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FOREWORD

Global challenges such as circularity
and sustainability require a
consolidated construction industry
transformation. Buildings and
infrastructures need to be adaptable
and designed for disassembly. Life
cycle concerns must be brought to the
initial designs and simulations. The use
of natural resources must be reduced
and optimised.

Industrialisation will play an essential
role in this changing paradigm, and the
digital transition will trigger the long
term win. Digital technologies and
artificial intelligence will catalyse the
hidden value of data, democratising
new forms of intelligence and
processes optimisation. The
progressive digital transition will show
the full potential of the interconnected
systems of systems that constitute
the built environment.

This transformation is inevitable.

Design support systems are
increasingly supporting advanced
simulations and parametric
optimisations. Modular and
prefabricated construction is becoming
more advanced, increasing productivity
and efficiency.

Innovative technologies and robots are
being implemented to help offsite and
onsite construction, creating synergies
with human professionals. Buildings
and infrastructures are progressively
more intelligent and interactive,
providing comfortable, adaptable and
sustainable spaces.

The RDI department of BUILT CoLAB
has a clear strategy to support this
transition, focusing on priority

j oopwbuj po
nbsl fuO bgqgqspbdi -
the development, testing,
demonstration, standardisation,
consultancy, and all the
complementary activities needed to
support the industry towards a more
sustainable and innovative future.

The industry needs to absorb new
competencies and innovative tools, to
be prepared for a smooth transition.
BUILT CoLAB, pushed by the ambition
of the entire team, assumes the
responsibility of getting these tools
and competencies to the industry. This
report aims to present the dynamics of
the RDI department to put forward
several projects aligned with the
industry needs.

ot o

(Anténio Aguiar Costa)
RDI Director
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BUILT CoLAB

The Collaborative Laboratory for the
Built Environment of the Future.

BUILTCoLABaimsto developresearch,jnnovation,and knowledgeactivities
in the AECt f d uegasystem,increasingits productivity,competitiveness,
and sustainablegrowth. It further aims to promote the digital and climatic
transformation of buildings and infrastructures, making them adaptable,
intelligent,resilientand sustainable

WeareguidedbyaOu f d i g mip hlzappro@chraisingmaturity levels
for technologies,products and services BUILTbrings together knowledge
centres, industry and end-usersin a collaborativeenvironment,promoting a
sharedcreativemodel that will contribute to the transformation of the built
environmentof the future.

The scopeof BUILTD p M Bdperdtionis the built environmentas a whole,
considering its distinctive types of buildings and infrastructure, from
habitation and transportation to energy production and water treatment.
Our R&D agendacovers the complete life cycle of the built environment,
including design and construction, management and maintenance, and
ultimately deconstruction and recycling This agenda promotes the
digitisation of the ecosystembasedon data-driven BIM methodologiesthat
encouragethe use of digitaltwins, prefabricationand muchmore.

%> AN [#

20 Associates 24 Collaborators 14 Projects

BUILT CLAB




We promote the digital and environmental

transition of buildings and infrastructures, making

them adaptable, intelligent, resilient and

sustainable.
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RESEARCHA\REAS

Smart Transport Infrastructures

Infrastructures Intelligence
Decision Support Systems
Geomatics

loT and Smart Technologies

Sensors and loT
IT Development

BIM Intelligence

BIM and Digital Twin
Smart Digital Design
Tools Development
Machine Learning
Blockchain

Green Transition

Sustainability Methodologies
SustainabilityOptimisation
Constructive Systems

Standards and Digital Transition

Digital Transition
Standardisation
Certification

INTENSIVE
INNOVATION
(GROUPS

The Research, Development and
Innovation team has a challenging
mission:to generate impact in the
industry in the shortest time. We know
that RDI activities are timeconsuming,
so capitalisingon existing developments
and focusing on quick wins is critical.

In this sense, priority development areas,
as well as partnerships and
collaborations to be strengthened, have
been identified, giving rise to what we
call asIntensive InnovationGroups I1Gs
for short. These groups are agile, with
few collaborators, but with a welt

defined scope and action plan

Each IIG has a highly qualified team
dedicated to generating innovative
results, creating, and implementing new
products and services in the market.
New IIGs can be established if high
potential opportunities are identified,
with existing developments promoting
collaborations with dedicated partners.

As the number of 1IGs grow and the
complexity of the developments
increases, the RDI department adapted
and created an action framework
supported by severalesearch areas



INTENSIVENNOVATION
GROUPS

Currently,the work of the RDIteam is dividedinto 14 11Gs In the following,
the diversellGswill be presentedin more detail.

