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Research Areas

Performance Measurement and Benchmarking

Team

Design and implement performance measurement systems on construction sites and companies, involving management, construction and environmental

processes. 4 Faculty Professors
Construction Management 1 Pos- d OcC

Develop models and methods to improve construction management, embracing processes such as planning and construction control, cost, safety as well as
quality. These studies also include the use of information technology in order to improve management. 6 P h D Stu d e ntS

Sustainable Management in Construction 2 Master Students

Develop studies about strategies, technologies and tools with the purpose of reducing environmental impacts in construction, especially on construction sites.

11 Undergraduate

Innovation in Construction stu d ents

Develop methods and models for dissemination and evaluation of the innovation management in construction, as well as evaluate emergent and information
technologies in construction, such as the use of Unmanned Aerial Vehicles/Systems (UAVs/UASs) and Building Information Modeling.

Close development with the industry

Implementation and evaluation of artifacts developed

Great opportunity to better investigate strategies for effective implementation, capabilities needed for the
adoption of digital technologies, and Al data analysis
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The productivity opportunity

in construction

Construction matters for the world economy
... but has a long record of poor productivity

OO
:0: Construction-related spending ...but the sector’s annual productivity
»:« accounts for growth has only increased
DG 4 5
S A 13% 1%
¢S | of the world’s GDP 0 overthe past 20 years

»
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\d ’ $1.6 trillion e e ouste
meeting half the world’s infrastructure need
REINVENTING CONSTRUCTION:

A ROUTE TO HIGHER PRODUCTIVITY
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Private Equity & Principal Investors Practice

Rise of the platform era:
The next chapter in
construction technology

The construction technology ecosystem is shifting toward integrated
software platforms that better serve customer needs. Significant
opportunities exist for strategic and financial investors.

McKinsey & Company, October 2020




INTELLIGENT CONSTRUCTION ENVIRONMENT
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IMPACTS CHALLENGES

Enabling an innovative environment Resistance to change

Improving sustainability Unclear value proposition
|mpI‘OVing the image Of the industry High implementation cost

Cost savings Low investments in P&D

Time savings Need for enhanced skills

Enhancing safety Longitudinal fragmentation

Better time and cost predictability Lack of standards

Improving quality Data security, data protection, and

Improving collaboration and cybersecurity

communication :
Legal and contractual uncertainty

Customer and end-user centric world

view Island of automation

Ethics for data collection and decision automation




SMART INSPECS
PLATFORM

Platform for construction

monitoring supported by drones,

mobiles devices, BIM and

Artificial Intelligence

 SAFETY AND GUARDRAILS
CONDITIONS

« ROOFS AND FACADE DEFECTS AND
PATHOLOGIES

« PROGRESS MONITORING AND
TERMINALITY

smart inspecs

login

inspe¢do com
drones

sistema informatizado para
inspegdo em obras com drone




SMART INSPECS
PLATFORM

Safety and Guardrails

Conditions
Roof and Facade defects 2
pathologies

Progress Monitoring

, Data
Metrics and manaaement
dashboards ) g Take action and
in timely make decision
Artificial manner
Intelligence
Data 3 ; Data
Analytics mar Aquisition
Inspecs
Digital £lg0
Platform Cameras
Cloud Data '
Processing Drones _Mobile

computing BIM Devices




Safety Science

Case Study Irizarry & Costa (2016) s s ot o . E
o=

Exploratory Study of Potential Applications of Unmanned £ _.,_
Aerial Systems for Construction Management Tasks

Javier Inzarry, Ph.D., MASCE'; and Dayana Bastos Costa, Ph.D.?

Jowrnal hooepage www slsevior comiipcata/saci

Applicability of unmanned aenal system (UAS) for safety inspection on @
construction sites

Rosencia Rodrigues Santos de Melo *, Dayana Bastos Costa Juliana Sampaio Alvares ‘. Javier Inizany
e oo com 4TI TS b e Melo, Costa, Alvares & Irizarry (2017)
Exploratory study of using Ty o dang T ———
. = u anme www cmernbdinmsi ghi com 0959 9988 ham
unmanned aerial system imagery el syt
for construction site 3D mapping Integrating resilience engineering "o
na Bastos Costa and and UAS technology into technology

construction safety planning
and control

Roseneia Rodngues Santos de Melo and Dayana Bastos Costa

J O J R N Al_ Alvares, Costa & Melo (2018) Melo & Costa (2019)

