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RESUMO

Os avancos tecnoldgicos que o setor industrial apresenta sdo resultados das
revolucdes industriais dos ultimos trés seculos, tais avancos serviram de impulso para
globalizagdo, onde nado ha limites para a producdo em massa. A construcao civil € um
setor relevante na sociedade, além do seu lado social e econdémico, destaca-se a
guestdo ambiental. com muita énfase aos impactos ambientais. Este setor no Brasil é
considerado um segmento que mais descarta residuos de forma incorreta ao meio
ambiente, representando 31 milhdes de toneladas de descarte por ano. Através de
uma revisdo da literatura cientifica de artigos académicos, livros e periodicos, foram
obtidas as informagdes para a fundamentacéo do trabalho em analisar o conceito BIM
(Building Information Modeling) como uma forma em auxiliar o fortalecimento da
sustentabilidade na construcdo civil no Brasil. Atualmente sdo desenvolvidas e
adaptadas novas tecnologias, visando eliminagdo de erros, retrabalhos, desperdicios,
reducdo de custos e reducdo de residuos a serem descartados de forma incorreta.
Sendo assim, o BIM é um conceito de alta relevancia voltado para o setor, no qual foi
pensado para dar apoio aos profissionais da area por todo o ciclo de vida util da
edificacdo, desde o esboco do projeto até a fase de desmobilizacdo. A partir desse
relevante conceito € possivel ter mais construcdes inteligentes e fortalecer a
sustentabilidade na construcéo civil. Para a elaborac&o deste trabalho utilizou-se da
revisdo bibliografica para pesquisar o material cientifico sobre o tema BIM e a
sustentabilidade na construgéo civil. Posteriormente, utilizou-se a matriz SWOT para
identificar as fraquezas e ameagas no processo construtivo. A partir desta
identificacdo, aplicou-se o conceito do diagrama de Ishikawa, para a identificar as
causas que poderiam ser mitigadas para que o uso do BIM possa ser implementado
como uma opc¢ao de construcéo sustentavel no Brasil. Os resultados indicaram que a
especializacdo dos profissionais nos varios niveis € uma causa importante a ser
trabalhada. Outro ponto que se pode ressaltar é o alto custo da implementagédo do

processo no pais.

Palavras-Chave: Modelagem 3D. Sustentabilidade. Construcéo Civil.



ABSTRACT

The technological advances that the industrial sector presents are the result of the
industrial revolutions of the last three centuries, such advances served as an impetus
for globalization, where there are no limits to mass production. Civil construction is a
relevant sector in society, in addition to its social and economic side, environmental
issues stand out. with great emphasis on environmental impacts. This sector in Brazil
is considered a segment that discards the most waste incorrectly into the environment,
representing 31 million tons of disposal per year. Through a review of the scientific
literature of academic articles, books and periodicals, information was obtained for the
justification for using the BIM concept to increase sustainability in Brazilian
construction. New technologies are currently being developed and adapted, aiming to
eliminate errors, rework, waste, reduce costs and reduce waste to be discarded
incorrectly. Therefore, BIM (Building Information Modeling) is a highly relevant
development aimed at this sector, this concept was designed to support professionals
in the area throughout the entire life cycle of the building, from the project sketch to the
of demobilization. Based on this relevant concept, it is possible to have more intelligent
buildings and strengthen sustainability in civil construction. To prepare this work, a
bibliographical review was used with the purpose of gathering scientific material on the
topic of BIM and sustainability in construction. Subsequently, the SWOT matrix was
used to identify weaknesses and threats in the construction process. Based on this
identification, the concept of the Ishikawa diagram was applied to identify the causes
that could be mitigated so that the use of BIM can be implemented as a sustainable
construction option in Brazil. The results indicated that the specialization of
professionals at various levels is an important cause to be worked on. Another point

that can be highlighted is the high cost of implementing the process in the country.

Keywords: 3d modeling. Sustainability. Civil Construction
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CAPITULO |

1 CONSIDERACOES INICIAIS

1.1 Introducéo

A industria da construcgao civil € um dos setores econdmicos mais importantes
para a maioria dos paises principalmente em paises em desenvolvimento como o
Brasil, pois, além de fomentar o desenvolvimento, é responsavel por criar diversas
rendas na qual € considerada de extrema importancia para a transmutacdo da
sociedade moderna, resultando em uma melhor infraestrutura. No entanto, também é
responséavel pelos impactos negativos que gera no meio ambiente, dados 0s processos
gue causam a poluicdo ambiental, o alto consumode recursos naturais e o grande
volume de residuos produzidos por essa industria (CARVALHO, 2012).