AUTOMATION DigiTT
Digital ProductiorOptimisation Digital Twin Operations

loTASK POSITIV

Converting "dumb" equipment into smatrt, Smart Modular Design
digital and connected systems

£ - \:‘ % 7 < &
N ST s \
2 > . (;x\\
. h 8 o

C_l 3 L\\\ Ve ‘_\_
]
SIMPLIFY SMILE
E-licensing and Eprocurement Platform Smart Energy and Management

Optimisationfor Buildings

INTENSIVENNOVATIONGROUPS



BIMCLOUD4ALL
Collaborative Platform

BUILDING PASSPORT
BIM-based Building Logbook

HIVE
High Interactive Virtual Environment for the
Built Environment

DIGITAL EYE
Laser Scanning Technologies to Support
Construction Control

BUILDING LIFE
Life cycle and Circular Bildased Design

CertBIM
BIM ProcessStandardisation

CircularDynamics
Implementation of circular economy models
in the construction sector

DigiTransition
Bddf mf sbujoh TNFtn Ej hj
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AUTOMATION

Digital Production
Optimisation

AUTOMATION

AUTOMATION aims to create a Digital
Twin andOptimisationthat allows
accurate and immediate monitoring and
control over ongoing construction tasks
using any handheld device and provides
several alternatives for the optimal
distribution of resources for a
construction project.

The output solutionptimiseseveral
factors simultaneously multi- objective
optimisation, which can be&ustomisable
depending on user preferences and/or
project specifications, among which one
can highlight construction costs,
construction durations, or carbon
emissions.

MAIN ACTIVITIES

A Optimisationmodel to support
decision

A GIS integration

A Interactive interface



Artificial intelligence techniques
such as machine learning
algorithms can provide accurate
estimates concerning the
productivity of construction
equipment that have been shown
to outperform conventional
estimation methods, such as
ui ptf gspwjefe jo
handbooks. Combined with
remote monitoring and dynamic
optimisation technologiesthese
feature the potential to tackle the
uncertainty and volatility inherent
to construction worksite
environments, preventing
fydmvtjwf sfmjboc
intuition and experience.

Several processes in construction
are characterised bhigh
uncertainty and variabilityhat
significantly affect the

productivity of construction
operations With the increasing
competition within the
construction sector, companies
and designers are looking to take
advantage of new technologies to
support the design and planning
of more complex projects. Yet,
currently, most managers still rely
on intuition and experience to
plan and manage construction
processes, together with
rudimentary and humarnbased
productivity estimation tools and
methodologies.

Thesystem is specificallytailored
for constructions that strongly

On the verge of a new revolution
of the construction industry,

commonly known as Construction relyl on heavy mechanical
4.0, the BUILT CoLAB offers the equipment,amongwhich onecan
possibility to take a step further highlight road and railway

into the digitalisation and construction, pavement
automation of the construction maintenance and rehabilitation,

dam construction, tunnels and
subway construction, or any
other construction project in
which the constant and accurate
assessment of the productivity
teams/resources can be
achieved

sector by providing aystem to
support decision making during
both design and construction
phases of a project.

13



AUTOMATION@ARTHWORKS

Since any construction igypically
susceptible to unpredictable
occurrences(i.e., equipment
malfunction,unfavorable
atmospheric conditions, inaccurate
estimations of team productivities),
they constantly require an

In order to tackle this issue,
mechanical equipment can be
retrofitted with sensors capable of
(near) realtime monitoring of
operations, providing insight on the
actual productivity and/or cost
associated with the equipment's

adjustment or reorganisation of the activity.
workflow in the construction site to
keep the optimal status of resource Dumper Truck
usage. (Transportation) /
- Cargo weight /, ;
- Speed / /
- Fuel consumption I;' If
- Working time I," I,"l
- Idle time J =7 —
Embankment - GPS positioning E / 'Q‘{
b
., Weather Station Bulldozer \X
‘{‘ = OUtSid? temperature - Blade height - Working time
- :*“m'dr']ty and - Speed - Idle time
almospneric pressure . . P A i
W frie and Fuel consumption - GPS positioning
direction
Dumper Truck
e . (Unloading)
Water Truck

AUTOMATION

Roller

- Stiffness measurement
- Speed

- Fuel consumption

- Working time

- |dle time

- GPS positioning



L

of

Excavation

Weather Station

- Outside temperature

- Humidity and atmospheric
pressure

- Wind force
and direction

Dumper Truck <
(Loading) ‘&

N

Check our latest article
focusing the work on
AUTOMATION
@Earthworks

Excavator

- Bucket weight

- Fuel consumption
- Working time

- Idle time

- GPS positioning

When combined with an Internet of Things
(IoT) framework, the resulting data can be
fed into an optimisation system, which
constantly monitors activities and outputs
suggestions concerning the optimal
allocation of resources, thugromoting

the full digitalisation of the construction
process.

