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In our second season, the Open Integration Summit has once again brought together influential AEC & Technology
leaders to address the #SharedPains of poor data interoperability in construction. Last year, we focused specifically
on the Request for Information (RFI), only to realize that there were many interpretations and definitions for
classifying an RFI, depending on your perspective of the project. The discoveries captured in last year’s report
Transcending the RFI, have evolved into two of the four CDX challenges we expanded upon this year.

The following report is a graphical review of the discussions, debates, discoveries, conclusions, and next steps
surrounding the four CDX challenge topics we tackled inside the Open Integration Hub this past June. | hope this
report will inform and inspire those who have not attended an Open Integration Summit to join us May 22-23,
2019. We will return to the AEC Next | SPAR 3D Expo Hall to showcase our progress on current CDX Task Force
Initiatives and host more CDX challenges on new AEC workflow pain points.
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Next | SPAR 3D. This event (and report) would not be possible without everyone's support, specifically:
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Abstract
The following report is a graphical review of the discussions, debates,
discoveries, conclusions, and next steps surrounding the four CDX challenge
topics that the Construction Progress Coalition tackled inside the Open
Integration Hub at the AECNext Conference in June 2018. This is the second
report generated in a response to influential AEC & Technology leaders
addressing the #SharedPains of poor data interoperability in construction.



CPC History, Mission & Vision

CPC History

Five years ago, two organizations formed. They came from
different perspectives, but faced the same #SharedPains
as a result of poor adherence to industry data standards.
One of the organizations, the Construction PDF Coalition,
began by addressing the frustrations with poor PDF
drawing output from design authoring applications. The
other organization, the Construction Open Standards
Alliance (COSA),
financial software firms to advance the agcXML efforts

brought together construction and

and define integration standards for critical data exchanges
such as RFls, Submittals, Pay Applications, Timesheets,
etc.

Today, the Construction Progress Coalition (CPC) is the
byproduct of a merger between these two groundbreaking
organizations — threading the needle of an industry
on the brink of digital transformation by addressing the
#SharedPains between the project stakeholders, seeking
to answer the following questions: The Project Owner/

Operator: “What is desirable to the User,?; The AEC
Professional: “What is viable in the Marketplace,?;"and
the The Authority Having Jurisdiction: “What is Possible
with Technology?”

The Project Owner/Operator

What is desirable
to users?

The AEC Professional

INNOVATION

What is
viable in the
marketplace?

What is possible

with technology?

The Authority Having Jurisdiction

L3S NE

Different Perspectives.

Same Mission.

CPC Mission

The Construction Progress Coalition (CPC) unites
Architecture / Engineering / Construction (AEC)
Solution  Providers

professionals,
(TSPs), and their Governing Organizations (GOs) to
promote a Common Data Exchange (CDX) to help
project teams define interoperability standards.

Technology

CPC Vision

To define a new baseline for the measurement of project performance across the design, build, inspect, and

operate supply chain that focuses on shared value, transparency, and streamlined collaboration.

Transforming Project Collaboration through a Common Data Exchange



“What gets measured,
gets managed.”

-Peter Drucker
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Digest

What are the challenges facing AEC professionals looking to
streamline data flow across the project lifecycle?
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Digest.

What Shared Pains were discussed?

The 2018 Open Integration Hub honed in on four CDX workflow challenges. The two validation challenges are a
byproduct of discoveries made during the 2017 Open Integration Summit: Transforming the RFI. Their focus was to
identify specific contract exchanges (e.g. Trade Contractor to GC, GC to Owner) that preceed and succeed the Request
for Information (RFI) response from the designer of record which can be improved through a CDX integration standard.

Each of the two innovation challenges explored larger process transformation challenges that will require several
different project stakeholders to comply with drastically new ways of working. Both the design submittal review
process and as-built deliverable requirements are baked into the project specifications, leading us back to the common
challenge of contract delivery type and the financial incentive to innovate. Industry report statistics are shared below
that highlight the impact of these integration #SharedPains. More detail on the background and outcomes from each
of these challenges will be presented in the Decide section of this report.

CDX VALIDATION CHALLENGES

FIELD DATA TO DASHBOARD REPORT

In the World Economic Forum report “Shaping the Future of

a an . . .
ﬂ W Construction?one survey ranks the most important transformation
areas for the industry. The top three are:
= =
= =
e People
A e Adoption of new technologies, materials, and tools
] —p— . -
‘X‘ Industry collaboration
= y !

Ironically, the fourth priority is “Business models.” Traditional
business models (based on hard bid, adversarial contracts) motivate
stakeholders to hide field data. Integrated “shared risk and reward”
contracts that incentivize data transparency, measurement, and
continuous improvement are still few and far between.

DESIGN CHANGE TO IMPACT REPORT

According to global construction data collected by McKinsey & Co.,
there’s a 98% chance that your nearest $1 billion “mega project”
is going to be delivered at least 30% over budget. There's a 3 in 4
chance the scheduled completion date will be delayed by 40% or
more. Most of these mega projects are publicly funded projects....
so who foots the bill?

(R (ODe (-
(CH(=Y(E
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Digest.

