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Objectives and Agenda

What this presentation will cover
Digital Twins ¢ Agentic Al  Digital Master Builder

/_‘ I Understand major construction

=nll technology trends A
£ ol JAIE @ @
) TTTT
Explore BETA Lab research
and applications v ,'\ ’V\ j\ l\ v
C 7 4 7 A O
. “A‘I' e Examine Al and agentic Al & &2 ) &5 € O
o o in construction Industry BETA Lab Digital Alin Future Digital
Challenges Research  Construction Construction Technology Master Builder
5 Evolution & BE Tech
N\ Discuss future workforce and Alliance

(QQYO\ industry transformation



|
WASHINGTON STATE I
@ [UNIVERSITY -

Construction’s Next Productivity Challenge

How do we turn construction information into better project outcomes?
Digital Twins ¢ Agentic Al ¢ Digital Master Builder

Construction Schedule

Task Duration May Jun Jdl Aug
Site Preparation 10d -

Foundation 15d
Structure 30d

Subcontract®
Enclosure 20d = - Contingen™y (5%
MEP - -

18460000

Total
Interiors .«

‘
Schedule Cost Workforce Fragmented
Uncertainty Pressures Challenges Information
Complex projects remain Skllled labor and
hard to predict.

Data lives across
digital talent are limited. disconnected systems.

Teams face rising costs
and tighter margins.

The challenge is not more software — it is better-connected information and decisions.
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From Digitization to Intelligence

Digital Construction Connected Construction Intelligent Construction

IIII

B | € o | B L2 &
g | €9 | Q| ¢
BIM VDC IDD Digital Twins Al Agents Automation

;7 Built on digital data, connected through integration, and enhanced by Al intelligence. /
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Built Environment Technology Application (BETA) Research Lab

Research Frontiers /

LLL Al and

{1k g Digital Twins
12 F Spatial and Digital
"7 Intelligence Delivery

Agentic Al, computer
vision, and spatial

Integrated delivery,
model-based workflows,

@ BETA Lab

reasoning and lifecycle applications
/ Our Mission
, Human- Automation,

Develop and apply emerging Technology Robotics, and
technologies to solve real-world Interaction Reality Capture
challenges in the built and Safety
environment through
research, innovation, Workforce support, UAV, LiDAR, 3D scanning,

safety analytics, and
technology adoption

and construction
automation

and industry collaboration.

P AN !Z X

R kS

@ Industry Collaboration | g Applied Research CC&% Workforce Development | rﬁﬁﬁ Real-World Impact
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@ UNIVERSITY Connecting people, processes, and data across the project lifecycle

Architecture / Design Information MEP / Systems Coordination

i = MEP BIM models
BIM design model (HVAC, plumbing, electrical)

Spatial/functional

i ms coordinati
requirements = Systems coordination

(clash resolution)

= Constructability and
installation planning

s Construction Management /
‘4 Schedule / Field Workflows

= 4D schedule (time)
linked to BIM

= Field workflows
(e.g., RFls, issues, progress)

= Construction planning
and execution

Architecture systems
(e.g., envelope, interior)

Structural BIM model

Framing, foundations,
connections

Code and performance

requirements Coordinated Federated
Digital Model

(Integrated Project Delivery Environment)

+ Better coordination

Benefits + Improved interoperability
 Lifecycle information continuity

BIM is the foundation. Integration creates value.
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Digital Twin / BIM

M As-Built (Reality Capture)
M Design (BIM)

M Progress (xx%)

M Comparison (A)

o Physical Project e Reality Capture e Digital Twin o Decision Support
M Field conditions and ‘%:‘ UAVs, photogrammetry, m Connected digital D |~ Progress assessment,
construction status ) LiDAR, imagery representation and =00 l comparison, and
project information . monitoring

The value is not just capturing data — it is turning field observations into useful information.
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Evaluating the Value of Advanced Surveying and Mapping

: / A Structured ROI Evaluation Framework /
UAV Aerial 4
% Mapping
,. (Photogrammetry) Seven ROI Categories Overall Assessment