A Associacao Ambiental Quercus (QUERCUS, 2018), apontou que os edificios
sdo 0s principais contribuintes para as alteracGes climéticas, uma vez que séo
responséveis por um elevado consumo de energia, uma elevada taxa de producédo de
residuos, além de estarem associados a alteracdes na ocupacédo do solo. Além de
Quercus outras autoridades ambientais confessam e notam o valor da modernizacao
deprocessos no setor da construcao civil, Dados da Companhia Ambiental do Estado
deSéao Paulo (CETESB) indicam que acidentes com produtos quimicos (Gleo diesel,
gasolina, acido sulfurico, entre outros) vem aumentando e ocorrem na hora de
transportar esses produtos. Isto porque, dados do IPEA (Instituto de Pesquisas
Econbmicas Aplicadas), estima que apenas no Brasil os residuos gerados pela
construcéo civil seja em torno de 31 milhdes de toneladas por ano (SEVERIANO
JUNIOR, 2021). Por isso, tornar seus processos mais sustentaveis € um dos maiores
desafiosdo setor, e a aplicacdo de solucbes integradas pode ser um fator relevante
para essamudanca (CBIC, 2016).

Para mitigar essas externalidades, cada vez mais iniciativas sustentaveis tém

sido buscadas nas atividades desenvolvidas, de forma a adequé-las aos padrées de
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gualidade e cuidado com o meio ambiente solicitados pela sociedade e até mesmo

pela sobrevivéncia da industria.

Diante de tal fato e, segundo a Empresa Brasileira de Pesquisa Agropecuaria -
Embrapa (2015), pesquisas desenvolvidas pela empresa de consultoria em gestéo
Accenture, temas que antigamente ndo eram amplamente discutidos na construcéo
civil vem ganhando atenc&o. Por exemplo, o crescente debate sobre sustentabilidade
e abusca pelo equilibrio entre o desenvolvimento econdmico do setor e a preservacéo
dos recursos naturais disponiveis a humanidade; o uso de energia renovavel como
alternativa a reducdo do consumo de energia proveniente de fontes hidricas e
calorificas, por meio da introducao de painéis solares nas edificacfes, tanto durante a

execucao da obra quanto no usufruto da infraestrutura.

Entre outros pontos importantes estdo a constante pesquisa por novos materiais
de construcdo civil, com caracteristicas mais eficientes e com baixo custo de extracéo,
como também de métodos construtivos mais eficazes e racionais (SATO, 2011). A
adocdo de tecnologias para automatizar as construgdes, utilizando a realidade
aumentada para projetar as estruturas e visualiza-las antes do inicio da execucgéo
(FIRJAN, 2016). A impressao 3D para, dentre outras funcionalidades, criar modelos e
férmas, facilitando e padronizando a etapa deexecucéo e o uso de softwares em geral,
gue estao cada vez mais completos, compilando, em apenas um arquivo, todas as
informacBes necessarias a todos os envolvidos na execucdo da obra, como por
exemplo o BIM (Building Information Modeling), reduzindo consideravelmente o tempo

despendido na execucédo dos projetos (CE-BIM, 2018).

O BIM é um conceito que engloba um software especifico para construcdes
civis, que auxilia na gestdo e manutencéo de edificios ao longo do tempo (FERRER e
ARROYO, 2019). E uma abordagem que integra uma representacdo digital
abrangente das informacdes do edificio ao longo das diferentes fases do ciclo de vida
do projeto (GU et al., 2008). A tecnologia BIM permite a constru¢cdo de um modelo
virtual preciso de um edificio, contendo geometria precisa e dados relevantes para
apoiar as atividades de construgao (VOZZOLA, CANGIALOSI e TURCO, 2009). Por
outro lado, o processo BIM envolve também a criacdo e manutencdo de um banco de

dados digital de informacdes relacionadas a um edificio (LEON, 2012).
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Tal processo influencia na redugcédo dos residuos que eventualmente ocorrem
nos projetos que nao utilizam o BIM. A literatura sugere que BIM tem o potencial de
contribuir para praticas de construcdo sustentaveis. Rajendran, Seow e Chen (2012)
destacam que o BIM pode auxiliar na gestao da construcao sustentavel, melhorando o
desempenho e facilitando a colaboracdo entre as partes interessadas. Soltani (2016)
enfatiza que o BIM pode contribuir para a sustentabilidade através de suas dimensdes
ambientais, econdmicas e sociais. Schamne et al. (2022) discute a aplicacdo do BIM na
avaliacdo de sustentabilidade de edificios, indicando que o processo pode ajudar a
atender aos requisitos de sustentabilidade, particularmente nos aspectos de materiais e
recursos. Zulkefli; Mohd-Rahim e Zainon (2020) explora o potencial do BIM na
ecologizacdo de edificios existentes, destacando a sua capacidade de apoiar diversas
analises de sustentabilidade, tais como energia, emissdes de carbono e gestdo de
residuos. Nesse contexto, o conceito BIM pode desempenhar um papel significativo na
promocéo da sustentabilidade da construgéo, melhorando a colaboragdo, melhorando o
desempenho e facilitando avaliacées de sustentabilidade.

