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A Construction Manager s Perspective
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Texvn, Téchne /Ancient Greek/

art, craft, proficiency in an art or craft,

systematic method of performing or engaging in an art




17t Century

Technologia /New latin/

systematic treatment (of grammar or rhetoric),

systematic description of the arts and sciences

-logy



19" Century

Technik /German/, Technique /French/

a 'way of doing', which included all technical arts, such as
dancing, navigation, or printing,

whether or not they required tools or instruments.



19t Century

Technologie /German, French/

a) the academic discipline studying the “methods of arts and

crafts”
b) the political discipline “intended to legislate on the functions of
the arts and crafts.”



19" Century:
Both Technik and Technologie was translated as technology.

Technology /English/

the academic discipline studying the “methods of arts and crafts”

the Massachusetts Institute of Technology




20 Century
Technology stopped being considered a distinct academic discipline.

Technology /English/

a) the practical application of knowledge especially in a particular area
b) a capability given by the practical application of knowledge
¢) a manner of accomplishing a task, especially using technical processes,

methods, or knowledge

Merriam-Webster Dictionary : Technology
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INDUSTRY 1.0

Mechan ation, steam
power, weaving loom

1784
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INDUSTRY 2.0

Mass production,
assembly line,
electrical energy

1870

INDUSTRY 4.0
INDUSTRY 3.0

Automation, computers Cyber Physical
and electronics Systems, internet of
things, networks

&

1969 TODAY

SHUTTERSTOCK




Internet of Things

Cyber
Security

) Machine
Learning

Augmented Ind ustry S Big Data

Reality 4 O T Analytics
®

Solutions

Horizontal &
Vertical Integration

Cyber-Physical
System [CPS]

% e

' i sl -
Cloud Additive

Computing Manufacturing



(Ot

<5‘3)“) LS’LQ’L;)’9 > L5)9l3~é /Jaﬁ )‘ )9)01 ol Caus

Technology-Intensive Industry?




(Ot

3639045 (6913 e o B3k 9 By
)94».»5 44.!.&)\% c(:)LO}L.u 4.)):9 é\a.w).)

153445 g0y (Sl




Sxobd & liudy g (il yogs cado




yiing Adlllae (¢l

Foreword by Salya Nadella
Our 1000-Year Struggle Over

Technology & Prosperity

PUL

PPSTRT ([ 12 )\ S e
RS
PR'CREV5 STEEL

Jared

D1 amond Shaping the
Fourth

-
COLLAPSE ond BUNS,BERMS, AND STEEL Ind“strlal

THE WORLD Revolution

@ Palitzer Prize-winning and bestzelling anthor of

Klaus Schwah
DARON ACEMOGLU The FATES of HUMAN SOCIETIES “NTII_ YESTERBAY Founder and Executive Chairman
ooooooooooo WHY NATIONS FAIL World Economic Ferum
SIMON JOHNSON JA RE D D I AM O ND WHAT CAN WE LEARN /-« TRADITIONAL SOCIETIES? -

R OF Tue Tn
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Indexed; 1950 = 1.0

Construction productivity 1950-2012

Real productivity (GDP value-add per employee) by industry in the US

10
SOURCE: Bureau of Economic Analysis (BEA), Hideyuki (2011)
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The US economy has the potential to raise productivity growth by
12 percentage points through 2024,

i Z....-——  Construction Produc

..... o » I o

o _——

[ [ e

e ¥ _— The US economy has the potential to raise productivity growth by

1.2 percentage points through 2024.

§ i
i

I =

g

g

03-09

g
H

US nonfarm-business-economy sectors'

iz
<

: Share of non- Main contributors to potential
- farm economy, Potential productivity-growth acceleration productivity-growth acceleration
ey Sector 2017, % driven by COVID-19 crisis, CAGR 2019-24, % driven by COVID-19 crisis

* Telemedicine

\/

1.7-2.4 * Modularization; standardization
» Digitization of processes

Construction 5

ICT? 12 1.2-2.3 * Online sales
* Online advertising
» Advanced analytics
Retail 8 1.0-24 + E-commerce

» Warehouse automation

* Hybrid working
Banking 9 _ 0.9-2.0 * Online channels
= Shift to digital payments

© Cupix, Inc. All rights reserved.
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Moore’s Law: The number of transistors on microchips doubles every two years

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important for other aspects of technological progress in computing - such as pracessing speed or the price of computers.

Transistor count
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Data source: Wikipedia (wikipedia.org/wiki/Transistor_count) Year in which the m|cr0ch|p was first introduced

QurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.