3 Productivity & Efficiency
Terrestrial ppmpTE——

Laser Scanning

Safety Risk Reduction = I I

| O
GNSS / RTK @
y G

Surveying () Data Quality & Accuracy 'tﬂﬁﬂﬂfo’{fg"f ;&'igf,i'e
Q Workflow & Coordination Evaluate benefits and costs
V Lifecycle & Asset Management ?g;;s;oeirr:t;i);ﬁr:entation
Eg Cost Impacts (Implementation & Operation) Provide ROI-based
0 recommendations

& Organizational & Strategic Value

Providing a practical, ROI-based framework for transportation agencies and the construction industry. /
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Agentic Al and Spatial Intelligence Research

Spatial Construction Knowledge Graph Agentic Al Workflow

BIM / Geometry

Reasoning

Workflows

. 1. Retrieve
! : : °'| Iqspechons 2 O Collect related model, document,
(Location, Dimensions, + | (Field Observations, S and field information
Relationships) v Photos, Results)
-
- 2. Analyze
Specifications : Documents Interpret spatial and technical context
(Design Requirements, e— —o (Drawings, RFls,
Materials, Tolerances) - Submittals) v
Pier B-03 2 Reason
/Ij [I Identify issues, assess options,
Schedule Cost a and evaluate impacts
(Activities, —= (Quantities, $
Dependencies) Changes, Impacts) : 4. Recommend
,/.I Provide actionable, evidence-based
suggestions
CJ Multimodal Spatial Agentic Decision
Information

Support
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The Evolution of Digital Construction

¢ s . Al-Enabled
- ﬁ" ' Ls*“ :

| @ Plan
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.-« [ Analyze

& Predict

 Optimize

Digital drawings Object-based Model-based Integrated people, A living digital Data-driven, intelligent

and documentation 3D models with coordination, planning, processes, and data representation linked decisions and
project information and constructability across the lifecycle to the physical asset autonomous workflows

& ‘o % o S &2

/ A continuous evolution from digital representation to connected, data-driven, and intelligent construction.
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The Construction Software Ecosystem
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Design and BIM Coordination and VDC
\ ¢ Multi-discipline model coordination =
* Clash detection and issue tracking Revizto’

/ e Virtual design and construction
(VDC)

)

/
e Building and infrastructure design

AUTODESK / @ ¢ BIM modeling and documentation (o) Lo}
Slale ¢ Design collaboration \ /

©

(

Digital Twins and
Operations

BentIeY° ﬂ_ﬂl—l | e Digital twin development °-

Project Management

¢ Project planning and scheduling

-© mmmm | o Cost RFls, and submittals ProcoreO

(=2 +) ¢ Field management and reporting

e Asset and facility management
e Lifecycle performance and

operations
Document Review Project Surveying and
— "/ VOO AN Reality Capture
= e PDF markup and review _%3_ .
Bluebeam®' |—% - Panverificationandqaac @ ° &, ° Surveying andsite ayout Trimble’
- | ¢ Design and construction ¢ Drone, laser scanning, and photogrammetry
submittals o As-built data and model updates

An integrated software ecosystem for the entire construction lifecycle

//4
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The Interoperability Challenge

The problem is not simply technology availability; it is connecting data across organizations and systems.

Disconnected Information Systems

Connected Project Information Network

= dlk = ==
gl vl | el = == = =
L - CO. " — - CO' - — Design Schedule Cost
Design o Schedule """ Cost ? T d
' : e ~ &
A A A G°"e’"e." <ol T S
Integratlon Data Access = -
: : Layer Ll Standards Control Vatdation S Traceabiity
i Ay j : vy 6 l b
S|l R = W =) S R
Documents " ReFigrl'?in """ AssetData = l;;er
P 9 Documents Reporting Asset Data
Data silos, manual handoffs, and inconsistent information. Integrated data flows, governed exchange, and better decision support.

Interoperability turns disconnected project data into coordinated, decision-ready information.
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Toward Connected Construction Intelligence

Integrating project data to support Al-assisted construction decisions

=

Decision ﬁ — " Progress &Risk
Coordination
Outputs . sBP/\ Assessment .
Al Analytics 111 =
“ . Agent Reasoning /

and Agent Al Al Analytics J [ .—I?—-. } [ g . ]
Workflows T 000 Workﬂows Retrieval

t t t

NWCCC Construction Technology Program

Asset
Management )

Governed :
Information Semantic APIs Access Data
Integration Relationships Control @ Validation
Layer T

4 1 1 L) 2+
Project N = =t o=
Information ZSi = = = )
Sources Mg:ih: i S:Izglde:lte : gg:; Specifications Field Construction

Observations Images

Connected data turns project information into decision-ready intelligence.
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Understanding Al in Construction

Machine r @1 Computer
.||| Learning (ML) L~y Vision (CV)

1.0 1 Crane 0.98 =t
High Risk

. S
e

B

o
o

1) —

Risk Probability
o
H

©
N

0.0

Project Factors

Learn patterns from data to
predict outcomes and risks.