Hence, the system is tailored tsupport
decision-making throughout all project
phases including not only bidding, design,
and planning phases by providing the user
with resource usage solutions (from
project budget to planning, including the
corresponding costs and durations), but
also during the construction phase, in
which the constant monitoring of
resources and reassessment of their
allocation to tasks is paramount in the
context ofincreasing productivity and
company competitiveness.

15



PAV 4.0 & BET 4.0

Decision support applications in the allocation of these resources
leveraging on concepts such as when necessary, so as to

artificial intelligence, optimisation, continuously guarante®ptimal work
sensorisation digitalisation, Industry conditions

4.0 andDigital Twin to support road
construction and rehabilitation
projects - PAV4.Q and vertical

construction projects involving [ Deskiop
concrete structural elements, as }’ﬂj Thermal camera
is the case obuildings- BET4.0. @ Tolematcs

The goal is to promote industry
digitalisation by producing

Top
;l" Weather station

'i" Mobile device

an application including a Troxler 2 Thermometer

use graphical interface Degree of g ._ 19;:;:;;?”1:2 ?:g;ure

with GIS viewer for compaction 0 {after compaction)

real-time monitoring . "

i J

of p_rc_)gress n “J.\ a Thermometer

addition to an : \ = A Betuminous mixture

optimisation ROAD ROLLER g temperature (°C)
’».,Il (before compaction)

module. ¥ Betuminous mixture -F'
= s temperature (°C) .
The optimisation (during compact) o

Ieverages on smart fi. Compaction report r&h
sensor technologies, ¥ (from equipment) 2

. . T
which allows the system Geolocation ' 8

. Warking time (h)
Standby time (h)
Fuel consumption (1)

to respond to variations

in productivity or work :F
rate of construction BITUMEN SPREADER
equipment and Tack Coat Temperature (°C) |

. Application Width <)
production teams, Output (iim?) y €

providing suggestions
for minor alterations

Geolocation
Working time (h) .
Standby time (h)

Fuel consumption (1)

AUTOMATION

" {during application}

PAVER

Betuminous mixtura
temperature (°C)

Outside temperature ("C)
Humidity and atmospheric
pressure

Wind force and direction

Geolocation
Working time (h)



Finally, this project also includes tlmtegration of a quality control
monitoring module of georeferenced elements (pavement sections or

concrete elements).

LOAD

Mixture Composition
Temperature (°C) Q

Asphalt Load (m3!Ton)

Temperature (°C)

ASPHALT PLANT
Geolocation

Production:

Qutput (Ton/h)
ProductionTime (h)
Quantity produced (Ton)

Loading time (h)

Consumption:
Aggregates (Ton)
Bituminous (Ton)
? Fuel & Nafta (1)
Power (electrici kWh
Weighbridg:?\/ ( by k)
Quantity (Ton)
Weighing time
TRANSPORT LOADER (Stockpile)
. Aggregate quantity
Geolocation :
I Working time (h) loaded (plant info)
Standby time (h) Geolocation

Fuel consumption (I} Working Time (h)
' Standby Time (h)

Fuel Consumption (1)
UNLOAD

Unload time (h)
Destination paver D
Temperature {(°C)

\" )

MILLING TRANSPORT (Milling material)

Geolocation

‘ Working time (h)
Standby time (h)

n Fuel consumption (I
‘i‘ Output (Ton) o)
Geolocation Weighbridge
Working time (h) .
. Standby time (h) \?Vl;?;rtllitxg(-tri?g

Fuel consumption {l)
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DIigiTT

Digital Twin

Operations

g 1 1 L LU T

(N

MAIN GOAL

DigiTTfocuses on the improvement of
conventional operations in the context of
construction and the built environment.
The approach adopts the combination of
the implementation of novel
technologies together with the
experience of experts in the field to
improve the processes by which
companies generate profit.

The main goal is to support the decision
making processes concerning the
management of resources in ways that
reduce waste and improve operational
efficiency and efficacy.