Photonic Computing
Quantum Computing
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LGP-30

desktop computer
Word length: 31 bit
Memory Size : 4096 words

Clock Rate: 120 kHz

Power Consumption: 1500 W
16 Commands First delivery: 1956

113 Electronic Tube, 1450 Diodes Price: $ 47,000 (about $ 500k today)

6 decimal place memory, 3 decimal place display Weight: 360 kg
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Google Quantum Computing

Our quantum
computing roadmap

> o @

Our focus is to unlock the full potential of quantum computing

by developing a large-scale computer capable of complex,
error-corrected computations. We're guided by a roadmap
featuring six milestones that will lead us toward top-quality quantum
computing hardware and software for meaningful applications.

Milestone 1
Beyond classical

Prysical Qubits: 54

Logical Qubit Error Rate: -

Milestone 2 Milestone 3
Building a long-lived
error correction logical qubit

logical gate

Prysical Qubits: 107 Physicsl Qubins: 10*

Logical Cubit Error Rate 10

Prysical Qubits: 10
Logical Cubit Error Rote: 10

L\ N
\J A
Milestone 4 Milestone 5 Milestone 6
Engineering Large error-corrected
scale up quantum computer
Physical Qubits: 10* Prrysical Qubins: 10*
Logical Qubit Error Rate: 10 Logical Qubst Error Rate: 90 Logical Qubit Error Rate: 10




If GM had kept up with technology like

| the computer industry has, we would all
be dnvmg 325 cars that got i OOO MPG

Bill Gates
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Knowledge Work
Knowledge Work Economy



5.5G Era Brings New Capabilities via Technology Innovation

% @r/‘ .:Q‘f/' 'ﬁw.k/ Ay

Platfarm Cloud Big Data A Edge Computing

Telco Cloud

= 5.5G Core —

| Computing Sterage

“ : .(‘ Green
ADN My 5°5G Era &y Development

= Net5.5G e
5G » 5.5G F5G » F5.5G

e —

Cellular Networks
VolIP Services

Cloud Services
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 10Gbps Experience

GHz Spectrum, ELAA-MM, MBSC, FSA, 50G PON ...

. All Scenario loT

Passive loT, Redcap

~, Integrated Sensing & Communication

Sensing, Ranging, Imaging

~ ADN Level 4

f v.\-\' \

Y

Three-Layer Al Architecture

Build NCle indicator system

NCle:Network Carben Intensity Energy

.
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SAAS PAAS IAAS

Software as a service Platform as a service Infrastructure as a service



“A charismatic rising sfar wividly relates the big challerges facing the weeld "
—JARED DIAMOND, avther of the Pokizes Price wisaer Gons,
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CONNEGTOGRAPHY

Mapping the Glohal
Network Revolution
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Data; definition

Data Is information that the team can use to enhance project or program delivery.

(CMAA Technology Management)

A capital construction project or program can generate tremendous amounts of data

that the team must

——\-1010
_. 0101
=000
o110

sort, prioritize, and analyze to make good decisions.



What is project data?

1. Scope
2. Commutations
3. Costs

4. Application Logs




Project Data

1. Communications
< RFIs
< Submittals
< Memos é
< Meeting minutes
< Emails 2

< Daily reports

< Photographs |




Project Data

2. Scope
< Drawings
< Specifications

<+ Contractual documents




Project Data

3. Costs
< Contracts
< Change orders

< Timesheets and labor hours

\ % \




Delivering value from project data?

1. Increasing profits / meeting budgets

2. Winning future work / building reputation




Delivering value from project data?

1. Increasing profits / meeting budgets
< Risk tracking and mitigation
< Avoliding claims
< Reducing delays

< Visibility into performance




Delivering value from project data?

Winning future work / building reputation
New deliverables and value-added services

Improved communications

gt
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Delivering value from project data?

Pre-Construction Construction

Progress, Collaborate,

Document, Verify, Bid, Budget, Model Communicate Automate

Maint. & Operation Post-Construction

Enrich, Train, Reveal Validate, Facilitate, Deliver




Delivering value from project data?

ldeal State: Every Phase Connected Across The Lifecycle
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Planning > Design > Procurement > Construction > Maintenance>
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Delivering value from project data?

Actual State: Information Loss Across The Lifecycle
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Planning > Design > Procurement> Construction > Maintenance>
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Data sources In construction

There are many potential design/construction data sources,
including:
team members, other stakeholders, equipment, systems,

tools, and software




-
Types of design/construction data (1/2)

There are many types of design/construction data, including (but not limited to):
Cost data (price estimates, progress payments, etc.);
Schedule data (duration estimates, resource availability, start and finish dates, etc.);
Risk data (cost and schedule impacts, risk likelihood, risk monetary values, etc.);
Safety data (jobsite records, training records, a contractor’s experience modification

rate, etc.);

Calw Caio jd Jluows slasyld Co o




-
Types of design/construction data (2/2)

There are many types of design/construction data, including (but not limited to):
Productivity data (cubic yards or linear feet placed per day, etc.);
Quality data (quality control/quality assurance reports, commissioning records,
etc.);
Communications data (addenda, emails, meeting minutes, etc.);

Logs (application logs, automation logs, database logs, etc.).