CDX INNOVATION CHALLENGES (continued)

TRANSFORMING THE SUBMITTAL EXCHANGE

4 Research data estimates that $15.8 billion is wasted every year due
to non-interoperability between owners, A/E firms, GCs, and Trade
Contractors. The number one listed driver of that waste?

=
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“manually re-entering data from application to application.”

Despite capabilities for cloud collaboration to streamline these critical
data exchanges,the industry contract and culture must also adapt to
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the times.

TRANSFORMING THE AS-BUILT EXCHANGE

Globally, there are over 42 separate published data requirements
related just to a project’s Level of Development (LOD), let alone the
other possible data and documentation requirements that may or
may not be integrated with the central Building Information Model
(BIM).

Over the past decade, BIM has transformed from a utopian “single
source of truth” to simply the 3D visual representation of a project’s
Common Data Environment (CDE). But the old adage still remains
— garbage in, garbage out.

3TOP
FACTO RS 2. Adoption of Technology

Impacting ConTech Adoption 3. Industry Collaboration

. Number of Unique Data Standards YVasted due_t_o poor data
# a re a I n S Globally related to BIM Level of interoperability between
Development (LOD) n project delivery stakeholders

Statistics
P ROJ E CT likelihood of project cost overrun

DILEMMA” 77%.
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Digest.

How Will a Common Data Exchange
(CDX) Solve Our #SharedPains?

Simply put, CDX is a new framework and language for project teams to
decide their workflow and exchange requirements collaboratively. The
trick is to allow for a development process with flexible standards, while
also ensuring each decision relates back to a common subset of industry-
recognized standards.

One such organization that has successfully done this — with material safety
and quality standards for over 120 years — is the Underwriters Laboratory

(UL). By aligning the disparate needs of the specifying Engineer, the material
fabricator/installer, and the Authority Having Jurisdiction (AHJ) responsible
for certification, UL has established themselves as a “matchmaker” over
the pain point of product testing and inspection. Similarly, a CDX registration
and certification process will help AEC Professionals, Technology Solution
Providers, and our Governing Organizations to ensure the consistency and
reliability of project data exchanges, regardless of the open file type or software
0\,\»53’/:/% platform utilized. Just as UL looks to “Empower Trust” in the manufactured
¢ @ us C D products we use every day, a CDX will empower trust through transparency

COMMON DATA EXCHANGE between respective AEC project stakeholders.

JUST ASKTRAVIS VOSS

Construction Technologist for Mechanical, Inc.

Autodesk University Connect & Construct . _
Summit Keynote Address to regarding what technology and software will

“The flow of data is one limiting factor for us.
As a specialty contractor, we're often dictated

be used on a project. That leaves us working in
solutions that are not optimized for us, or with
us doing duplicate and triplicate entry of data.
We've joined Autodesk and other partners in the
Construction Progress Coalition, who are working
to address this problem with the concept of
a Common Data Exchange and common data
standards. This flow of data is a big problem for
all of us in the industry, so to truly advance we
need to work together to develop standards that
will release this data and allow for new ways of
working.”

Transforming Project Collaboration through a Common Data Exchange 9
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Debate

What changes are necessary between people,
processes, and technology to overcome our
#SharedPains with project collaboration and
interoperability?
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Debate.

In Search of a Common Purpose

CDX is not a panacea. It's a common framework for
teams to have the necessary conversations at project
kickoff to optimize data interoperability. Every project is
unique, just as every person is unique; indeed, the only
thing more complex than a construction project might
be the human mind itself. Therefore, it's impossible
to think that one standard could ever fit all project
scenarios. CDX workflow definitions should provide
each stakeholder across the Design, Build, Inspect, and
Operate supply chain with a voice in the development of
project standards to optimize collaboration and reduce
manual data entry.

Dr. Abraham Maslow proposed five categories to define
the individual's ‘Hierarchy of Needs’ in his 1943 paper
“ATheory of Human Motivation”This framework of needs
is used to communicate the foundation of support that is
required to achieve greatness in life. It can also be used
to reflect the individual needs of a construction project.

The unique needs of a construction project, though
complex, can be categorized. Ultimately, every project
stakeholder wants to exceed their owner’s expectations,
but not before these steps have been accomplished.

Maslow’s Hierarchy of Human Needs, 1943

Level 4 - Self-Actualization
Pinnacle of Potential

Level 3 - Esteem Needs
Accomplishments | Confidence

Level 1 - Comfort Needs ©
Basic

Level O - Physical Needs > Needs
Food | Water | Shelter ﬁ!

Needs

The concept of Maslow’s pyramid is much like the food
pyramid. We crave fats and sugars at the top, but can't
truly enjoy them unless we've had enough of the veggies
and whole grains at the bottom. Similarly, Maslow’s theory
says that you cannot find love, esteem, or self-actualization
until your basic food, shelter, and safety needs are met.

I i The Owner's Vision
mll\loev:dlson E\ Exceed Expectations
U

Psychological

CPCs Hierarchy of Project Delivery Needs, 2018

Cost & Schedule Control
Reliable Forecasts | Predictable Outcomes

Formal Design Deliverables
Clear | Current | Contextualized

m Review & Report Dashhoard
Seamless | Secure | Customizable

Common Data Environment [CDE]
Complete | Reliable | Accessible

The physiological needs of a project begins with a clean, reliable,

and accessible Common Data Environment (CDE) followed by

a safe, secure, and efficient Collaboration Platform. The key to
finding belonging and cooperation between project stakeholders
starts with a Design Communication strategy that engages with
non-designers earlier. This alignment leads to more predictable
and reliable project outcomes.