Analyze images and video to
detect, classify, and measure
construction objects and activities.

Application:

o Safety risk prediction

e Cost and schedule forecasting
e Productivity analysis

Application:

e Worker and equipment detection
¢ Progress monitoring

¢ Safety hazard identification

' - 1
Structure 0.97

Y  Generative
=< Al(GenAl)

RFI
. 4; AlSummary |
|
Submittal | * Key issue
= | - impact
Specification * Recommendation

Generate, summarize, and
extract knowledge from
project documents and text.

Application:

e RFI and submittal analysis

o Specification Q&A

e Meeting and report summaries

<> Multimodal
< Al

— | Text

1111
Image —— = A|
IRER

Integrate and reason across
multiple data types (text, images,
models, etc.) for richer insights.

Application:

e Compare “as-designed” vs.
“as-built”

¢ Model-based issue detection

e Context-aware decision support

{o} Agentic
BRE e AI

(op AlAgent

(plan - act - use tools - evaluate) _
1
BIM  Schedule  Cost Docs

4
@ Task Completed

Autonomously plan, use tools,
perform multi-step tasks, and
deliver results.

Application:

¢ Automate project coordination

e |dentify and resolve clashes

e Track progress and take follow-up
actions

// From data to insight to action — Al for a safer, smarter, and more productive construction industry. /
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Al Across the Construction Lifecycle
P 0

o Planning

¢ Site analysis and feasibility assessment
e Cost, schedule, and risk forecasting
e Scenario and what-if analysis

Q Operations

¢ Predictive maintenance
e Energy and performance optimization
e Asset lifecycle management

6 Commissioning

e Al-assisted system testing > L e Generative and parametric design
e Automated issue detection Project e Code and constructability checking
e Digital handover and as-built verification \:‘f‘:;"::ja:;°“/ [ e Design alternatives and optimization

Q Procurement

e Demand forecasting and quantity takeoff
e Supplier and risk analysis
e Material delivery and logisstics optimization

@ cConstruction

e Progress tracking (vision, drone, scan)
o Safety risk identification and alerting
¢ Quality assurance and as-built updates
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From Al Assistants to Agentic Workflows

o 9 Al Copilot 9 Al Agent o Multi-Agent System

Answer questions and provide Work with you to analyze content

information.

and generate drafts.

@ Al Chatbot —SEE X 4 Al Copilot

&

What is the concrete
strength for the columns?

The specified concrete

@ Documents
[£) Project Specs.pdf
[2) Drawings.pdf

(03 3000- Concrete)

’ [£) RFI-012.pdf
compressive strength for the
columns is 4,000 psi f'c = 4,000 @ Draft Summary (Al)

psi), per Section 03 30 00,

Paragraph 2.1.

Ask a question...

e Conversational Q&A

« Concrete strength: 4,000 psi
¢ Key requirements: mix, placement, curing
* Related sections: 03 20 00, 03 40 00

¢ Understand and analyze project documents

e Retrieve basic project information e Summarize key requirements
e Explain codes, specs, and terms o Draft RFls, reports, or meeting notes
Q&A Support Task Assistance

Autonomously perform a defined, Coordinate multiple specialized agents
multi-step task. to solve complex, end-to-end tasks.
{3 AlAgent N ( @ ProjectGoal |
Task: Check and summarize open RFls pu v w ¥ v :
©® | B |
@ 1. Retrieve project RFl files v @ |
. . Document Model Schedule
@ 2. Extract key information v Agent Agent Agent
: : i Check BIM Analyze
‘ @ 3. Identify status and aging v . Re;L%szF;?secs model {clashes, progress
@ 4. Generate a summary report -« L ) k compliance) | | and impacts |
( P
RFI_Summary_Report.pdf
@ il yaReport pd © LA Human Approval J
© Task completed @ Coordmated Recommendatlon W