142 200

SMART INSPECS

Federal Univeraty o

Interrations Jousal of Ol Engineeng
Pepaidol ong/) 0.1007 540999 020-0051 29

P‘ \DERS e m) . "‘ " Comtents Bt available at 5ol
. v ,’J Safety Science

Field Test-Based UAS Operational Procedures and Considerations ‘._‘F;_;&L.-

for Construction Safety Management: A Qualitative Exploratory Study i et
Sungjin Kim' + Javier Irizaery” - Dayana Bastos Costa’ )
Recetved 3 Decomber 2019/ Rewtied: 36 Februey 3020 Actrpted: § Al 2030 Design and implementation of a computerized safety inspection system for ==
dendevivrs ot ceakeebsroninadond construction sites using UAS and digital checklists - Smart Inspecs

Kiml lriza rry & COSta (2020) Rafaela Oliveira Rey *, Roseneia Rodrigues Santos de Melo |, Dayana Bastos Costa ™

Recomendacgdes e boas praticas para a Rey, Melo & Costa (2021)

integragao do monitoramento da seguran¢a com e commn e o i of i e e v B B
drone ao planejamento e controle da seguranca et £ B BTt TR

de obras Web platform for building roof e pktiom
Recommendations and best practices for incorporating maintenance inspection using UAS

safety monitoring with drones into safety planning and and artificial intelligence

control at construction sites Luciano de Brito Staffa Junior, Dayana Bastos Costa,

Joao Lucas Torres Nogueira and Alisson Souza Silva
Departwent of Structural and Construction Engineering, Federal Unsversity of Balsa,

Mahara lasmine Sampaio Cardoso Lima Sakudor, Brazi
Dayana Bastos Costa Lima & Costa (2023
Y (2023) Staffa, et al. (2023)
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SAFETY CONDITIONS INSPECTION

((J

Digital Checklist

Initial ,  Safety | Pre-landing —> Safety data base
setting requirements checklist - :

Mission Safety Safety Mission Y -
Automatic data
processing
e Visual asset [ . =
“7’11"‘\ database m— Safety Report (== m a r
kT 3 -
s i and videos to your IR g O (PDF)
e 1 computer i

{ Flight information § _ ________ | Flight Log
i record (DJIGO 4) ! database

_____________________

Inspecs

Legend: Manual Operation Automatic information flow

Fig. 3. Information workflow of Smart Inspecs.
Sisterma informatizado para
INSPeCIH0 em obwras com

Rey, Melo & Costa (2021)

drone




PRODUCTION AND SAFETY INTEGRATION

Plan

Monthly and Weekly

L{':;{ c o
\i\s\ < ) p|annlng meetlng

Dashboard Analyze
Do
Remove safety
constrains
SMART INSPECS
SAFETY
Check

Inspect with drone and
Safety Report smart inspecs Smart
- Action Plan Inspecs

Lima & Costa (2023)



a) Temporary metallic
guardrail system

b) Temporary work
platform with guardrails

-

Types of problems in temporary guardrail systems
and work platforms

Number of images

P1 - Spacing between guardrail

elements
g1 P2 - Non-existent or incomplete
1T ".—:r_‘_‘-— guardrail system
e P3 - Openings in the screens fixed to
the panels or their absence
= " -/ > : P4 - Storage of waste, materials, or
3 213 =3 | S O any obstacle on platforms
PS5 - Spacing between the toe board
: and the board (floor) of the platform
; 2 Y s P6 - Step between the work platform
. - * g : \ and the floor under construction

vill !
T i ' . r P7 - Use of improvised resources to

R e S—
e —

Detecting Peformance: 96,8% -
97,6%

close gaps
P8 - Openings in the guardrail panels

P9 - Failure to properly place the
boards (floor) of the platforms

Peinado, Melo, Santos & Costa (2023) P10 - Openings in the floor of the
work area (concreted slabs)




IDENTIFICATION OF FAILURES IN GUARDRAIL SYSTEM
v" Application of data collection protocol in 3
projects

v" Training and test with Deep Learning
algorithm (ongoinq)

—ew e

s
—

',.'