Addressing the Needs of the Marketplace

Digital transformation requires a disruption of certain legacy process standards to
produce new standards that align all project stakeholders around a common goal.
Before we begin the process of breaking down old standards to build new ones, we
first need to clarify who our fellow project stakeholders are, and what's in it for them.

Transforming Project Collaboration through a Common Data Exchange 11
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Debate.

Who are the Players?

There are many different project stakeholders across
the informational supply chain of a project — from the
project owners and investors, the project managers,
and the design professionals, to the contractors and
subcontractors, and eventually to facility management
and operations. One project type or region may refer
to the inspector as IOR (Inspector of Record) or AHJ
(Authority Having Jurisdiction).

Regardless of the specific name given to each project
stakeholder, it is important to recognize that each has a

Data Producers In The Workflow

separate company database (and standards) that need
to translate between the other stakeholders’ databases.
The icons below represent the core players across the
project delivery supply chain. When used in a CDX
workflow definition, green icons represent the data
producers in the workflow. The blue icons represent the
influencers over that piece of data, which are generally
the process standard generator or the responsible
review authority over that piece of data.

Influencers Over That Piece Of Data

o 0 = @ [
2 9 ¥ 92
— — — —— =
-— -— — —— —
Architect Engineer General Trade Owner Inspector Facilities
Contractor Specialist Manager

What Data Matters and HOw is it Exchanged?

CDX workflow definitions can vary from the single transfer of a few data fields to an iterative review cycle with dozens
of stakeholders and thousands of pieces of data to capture, manage, and report from. The following definitions are
proposed as contract terminology for explaining the types of digital exchanges and collaborative workflows that are

now possible in the digital age:

A CDX Data Package
represents any open-source file exchange
(PDF, IFC, XML, CSV, etc.)

. @
LPDF]
D N

COMMON DATA EXCHANGE

LISTED

A CDX-Listed Exchange

represents any technology product that can export or import a CDX
Data Package, or directly integrate between platforms using cloud
integrations, like an API

12 Transforming Project Collaboration through a Common Data Exchange



Debate.

A CDX-Validated Exchange
integration, or cloud session signifies that there is some level of
administrative data authorization (e.g., profile information, issue g

[S)

COMMON DATA EXCHANGE

VALIDATED

status, time stamps, etc.)

COMMON DATA EXCHANGE

VERIFIED

A CDX-Verified Data Package or Database
has been reviewed and confirmed by a third-party data commissioner
for correctness and adherence to project standard protocols

represents the project rules and regulations regarding read and
write access to the project’s Common Data Environment (CDE)

A CDX Platform

A CDX Session

is similar to a CDX platform or integration, but is focused on a
single CDX data package over specified review periods and orders
of operation for specific review and approval by stakeholders

Addressing the Needs of the Technology

Before we embark on this journey to solve the data standards dilemma in
construction, we first need to educate ourselves on the core components that
define what data “is” and how it's exchanged.

Title:

Description:

Project:
Name:
Author:

RFI Number:
Date:

- i
Metadata &
Example
Structural | Descriptive

Field welding substitution request

At locations indicated on attached
S-532 detail 5 and in location S-105
confirm if acceptable to replace full
Pin weld with with CJP weld.

Administrative

H2-53-2018
John.Smith@xyz.com
John Smith

RFI-0062

10.28.2018

To be clear, data standardization does not have to mean that all project
stakeholders must change to adopt a single standard. The power of digital
integration is the ability to translate from one data standard to another, as
long as the team gets together during project kickoff to identify the necessary
CDX-validated translations as shown in step two below.

But first....

What is Metadata and Why should | Care?!

To help explain the difference between a CDX-Listed, CDX-validated, and CDX-
Verified data package, we must first break down the three core components
that make up a piece of data, also known as Metadata. Each component below
requires a separate type of standardization.

Transforming Project Collaboration through a Common Data Exchange 13



Debate.

The first component of data begins with the
Structural Element Taxonomy. This is the specific
naming convention of each individual form field.
When looking to integrate an RFI request from
a Trade Contractor's platform to the GC's, small
changes in the naming convention (e.g., “RFI
Number” vs. “RFI #") can quickly lead to integration
failure, frustration, and finger pointing.

Second, the Administrative Response Fields
should generally be auto-populated by the system,
and not need human interference except to change
a status or edit a data error. This is where standard
profile and project information can be standardized

at project kickoff to eliminate duplicate entries
between stakeholder databases.

And the third component of data is Descriptive
Response Fields. These are the trickiest ones to
standardize because they almost exclusively rely
upon human input — and succumb to human error.
However, the combination of new technology
like natural language processing (NLP), machine
learning, and artificial intelligence (Al) can better
process this unstructured data and form it into
keywords, conversations, and context to better
predict and resolve our #SharedPains before they
ever occur.

How does the CDX approach compliment
existing efforts to standardize?