Multiple agents with specialized roles

Share information and coordinate tasks
Human-in-the-loop for oversight and approval
Tackle complex, cross-functional workflows

o Collaborative, Goal-Driven
Autonomous Execution Project Intelligence

¢ Plan and execute a sequence of steps
o Use project data and tools (e.g., files, models)
o Deliver a defined output (e.g., a report)
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Agentic Al for RFls and Submittals

RFI Received 9 Retrieve Check Analyze Draft
0 Documents BIM Context Requirements Response Human Approval
RFI No.: RFI-0247 i p— i s i
0 @ Document Agent Model Analysis = Requlrgments y Drafting Agent E':glneer / PM Review
Subject: Beam and Duct Agent Analysis Agent (Human)
Interference
Question: Q, Retrieve relevant files... @ Design Requirements Proposed RFI Response
The MEP duct (24" x 12") Required clearances (Draft)
appears to conflict with 201 Stuetislitn (Section 23 31 00) Based on the structural
structural steel beam ings, hanical plans,
W18x35 at Grid B-4 M-301 Ductwork Plan @ Structural Impact 2’23“5?52&"?5@6&5&" ;
(Elev. 12'-0"). » * Beam modification ‘ (Section ﬁ 31 Og)'uthe
3 Structural Details t allowed W18x35 beam shall remain
» Mechanical Specs . Please reroute the 24" x 12"
(e.g., duct reroute, X MEP Options ;
beam modification, or (Section 23 31 00) © Remute‘:,, reduce %ﬁ;ﬁﬁ"ﬁﬁ;ﬁgﬁ‘cgﬁza () Review technical accuracy
other). W iteteronce duct size (code-compliant) shown in the attached 0 Confirm code and project
— sketch. Updated duct layout li
e J‘T“ (Clash) . is required for approval. Shdgranse
. e==egie= : @ Constructability (] Check constructability
e JI‘ l B l o Check model geometry Space and access for & Attachment and impacts
| 4 I‘“ g —]F‘ i) « Identify interference rerouting RFI-0247_Sketch.pdf
1 | A | P « Locate in 3D and drawings F————
B S : : . , B
| « Extract key dimensions g L : @ Approve & Issue RFl ResponseJ
1\! e - |§-201 and clearances | ———
Conceptual Workflow

(Not Fully Autonomous)
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Al-Enabled Construction Progress Monitoring

@ WASHINGTON STATE
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UAV Image
Collection

3D
Reconstruction

Align with Al-Assisted
BIM Model Progress Analysis

Human
Validation

@ Completed
In Progress
[ Not Started

Mar Apr May Jun Jul
Piers &) =

Girders @& [ I =
Deck
Barriers

As-Built Model §
(UAV 3D)

&~ e Capture high-resolution ¢ Process UAV images <> e Integrate as-built 3D /J' e Compare as-built vs. e Engineer reviews Al results
% aerial images (photogrammetry) v model with BIM |||I planned (BIM + schedule) and evidence
¢ Cover the entire e Generate 3D point cloud e Register and align geometry e Identify progress status o Validate progress and findings
construction area and mesh model (coordinate and elevation) and deviations

e Provide professional judgment
and final confirmation

e Provide time-stamped, e Reconstruct the e Map construction elements ¢ Highlight potential risks
geo-referenced data as-built condition (e.g., piers, girders, deck) (e.g., delays, missing work)

From field data to actionable progress insights for smarter, more proactive project control. /
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Trustworthy Al and Human Oversight
e |
n

-

Source Documents

[Ej e $-201 Structural Plan (Rev. B)
o M-301 Ductwork Plan (Rev. B)

Al-Assisted Coordination Report

[ Issue: Beam-Duct Interference

e Project Specs: 23 31 00

Confidence / Uncertainty
Confidence: 0.92 (N NN ) D) O

Al Analysis (Draft)

« Interference detected

« Location: Grid B-4, Elev. 12'-0"

* Recommended actions:
1. Reroute duct below beam

2. Maintain 2 1" clearance

3. Update MEP and structural
drawings

000 Access Permissions

Project Team (Design, MEP, Structural) @ Allowed

Audit Trail
* 10/28 10:14 - Al analysis generated
* 10/28 11:02 - Reference documents verified

* 10/28 14:27 - Human review (in progress) Uhdbidiuads

Human Approval
. Approved by: P.E.
Status: Approved (10/28/2026)

/ BETA Research Lab

Reliability
Consistent and accurate outputs
with verifiable evidence.

