Digitalization Of Construction:
What Does It Mean And How To Do It?

Martin Fischer

e Stanford University

Kumagai Professor in the School of Engineering

Professor, Civil & Environmental Engineering

Director, Center for Integrated Facility Engineering (CIFE)
* Senior Fellow, Precourt Institute for Energy (PIE)

* National Academy of Construction

* Royal Swedish Academy of Engineering Sciences
 Technical Committee, PPI

fischer@stanford.edu



mailto:fischer@stanford.edu

Data
Process
Results




No data
No process
No results







“Are you working for the information?
Or is the information working for you?”

Kathleen Liston
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Where is your data?

Justo E. Cabrera / jcabrera@macrodin.com / www.macrodin.com
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https://www.itcon.org/paper/2009/38



4%

Barrdn, Alex and Fischer, Martin (2001), Potential Benefits of Internet-Based Project Control Systems — A Study On Monthly
Progress Billings Processing, CIFE TR127, https://stacks.stanford.edu/file/druid:dz310yj8617/TR127.pdf < il L.
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You can’t do much without information.
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You can’t do anything well without good information.
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How much better is your information today vs. last year?

How much better will your information be in a year?
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The combination of emerging technologies creates
unprecedented opportunities for breakthrough performance

* Mobile

* Cloud / Parallelization

e Location / Dimensional Control

* Machine Learning / Artificial Intelligence
* Robotics / Additive Manufacturing

* |nternet of Things (loT)

* Virtual Reality / Augmented Reality

* Etc.




Self-organizing and
self-optimizing
production systems
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Establishing the demand

* VR

* Optimization
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VR Implementations MWH&WEBCOR

Troubleshooti Ng MWH CONSTRUCTORS & WEBCOR BUILDERS

A CONSTRUCTION JOINT VENTURE

Application: Reviewing the Mechanical Process Room

Missing stairwell support is Avatar’s head seemed too Floor height is measured as
identified close to ducts 7.1ft

Stanford | ENGINEERING
Civil and Environmental Engineering



VR Implementations MWH&WEBCOR

Design Coordination

MWH CONSTRUCTORS & WEBCOR BUILDERS
A CONSTRUCTION JOINT VENTURE

Application: Conducting a live VR meeting and presenting to 50 people at the JV

e Seven people from different
disciplines:
o VDC
o BIM
o Engineering
o Project Management

Discussion inside a digester tank

Stanford | ENGINEERING

Civil and Environmental Engineering
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Filippo Ranalli

The Objective:
Minimize total installed cost and
maximize constructability
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The Constraints:
- Architectural
e Aesthetics
* Program
- Functionality
- Structural
e Strength
* Stiffness
* Constructability

K « Ductility
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The Design Task:

- Gravity frame member sizes

- Lateral frame member sizes

- Gravity and connection detailing
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" CIFE Benefits of Structural Optimization

» 10-20% material, fabrication and erection cost savings

» 40-100x faster structural design time
»take on concurrent projects
»focus on innovation (such as Performance-Based Engineering) or

»Improve other aspects of design

» Improved structural safety from automated redundant
calculations

» Evaluation of 1000s of feasible scenarios vs. 1 or 2

Filippo Ranalli
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Precast Schedule Optimization
Workshop Results

9/7/2018
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Precast Schedule Optimization Workshop

WHO:

Clark Pacific Team: Roy Griffith, Jon Mohle, Bobby Roumiguiere, Mark Palmer
Stanford Team: Martin Fischer, Yan-Ping Wang

ALICE Technologies: Dimitris Farmakis

WHAT:
To analyze multiple construction strategies for the CSUS precast
concrete structure in terms of cost and schedule

WHEN: September 4-6

WORKSHOP ENVIRONMENT: Stanford CIFE iRoom

METRICS:

4 Construction Strategies Analyzed 56 Construction Schedules Evaluated 500+ Construction Schedules Generated
1 day for initial strategy, ; day for each additional strategy

10 minutes for generating a new schedule

® ALICE F
@ | rccunoiocies éﬂ‘ C I E



Schedule Optimization Process

3-Day Workshop

CSUS Field Labor

Data
. : Construction Knowledge
CSUSJztcljrglatmg ﬁ (logistical and physical
% % constraints)