The CDX concept is unique because it does not act as a standard, per se. Instead, it is a language for project teams
to define collaboration standards. By communicating real-world implementation best practices through a common
framework, we will slowly but surely map the digital integration between the wealth of existing contract and reporting
standards that exist in the marketplace today. A fully developed CDX definition looks at a single AEC workflow (e.g.
RFls, Submittals, etc.) and addresses the three step process to standardize each component type that makes up
a piece of data.

Harmonize Industry Standards

A CDX enables disparate taxonomy
standards to connect at their lowest
common denominator.

Translate Company Standards

CDX acts as the thesaurus when translating
common data values from one company
standard to another.

Capture & Verify Descriptive Data
Across Open Exchanges
CDX will enable third-party inspectors to

validate data at the point of exchange rather
than long after the project handover.

14
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The following graphic breaks down the three step process to produce a

complete CDX workflow:

@ A CDX-listed workflow definition, referencing industry data and process standards.

@ A CDX-validated integration between two or more stakeholders on a pioneer project.

The Construction
Q) speciications Institute

Metadata

N

Machine Learning (ML) and Artificial Intelligence (Al) opportunities.

A CDX-verified integration to capture and tag project collaboration data for future

Debate.

. Example
.
Structural ||| Descriptive CD o
nte: Title: Field welding substitution request COMMON DATA EXCHANGE
@bUHdlﬂgSN\HRT Description: At locations indicated on attached VERIFIED =]
International ISO ’ $-532 detail 5 and in location S-105
confirm if acceptable to replace full o N
WAIA NEC& Pin weld with with CJP weld. ﬁ i
&S ity
CE (a |= Administrative < <
R e e Project: H2-53-2018
gISI(QD' u" Name: John.Smith@xyz.com ﬂ
"""""""""""""" Author: John Smith = =
OSHK Oooupational RFI Number: RFI-0062 N N
Administration Date: 10282018 Company Company
J Standard A Standard B
CDx CDx
COMMON DATA EXCHANGE COMMON DATA EXCHANGE
LISTED VALIDATED
Transforming Project Collaboration through a Common Data Exchange 15



Decide

How does a Common Data Exchange (CDX) framework
help project teams define integration requirements that
also align with company and industry standards?
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Decide.

The Need for Process Transformation

The Machine that Changed
the World

Aresounding message from AEC and
technology stakeholders during both
of our last two summits centered
around time — both the lack of time
available, and the traditional timing
and sequence of events between
project stakeholders. Since the mid
1980s, Toyota has proven to GM and
the rest of the global automotive
industry that Lean Manufacturing
and production control techniques
produce higher quality cars more
efficiently compared to the traditional
waterfall approach of the Critical Path
Method (CPM). Unfortunately, it was
not until the 2008 recession and the
auto industry bailout that U.S. car
companies finally took the time to
invest in new ways of thinking and
doing their work.

As articulated in this 2015 episode
of NPR’s

podcast, the
success was not any proprietary

recipe for Toyota's

“This American Life”

Impact-Likelihood Matrix of New Technologies

Extremely
Likely Z
Integrated BIM liL
A
( Real-time Mobile
3D L s . ( ) Wireless Collaboration
s (o)
Drones Augmented Reality Advanced Project h ﬁ
Planning Tools
vi ((( a Advanced
& A - :
ﬁ{s Building Materlals Prefabricated
_% :TI( New Active Building Components
Big Data Analytic: ;I'LR Materials
'g 3D Printing @ Self-healing
<} E :.? =- of Components Materials
,'E § | -—I
g E Contour Crafting
5 @ of Buildings LEGEND: [l Transformative [l Breakthrough [l Disruptive
Some Impact
Impact > Extremely High Impact
" . "
process or technology. It began empowered to “stop the line” and

with a company culture and mindset
held between all managers and line
workers; they called it kaizen, or
continuous improvement.

The concept of kaizen is simple, but
the application is quite the opposite.
If you see something that
right, you speak up and make sure
that something is done about it. If
you cannot fix it yourself, you are

isn't

Toyota Marketshare vs. US Automotive Companies

200

150 =

100

50 = i -~

= US New
Auto Sales

Revenue (Billions of Chained 2,000 Dollars)

------- Chrysler
= Nissan

New Auto Sales (Millions)

------- General Motors
Toyota

I I I
1998 2000

I | I
2004 2006 2008

report the issue to a manager for
support. It is their job to support the
needs of the line workers who are in
their care, not just to “manage” them.
When project teams embrace kaizen,
they accept that all stakeholders
in the project delivery supply chain
are both customers and suppliers,
depending on the scenario.

Just as Toyota proved the error in
traditional manufacturing practices,
prefabricated building components
are the second most likely technology
to bring disruptive impacts to the
AEC industry according to the World
Economic Forum (the number one
item listed is integrated BIM). As a
result, prefabrication start-ups like
Katerra and RAD Urban are beginning
to see a growing market share.

What is going to be AEC’s
interpretation of the Toyota
Production System with a kit-
of-parts approach to process
standardization?

Transforming Project Collaboration through a Common Data Exchange
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Decide.

Both BIM and prefabrication fundamentally rely on a transparent and autonomous supply chain. A
huge challenge for GM to overcome when adopting Lean Manufacturing was gaining influence over
the centralized Detroit standard part manufacturers. It appears construction is not the only industry
that struggles with “complaining up.”