Data Security

Controlled access to project data
and compliance with policies.

Explainability
Transparent reasoning with
source documents and traceable logic.

Accountability

Record of decisions, actions, and
responsible parties.

Human Oversight

Final review and approval by
qualified professionals (e.g., P.E., PM).

// Al as a decision support tool — transparent, verifiable, and always under human oversight. /
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Six Emerging Construction Technology Trends

| 1. Agentic Al ‘“’ | | @ 2. Spatial Intelligence A%

@ WASHINGTON STATE
b

T30 00 3 & OLLSE2D B

Agent Workflow : o, ™ e - Spatial Analysis

% Project Al Agents
op RFI Agent

(=) Submittal Agent
(3 Schedule Agent
(p Model Check Agent

° Retrieve project data @ Clash Detection v e =i
o r Analyze and generate output @ space Analysis ‘ " - ™.} S : ; | a1l Real-Time Data
) Coordinate across systems —_—— i @ Access &Logistics £y | i S5y A AssetHealth
(V] Q Prepare draft for review i , . @ safety Risk Zones ~a o N : : = ‘ /: Maintenance

MEP Inspection
& Installation
« (Clearance
A\ Compliance
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Construction Technology Roadmap: 2026-2035

Near-Term: Adoption and Pilots Medium-Term: Scaled Integration Longer-Term: Intelligent Systems
Deploy Al and digital tools in targeted workflows to Integrate data, models, and Al agents across the Toward more intelligent, adaptive, and increasingly
deliver measurable value. project lifecycle for coordinated decision-making. autonomous construction systems.

oBa

Connected

Project Data
A J
(¥ Al assistants for RFls, submittals, and document review (& Project-level digital twins with multi-source data (& Robotics and automation for key construction tasks

= ; : : R (e.g., modular assembly, material handling)
(& Connected project information (BIM, schedule, cost, documents) (& Multi-agent workflows (e.g., design-cost-schedule coordination) ) 2 )
ol e, T . . (4 Agentic systems for end-to-end project orchestration

(4 UAV/vision-based progress monitoring pilots (& Broader deployment across projects and portfolios @ Lifecycle digital twins for assets and infrastructure systems
(4 Project-level data governance and human oversight (& Standardized data exchange and interoperability & Predictive, adaptive, and intelligent infrastructure management

: P z Autonomous Operations &
Al Assistance & <> Integrated Digital Twins Intelligent Infrastructure
Workflow Automation §// & Agent Collaboration

. . . . . . . . Note: This roadmap is a strategic scenario
// A phased roadmap from adoptlon to mtegratlon to lntelllgent, Incri easmgly autonomous construction. to guide planning and investment, not a guaranteed forecast.
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Assess
Data Readiness

Launch a
Controlled Pilot

/ BETA Research Lab

What Should Contractors and Owners Do Now?

Measure
Business Value

Scale with
Governance

Project Issue Register Data Readiness Checklist Pilot Workflow (Example: RFI) ROI Assessment (Pilot Results) Implementation Governance

Identify a
High-Value Problem
Issue / Challenge Impact Priority
RFI turnaround
1001 | imeis long High @D
3 Progress tracking
1-002 is manual Med
- Design " .
I- coordination Higl
conflicts O
Cost variance ;
1004 yisibility Med M O

m Focus on measurable
pain points (e.g., RFls,
coordination, progress, cost)
= Align with project and
business objectives
m Select a problem with
clear stakeholders and
expected benefits

©) S

BIM / design models
(current and structured)

Project schedule
(activities, dates, WBS)

Cost data
(budget, actuals, coding)

Project documents
(RFls, submittals, specs)

Field data
(photos, scans, sensors)

O e i

m Inventory available data
and systems

= Check data quality,
completeness, and format

= Address gaps (e.g.,
standardization, access)

