
3. Additional cost increases avoided.
4. Enabled owner to view revisions without issuing change orders.

5. Accommodated design changes.
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BIM and lean construction A

e BIM supports many initiatives that are critical to lean design and construction.

* Lean design promotes the active participation of construction stakeholders as

early as the project definition phase.

* Visualization of form as a BIM functionality enhances Lean principles such as
“reduction of variability”, “verification and validation” or “decision by

consensus” (Sacks et al. 2010).
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Typical information flow in BIM-based building performance ,
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Case Studies A

e Case :Ardmac

 Ardmac is an international construction specialist delivering complex and high-value

workspaces and technical environments.

* Headquartered in Dublin, and with offices in Manchester, Craigavon, and Brussels, Ardmac
employs over 300 people and provides specialist services to the commercial fit-out, life

sciences, and data centre sectors.

e Overview & Background to the Lean Initiative:

* Ardmac started its journey to adopt Lean, BIM, and other digital technologies in order to
streamline workflows and improve productivity. Ardmac leverages technology to support Lean

Construction principles.
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Case Studies A

e
e Case :Ardmac
* Productivity Tracking — Digitally:
* The company introduced Lean in 2015, and we have adopted several Lean initiatives across the
company since then.

* They have been particularly successful with the adoption of Last Planner® System (LPS) which

allows the proactive sequencing of works and setting of productivity targets.

* The targets are set using crew size and labour norms, and they are tracked daily and any

deviations are monitored.

* Ardmac has been tracking field productivity for many years, and “Building by Numbers” is the

terminology we use across the business as it is a simple and effective concept.

By: Alavipour, PhD, PMP, CMIT Www.dralavipour.com el giledl g 553 &y 30 Lol 598 Jlao 4573
By: K.Kordani PMP, MSc 41



Case Studies A

e Case :Ardmac

e Collaboration & Field Management Software:

* The use of largely paper-based information is one of several factors that contribute to the lack of
efficiency in the construction sector. The traditional siloed approach restricts collaboration by

creating barriers between parties to control information flow to mitigate risk for private parties.
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Case Studies A

e Case :Ardmac

e Collaboration & Field Management Software:

* A new collaboration and FMS went live on all projects in February 2019. This provides a central

cloud-based platform to share and manage project information

* there is also a very strong inspection, quality, and safety management aspect to the software

which enables the completion of inspections and audits using any mobile device.
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Case Studies A

e Case :Ardmac

* RFlIs & Observations Linked to Drawings:

* Communication among all project teams has become streamlined. Each of the tools on the

platform manage a specific part of the project, and all data is controlled via role-based
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COIM-ARD DK L5107 By 2

4 - '.‘
’ - L 2 -
- .'.'
" e. -
“ ‘-J
= —) !
‘e

§s
I
|

:
N

¥ A . 5
- - 8 b

]l By: Alavipour, PhD, PMP, CMIT Www.dralavipour.com el giledl g 553 &y 30 Lol 598 Jlao 4573
By: K.Kordani PMP, MSc 44



Case Studies A

e Case :Ardmac

I

* Building Information Modelling (BIM):

for over 10 years.
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Case Studies A

e Case :Ardmac

* Building Information Modelling (BIM):

models for coordination and clash-detection

purposes.
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Case Studies A

e Case :Ardmac

* Building Information Modelling (BIM):

training, BIM capability was increased on

projects, including highly detailed and

information-rich 3D models up to LODS500.
Ardmac has since achieved ISO 19650-2 %
Certification with BRE, which demonstrates both
commitment to BIM excellence and the capability |-

to deliver projects using BIM.
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Case Studies A

e Case :Ardmac

* Building SMART:

* At Ardmac we define Building SMART as combining the three pillars of LPS: our Collaboration,
our FMS Platform, and BIM. By implementing these tools and processes on all projects, there is a

strong foundation for success.
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Construction progress measurement A

* Several methods are proposed for measuring construction performance that

include a productivity component:

1. Units completed

2. Incremental milestone
3. Start/finish

4. Supervisor opinion

Weight  Subtask Unit Quantity Total ~ Equivalent Steel Tons ~ Quantity To Date  Earned Tons
>. COSt ratio 0.02 Foundation bolts each 200 1 200 1

0.28 Trusses each 100 14 50 7

0.30 Columns each 30 15 20 10
6. Earned value 020 Beams cach 50 10 30 6

0.20 Roofing-steel deck  square foot 5000 10 1000 2

1.0 Steel ton 50 26

Note: % complete = Earned tons to date/equivalent tons = 26/50 = 52%.
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Productivity estimation based on worth A

» Alfeld (1988) equates performance (worth) to the ratio of accomplishment

(value) to methods (cost)

* Alfeld developed another measure of performance, i.e., the “performance ability

ratio” (PAR) as the ratio of exemplar performance to current performance.