MAIN ACTIVITIES

A Create digital twin for infrastructure

A Optimisedecision support system
for infrastructure operation




Audit

This project addresses the support of
scheduling and optimisation of road
pavement inspection operations. The
approach is divided into two phases:

A Phase 1 Scheduling Scheduling
the frequency of inspection along
the network depending on
applicable restrictions;

A Phase 2 Routing- Determination
of optimaldaily routes
considering cost minimisation
and inspection area
maximisation.

The proposed system supportgear-
round scheduling for inspection

Year-round (or different time period) scheduling in function of: mmmm-
Level 1 ¢ Minimum inspection frequency requirements (including A Al
Inspection seasonal inspection requirements) T

frequency » Traffic density distribution

scheduling e Pavement condition layout
Level 2 Optimize inspection
Ifal_ecffy " trajectories

optimication Multi-objective metaheuristics
sequencing

optimization (.e.g., PSO, ACO)

T T

User Input FEEERR BEE :
Min. requirements, Traffic data, Weight-based multi-objective | [ pas REREERE
pavement condition data OR optimization T T

teams to travel through all company
assets (i.e., roads, bridges).

The routing optimisation considers
aspects such as minimum inspection
frequency requirements, traffic
density distribution, and pavement
condition layout, to minimise the time
and cost of inspection operations (i.e.,
travelled distance vs. inspected area).
This leverages the integration of
artificial intelligence and routing
optimisation algorithms to develop a
decision support system for
optimising the activity of road asset
inspection teams

Scheduling

Scenario analysis
Availability of resources

Determination of optimal round trips according to:

=i » V Q 4 * Minimization of cost (i.e., fuel consumption, carbon
I S emissions) and time (length of daily routes, traffic)
W ; (0} v « Availability of resources (i.e., inspection teams and
v ///( equipment)
@ j 3 ¢ Scheduling requirements determined in Level 1
K
e
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Drilling

This project aims to support the
optimisation of drilling processes
through historical data, comprising a
first approach to developing a Digital
Twin for drilling operations This
leverages the broader construction
trends concerning the development
of Digital Twins for construction and
logistic operations, resorting to
sensorisationand artificial
intelligence to monitor and/or
optimise specific construction
operations.

The optimisation system for
drilling operations includes
global project and fleet
management, both concerning
the global allocation of resources
and the local optimisation

of drilling processes.

On the global scale, the system
addresses thegeographical
layout and distribution of
available resourcesnamely
drilling equipment, throughout
all active construction sites,
scheduling their allocation, use,
and transportation from site

to site.

DIGITT

Conversely, on the local scale, the
drilling process itself is addressed as
an optimisation process in which the
system constantly monitors and
outputs suggestions on the best
drilling parameters tomaximise
productivity.

OPTIMISATIOMLGORITHM

Drill Parameters

(Initial) Population of Solutions

Fitness Function

N\

Verification

Feasibility of solutions

Solution Assessment

— o —
— o - -—

Quiality Evaluation

—— e ——— —— o —

STOP Criteria




This holistic optimisation on both scales aims to
maximise the productivity of theompany, rather ﬁ_‘
than limiting theoptimisation to local drilling

operations which may not necessarily
correspond to the best overallsage of resources

Rotary table
Finally, ensuring the automatic generation of reports
for each construction process carried out throughout
construction, these are compiled into a single C———-/)
global reportthat supports decisioamaking and lx m
acts as historical records for future auditing
S

Surface of earth

DATA DRIVEN
PREDICTIONMODEL

St e
SRRRor

Drilling Database % Tﬁ‘z : 3{;.
Past Projects f __4: DTH hammer
[

Drill bit

SupervisedML Models

Prediction of Performance

Predictionof drilling rate PredictionCosts

(cm/min) Maintenance and FueConsuption

OUTPUT

Optimal drilling parameters for:

1. Minimisation of drilling time (max. productivity)
2. Minimisationof drilling time vs cost (paret@ptimisation)
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IOTASK

Smart, Digital and

Connected Systems

IOTASK

MAIN GOAL

IoTASKaims to create agnostic 10T
solutions to create, retrofit, or adapt
cyber physical systems in order to be
capable of capturing physical variables
and making the data available in a way
that allows interconnection and
interoperability, with intelligent decision
support systems or data science
platforms.