A New Framework for Project Collaboration

Regardless of contract delivery type, every physical component of a construction project will go
through four distinct phases. The differences between each phase on a traditional hard-bid contract
versus an integrated design-build are significant, but the language used to communicate those
differences should be the same. The graphic below is an extrapolation of the original cost-influence
curve introduced in last year’s report.

CDX Phases and Boundaries Across the Project Delivery Lifecycle

PHASE 1 PHASE 2 PHASE 3 PHASE 4
Design Coordinate Build & Operate &
the Program

>

|
|
|
the Design | Inspect Maintain
|
|
|
|

@_ Ability to Impact
Cost & Performance
@— Cost of Design Changes
@— Traditional Delivery

BAD RFls . Integrated Delivery

GOOD RFls
|
|

Effect / Cost / Effort

Boundary of |
Alignment (BOA) |
Who's Input is Needed 1 Boundary of | I
Realization (BOR) | Boundaryof |

Who Controls It | Certification (BOC) |

What's Inspected 1

Prior to Handover 1

A critical aspect that separates traditional from integrated project delivery is the ability for
downstream project stakeholders to provide input earlier in the design process. The following table
visually articulates the challenge that GCs and Trade Contractors face on traditional hard-bid projects
when trying to influence design changes during Phases 1 & 2.

The intent of each phase definition is again not to create a standard definition. The primary objective
is to build consensus around a common language to define who is responsible for generating the
data, when it should be produced (phase), and what review and acceptance criteria is required for
the package to be released across its respective boundary.

18
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Decide.

HOW CONTRACT IMPACT COLLABORATION (BY PHASE)

&
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y
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Even more important than the phases themselves are the boundaries that lie between each phase.
What does it mean for the formal design document to pass over the Boundary of Alignment (BOA)?
How does that differ from the Boundary of Realization (BOR)? Each project team will have to
collaboratively decide the contractual definition of each phase and boundary. However, the goal
is to develop a common language to articulate the difference between projects using this simple

sequence of phases separated by the following boundaries:

THE ROLE OF PHASE BOUNDARIES (BY CONTRACTTYPE)

BOUNDARY OF

ALIGNMENT
(BOA)

BOUNDARY OF

REALIZATION
(BOR)

BOUNDARY OF

CERTIFICATION

(BOR)

INTEGRATED
HARD BID BUILD CM AT RISK DESIGN-BUILD PROJECT DELIVERY
When the owner When at-risk When DB team When IPD team

hires the Designer of
Record (DOR)

contractor signs
GMP contract

signs preconstruction
contract

agrees to cost of
Target Value Design
(TVD)

When contractor bids
are collected and
selected

When at-risk CM
approves submittals
for fabrication

When DB team signs
GMP construction
contract

When IPD team
releases shop
drawing submittals
for fabrication

After receipt of final
occupancy permit
from AHJ

When project is
fully commissioned
and operational

When first section
of project receives
a temporary
occupancy permit

When each IPD team
member has done
QA/QC review of final
area before handover

As a project owner, the best way to improve your asset data is to identify where these barriers exist
across the project development lifecycle. Just as the Apple iOS app store has created checkpoints
for app developers before releasing to their users, a CDX-validated or verified integration will
capture and qualify the critical pieces of data that were identified during project kickoff.

These broad definitions should provide enough flexibility for project teams to adapt them to their
real-world scenarios, while giving technology developers a common dictionary of terms to use
when developing CDX playbook definitions using two or more integration platforms.

Transforming Project Collaboration through a Common Data Exchange

19


https://iglcstorage.blob.core.windows.net/papers/attachment-7acaa656-7393-4455-b537-66cd6babee18.pdf
https://iglcstorage.blob.core.windows.net/papers/attachment-7acaa656-7393-4455-b537-66cd6babee18.pdf
https://iglcstorage.blob.core.windows.net/papers/attachment-7acaa656-7393-4455-b537-66cd6babee18.pdf
https://iglcstorage.blob.core.windows.net/papers/attachment-7acaa656-7393-4455-b537-66cd6babee18.pdf

Decide.

The long-term intention of aligning projects of bad habits developed from contracts full
around a standard language of phases of adversarial incentives will not be easy.
and barriers is to establish a common Despite the collaboration landmines that exist
baseline for measurement for similar data around each project stakeholder, we must find
exchange workflows across hundreds of live the opportunities for win-win innovation that
construction projects using different contract focuses on shared value, transparency, and
delivery methods. Unlearning generations streamlined collaboration.

The CDX Playbook

Project teams need a simple graphical framework to communicate a project’s data collaboration standards. For a given
project workflow (e.g., Submittals), a completed CDX playbook must effectively answer the following questions:

What data fields are required for a given Where does the risk reside? Trade Contractor submits
exchange, and what standard is referenced? shop drawings from Tier 1 (Report Dashboard) to Tier 2
Project Name, Project Number, Submitter Name, for the design team to formally review and stamp, thus
Company, Email, etc. releasing it into the Tier 0 (Common Data Environment)
for all project participants to access and rely upon.

Who is involved in the workflow? Trade When does the exchange(s) occur? At Boundary of
Contractor, Engineer of Record, Architect of Record, Realization (BOR), prior to release for fabrication
General Contractor, etc.