* Performance ability ratio (PAR) is calculated as exemplar performance/current

performance
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Computing PAR values

Reference  Gypsum Board Installation (RS Means) Crew Size Work Hours  Production Exemplar Rate
Code (Carpenters)  Per Day (Square Feet Fmdi—:fa‘farir}f (Square
Per Day) Feet Per Work Hour)
0150 3/87 wall installation (standard) unfinished 2 16 2000 125
0200 3/8” ceiling installation unfinished 2 16 1800 1125
0350 V" walls (standard) — taped and finished 2 16 965 60.31
1050 V" ceilings — taped and finished 2 16 765 47.81
Work Activity A B C=A/B D E=D/C F
Reference Gypsum Board Field Installation Production Work  Productivity ~ Exemplar PAR Priority
Code (Square Feet) Hours Square feet Per Rate Values for
Observed Work Hour Action
0150 3/8" wall installation (standard) unfinished 2105 32 65.78 125 1.9 1
0200 3/8” ceiling installation unfinished 4153 48 86.52 1125 1.3 3
0350 V" walls (standard) — taped and finished 689 20) 34.45 60.31  1.75 2
1050 V" ceilings — taped and finished 637 16 39 .81 47 .81 1.2 4
|

L
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Field ratings A

* These are computed as the ratio of people classified as working to the total

number of people observed. An adjustment of 10% is added for foreperson and

personal time.

Example:

Number of people on site = 120
Number observed = 100
Number noted as working = 50
Percentage working = 50%

Adjusted field rating index = 50% plus 10% = 60%

Labor Utilization Factor (LUF)

The calculation recognizes that work may be effective or essential contributory in nature.

LUF = [eﬂéctix‘e work + 4 essential contributory w:::rk] / total observed.
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Setting up a performance measurement program A

ACEMI

* Performance measurement is essential for a construction organization’s leaders

to gauge performance on a number of selected indicators.

 These indicators provide measurements that serve as a foundation for

improvement — as the old adage goes “what gets measured, gets done.”
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Setting up a performance measurement program A

* Performance measurement systems should track several factors representing

components of organizational performance such as:

* productivity indices,

quality measurements,

safety measurements,

schedule compliance,

budget compliance.
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Setting up a performance measurement program A

* Improvement can be achieved by a variety of initiatives that include lean construction,

total quality management (TQM), six sigma, and 1SO 9001:2000.

 While most organizations have systems that keep track of financial performance,
construction productivity calls for a number of specific measures. They include:
e Labor productivity
e Crew productivity
* Exemplar rates
* PAR (performance ability ratio)
* Nonproductive time
» Safety performance

* Lost time accidents
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Setting up a performance measurement program A

ACEMI

* Rework labor hours
* Schedule productivity
e Subcontractor productivity

* Where applicable: Lean indicators
* Percentage of projects complete (PPC)

* Project waste index (PWI)

e Labor productivity is a critical component of construction productivity. Labor
costs account for approximately 40% of total costs for a broad range of

projects.

 These costs may account for an even greater percentage in the case of small

projects.

JI By: Alavipour, PhD, PMP, CMIT Www.dralavipour.com el giledl g 553 &y 30 Lol 598 Jlao 4573
By: K.Kordani PMP, MSc 9



Setting up a performance measurement program A

ACEMI

Typical worker’s hour

[__1 Percent of total —l— Cumulative total

100 =
29
13 8 7 6 5
0 | | | | | |
Direct work Waiting Traveling Instructions Tools, Early Personal
material, quits/late breaks
transport starts
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Setting up a performance measurement program A

ACEMI

* A successful program starts with the top management’s vision.

* They must have a commitment to excellence, with an emphasis on a culture of

continuous improvement and on management by fact.

* Productivity measurement provides the organization with the facts that it
needs to make the tactical changes that are required to achieve and sustain

higher levels of performance.

e Leaders must communicate to the entire organization its vision, mission, and
values so that the continuous improvement philosophy can be incorporated in

all activities, especially with construction projects.
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Setting up a performance measurement program A

e At its simplest level, a productivity measurement program may be headed by

an analyst that reports to a senior management level, such as a VP.

* In turn, the VP should maintain an active productivity agenda in executive
meetings to keep all decision makers aware of the trends in the organization’s

productivity through its respective measures.

* Productivity measures should be selected based on key performance

indicators (KPI).

 Critical success factors (CSF) should be identified and these should be closely

linked with the organization’s KPI.
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Lean construction measurement A

* If the organization adopts lean construction as its protocol, performance
measurement is an absolute requirement in order to determine the extent of

accomplishment for a WWP.