This 11G aims to develop high TRL
experimental versions of the devices and
their platforms. To do so, it explores
themes such as sensors, communication
technologies, electrical autonomy,
reliability, redundancy, security, and data
platforms

MAIN ACTIVITIES

A Develop smart sensor networks

A Retrofit existing equipment and
infrastructures

A Design innovative loT architectures

A Digitisemachines, infrastructures, or
processes




The built environment needs to
actively be part of the change that
arises withloT possibilities With just
one phone, it becomes possible to
remotely open a window or control
and manage a construction site, all
based on a WiFi or 5G cellular
connection on the other side of the
world.

Recent studies, by the International
Data Corporation, indicate that the
world will have abou#0 billion
connected devices by 2023 his
entire connection system reflects
positively on the world economy, and
the construction sector, often seen as
old-fashioned or primitive, needs to
grab this opportunity. If it is possible
to model, plan, and project while not
connected, all these actions increase
in efficiency and possibilities if a
cyber physical connection to the
world is accomplished.

With 0T, construction becomes more
manageable, efficient, agile, and
safe, either in its processes ( e.g.,
construction, renovation,
nbobhfnfou* ps jo
usage (e.g., monitoring, analysis,
optimisation). Yet, it also poses
several challenges in terms of:

A security A connecting something
to a network exposes it to the
world and to hacking. It is
therefore critical toassure cyber
security and data privacy;

A interoperability A different
manufacturers, languages,
standards, etc., pose a serious
ui sfbu up
Open standards, protocols, and
technology may mitigate this risk;

A connectivity A is almost
everywhere, yet it assumes
different forms and architectures.
Choosing the best can be
challenging, as it affects software
requirements and/or costs;

A environmental sustainabilityA is
probably the most impacting
subject for the next years. New
technologies should not imply
manufacturing new equipment,
consuming additional natural
resources, or even more electricity
demands. Instead, it should mean
that everything was considered
regarding suitability;

A acceptability A not all technology
is accepted immediately. Pricing,
usability, user experience,

tztufnt

practicality, or even the design, can

be factors that may decide if
j Yethndloyyjisma€cépted t n
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IOTASK

Smart Office

We are focused on developing a lew
power smart building system, which
increases efficiency and comfort by
automatically or semiautomatically
managing the office according to its
use and occupancy.

Currently, the work is centered in
BUILTD p M BH&gdtOffice for
demonstration and test bed
purposes. The developments are to
be explored in the optics of a Smart
Building by extrapolation. The
technical choices and the design of
the solution bares in mind situations
where this type of solution is
implemented in new buildings, a
simpler scenario in terms of
integration, or in existing buildings,
where the challenges are vaster as it
becomes necessary to consider
aspects such as retrofitting.

The objectives are to demonstrate
Smart Building technologies in a
close, efficient to use and challenging
environment; toimplement low
power sensor networks; to increase
energy efficiency and reduce
environmental footprint; and to
develop automatic or semiautomatic
control systems that may use Al to
control or support building
management in order to provide
comfort, energy efficiency, and
monitoring to support digital twins.

The market is currently flooded with
IoT devices, which use a plethora of
different protocols and message
formats, making interoperability very
complex and often not possible. To
solve this, architecture is being
developed that will be able to control
each device individually and
coordinate them.

The first node was already developed,
and it controls the main door lock
allowing the creation of digital control
access to all the Porto collaborators
of BUILT CoLAB. Other nodes are
being developed and will result in an
automated, efficient, monitored

smart office. These results can later
be extrapolated to a Smart Building of

any type.



Retrofitting

The goal is t@onvert existing
machines(households or heavy
machinery, for instance), that
are still functional, intemart
devicesthat are connected and
that can becontrolled and
monitored remotely

This is being done bipstalling sensors
to existing equipment and
infrastructures, which were not initially
designed with digital capabilities to
providecontrol, decision support,
or realtime sensor data

One of the objectives is to develop a
common framework (using the
SmartCommNode for instance) that
may becustomisedfor each specific
situation. This will provide access to:

A Digital technologies on existing
systems;

A Digital systems;
A Cost-efficient and open systems;

A New and custom digital capabilities
in the context of their use.

\R® sfuspgjuujo

a building block of BUILT
CoLABsstrategy for all the
Smart Buildings and Smart
Construction initiatives.

In a time where waste
production,energy consumption or
raw materials exploration are
important variables in the
sustainability equation, it is
essential to keep (working)
equipment and infrastructures and
not replacing them by newer ones
kvtu cfdbvtf uifz
This would have a high
environmental (and economical)
cost that is not desirable.