C , Lff"""" ! ST S Spacing between

= ‘é‘;ﬁ’* / Non exwieni or incomplete rdrail elements
' guardrail cjutelielne

Precision* = 73,0% Precision* = 71,1%

Openings in the screens
fixed to the panel

Precision* = 68,8%

* Ongoing research



OUTCOMES

SMART INSPECS
SAFETY

Table 6
Average time spent during site safety condition inspection.

Activity

General Safety
Condition
Inspection - without
system

Image collection
with UAS

Image analysis and
manual checklist fill
out

Report preparation

Report delivery
through email
Total time

Average
time

General Safety
Condition Inspection
- with system

Image collection
with UAS and fill out
the digital checklist
Image analysis and
upload the images
into the report
Report delivery
through email

Total time

projects

(2017)

5 residential projects

huge infrastructure

130 inspections
58 pictures
17,5 minutes
1.209,25 m

25% of the initial time

System Developed for the Industry

T

e

SMART
INSPECS e

Table 9

Workers’ perception about safety inspection with UAS.

Question
During the drone’s flight, what is your
degree of ...

Sample  Average

S
SMART

INSPECS Perception of privacy invasion

Distraction from working

Concern to hazards of falling or collision

Support improvement of site working
conditions

Likert scale (1-very low to 5 - very high).

Standard
deviation

0.63
0.58
1.10
0.90

Rey, Melo & Costa (2021)




ROOF DEFECTS AND PATHOLOGIES APPLICATION

Presence of residues on the roof ] 35 ?
Presence of rusted metals | 30 Art_lf
Waterproofing / texture on the inside of the parapet wall ] 19 TR
Gutter integrity and cleanliness ] 18 :

Accumulation of algae, lichens and mosses | ] 13
Cracks in the tiles / broken tiles | ] 12
Valley flashing integrity and caulking [ ] 12
Ventilation duct painting

—
Ceiling trapdoor integrity |1 9
I—

Caulking of small parapet wall openings (when applicable) D ata
Installation and integrity of the Lightning protection systems [ ] 7
Integrity of the parapet wall top (when applicable) [ 7 C OI Iect | on
Base of tubes that pass through the duly waterproofed tiles |1 4 .
Antenna box cover |1 4 n 1 67
Tiles Shift |1 4
Presence of leaks |1 3 ro OfS
Integrity and waterproofing of the parapet wall frame [7] 2
3 Maintenance / use related items 0 10 20 30 40

[ Items related to construction problems

Fig. 3. Most recurring pathologies identified during all oof’s inspections

Staffa et al. (2023)




ROOF DEFECTS AND PATHOLOGIES APPLICATION

Table 2. Results of the Custom Vision model training (precision and recall)

Classes

Gutter cleanliness

Accumulation of algae, lichens, and
mossesa

Presence of residues on the roof
Flashing’s integrity

Gutter integrity

Sealing the meeting between flashings
Presence of extra tile on the roof
Trapdoor cover open

Poor fastening of the flashing

Proper arrangement of antennas and wires
Integrity of the tiles (broken)

Average

Staffa et al. (2020)

Precision
62.10%

73.50%
82.10%
58.10%
77.80%
42.90%
75.00%
100.00%
0.00%

63.50%

Recall
29.50%

56.80%
51.10%
38.30%
43.80%
6.80%
66.70%
57.10%
0.00%

38.90%

Training 1
Precision  Recall
87.90%  39.70%
81.80% 28.10%
84.20%  56.10%
83.30% 37.00%
50.00% 17.60%
50.00% 9.80%
100.00%  80.00%
83.30% 83.30%
80.00%  25.00%
77.83%  41.84%

Training 2
Precision Recall
80.50% 22.90%

70.80%  19.80%
86.20% 40.30%
87.50%  25.00%
0.00% 0.00%
66.70%  4.90%
90.00%  75.00%
91.30%  75.00%
0.00% 0.00%
100.00% 41.20%
87.50% 53.80% 2
69.14%  32.54%

Staffa et al. (2023)
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S 2023
FACADE DEFECTS AND PATHOLOGIES APPLICATION ) (ZN2S)