* The analyst role may be assigned to a scheduler or other staff member who

has been trained in the lean construction methodology.

e Other traditional measurements such as labor and crew productivity are still

relevant as a means of tracking overall project performance.
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Lean construction measurement A

v'Transitioning from productivity measurement to performance

improvement and lean construction

« The foregoing discussions emphasize the importance of productivity
measurement as a component of the greater issue of performance

improvement.

* the underlying purpose of measurement is to support initiatives to improve

construction performance.

* These initiatives can include lean construction and integrated project delivery,

TQM, ISO 9000, or six sigma.

o | Construction organizations have a particular challenge to adopt this paradigm.
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Lean construction measurement A

v “Not everything that counts can be counted, and not everything

that can be counted counts.”

* Productivity measurement is both quantitatively and qualitatively vital to the

profitability of a construction company.

 Management must keep up with technological innovations worldwide and
seek to adapt as well as motivate employees with improved management

systems.
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Lean construction measurement A

v'To facilitate performance measurement and improvement,
constructors need to develop a culture of “building in” quality,

and convey that philosophy to management and workers alike.

v’ They should begin to adopt Deming’s fourth point “End the

practice of awarding business on the basis of price tag alone.”
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Measuring lean construction performance A

ACEMI

“you cannot improve what you cannot measure.”

Research studies have indicated that approximately 54% of project
commitments are completed in the typical weekly schedule, using traditional

project delivery.
Lean project delivery can raise the reliability of work plans to 85% or more.

Work accomplishment is recorded as a graphical plot of percent plans

complete (PPC);
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Measuring lean construction performance A

ACEMI

In The Last Planner® System, teams commit to completing
designated tasks in a given week; failure to complete all

of those tasks represents less than 100% reliability.
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Measuring lean construction performance A

ACEMI

e EPC project and shows a highly fluctuating level of commitment reliability (as

represented by the PPC values).

 The mean value of reliability ranges between 44 and 48%, indicating that, on
the average, fewer than half of the planned assignments are completed in a

given week.

 This value is at or near zero on three occasions and between 80 and 82% on

two other occasions in a 6-week period.

* |In the context of lean construction, the desired outcome is to have minimal

variability in the hand offs of assignments to downstream crews.
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Observations on commitment reliability A

ACEMI
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Measuring lean construction performance A

ACEMI

* In this case, the reasons for high variability were studied through a review of

reasons for noncompletion (RNC).

* The most frequently occurring RNCs were found to be shortcomings in

commitment/planning and inadequate prerequisite work.

* By addressing these issues, significant improvements were made, variability was

reduced, and PPC/reliability was increased from the 45% range to over 80%.
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Learning: reasons analysis and action A

* At each weekly meeting, time is devoted to learning why certain tasks were
not accomplished in the previous week before creating a weekly plan for the

work to be executed in the following week.

* Incomplete plans are studied to determine the root causes (reasons for non-
completion) and why they were not completed in order to improve the

effectiveness of future work plans.
* Pareto chart reflects the most frequently occurring reasons.

e Typically bad planning and poor coordination are frequently occurring causes.
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Learning: reasons analysis and action A

* This exercise serves as an all-important learning tool. Without learning, crews are likely

to simply repeat the mistakes of the past.

1. Percent plan complete (PPC) measures the degree to which work is completed as

planned. It indicates the likelihood of future work accomplishment
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Learning: reasons analysis and action A

Reasons for noncompletion: These reasons are tabulated by studying
incomplete plans to determine the root causes for lack of completion. These
causes should be categorized in meaningful groups to facilitate identifying

system-related causes.
Summary reasons
350 7

297
300 T

250 7

200

150

94
100

Number of occurrences

67

50 7 34

20 16 5
O T T T T T T
Commitment Prerequisite ~ Weather Material Resource  Equipment Safety g ko 53
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Available metrics for the Last Planner SystemA

* Metrics are used on construction projects for monitoring and measuring the
progress of work to help planners in making important decisions on time and

cost improvements.
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Available metrics for the Last Planner SystemA

1. Percent Planned Complete (PPC)

Developed by Glenn Ballard (2000) the PPC value is obtained by calculating the
number of complete tasks from the total tasks promised to be completed during a

planning horizon, which is normally a week.

PPC = Did /Will
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Available metrics for the Last Planner SystemA

2. Tasks Made Ready (TMR)
Did
Can

3. Tasks Anticipated (TA)

Anticipated Tasks
Total Tasks on WWP

TMR represents the ratio of executed tasks that were made ready by removing all their
constraints. TA represents the total anticipated tasks out of the total tasks found on the Weekly

Work Plan (WWP) and that continued from the lookahead week.