ALICE Scheduling
Tool

Automatically
Generated < > Actual Schedule
Schedule

o NEIGE & CIFE



Construction Strategy Comparison

Objective(s)

The main objective of this workshop was to analyze 4 different construction strategies for precast parking
structures, apply to the CSUS precast scope, and compare against actuals:
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0 — Baseline - Actual 1 — Baseline - ALICE 2 - Balanced Crews 3 - Hybrid Strategy 4 - Floor by Floor

Preliminary Sanity Check

1532
1403 1357 1395 1460
255 275 289 282 301
60 60 75 62 83
Baseline -Actual Baseline -ALICE Balanced Crew Size Hybrid Strategy Floor by Floor

M Calendar Days ™ CraneDays M PersonDays

® ALICE
®

CHNOLOGIES




Establishing the supply

* |oT

 Robotics
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We are finally able to set up feedback loops!

https://www.theguardian.com/lifeandstyle/wordofmouth/2013/dec/10/child-fussy-eater-what-not-to-say-dinner-table
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... digital feedback loops
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Pictures courtesy Clark Pacific
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4-Step Installation Cycle

Total Cycle Time = To Pick + Rigging + To Drop + Installation

Hook Load Released | L Hook Located Above Pick Area

/ g o ,
]

Rigging

Install

Work by Yan-Ping Wang and Rui Liu in collaboration with Clark Pacific and Versatile Natures
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Where Construction Technology Innovators Meet

Reducing schedule error with granular data — 2 Case Studies

Manual by Piece Type Automated per Crane Operation

Project A

Project B

https://www.enr.com/articles/5
% Error 0420-enr-futuretech-digs-deep-
into-construction-data-in-action

-100 0 +100
Automated data collection per crane operation =2 45.4% to 52.6% less error in cycle time estimation




ENR I Future fech

Where Construction Technology Innovators Meet

PRESENTED BY

Reducing Buffer Size by Reducing Uncertainty — 1 Day Case Study

Parts per Day Automated per Crane Operation
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Construction robots are being tested on sites

Wi, 3

, (e
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https://ieeexplore.ieee.org/document/9152871



Robotic Data Collection for
Streamlining Payments

o Robotic data capture on three projects in CA, TX, and Hl

o Piloted applications of robot-captured data:

* Production tracking
e Streamlining payments

e Quality control
* Automated progression of schedule

* Air quality monitoring

Manual Robotic
Payment cycle 85 days' 7-14 days
Time saving (laser scans) - 10-15 hours/month/floor*

Data types captured 1/trip 4/trip** m
40,000 sq. ft. bu[Idlng floor, 2.scans per week B 7‘ k‘/ -
** Jaser scan, 360" photos, environmental data, digital photos ;
| Sl

Stanford | ENGINEERING

Civil and Environmental Engineering

https://www.bostondynamics.com/spot/applications/swinerton
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Robotic drllllng saved tlme and improve health and safety for four subcontractors

Reduced task time by 11%

Cut muscle strain hours from
60% to 1.3%

Reduced rework from 5% to
3%

Improved accuracy from 10
mm to 3.3 mm

Collected 10 kg of dust/1000
holes which saved 3 h of
cleaning per zone (750 m?)

Increased total costs by 13%

Stanford | ENGINEERING

Civil and Environmental Engineering




Robotic layout increases the information transfer to the field from 3D models,
improves accuracy, and provides instant work reports

\\
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| 1/16” robot accuracy

1/8” manual accuracy

=
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0.56 min/m > robot & 1 operator
0.23 min/m = 2 operators
*includes set-up tasks

il Stanford | ENGINEERING
Viortenson g Civil and Environmental Engineering




Information is getting more ...

e accurate (correct)

* reliable

* consistent

* timely (up-to-date)

e complete

e granular

* relevant

e computer-interpretable
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Project teams can
better match
demand and supply

&>CIFE



Levels of digitalization

* Prescription “What should be done”
* Prediction “What will happen”
* Explanation “Why is it happening”

* Description  “What is happening”

Inspired from Competing on Analytics: The New Science of Winning Heavily (2007)



Self-organizing and
self-optimizing
production systems
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