Para acompanhar as mudancas que ocorrem na industria da construcaocivil é
necessario observar o que a tecnologia tem revelado ao setor, adequarinformacoes,
ferramentas e métodos aos processos construtivos e, acima de tudo, adaptar-se com
flexibilidade as transformagdes que ocorrem no setor. Essa € umadas areas que mais se
beneficiara com inovacdes que ajudem a reduzir custos por meio da automacao de
processos (CE-BIM, 2018).

No entanto, a construcdo civil é um tema muito diverso, podendo ser
encontrado desde a reforma de pequenas casas, bem como até a grandes obras de
arte, comoconstrucdo de pontes, viadutos, aeroportos, prédios, shopping centers,
portanto o usode tecnologias depende do tipo de construcéo, as tecnologias devido aos
seus custosem treinamento de profissionais, bem como aquisicdo de softwares e
implantacdo dastecnologias. Essa dissertacdo estuda construgdo de grande porte,
como prédios de alto padrao.

O BIM é um conceito transformador que esté revolucionando as industrias de
construcdo e engenharia. Ao integrar sensores e dispositivos 10T em modelos BIM,
pode-se criar edificios inteligentes que sdo mais eficientes, sustentaveis e que

respondem as necessidades dos usuarios (TANG et al., 2019). Embora o mercado
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brasileiro possa ser considerado como potencial, as iniciativas ainda sdo poucas,
limitando-se ao desenvolvimento de projetos da construcéo civil de grande porte,
como prédios de alto padrao (FIRJAN, 2016).

1.2 Justificativa

O desenvolvimento e o crescimento de uma sociedade baseiam-se nos
conhecimentos e experiéncias, tanto positivas como negativas, que ela vivencia ao

longo do tempo.

A indastria da construcdo no Brasil ndo tem conseguido acompanhar o
crescimento tecnolégico e digital que o mundo viveu nas Ultimas duas décadas,
atualmente existem poucas usinas de reciclagem e reaproveitamento dos
residuos gerados pela construcao civil, dessa forma, o processo construtivo no
pais ainda gera muito residuo e por muitas vezes o descarte incorreto ao meio

ambiente, assim impactando na sustentabilidade da construcéo civil.

Este estudo avaliou como o uso de ferramenta tecnoldgica BIM pode interferir
no processo construtivo para melhorar a sustentabilidade. A pesquisa tentou atender
ao ODS 9 (Objetivos de Desenvolvimento Sustentavel, da agenda 2030) da ONU, no
tocante a apoiar o desenvolvimento tecnoldgico e ao ODS 11, no sentido de reduzir
0 impacto ambiental negativo per capita das cidades, inclusive prestando especial

atencao a reducao de residuos municipais.

1.3 Objetivos

1.3.1 Objetivo Geral

O objetivo geral deste trabalho consiste em analisar o uso do conceito BIM para
aumentar a sustentabilidade na construcéo civil brasileira.

1.3.2 Objetivos Especificos

e lIdentificar como as principais tecnologias digitais utilizadas na

17



Construgéao Civil impactam a produtividade, qualidade e eficiéncia dos
processos da construcao civil que podem facilitar a implementacdo da
sustentabilidade;

¢ l|dentificar os fatores que impactam na sustentabilidade da construcéo civil

no Brasil e como o BIM pode auxiliar na mitigacao desse impacto.

1.4 Metodologia Resumida

Para a construcao dessa dissertacao foi feito uma revisao da literatura cientifica
a fim de coletar dados para maiores esclarecimentos ao uso da plataforma BIM no
aumento da sustentabilidade da construcao civil no Brasil.

Segundo Gil (2008) as pesquisas exploratérias tém como principal finalidade
desenvolver e modificar conceitos e ideias, visando a formulacéo de problemas mais
precisos ou hipoteses pesquisaveis para estudos posteriores.