Calw Caio jd Jluows slasyld Co o



Q.
What should be CM expertise related to data?




CM expertise related to data

The CM does not need to be an expert on data, but the CM should

understand:
where project or program data comes from,

what the team needs to analyze it, and

how to use It to benefit the owner.



-
Data to manage delivery (1/2)

Data is necessary to manage delivery because it helps the team understand
What has happened,
What is happening, and
What may happen.
For example, teams can use data to
build digital models,
perform estimates,
analyze risks, and

develop schedules.

Calw Caio jd Jluows slasyld Co o



The CM ensures that the team identifies subject matter experts

to evaluate data and data sources

to maintain the data’s integrity and useability.
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Data Management




Capturing project data?

1. Minimizing impact on project participants

2. Ensure data quality




Capturing project data?

1. Minimizing impact on project participants

< Capture within the workflow

Project Manager

Supervising
Project Architect/ Mgr  Engineers Executive 9 Inspectors Superintendents  Project Manager
. Owner /
Designer EPCM Contractor
Administrators
Eriginess p—— Architects Project Engineers Superintendents | Project Engineer

Stakeholders
Sub&nsultants

Boards Members Government Inspectors




Capturing project data?

Ensure data quality
Change control
How to store for maximum use?

Tools for leveraging data

SINGLE
SOURCE OF
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I
Capturing project data?

~1 Change control

Drawing Specification Schedule Picture Misc Environmental
Start summary upload history  links  print New |

< Visioning

Work @ |  Folder | lUnpubllsh

Drawing 001-BENARCH-Z0-01-M3-A-00001

Documents

Revision 1 original 1

Reports Revision Date:  (9/28/2015
Subject:  Concourse C - First Floor Space Planning

Finance
Folder: Architectural

Profile
Details:
Help Revision 1: Change in design

Sheet:
Vendor Number:
Vendor Revision:
Discipline:

Engineering Info:
Engineering Properties:

Locations
Concourse C [CC]
Files
File Size Thumbnail Description
1-BENARCH-Z0-01-M3-A- q; 26M8B
Web Links

PW Link




Capturing project data?

~1 Change control

< Contract changes

Start

Work
Documents
Reports
Finance
Profile

Help

Summary Funding Pay Estimates
summary inbox  history  links print | copy | | New |
| Recall | | Send | | Approve | | Respond |
Change Order #2
Contract: Johnson Contractors Status: Pending
1SO Currency Code:  sD Priority: Low
Due Date:

+ Additional Send & Assignment Information

Subject:  wall height
Folder:

Detalls:
Due to a design error, the wall height on the west end of the retall area in Concourse D Is wrong. This change order is to compensate for the added work and materials from the ¢
complete bullding the new design

Original Contract: 75,600,000.00
Approved To Date: 215,000.00
Contract Amount + Changes: 7581500000 028%
Amount: §5,000.00
New Contract Amount: 75.900.000.00 0.40%
Contract Duration + Changes: 365
Compensable Days: 8
Non COmpcnseblo Days: 0
New Duration: 373
Items
PCO Schedule ID Amount Adjustment Compensable Days Adjustment Non Compensable Days Adjustment
4 - Wall height 85,000.00 0.00 8 0 0 0
Total 85,000.00 0.00 8 0 0 0
Links
Document Note Status
CPR#4 Wall height Closed

Responses




Capturing project data?

_1 Leveraging data
< Reporting
< Analyzing

= Presenting e

Profile

Help

Report

print

Name:
Description:

¥ Shared

Number “*

101423
101453
104413
114000
22 0000

23 00 00-1
23 00 00-1.1
26 00 00-1
28 31131
28 3113-1.1
28311312
3100 00-1
3110 00-1
3123331
3213131
321313141
33 00 00

33 4000

Statislics Alerl Reiation Organiz ation
history ===
| mefresn
[Submittals-A¥ |
List of All Project Submittals
Subject = Status Submitted By —
| v i v |

Signs - Restrooms Closed Contractor
Parking Area Signs Closed Contractor
Fire Extinguishers And Cabinets Pending Contractor
Food Service Equipment Pending Contractor
Plumbing Systems Closed Contractor
Heating, Ventilating And Air Conditioning Systems Closed Sub-Contractor - Electrical
Heating. Ventilating And Air Conditioning Systems Closed Sub-Contractor - Electrical