® Ensure data security
and permissions

m Define a limited pilot
(scope, team, and duration)

m Use real project data and
existing workflows

m Set clear success criteria
(e.g., time, quality, adoption)

m Engage end users and
collect feedback

() Baseline (Current) [ Pilot (Al-Enabled)

RFI Coordination Cost
Cycle Time Issues Variance
Detection
Metric Change
RFI cycle time ¥ (e.g., -XX%)
Coordination issues ¥ (e.g., -XX%)
Cost variance detection 1T (e.g., +XX%)

m Compare pilot results with
baseline performance

m Evaluate ROI (time, cost,
quality, risk)

m Document lessons learned
and practical value

m Decide go / no-go for broader

adoption

A practical, step-by-step path to realize value from Al and digital technologies in construction.

People & Roles
(ownership, responsibilities)

683

— Standards & Processes

(data, workflows, QA/QC)

Technology & Integration

(BIM, schedule, cost, ERP)
/
anlll

Data Governance & Security
(access, privacy, compliance)

Change Management
(training, adoption, support)

&8% m Expand to more projects

and use cases

m Establish governance
(standards, data, security, roles)

m Ensure workforce training
and change management

m Continuously monitor, improve,
and create long-term value

Project Implementation Roadmap
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The Future Construction Workforce

Construction Expertise

Understand construction processes,
methods, and field realities.

¥ Architecture

' Structure

¥ Mechanical

o Electrical A = =

¥ Pumbing B ETRRan ST e ) ey Al Literacy

A\ Issues (12) | | IR Wl S 9 4 ' Apply Al responsibly, recognize

A Clashes (6) PR J8 @ i e » , opportunities and risks, and work with
| B reis (3) Al tools effectively.

Digital Competency
Use BIM/VDC, digital tools, and
data to improve project delivery.

Systems Thinking

See the big picture across design,
construction, operations, and the
asset lifecycle.

Leadership

Collaborate, communicate, and drive
innovation and change in diverse teams.
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The Rise of the Digital Master Builder

Integration
The Historical it Digital : The Modern ' .
Master Builder BIM/VDC, £ o TWINS : Integrated Project Delivery

= Integrated design-build ‘ m Collaborative, data-driven delivery
responsibility m BIM/VDC-enabled coordination

= Holistic construction knowledge 6 | N . g B e !E = Digital twins for lifecycle value

= Architecture, engineering, s - : y 2 = m Al-assisted workflows and decisions

and construction m Integrated, multidisciplinary team

Construction
Knowledge

Dlgltal Master Bu:lder —~ [
A —— The Professional Integrator ——
Six Core { ” ) ﬁ% | @ - Y] - C/D 000
‘ = T 1)
Competency Construction | Diaital | g 2 )
Themes | Knowledge BIM/VDC | Tv?/ins | Al Integration Leadership

Integrating construction expertise, digital systems, and leadership for the next generation of intelligent builders.
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BE Tech Alliance: Bridging Research and Industry

University Research

Laboratories

e Fundamental & applied
research

e Technology validation

e Industry collaboration

Construction I General & Specialty
Owners 5 & O Contractors

4 = “/

[ ' o Define industry needs 7%, !

e Provide real-world «—> Applied
use cases Research

o Evaluate and adopt
proven solutions

e Pilot and implement
new technologies

e Provide field feedback

e Improve project delivery

and productivity

Industry
Technology €
Pilots

BE Tech

Alliance
Technology Construction
Providers Professionals
; : 00e R
e Deliver and tailor q e Engage in training
innovative solutions s a@n and knowledge exchange
o Participate in technology €~  Professional Workforce €/ o Share field experience
pilots and evaluation Training \ S Development and best practices
e Advance practical adoption e Build capacity for
in construction - > emerging technologies

Connecting research, industry, and workforce innovation for the future of construction.
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Building the Future Together

pigital deliver Al enables more @ Digital Master Builders
g tac the f dy " m intelligent decisions connect technology with
n g SR A0UaLion. and workflows. mll construction expertise.

W

> AN s X Y i W W5 e/ g 3 s o o SR 7 ) 1 ST i A - E;Q; : E Py g ey
WASHINGTON STATE BETA 7 oL 69 hongtao.dang@wsu.edu . ﬁ%:
UNIVERSITY" Research Lab BE Tech Alliance @ labs.wsu.edu/beta/
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