Design the Program PHASE 1 P Coordinate the Design PHASE 2 PHASE 3 Build & Inspect ‘ PHASE 4 Operate & Maintain

< <
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Y

TIER4 ——>

Owner Operator Vision
Exceed Expectations °

: a
TIER3 ——> :
Cost & Schedule Control
Reliable Forecasts, g > ) =
8 " —

(]
(«=.

Predictable Outcomes

.
TIER2 ——> %l@

(=
{

Design Documents
Clear, Current,

[ ]
Contextualized

bl
=
=

((ebe
((g

TIER1 —>
Collaboration Dashboard
Seamless, Secure,
Customizable

««g_f
(=

TIERO ——>
Common Data Environment
Complete, Reliable,

Accessable

Pull & Practice : Batch & Push

Boundary of Alignment (BOA) : Boundary of Realization (BOR) Boundary of Certification (BOC)
Who's Inputis Needed : Who Controls It + What's Inspected Prior to Handover
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Decide.

The CDX Playbook is intended to support the process of “complaining
up” by creating a level playing field for project teams to communicate
their contract collaboration standards, as silly as they may be. Armed
with a new lexicon of project stakeholders, exchange types, and levels
of CDX accreditation, teams can now effectively communicate their
workflow requirements in a simple graphic.

When developing CDX workflows and integration checkpoints, be
mindful that any increase in the requirement for data creation or
auditing can come at an increased cost. As long as the intended
benefit of having certified data outweighs the burden of checking it, the
innovation maintains a positive return on investment (ROI) and should
move forward. If a positive ROl cannot be calculated, the CDX approach
should be revised or abandoned.

Key Discussions and Discoveries From
the Open Integration Hub

Each CDX Challenge brought together industry and technology
perspectives to hash out the common language and integration
standards needed for construction to thrive in the digital age. Read on
for a brief summary of each group’s conclusions.

-
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.
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Yt i, Wi,
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Decide.

CDX Validation Challenge #1:
The Field Data to Dashboard Exchange

PRESENTED BY HOW MIGHT WE CDX-Certify software integrations
and file exports between jobsite personnel

IN WAYS THAT automate the transfer and

DEWALt aggregation of Tier 1 issue and report data

E BLUEBEAM SO THAT teams can utilize an integrated dashboard
ANEMETSCHEK COMPANY to better predict and prevent the root causes of cost

overruns and schedule delays.

The ability to aggregate data from

construction projects to analyze off-site

safety, quality, or productivity trends is INDUSTRY EXPERT PARTICIPATION

a hot topic for any trade contractor, GC, F-

or insurance provider.

If
the documentation requirement is too
burdensome, the field won't do it. If it's
too automated, the concern shifts to “big
brother is watching.”

Gentile Bajwa Burns
Lendlease Jacobs McCarthy

Trade Contractor, Authority Having Jurisdiction,

WHO General Contractor, Designer of Record, Owner
Streamline capture and sharing of project data
WHAT related to coordination [Phase 2] or construction

[Phase 3], including progress reports and
constraint logs.

WHERE Tier 1 —The Informal Collaboration Platform

Phase 2+3 “The Field"” can be defined as the
physical jobsite (after the BOR) or the virtually
integrated BIM (prior to the BOR). The value of
aTier 1 collaboration zone depends on the trust,
transparency, and integration between project
delivery stakeholders.

WHEN

Motivate project stakeholders to address
WHY project risks up front versus hide them for
others to uncover later.
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Decide.

CDX Validation Challenge #2:
The Design Change to Impact Report Exchange

HOW MIGHT WE define a CDX collaboration between the
General and Trade Contractors

PROCORE

IN WAYS THAT streamline the Tier 3 design change
impact report and Tier 4 change order approval process

late design changes

— an impact
that then must be documented and
approved as a Change Order by the

owner.

INDUSTRY EXPERT PARTICIPATION

SO THAT builders can accurately and efficiently
communicate the true cost and schedule impacts from

Kris Matt Travis DJ
Lengieza Lamb Voss Phipps
Stiles Rosendin Mechanical, Inc. XL Cons.
— -
Lo #ﬁxbgfw y Designer of Record, Trade Contractor,
e o Do WHO General Contractor, Owner, Project
.- cod » Gne
! . Manager
TYYy
Report the true material and manpower
WHAT waste generated from late design
changes
WHERE  Tier 3 - Cost & Schedule Control
Phase 2 — manpower rework only | Phase
WHEN ;
3 — manpower + material rework
Educate project owners and design
WHY professionals of the true cost and

schedule impact caused by late design
changes.
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Decide.

CDX Innovation Challenge #1:
Transforming the Submittal Exchange

PRESENTED BY HOW MIGHT WE disrupt the fabrication submittal
review and approval process

' AU TO DESK IN WAYS THAT satisfy the legal requirements of the
> Engineer of Record & Authority Having Jurisdiction

SO THAT pre-fabrication design review quality and

: : e speed is improved
Prior to releasing for fabrication, the

liable design professional is contractually
required to review a submittal package
from the Trade Contractor. The
requirements of the submittal package
are detailed in the project specifications,
and generally include shop drawings, R . > 3 J
material samples, or product data sheets. 1 ' \ j
The value of the submittal review process

is increased quality, not necessarily

efficiency. How can project teams

INDUSTRY EXPERT PARTICIPATION

r

leverage collaborative technology to
redefine submittal requirements for

iai ? o
the digital age Luke lan Brianna Tony
Brown Brown Halfhide Campos
Hoffman Cons. Baronne Steel Clark Pacific Viatechnik

MEP Trades, MEP Engineers,

WHO Structural Engineer, GC, Architect
A cloud CDX-Session to host the a
WHAT simultaneous review between the

submitting Trade Contractor and all
responsible review parties.