No primeiro artigo de congresso, foi realizada busca nas bases de dados
Scopus, Google Scholar e Scielo, a partir do refinamento dos resultados dos artigos
cientificos, livros e periodicos, foram obtidas as informacdes para a fundamentacéo
tedrica., no sentido de identificar as tecnologias que podem auxiliar na melhoria da
sustentabilidade na construgao civil.

No segundo artigo, submetido a um periédico internacional, utilizou-se a revisao
de literatura para implementar a andlise da matriz SWOT e identificar os pontos fortes
e fracos, as oportunidades e ameacas com foco no uso do BIM como proposta para
melhorar a sustentabilidade da construcédo civil no Brasil. Entendido como fatores
negativos, foram atribuidas as causas que eventualmente poderiam interferir no
sucesso da aplicagdo do BIM no processo construtivo e foram estimados os pesos
destes utilizando a escala adaptado de Likert, desenvolvida por Rensis Likert em 1.930
essa escala tem como finalidade a pesquisa quantitativa (DOS SANTOS; DAMIAN,
2018). Posteriormente, o diagrama de Ishikawa foi aplicado utilizando as fraquezas e
ameacas encontradas, em uma segunda analise dentro do mesmo conceito, utilizando
as forcas e oportunidades, entendido como fatores positivos, foram atribuidas as
causas que eventualmente mantem a sustentabilidade com o uso do BIM na

construcao civil.
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1.5 Composicéo daDissertagdo

Este estudo esta apresentado em capitulos, conforme indica a Figura 1
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Figura 1. Esquema da configuragéo da dissertagao.

* |ntroducao, justificativa,
objetivos gerais e especificos,
metodologia resumida

e Referencial Tedrico

e Resultados e Discussao

e Consideracdes Finais

¥
v

e Capitulo I: Inclui a introducdo do tema, justificativa, objetivos gerais e

especificos, metodologia resumida;
e Capitulo II: Trata do Referencial teorico;
e Capitulo Ill: Sdo apresentados os resultados e a Discussao; e
e Capitulo IV: Sdo apresentadas as consideracdes finais bem, como sao deixadas

as sugestdes para os trabalhos futuros com base aos estudos feitos nessa
dissertacao.
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CAPITULO II

2. REFERENCIAL TEORICO

Neste Capitulo apresenta-se um breve referencial tedrico sobre os temas
estudados nessa dissertacao.

A construcédo civil tem grande importancia econémica para diversos paises,
principalmente paises em desenvolvimento como o Brasil. O setor da construcéo se
dedica a diversas atividades e apresenta uma taxa média de crescimento de 3% ao
ano, representando 6% do PIB do Brasil e gerando 24% do total de empregos
formais (BRANCHER; GONCALVES, 2016). Desde a Primeira Revolugéo Industrial,
ocorreram avancgos significativos no setor da construcdo, principalmente na
utilizacdo do carvdo mineral como fonte de energia que possibilitou a producéo em
escala industrial. Foi possivel fabricar pecas de ferro com melhor qualidade e
agilidade por meio de descarbonizacéo, laminacao, jatos de ar quente e martelos a
vapor, proporcionando oportunidades de incorporacdo do ferro na industria da
construgdo (ROCKER, 2021).

2.1. O uso do Conceito BIM Na construcao civil

O BIM é definido como um conceito criado para gerenciar informac¢des em um
projeto de constru¢cdo em todo seu ciclo de vida, o conceito detém de uma familia de
softwares que mantem interoperabilidade entre si, sendo fundamentado por trés
pilares, Al) tecnologia, All) processo e Alll) pessoas. Parte integrante do conceito
estdo as dimensdes BIM, BIl) 3D BIM - modelo, Bll) 4D BIM - planejamento, Blll) 5D
BIM - custos, BIV) 6D BIM - sustentabilidade. BV) 7D BIM - gestdo da manutencéo
(SACKS et al., 2021).

Trabalhando em uma metodologia BIM, é possivel identificar ferramentas que
permitem vincular umas com as outras informacfes do projeto, como, acustica,
térmica, ergonomia, acessibilidade, sustentabilidade, etc. (HOUSTON, 2017). O BIM
auxilia a limitacdo de préticas que causam grandes desperdicios de material, com o

conceito, € possivel prever a quantidade de residuos gerados na construcao e entao
21



€ possivel ja planejar as separacgfes de reciclagem de matérias de residuos.Com o uso
do conceito BIM, é possivel fortalecer a sustentabilidade nos seus trés pilares, i) sociais,
i) ambientais e iii) econémicos (MATTANA e LIBRELOTTO, 2017). Embora a questao
da sustentabilidade seja importante, muitas construtoras ainda nao adotaramessa
pratica para encontrar solu¢des para os problemas decorrentes de suas atividades
(PELOSOF, 2016).

