Peter Mesaros
January 17, 2022




CONTENT OF LECTURE @

1. Introduction / Research motivation

2. Information systems and digital tools for modeling cost and economic parameters
within the life cycle of construction projects - state of art

3. Research activities in the field of ICT and digital technologies in the construction
projects - objectives, methodology, results, verification and application

4. Education and research activities - contribution to study field ,,civil engineering*

5. Study field ,,civil engineering“ at the Faculty of Civil Engineering TUKE - vision and
perspectives



1. INTRODUCTION / RESEARCH GROUP MOTIVATION

General background - overview of the topic

Digitization, sustainability, efficiency in construction - significant issue for researcher and
practitioners

Set of tools for increasing the business performance and economic efficiency of construction
projects and activities (cost, quality, time) on global markets

Essential base for smart construction 4.0 - |oT, digital business platforms, cloud computing, Al

Relation to sustainability of construction project (environmental, economic, social) and circular
economy throughout the whole life cycle of construction project

Relation to EU policy - digital transformation, Digital Europe programme (€7.6 billion), EU plan for the
economic recovery supporting the EU’s green transition and climate neutrality by 2050

(...“digital technologies could help to optimise production, reduce emissions and waste, boost
companies’' competitive advantages and bring new services and products to consumers)



Digital technologies throughout the construction life cycle

Design & Engineering Operations & maintenance Renovation & Reuse
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Source: Delloitte - Point of View on Digital Construction: The business case of incorporating digital technologies into the construction industry, 2019



2. INFORMATION SYSTEMS AND DIGITAL TOOLS FOR MODELING COST AND ECONOMIC

PARAMETERS WITHIN THE LIFE CYCLE OF CONSTRUCTION PROJECTS - STATE OF ART

Top 70 start-ups by total fund raised Standardized labour productivity growth 1995-2018
between 2012-2018
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of incorporating digital technologies into the construction industry, 2020



3. RESEARCHACTIVITIES IN THE FIELD OF ICT AND DIGITAL TECHNOLOGIES IN THE
CONSTRUCTION PROJECTS




3. RESEARCHACTIVITIES IN THE FIELD OF ICT AND DIGITAL TECHNOLOGIES IN THE
CONSTRUCTION PROJECTS

= Creation of cost management = Qualitative analysis of methodsand |® 3topicrelated PhD.
model based on contextual analysis techniques in cost management thesis/graduates
of cost management methods and
tools = Multi-stage questionnaire survey on |® 3research projects(VEGA 1/0840/11,
sample (2011: n=41, 2015: n=125,) of VEGA 1/0562/14, VEGA 1/0828/17
= Development of process-oriented Slovak construction companies
cost management toolin
construction companies = |nductive statistical data analysis,
AHP technique for multi-criteria
= Optimization of construction decision making processes

project costs using ICT and
knowledge technologies




A) Cost management of construction projects - cost controlling supported by ICT

FINDINGS AND RESULTS:

Multi-criteria cost management model for construction enterprises (
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A) Cost management of construction projects - cost controlling supported by ICT

FINDINGS AND RESULTS

Assesment procedure for process-oriented
approach in cost management

* Empirical and expert’s
identification of
assumptions

* Quantification of
relevance

* Calculation of readiness
for process-oriented

cost management
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3. RESEARCHACTIVITIES IN THE FIELD OF ICT AND DIGITAL TECHNOLOGIES IN THE
CONSTRUCTION PROJECTS

Development and verifying of
automated procedure for cost
estimating (applicable in Slovakia
and Czech rep.)