Eleclrical General Requirements

Fire Alarm System With Emergency Voice And Alarm Communication System
Fire Alarm System With Emergency Voice And Alarm Communication System Closed
Fire Alarm System With Emergency Voice And Alarm Communication System Closed

Earthwork Closed

Site Clearing Pending
Trenching, Backfiling And Compacting Pending
Site Cast-In-Place Concrete Pending
Landscape Concrete Work Pending
Piped Utiities Pending
Storm Drainage Utiities Pending

PageSze:[18 | Found 18 Results

Sub-Contractor - Electrical
Sub-Contractor - Electrical
Sub-Contractor - Electrical
Sub-Contractor - Electrical
Sub-Contractor - Civil
Sub-Contractor - Civil
Sub-Contractor - Civil
Contractor

Contractor

Contractor

Contractor

Date Submitted = Approval ~
| v

09/18/2015
09/18/2015
09/18/2015
09/1872015
09/18/22015
09/18/72015
09/1872015
09/18/2015
05/18/2015
09/18/2015
09/1872015
09/18/2015
09/18/2015
09/18/72015
09/18/2015
09/18/2015
09/18/2015
09/1822015

| Date Approved ~
A - Approved 09/18/2015
A - Approved 09/18/2015
A - Approved 09/18/2015
C - Resubmit 09/18/2015
A - Approved 09/18/2015
C - Resubmit 09/18/2015
C - Resubmit 09/18/2015
A - Approved 09/18/2015

B - Approved with Comments  09/18/2015

Pending On ™

CM Firm
Qwmer

CM Firm

CM Firm
CM Firm
CM Firm
CM Firm
CM Firm
CM Firm




Capturing project data?

Leveraging data
Reporting
Analyzing

Presenting

ol Cato 1 Jlusud sbagyslid Coplo

Documents

Reports

Profile

Help

Report Statistics Alert Relation Organization
Refresh
Document: [Cnange Orde v ] Number: |2 Revision:
Degrees: [3 ]
save as image
Risk — Link Chain LEED
Circular Link
Risk # 10 -
1 Wall height
Change Order CPR#4 -Wall RF1# 16 - Wall_ Drawing 001-
#2-Wall height height BENARCH-Z0-




Capturing project data?

_1 Leveraging data
< Reporting
< Analyzing

< Presenting

Work

View: |Financial Manager [Min v | Cusiomze

Documents

Level: propect
Reports Budget:

Spent:

Budget Remaining:

Finance

Profile F ge Spent (Budget)

Contingency:
Heip PCO Spent:

Trends

Contingency Remaining:

87,855,000 00
9.453.829.00
78.401.171.00
10 76%
11,272,500 00
0.00
11.272500.00

Pay Estimates Pending: 269302500
Retention Pending: 000
Pay Estimates Approved: 545382400
Retention Approved: 500
PCOs Pending: 17,000 00
PCOs Approved: 325,000 00
CO Pending: 85,000 00
CO Approved: 215,000.00
Risk ltems Pending: 463,000 00
Encumbered: 5538517100
——Ch

PCO
—— RSk

Exposure Gauge Budget Gauge

$781.000.00 (0.89% of $87.855.000.00) Spent $10,706.113.01 (10.80% of $99,127,500.00)
Total Total

Risk
Delay [Days}:67

Amount: 46400000
Expected:  378.800 00




Data management

1 Data management is the practice to

1. Create,

2. Process,
3. Store,

4. Share, and
5. Monitor

data.




Data management

1 Data management involves

< Collection of data from the team and the jobsite,

< Processing that data into useful information, and

< Then using that information to create knowledge among the team.




Data management

1 Effective data management is a critical component of technology management

- that helps the team
<+ Communicate,
<+ Manage risk,
<+ Save time,
+ Increase predictability, and

<+ Improve performance.



Data Management Flow

[ Create %{ Prucess)% [ Store )% [ Share x}> [ Monitor ]

| |
Collection Analysis




Data Management Flow

Note that data management does not always follow the exact sequence shown below.

The flow of data may vary depending on
Project’s/program’s technology requirements,

Policies and procedures, and

Stakeholders.
Data Management
[ Create )% { Prncess>> [ Store % [ Share >> [ Munitur]
|

| |
Collection Analysis




Data Management Flow

There are also some feedback loops and overlaps among data management practices.

For example, processing data can sometimes create new data.

Some technologies can also combine more than one data management activity, e.g.,

certain equipment can create, process, and store data simultaneously.
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Data Creation