In buildings, heating and cooling
systems are an example of possible
retrofits. In construction, excavators
are another. In both situations, it is
passible to retrcfit the equipment to
make them connected, controllable,
or able to be monitored. Every
machine poses a different
challenge.

25



SmartCommNode

Ui f dpotusvduj po
shift has mostly been based on
vendorlocked solutions, favoring
vertical silos which lead users to
acquire and use equipment from the
same ecosystem. Such designs are
common as they favor other
solutions from the same practitioner
(same solution ecosystem),
potentially leading to increased
vendor revenues and user retention
rates.

Alongside this aspect, the maturity
stage of the digital solutions
leveraged by the practitionere(g.
loT) has been creating a constant
need for renewal of software stacks
and hardware counterparts (e.g.,
devices being deprecated,

Services

= LoRa
2G/3G/AG
@N!-loT
Yo Yo
Asphalt Gateway -
temperature YF@
Weather
K YF@ station
CAN logger
Construction site

IOTASK

j @retecol specHicptionsdging j u b m

changed), which has several
drawbacks, including costs increase
and e waste creation.

These issues have an increased
impact on heavy machinery and
equipment like the ones used in the
construction sector since the cost
barrier is higher and has a direct
impact on the feasibility of keeping
upgrading the existing equipment.

These factors create the need for a
solution that bridges existing
equipment and enables them to be
integrated with current technological
solutions, without depending on
vendorspecific solutions while
optimisingcosts.

2GIRAGAG
Eina-iar
Yo T
Air quality Gateway
sensor
Lighting
Yo
To
HVAC
Building




SmartCommNodeproposes an
interconnectivity solution with
sensing and humaninteraction
capabilities which can be installed in
existing equipment and infrastructure
bridging with already iplace
communication interfaces, while
having a littleto-no impact on the
equipment and infrastructuresvhere
the nodes are deployed. Such a
system enables further expandability
both in terms of features and
integration (e.g., third parties).

The solution modularity also enables
fine-tuning to each concrete use

case, e.g., adapting the data transfer
method and rate depending on the
range coverage required and sensor
density.It also enables the
optimisationof certain non

functional requirements (e.g., range,
latency, energy usage).

Thismodularity is achieved by1)
making the device's hardware and
software compliant with different
protocols and radios(2) making their
substitution as plugand-play as
possible; and3)having mult

protocol gateways that can be
configured on the fly to communicate
with the devices onsite.

27



Fuel Estimator

Decision support angptimisation
tools to be used in construction often
require anaccurate estimation of cost
variables tomaximiseits benefit.
Heavy machinery is typically one of
the greatest costs to consider mainly
due tofuel consumption These,
typically, dieselpowered machines
have a great variability of fuel
consumption depending on the
scenario of use.

The work in progress intends to
provide abetter fuel consumption
estimation, from the creation of a
tool that can estimate fuel
consumption of construction trucks
(and later other machines) depending
on the carriedoad, the slope, the
distance, and the pavement type.

Having a more accurate estimation
will increase the benefit of these
optimisationtools. The fuel
consumption estimation

model is being developed
usingMachine Learning
algorithms, which are

supported by data gathered
through several sensors,
particularly designed datalogger
with wireless communication and
opportunisticsynchronisation in a
real context experiment.

IOTASK

An loT hardwarelatform is currently
beingupgraded to allow reatime

data transmission, more sensor data,
and ground truth user inputMore
trucks, more drivers, and more data,
in general, will contribute to a better
estimation model and consequently
with better fuel estimations.

Results demonstrate the viability of
the method, providing important
insight into the advantages
associated with the combination of
sensorisationand machine learning
models in a realworld construction
setting. A public web service is being
developed to make available this
tool to all construction stakeholders




With an IoT approach

construction becomes more

sustainable

more efficient

more competitive

more
and safer.

agile
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POSITIV

POSITIV

Smart Modular

Design

MAIN GOAL

POSITIV is a new approach to building
design. It bases itself on new concepts
and innovative technological
instruments, aiming to create an original
design methodology that increases the
overall productivity and quality of the
AEC industry.

More specifically, this methodology
focuses on the development of modular
and integrated construction systems, as
well as a groundbreaking digital
platform that helps stakeholders work in
modular construction and enables the
development of a collaboration network
that covers the entire supply chain.

MAIN ACTIVITIES

A Modular methodology and
processes development;

A Modular systemsparametrisation
and analysis;

A BIM Module Library;
A Design and supply support platform.