WHERE Tier 2

WHEN Phase 2 @ BOR

Higher quality and more efficient
WHY review of contractually required
submittal documents
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Decide.

CDX Innovation Challenge #2:
Transforming the As-Built Exchange

HOW MIGHT WE disrupt the digital asset handover
and verification process

IN WAYS THAT require key stakeholders to certify as-
built data fields prior to acceptance

INEIGHT@

SO THAT operations managers can trust and leverage
The true “customer” of the project's the data received from previous project stakeholders
data is the Owner/Operator. Reliable and
accessible asset data at project handover
is nearly impossible if the client cannot
communicate their data requirements
effectively.

INDUSTRY EXPERT PARTICIPATION

Darren Mark Todd
Roos Manstoff Sutton
Bernards Newport Mesa Zachry Cons.

WHO Owner, FM, Design PORs, TCs, GC

WHAT Exports, Integrations, Sessions

WHERE Tier 0

Phase 1 (defined), Phase 2
WHEN (generated), Phase 3 (inspected),
Phase 4 (referenced)

Improve reliability and efficiency
WHY of data hand-offs across DBIO
supply chain

Transforming Project Collaboration through a Common Data Exchange 25



Deliver

What real-world opportunities exist for project teams to
transform process and technology standards through a
CDXTask Force?

I‘ ConstructionProgressCoalition



Deliver.

The CDX Task Force Initiatives

Several concrete opportunities to establish CDXinitiatives came from ourdiscussions
at this year's summit. Some of the leading contenders for 2019 include:

CDX Task Force Abstract #1
Location Awareness across 2D,
3D, and Reality Capture

CDX Task Force Abstract #2
The Tier 1 Request for
Information (RFI)

CDX Task Force Abstract #3
Automating Work in Place
(WIP) Reporting

CDX Task Force Abstract #4
Redefining the Design
Submittal Review

CDX Task Force Abstract #1: Location Awareness across
2D, 3D, and Reality Capture

IN ORDER TO improve jobsite safety and transparency, we need to identify a
CDX"tag"” that can be ascribed to an element, issue, or observation. CPC intends
to collaborate with the U.S. Institute of Building Documentation (USIBD) and
Construction Owners Building information exchange (COBie) to form a CDX task
force committee. The committee will be focused on identifying the minimum
standard Metadata fields needed for an element or issue to be “tagged”
simultaneously between 3D virtual, 2D vector space (relative), and real

world coordinates (x,y,z).

WE WILL measure this on a pioneer project by successfully integrating a location
tag between 3D virtual, 2D vector, and real-world coordinates. At a minimum,
there should be three pieces of data required as part of the CDX definition:

e Asset ID (or issue/observation ID)
e Room or Zone ID

e Real world x,y,z coordinate location
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Deliver.

CDX Task Force Abstract #2: The Tier 1
Request for Information (RFI)

IN ORDERTO measure the true cost impact this industry
faces from late design changes, we need to ease the
burden of capturing and reporting the true cost impact
from field RFI to signed Change Order. CPC intends to
collaborate with the Association of General Contractors
(AGC) and the National Electrical Contractors Association
(NECA) to form a CDX task force committee focused on
integrating the standard form fields for a Trade Contractor
to GC (Tier 1) RFI.

WEWILL measure this on a pioneer project by successfully
integrating the basic RFI documentation fields required by
multiple Trade Contractors and a GC, all using different
internal Project Management (PM) software platforms.
This initiative will take into account previous efforts
to establish these protocol standards, and document
best practices through real-world implementation. The
proposed benefits of a CDX integration standard for Tier 1
RFls includes, but is not limited to:

e Transparent cloud review, which reduces likelihood
of scope gaps/overlaps.

e Reduction in overall change management cycle.

e |mprovement in the accuracy and data reliability of
PCO impact reports.

CDX Task Force Abstract #3: Automating
Work in Place (WIP) Reporting

IN ORDER TO improve construction productivity, we
need to spend less time tracking the work that we
did, so that we can spend more time doing. CPC
intends to collaborate with the U.S. chapter of XBRL
(Extensible Business Reporting Language), as well as
the Construction Specification Institute (CSI) to form a
CDX task force committee focused on aligning standard
Metadata fields from bid pre-qualification forms to final
payment applications.

WE WILL measure this on a pioneer project by capturing
redundant form fields and integrating them with XBRL

and CSI| taxonomy standards. The proposed benefits
include a CDX-validated integration, which would allow for
an automated check of XBRL and CSI| administrative data,
improving quality of financial and progress reporting data.

e The ideal candidate to sponsor this task force
implementation would be a state-level department
of transportation or other government entity that
runs large, federally funded or municipally bonded
projects.

e To learn more about the efforts of XBRL and their
impact on financial reporting standards, read this
recent article from Forbes Magazine.