Laser scanning digital data
aquisition for quantity takeoffs in
reverse engineering (renovations,
reconstructions, deconstructions)

Analysis of input data and Inter-
connecting formats for 30 CAD
applications and software for cost
estimating

Adoption of cost estimating
standards and Slovak price libraries
for cost estimation
Data-processing virtual model for
cost estimation and its verification,
analysing and completing point
clouds

Calculating the time/cost efficiency
of autoamted cost estimation and
digital data aquisition

= 2 topic related PhD.
thesis/graduates

= 3research projects(VEGA 1/0840/1],
VEGA 1/0828/17, APVV-17-0549)




FINDINGS AND RESULTS
Automated cost estimation methodology with unique codingin IFC xml format
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FINDINGS AND RESULTS

Automated cost estimation methodology with unique codingin IFC xml format
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B) Automation of cost estimating in construction projects, 5D BIM @

FINDINGS AND RESULTS
Methodology of point cloud-to-model solution for generating quantity take-offs

IMPORT
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AUTODESK RECAP
AUTOMATICKE IMPORT
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v’ ‘ & =
MRACNO BODOV 3D GEOMETRIA BIM
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ol

Object data acquiring )) Point cloud SW processing )) Point cloud transformation > Quantity take-off generating
Laser scanner and drone Point cloud validating Creaing 3D model geometry



3. RESEARCH ACTIVITIES IN THE FIELD OF ICT AND DIGITAL TECHNOLOGIES IN THE
CONSTRUCTION PROJECTS

Creation of 5D (nD) construction
elements for smart designing
(contextual and digital)

Creation of multi-criteria
methodology for design phase -
optimization of sustainability level
using ICT and knowledge
technologies

Development of supporting tool for
smart and sustainable designing

Identifying the structure of
information for knowledge database,
analysis of technology platforms

Knowledge techniques and digital
tools limits

Analysis of parameters (scale and
impact)

Process mapping and process
designing

Software designing

Modeling optimisation alghoritms in
decision-making

= 5 topic related PhD. thesis
(2 graduates, 3 students)

= 2research projects
(VEGA 1/0828/17, APVV-17-0549)

= 2 educational projects (KEGA
059TUKE-4/2019, Erasmus+ 2019-1-
SK01-KA203-060778




FINDINGS AND RESULTS

Flowchart based methodology for sustainable designing (multi-criteria approach, 5D smart elements)

Construction elements database

System with material/technology representants
(50+ smart elements in database)

@ Roof systems
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FINDINGS AND RESULTS

Flowchart based methodology for sustainable designing (multi-criteria approach, 5D smart elements)

Selecting construction element - Roof system sample



FINDINGS AND RESULTS

Flowchart based methodology for sustainable designing (multi-criteria approach, 5D smart elements)

AOL- ¥

Simple rafter
truss without
girders

What kind of rafter

. f with rafters d
€D o S

realisation?

What type of wooden
load-bearing roof
structure do you want

to realisation?

AN
r\/
Choice of type of
wooden load-bearing
roof structure
\ /
" 4
Roof system sample - construction element » Choosing the required level of

choices parameter for construction element



FINDINGS AND RESULTS

Flowchart based methodology for sustainable designing (multi-criteria approach, 5D smart elements)

Smooth plaster

Climatic plaster
Coated lime-cement
plaster
Smooth cement plaster
What kind of
What type of lime-cement plastgr
plaster do you do you want to us¢?
wiant to use? Fired cement plaster
Lime-cement
Eksers mal insulation periite
plaster
with white cement

__). Protective plaster




C) Economic parameters in information modeling with emphasis on sustainability within the life cycle of buildings @

FINDINGS AND RESULTS

SW tool enabling modeling and economic evaluation of construction elements across their life cycle

» A B
Stavebna
fakulta
O aplikacii DETAILER
@) ROZPO
Aplikacia vznikla s podporou projektu APVV-17-0549 Vyskum

znalostnych a virtualnych technoldgii podporujucich inteligentné

projektovanie a realizaciu stavieb s dérazom na ich ekonomicku
efektivnost a udrzatelnost.