In the last decades, the AEC sector who gain from the increased
has been lagging behind other productivity.

industrial sectors in terms of
productivity, with unique product
types, unstable demand, and a
specialised, labodintensive work
impeding the implementation of
leaner production systems.

However, since these entities are
frequently brought into a project at
the end of the design process,
contractors have the complex task of
adapting modular strategies to an
existing design, decomposing the

To address this issughe AEC sector building intostandardisedunits for
Is increasinglyshifting from offsite prefabrication, while
traditional onsite methods towards preserving the essence and unique

modular construction, prefabricating vision of the original design.
building components in controlled
offsite factory conditions and
subsequently transporting and
assembling these components
onsite.

QPTJUJWnt bdujpo mj
supporting thismodularisationeffort,
establishing a pipeline of tools that
fbtf wuijt qgspdfttn
the AEC industry.

Npevmbs dpotusvdujpont cfofgjut i bwf
been welt documented and include

faster, safer, more sustainable,

and more productive
processes, as well
as higherquality
products.

Nevertheless, despite
these established
advantages, modular
construction is still
unpopular among
clients, due to the high
degree ofstandardisation
and repetition that is often
required and associated with
this methodology.

Thus, this concept is left to be
driven by contractor companies,
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ModulLAB

ModuLAB was the first development
to be integrated in our modularisation
pipeline.

As the starting pointModuLAB can
recognise the modularisation
potential of a BIM model, identifying
design patterns that enable the
generation of preliminary modules.
These modules can be used to
replace rooms/compartments in the
existing building design, without
loosing the overall architecture and
design of the building.

To do so, ModuLAB works as a plugin

for Autodesk Revit, directly extracting
andpregspdfttj oh

i =

! i
©

POSITIV

ui f

geometrical and alphanumerical
information to feed it into an
innovative semisupervised
clustering algorithm that calculates
the similarity between rooms,
grouping them into distinct clusters.

The extracted information includes
features that the RDI team identified
as relevant to themodularisation
process, ranging from the overall
room architecture to the typology
and position of the contained objects.

The semisupervised clustering itself
can be seen as an iterative process
with two phases: the clustering
a@alysis;andphe tsertvalidation.

o] [ 2|




The first calculates the clusters using
the extracted data while the second
relies on the user to validate the
results of the output clustersThis
user feedback is then integrated in a
new iteration, resulting in new
clusters A a feature that makes the
software easily adaptable to distinct
building designs and architectures
This iterative process is repeated
until a satisfactory solution is
acquired.

Afterwards, ModuLAB selects, for
each cluster, a single module that can
be industrialised for construction.

To ease the validation process, an
intuitive GUI was designed, enabling
users to quickly accept or reject
cluster attributions, even allowing

for the direct assignment of rooms

to different clusters. So not to
overload the user, only rooms with a
high degree of uncertainty are shown
during the validation process.

3201

Accept

SUGGESTED MODULE

Reject

Module 1

1500

OTHER MODULES

Module 2

2481

Assign to
selected
T Module

Additionally ModuLABhas two
visualisation tools in its features,
allowing the user to check
modularisation results in a grid,
sorted by cluster, or directly over the
floor plans. Rooms are coloured
distinctively by cluster to offer a
better understanding of the results.

Check our most recent international article

regarding the development and assessment
of ModuLAB with the collaboration of
CASAIS\ Engenhariae Construcéo

ModuLAB
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ModuGEN

After using ModuLAB to divide the fygpsujoh uif npevmf:
cvjmejohnt sppnt | tosgeciaisedi3D méckanidals p v gt
and select a representative module software (i.e., Autodesk Inventor).

for each cluster, the selected modules
are optimised ilModuGEN Thus,
ModuGENSs the second software in
our modularisation pipeline.

To meet all these objectives,
ModuGENrequires a preliminary
customisation of its optimisation
engine to each individual company, to

ModuGENoptimises modules in be able to adapt and take into

regards to material waste, while bddpvou fbdi dpngbojf
taking into account prefabrication requisites (e.g., maximum frame
requirements. It also generates the length, maximum profiléhichnesg

required detail and parametrisation and working materials (e.g., standard

that production factories require, dimensions of gypsum boards).

BUILT CoLAB is working closely with several companies to enhance
modular construction processes, focusing on assessiNgp e v MJ Cn t
progress, as well as developing early iterations foduGEN

POSITIV IMAGEBY MOTAENGIL.