Probability of recognition during tests

N i:m BT R !u! - i - ) >.' : 3
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T R - - , 74% Concrete

i
-

segregation

Ninho or conene. 74 3%

97.6%
Faquette
removal

Faquetx 97 6%

87.2%
Exposed
Concrete

Flight trajectory performed on the four facades and Position of
operators during the Flight

Armadura Exposta: 87,2%

Classified defects and pathologies

'h:’ ¥

Cracks Lack of faquette removal Exposed reinforcement Segregation of concrete

R | + g \




CASE STUDY A

“f,,ncuk.h‘,MmF- :

M&W fﬁvwn#mum AivEs

Gathering information about:
= Constructive typology

* Execution and treatment of facades
= Inspection frequency

DATA ACQUISITION
Images with UAS

Subtitle:
Products

Corrective actions
Preventive actions

Service Execution Procedure

Service Verification Form

Reports

Model enhancement in Custom Vision

o
o

50

o o
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Quantity per tower
o
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10 § 10 9 |
s n'nfl & |l N

Tower 1 (Project 2) Tower 2 (Project 2) Tower 3 (Project 2) Tower 4 (Project 2) Tower 5 (Project 3)
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Failures and pathologies identified by tower

T
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W Lack of faquette removal Exposed Reinforcement M Segregation of Concrete M Cracks
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OUTCOMES SMART INSPECS

ROOF FACADE
v" Implemented in 13 projects (Aug 2018 v° Implemented in 3 projects (Jan 2022 a Jan
a Dec 2021) 2023)
- Database with 3482 photos and . Database with 2450 photos and 720
757 photos with defects and photos with defects and pathologies
pathologies
Activities Average time per project inspection
Roof Facade
Image collection with UAS 26:00 34:00
Download UAS photos 01:03 02:00
Registration of the work 02:28
Manual analysis of images and report - 40:00
Loading and Processing of images for automatic recognition 01:56
Automatic processing report generation 03:58
Total time 35:25 86:00

Impacts: Improving quality of roof and facade inspection, faster data collection and data recognition, and
reduction of accident during inspection




APPLICATION IN PROGRESS MONITORING - EXTERNAL AREA

4D BIM model development

nnnnn

Overlap of the 3D as-built
point cloud model to the as-
planned 4D BIM model

Visual progress identification
and color coding progress
deviations in 4D simulations

Using Navisworks Autodesk

Table 4: The results of performance indicators over the method’s implementation period — Case Study A

Work % of the Work % of Activities % of Activities
Planned Work . - a g c
Progress Progress Visually Started in the Finished in the
Month  Progress Progress o . . . . .
(PP) (WP) Deviation Measured Estimated Period Estimated Duration

(WPD) (WPVM) (ASEP) (AFED)
April 9.59% 8.75% -8.75% 66.75% 69.57% 30.43%
May 10.91% 10.75% -1.43% 60.18% 77.27% 31.82%
June 12.70% 9.97% -21.50% 59.51% 82.22% 35.56%
July 8.04% 8.51% 5.81% 44.09% 91.67% 64.58%
August 7.11% 7.66% 7.72% 33.93% 95.92% 63.27%

Progressive drop of WPVM
due to the amount of inner
activities in the building

Alvares & Costa (2019)



APPLICATION IN PROGRESS MONITORING - INTERNAL AREA

360 Cameras for internal
data collection

360° Camera Insta360° One X

Comparison project as planned (BIM 4D) and
project as built (360 camera)

Use of viewpoints to save capture locations
360 photos link
' B

Vioge 201 €

Good application for terminality but is too manual =
to process yet S-S e
Barbosa (2022)




A MATURITY
MEASUREMENT SYSTEM
FOR AN INTELLIGENT
CONSTRUCTION
ENVIRONMENT

How the construction industry can
be positioned towards digital
transformation?

-

Maturity Models are tools to assess the effectiveness of a
system and are helpful in a transformation process aimed
at making something grow from an initial to a final
stage through a set of intermediate ones (SPALTINI et
al., 2022).




Digital Transformation

Principles

Human centricity | Flexibility | Resilience | Efficient use of time and resources | Transparency | Collaboration |
Decentralization | Virtualization | Horizontal and vertical integration| Timely capability | Sustainable
management | Predictive capacity | Interoperability

What critical areas need to be managed in a construction environment to achieve these principles?