4. Planned Work Ready (PWR)

Work Expected to be Per formed in Lookahead
Work that Should be Performed
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Available metrics for the Last Planner SystemA

ACEMI

The Planned Work Ready (PWR) metric was introduced by Mitropoulos (2005)

to assess the quality of the lookahead planning process.

PWR measures the percentage of work expected to be ready as planned in the

lookahead horizon, thus acting as a forecast for the schedule performance.

Moreover, Mitropoulos (2005) suggested three measures termed “deltas” to

evaluate the make ready process:

Delta 1 measures the constraints that are expected to be removed from the

total constraints identified,
Delta 2 measures the actual removed constraints,

while Delta 3 looks into new identified constraints.
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Available metrics for the Last Planner SystemA

**Delta 1 (A1)

Constraints Promised to be Removed

Constraints Identified

**Delta 2 (A2)

Constraints Removed

Constraints Promised to be Removed

< Delta 3 (A3)

New Constraints

Constraints Identified
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Available metrics for the Last Planner SystemA

ACEMI

**Percent Constraint Removal (PCR)

Ready
Can

* PCRis calculated by comparing the number of ready tasks when scheduling the
WWP (Ready) to the total number of planned tasks found in the lookahead

plan (Can).
“+Performance Factor (PF)

Actual Labor Hours

Earned Labor Hours
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Available metrics for the Last Planner SystemA

ACEMI

*»Labor Utilization Factor (LUF)

Ef fectiveWork + %E ssentiallWork

Effective + Essential + Not useful
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Available metrics for the Last Planner SystemA

ACEMI

**Project Productivity Index (PPI)

Y.(ActivityProuctivity Indexes) o

100
N
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Available metrics for the Last Planner SystemA

 Another two LPS metrics were suggested by Gonzalez et al. (2008) as

performance indicators at the activity level.

 The first metric above is the Project Productivity Index (PPI) calculated by
finding the average of the Activity Productivity Indexes (API), with API being

the ratio of the average labor productivity to the maximum labor productivity.

*¢*Planning Reliability Index (PRI)

Actual Progress

X 100
Planned Progress
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Available metrics for the Last Planner SystemA

ACEMI

 The second metric is the Process Reliability index (PRI) concerned with the

planning reliability at the activity level.

e Construction Flow Index (CFl)

7
102 W;P"
=1
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Available metrics for the Last Planner SystemA

e Sacks et al. (2017) introduced the Construction Flow Index (CFI) which

measures the quality of construction flow in repetitive construction projects.

 CFl enables project managers to improve production flow on projects by

tracking and sharing this metric with trade crews.

 This value would be calculated and tracked with the help of project

management software.
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Available metrics for the Last Planner SystemA

 Another attempt to align short and long-term planning was performed by
Emdanat and Azambuja (2016) by introducing three metrics to complement

PPC, TA, and TMR.

* The Commitment Level (CL) metric measures the percentage of the
committed required activities (critical activities) to the total required activities

in a given work plan cycle.
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Available metrics for the Last Planner SystemA

MI

* PRCO is the percentage of required/critical activities that are completed or expected to be
completed (ongoing) on or before their promised completion dates with respect to the total

required activities committed to on the work plan.

+* Commitment Level (CL)

Required Will
Should

¢ Percent Required Complete and Ongoing (PRCO)

Required Completed + RequiredOngoing onTrack
Required Will
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Available metrics for the Last Planner SystemA

MI

Finally, Rizk et al. (2017) investigated the issue of matching load to capacity

and proposed several metrics in this regard:
Capacity to Load Ratio (CLR),
Required Capacity Ratio (RCR), and

Required Percent Complete (RPC).
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Available metrics for the Last Planner SystemA

* The Weekly Deviation (WD) is a metric, along with the three aforementioned metrics, that

helps measure the extent of deviation from the WWP.
+» Capacity to Load Ratio (CLR)

Total Completed
WWwPe

+* Required Capacity Ratio (RCR)

Required Completed

Total Completed
+»* Required Percent Complete (RPC)

Required Completed

Total Required
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Available metrics for the Last Planner SystemA

While these metrics equip planners with valuable input on
certain aspects of planning, each metrics is solely concerned

with a specific planning feature and disregards other facets.
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Available metrics for the Last Planner SystemA

ACEMI

This leads to a incomplete understanding of the entire project
performance and the needed planning intervention actions

(Emdanat and Azambuja 2016; El Samad et al. 2017).
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Available metrics for the Last Planner SystemA

Additionally, many of those metrics were either inconsistently
used or required data that was too difficult and time consuming

to collect.
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