ModuLIB

As the third software in our modularisation pipelifdpdulLIBserves as a BIM
module library. Similarly to the previous plugiMpduLIBis fully integrated

within Autodesk Revit, allowing for the visualisation, selection, comparison,
dvtupnjtbujpo- boe jotfsujpo )Xxjuijo
stored BIM modules.These modules can either originate directly fraioduGEN

or be simply imported by the user.

SinceModuLIBis meant as
a national level too) to be

adopted and applied by |—l—| m — |
multiple and distinct | .. ;l,

Bedroom Module Bedroom Module Casa de Banho Mota-Engil M1 Casa de Banho Mota-Engil M2

] B e

Casa de Banho Mota-Engil M3 Casa de Banho Mots-Engil M4 Casa de Banho Mota-Engil MS Entryhall and Kitchen Module

.-|| Module Library ., . X

stakeholders, it is equipped
with several tools that
ease the identification of u_}Et
suitable modules.

IERE

TTTTT
5

Namely, this tool includes a

filtering and sorting option; gzl Modue Library. ... x
a ComprehenSIVe mOdeI Module ustomise ompare Casa de Banho Mota-Engil M1
description; a 2D and 3D »|

visualisation window; and
a comparison tool, that
enables the direct
comparison between
modules.

DIMENSIONS

[ ] ®
Finally, before directly

importing the module to A Module Library .. X
Sf WJ u r] t n p e f mmJ' Casa de Banho Mota-Engil M1
ModuLIBallows for the
module to becustomised
according to the options
provided by the supplier.

Contact us to try e
ModulLl @ ©
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MAIN GOAL

Simplify aims to answer the increasing
national demand for a semior even
fully-automated e licensing and

e- permitting platform, to be employed
by municipalities and design companies.

This platform will be integrated with BIM
to automate regulation checking and
provide a collaborative environment to
tvggpsu uif tubl fip

This scope will further be expanded to
includepersonalisedule checks,

SI M P LI FY enabling companies to create their own

sets of rules and requirements for their

Digital Platform for BIM projects.
Cvj mej ohtn

MAIN ACTIVITIES

A E-licensing and epermitting
framework;

A BIM-based rulechecking platform;

A Pilot case studies with key
municipalities and associates.

SIMPLIFY



Building and infrastructure design and
engineering demand the
consideration for multiple codes and
regulations. These requirements
cover multtdisciplinary areas from
urban planning, fire safety,
accessibility, environmental impact,
to cite a few. Noncompliance can
lead to farreaching consequences,
including user safety.

Currently, these codes and
regulations are characterised by high
geographic disparities (both at the
national and local scale), as well as
some ambiguity, being mostly
checked manually both by planning
consultants and the building
permission authoritiesA based
primarily on construction plans and
additional textual documents.

Given the lack of integrated digital
support tools, the checking procedure
Is laborious, inefficient, expensive,
and error prone, leading to massive
permit request queues, that
negatively affect construction
projects, with delays and budget
overruns.

Recognising this problengur
objective is to increase the efficiency
of checking code and regulation
compliance by developing an
e-permitting and e-licensing

platform to be employed by both
municipalities anddesign
companies.

This platform will be fully integrated
with BIM, allowingfor:

A the automation of checking
procedures;

A an increased efficiency and
transparency of the
administrative process;

A an easier access to the building
and requirements information;

A the overall derisking of the
project.

By supporting this platform with a
completely parametrised and flexible
core engine, we further plan to
develop a customisable section of
the platform, where companies can
create simple rule checks, based on
arithmetic and logical operators,
effectively establishing their own
BIM project requirements.

For more intricate rules, BUILT CoLAB
will work in tandem with platform
users to developed personalised
checks according to their needs.

The following action lines represent

our first developments to create the
bgpsfnfoujpofe gmbu
engine.
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BIM Classification

BIM Classification allows for a swift
standardisation of BIM models.

BIM Classification does this by
simplifying the adoption and
implementation of preestablished
BIM modelling rules, supporting its
users during the modelling process.

This allows for an intuitive
collaboration between project
stakeholders, as well as an easier
deployment of rule-checking
systems, reliant on this
standardisation.

Currently, BIM Classification allows
this standardisation to be performed
at several levels, supporting the

creation, selection, and introduction

SIMPLIFY

of BIM parameters and zones in the
BIM model, whose nomenclature and
typology can be easily shared
between users.

These parameters and zones can be
assigned to multiple elements
simultaneously, either through the
manual selection of multiple
elements (i.e., using the cursor) or by
filtering objects according to their
category and type. For a more
detailed process, parameters and
zones can also be introduced
element by-element.