Complexity management

Training Elements Production planning and control

Dimensions

Education

——— Storage and logistics management

Participative decision-making «—~‘ - Timely prediction
-

Communication Supply chain management
Occupational health and safety

Technology implementation and

suolsuaLiq

management
Subsystems Development of digital solutions
Iﬁa¥ Processing, analysis, storage, and
. Technical Coordination . .
Obiravinil Collection, storage, processing,
P Sustainability .= analysis, and management of
Innovation -3 massive and complex data
Construction Data security
site layout Robots and cobots
. Workspace
Quality management
Performance management Perfarmance oo
Cost management i Complex socio-technical intelligent
Timely action construction environment
Maturity
Measurement
Model for an
intelligent
construction Operationalization (next steps):
envlronment

| Assign weights to the proposed dimensions

Develop indicators and criteria for measurement
in each dimension

Propose implementation guidelines

A MATURITY MEASUREMENT
SYSTEM FOR AN INTELLIGENT
CONSTRUCTION ENVIRONMENT

Data collected in the Exploratory and Case
studies and the literature review provided the
foundation for developing the Conceptual
Model for Measuring the Maturity of an
Intelligent Construction Environment.

It comprises 24 measurement dimensions
associated with 14 principles and five
maturity levels.

The maturity dimensions are the construction
system's aspects that must be monitored and
improved to achieve the intelligent
construction environment principles

Fernandes & Costa (2023)



Five maturity levels

Level O (readiness level) — Enabling: This level position the
construction system with the basic requirements to evolve
into an intelligent construction environment.

Level 1 - Digitizing: At this level, the construction system has
already converted most of its critical process information to
digital and implemented its first digital solutions.

Level 2 - Embedding: The level at which the system focuses
on integrating the implemented digital solutions and

preparing to incorporate them into the work routine. Following steps:

Level 3 - Digitalizing: At this stage, digital transformation
has reached all organizational processes related to the
construction phase, and it is part of strategic planning,

changing the business model.

Level 4 - Semi-automating: The semi-automating level
presumes innovation and continuous digital transformation as
company values.

Fernandes & Costa (2023)




SMART INSPECS
SEGURANGA
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USO DE VEICULO AEREO NAO
TRIPULADO (VANT) PARA
INSPECAO DE SEGURANGA EM
CANTEIROS DE OBRA
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W099 Hinze Award

Roseneia Rodrigues Santos
receiving the Jimmie Hinze

» Award for best

WO099 Paper Titled: Contributions
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Visual Technology to Safety
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Programs

Case Study

Exploratory Study of Potential Applications of Unmanned
Aerial Systems for Construction Management Tasks

Javier Inzany, PhD., MASCE", and Dayana Bastos Costa, PhD
Study of using

unmannecd
aerial system

Exploratory study of using
unmanned aerial system imagery
for construction site 3D mapping

Juliana Sampaio Alvares, Dayana Bastos Costa and
Roseneia Rodngues Santos de Melo . P
v . - v Ay
Department of Stractural and Construction Enginecering, Mev i 13 Seqaerales X0
Fedeval University of Bahia, Salvador, Brazl 3 Nowwrsber 2017

swrating RE
and UAS
techmology

Integrating resilience engineering "
and UAS technology into
construction safety planning
and control

Roseneia Rodngues Santos de Melo md Dayana Bastos Costa oo
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Applicability of unmanned aerial system (UAS) for safety inspection on @ ey
construction sites

. Juliana Sampaio Alvares ', Javier Inzarry
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FUTURE OPPORTUNITIES

Advances in scaling Smart Inspecs System to be used in
large infrastructure projects (safety) and university campus
for facilities management (roof and facade)

Advances in understanding how to support the
construction projects with a Maturity Measurement
System for an Intelligent Construction Environment
Advances in digital technology integration

» Digital Twins, including Scan-to-BIM, loT, sensors,

artificial intelligence, blockchain, autonomous system

Advances in evaluating solutions, considering the
impacts on the management process:

 Quality of decision-making (cost, time, usability)

 System performance (speed and accuracy)

» User satisfaction

 Generalization and scalability

Ongoing Research Project
funded by CNPq

SMART TWINS 5.0

uuuuuuuuuuuuu

Digital twins aiming
production and safety
management integrating
technologies as drones, |oT, Al,
BIM and blockchain.
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