C) Economic parameters in information modeling with emphasis on sustainability within the life cycle of buildings @

FINDINGS AND RESULTS

SW tool enabling modeling and economic evaluation of construction elements across their life cycle
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C) Economic parameters in information modeling with emphasis on sustainability within the life cycle of buildings

APP filtering smart elements with
required level of parameter
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4. EDUCATION AND RESEARCH ACTIVITIES - CONTRIBUTION TO STUDY FIELD CIVIL ENGINEERING

Reesults in education activities
13 related study courses (8 at TUKE, 5 at EUBA) slovak/english
3 new topic related study courses - implementation at Faculty of civil engineering

73 thesis supervising
Bc. -6, Msc.(Ing.)-16, PhD. -6 at TUKE, Bc.- 8, Msc.(Ing.)- 35, PhD. -2 at EUBA

b awarded thesis: 3 at national level, 2 at international level

2 education projects - leader:
KEGA 059TUKE-4/2019 M-learning tool for intelligent modeling of building site parameters
in a mixed reality environment (national, funding €30,600)
Erasmus+-2019-1-SK01-KA203-060778 Construction Safety with Education and Trainign
using Immersive Reality (international, funding€400,000)

6 education projects - member: 2 x KEGA, 2 x Erasmus, 1x Leonardo da Vinci, 3 x SF Education
programme

6 international mobilities (Czech, Poland, Spain)

5 topic related publications - university text books



4. EDUCATION AND RESEARCH ACTIVITIES - CONTRIBUTION TO STUDY FIELD CIVIL ENGINEERING @

Results in research activities

Topic related publications
12 CC journals (02-10, 04-2)
10 monographs
86 journal papers
84 conference papers

Reviews
49 Journals, 19 books, 63 conference papers
b habilitation thesis, 20 PhD. thesis

Metrics
WoS: b4 publications/92 citations/h-index 6
Scopus: 78 publications/182 citations/h-index 7



4. EDUCATION AND RESEARCH ACTIVITIES - CONTRIBUTION TO STUDY FIELD CIVIL ENGINEERING @

» Cost management of construction
projects - cost controlling supported by

icT 8 PhD. graduates

5 post-doctoral or assist. prof. positions
3 PhD. students

« Automation of cost estimating in
construction projects - 5D BIM

J

N\
» Economic parameters in information

modeling with emphasis on sustainability
within the life cycle of buildings

111

J

RESEARCH SCHOOL FORMATION

DIGITAL TECHNOLOGY AND BIM BASED COST MANAGEMENT AND MULTI-CRITERIA PROJECT ASSESSMENT
FOR SUSTAINABLE (ECONOMIC, ENVIRONMENTAL, SOCIAL) PLANNING OF CONSTRUCTION PROJECTS



4. EDUCATION AND RESEARCH ACTIVITIES - CONTRIBUTION TO STUDY FIELD CIVIL ENGINEERING

International impact and recognition

International project cooperation - leading partner of Erasmus+ - 2019-1-SK01-KA203-060778
,,construction Safety with Education and Trainign using Immersive Reality (SK, PT, HR, GR)
PhD. thesis reviewer (Czech Republic, Spain)

Conference scientific comitee membership

Professional/industry activities

Association of Slovak Construction Enterpreneurs(ZSPS)- Steering commitee member

Working commission for public procurement and business environment

Working commission for innovations, digitization and climate changes adaptation

Expertise reports and application outputs - 25 (City of KosSice, City of PreSov, KSK,

Ministry od culture of SR, EUROVIA SK a.s.,, SKANSKA SK,a.s., COLAS Slovakia, BETPRES, s.r.0.)
EUROSTAV TOP 100 Companies in cosnstruction - multicriteria assesment,

Cooperation in construction software development and implementation: CENKROS, since 2003



5. VISION AND PERSPECTIVES - STUDY FIELD CIVIL ENGINEERING AT THE FACULTY OF CIVIL

ENGINEERING TUKE

Continual topic shifting to Construction 4.0 challenges

Data and information based construction management
automated processes (SW apps, cloud solutions a co-working platforms, Al- machine
learning, neural networks, in cost estimation and sustainable designing)
modeling of economic efficiency of sustainable construction project,
Multi-dimension structures for BIM infromation flow in
Climate change adoption - new condition for construction life cycle, waste optimization
and carbon neutrality, social sustainability

Cross sectoral interdisciplinary cooperation
Software and technology engineering (software engineering, artificial intelligence,
virtualization techniques)
Mechanical engineering (automation procedures, smart construction devices, machinery,
technology)

Environmental engineering (assesment procedures, forecast models)
Material engineering