CDX Task Force Abstract #4: Redefining
the Design Submittal Review

IN ORDER TO improve the quality and efficiency of
design submittal reviews, we need to eliminate data loss
from the Engineer of Record (EOR) to the fabricating
Trade Contractor, and review latency between the GC
and design reviewers. CPC intends to partner with the
American Institute of Steel Construction (AISC) and
the Structural Engineers Association (SEA) to form
a CDX task force committee focused on identifying
opportunities to improve how EOR data is passed back
and forth to a detailer prior to release for fabrication.

WE WILL measure this on multiple pioneer projects
with varying contract delivery methods to identify a
common integration standard to baseline from. The
proposed benefits of a CDX integration standard for Tier
2 submittal review include, but are not limited to:

e Removal of redundant design and detailing between
EOR and fabricator.

e Higher quality submittals in less time when reviewed
in cloud collaboration session.

e The path to prefabrication begins with higher quality
and more efficient submittals.
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Deliver.

Ok, Great! But How?

The proposed 4-step process will bring industry, technology, and their
governing organizations together around a common pathway to adopting open
interoperability standards.

'l
000

STEP 1 STEP 2 STEP 3 STEP 4
Acquire Assemble CDX Develop Standards Share the CDX
Funding Task Force Collaboratively Playbook Template

)

Step 1: The Funding

Software professionals are usually familiar with a challenge in the 2000s when there was no funding for the
management and advancement of hypertext markup language, or HTML (i.e., your Internet browser). After
several years, it took crowdsourced funding from the Online developers to self-police and standardize it.

Underwriters Laboratories (UL) has played a significant role to ease both the registration and enforcement
of a manufacturer’s product safety and quality based on a subset of fragmented code standards. As a non-
profit organization, UL is funded by the fees it charges the same manufacturers that must submit to UL for
certification. UL charges an initial evaluation fee, plus ongoing maintenance service fees.

In 2019, CPC will be adopting a similar business model. However,
in our situation, we need joint participation and support from
both the AEC professional users and the technology solution
providers (TSP). Annual membership dues will fund general
maintenance and promotional marketing. CDX task force
initiatives will be funded separately, but in order to become a
CDX delegate and join a committee, your company must first
become a CPC member.

Between AEC & TSP professionals, we have a lot of governing
(GOs).
standard, or safety and quality standards, there are too many
GOs to keep track of. As a communication arm between these
disparate organizations,

organizations Between data standards, contract

CPC seeks a mutual partnership
without the exchange of any regular dues or fees.

Three Delegate Types

Governing
Organizations

Architects
Engineers

Technology
Solution

Contractors | Providers

BN raid Memberships M vou Partnership
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Deliver.

e Step 2:The CDXTask Force

orwe A coalition of 5-9 CDX delegates will propose their intent to define a CDX workflow to the director of CDX
development. The delegate committee must consist of all three delegate types (AEC, TSP and GO), but
there cannot be a majority of TSPs within a committee. This proposal should involve a brief scope of work,
including the intended pioneer project and anticipated budget for any potential integration development and
case study documentation. Funding to cover the CDX task force budget is generated from one or more of
the CDX delegates.

CDX delegates who were not able to participate in their first-choice task force will be able to review and vote
on CDX definitions as they are developed on pioneer projects.

Step 3:The Innovation Platform

It became clear from each of the CDX Challenge discussions that our #SharedPains were not centered
around technology as much as communication, and mainly the lack of it. The majority of data interoperability
standards that we need already exist today, but we fail to adopt them. Even when they are included in
contract requirements, poor enforcement leads to poor data, and poor data leads to poor results.

How do we stop this vicious cycle of complacency with bad data and poor standards adherence? We can look
back to UL for inspiration. They have released the Collaborative Standards Development System (CDSD)
to improve transparency and efficiency of new standards development. This is a great tool to support the

crowdsourcing and alignment of cross-industry code standards. Similarly, CPC Standards Review Chairman
Connor Christian has researched several cloud innovation platforms like IdeaScale.and Spigit, and he will
recommend a solution to the CDX development director for communicating development updates and
gathering delegate votes on specific feedback items.

L " ™ Step 4:The Project Kickoff Playbook
]

u® Just as the cool features on your iPhone only work when the phone and app settings have been modified
000

accordingly, a CDX-listed definition can only become a CDX-validated integration when a project team
has set up the rules and settings for a given project. The CDX playbook is intended to be used as a
standards communication template. Unlike traditional standards that are carbon copied from one project
to the next, a CDX playbook is uniquely specific to a project. However, the back-end of the digital
worksheet will allow project teams to “reverse engineer” how a previous project developed their tools
and data requirements, while also providing a fully vetted standard for projects that may be starting from
a clean slate.
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Deliver.

Definitions, Descriptions, and Concepts

The definitions, descriptions, and concepts contained in this reporte are intended to spur a debate amongst AEC
Professionals and Technology Service Providers. \We encourage and consider all comments, questions, and feedback,
which you can do by visiting ConstructionProgress.org/contact-us.html. The outcome of this debate will be a
crowdsourced consensus on the terminology we will use to reshape construction standards for the digital age.
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