Além das vantagens anteriormente citadas, o BIM influi em todo o ciclo de vida
da construcdo, desde o esboco até a conclusdo, trespassando até a entrega da
construcdo para o administrador do condominio e chegando ao proprietario ou morador,
que fara o monitoramento e controle das manutencdes de prevencédo, bem como as
modificacdes ou incrementacdes, e que devera dar continuidade ao abastecimento e
manutengdo das informagdes ao conceito BIM (EASTMAN et al., 2011).

Estima-se que num futuro préximo sera possivel automatizar o canteiro de
obras, com ferramentas como BIM, drones e novos materiais, maquinas no lugar do
trabalho manual, software no lugar de anotacdes e soluc¢des tecnologicos robustas
para substituir ferramentas pesadas. Além disso, o controle de todas as etapas da
obra serda feito por meio de aplicativos com interface simples baseada em realidade
aumentada (RAMOS; RODRIGUES e MELLO, 2018).

Porém, sem a internet das coisas (IoT), os canteiros de obras automatizados
se tornardo um conceito muito longinquo da rotina dos engenheiros civis (CHEN;
SOTO e ADEY, 2018). E uma loT que fornece comunicacg&o e gerenciamento de dados
entre objetos, com ele,o0s dispositivos se conectam a internet e trocam dados entre si,
eliminando, entre outras etapas, operacfes manuais para controlar as etapas do
trabalho (MENDES e RIBEIRO, 2016). Além disso, as informacfes do projeto sao
armazenadas na nuvem, reduzindo significativamenteo uso de papel e aproximando-
se da inteligéncia artificial. (AGARWAL; CHANDRASEKARAN e SRIDHAR, 2016)

Com a automacao do canteiro de obras, e a digitalizacdo das informacdes em
maos, € importante atentar-se para a necessidade de capacitar os profissionais, € valido
um estudo de viabilidade para uma comparacéo de custos para o reaproveitamento dos
profissionais a serem capacitados, com a demissao e contratacdo de profissionais ja
com a experiencia de operacdes das novas tecnologias, pois o tempo de treinamento e

capacitacdo dos profissionais existentes, podem resultar na perda de eficiéncia
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(ZUCHETTO e LANTEME, 2020).

2.2. Construcao e Sustentabilidade no Brasil

Nos paises em desenvolvimento, inclusive no Brasil, a construgédo civil ainda
€ reconhecida pela baixa produtividade, baixo controle de qualidade de seus
produtos e qualificacéo insuficiente de sua méo de obra (OCHIENG et al., 2014). A
industria da construgdo tem um impacto ambiental significativo, tanto em termos de
utilizacdo de recursos como de geracao de residuos. Produz uma grande variedade
de residuos no local, cuja quantidade e tipo varia dependendo da fase de construcéo,
do tipo de trabalho a ser executado, das alteracdes de projeto solicitadas pelas
partes interessadas e das praticas seguidas ao longo do ciclo de vida do projeto (LIU
et al., 2011). As evidéncias sugerem que a integracao de principios sustentaveis em
projetos de construcdo leva a uma construcdo sustentavel bem-sucedida (OCHIENG
et al., 2014).

No entanto, € essencial desenvolver um quadro para gerir a execucao
sustentavel de projetos com base em principios sustentaveis. No ambito da Quarta
Revolucdo Industrial, o avanco da tecnologia da informacdo permitiu o
desenvolvimento de ferramentas de software para melhorar o planejamento de
projetos e reduzir desperdicios. Pesquisas anteriores sugerem que as técnicas de
Building Information Modeling (BIM) podem contribuir para praticas de construcéo
sustentaveis. Jayasinghe e Waldmann (2020) propdem um sistema baseado em BIM
gue viabiliza a economia circular gerenciando de forma eficaz a reciclagem de
materiais e a reutilizacdo de componentes na construcao.

As aplicac6es BIM em edificios pré-fabricados séo utilizadas principalmente
nas fases de construcao e producao. Os conceitos de construcao pré-fabricada estéo
relacionados a um tipo de construcéo e a uma disciplina complexa de engenharia de
sistemas que requer técnicas e conceitos de engenharia de sistemas para abordar
guestdes praticas (XIAO e BHOLA, 2022).

Estudos anteriores mostram a aplicacdo do BIM na construcéo sustentavel.

Liu et al. (2011) exploram a aplicacdo potencial do BIM para eliminar desperdicios e
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melhorar o desempenho da construcdo sustentavel. Rui (2021) destaca a
importancia da tecnologia BIM na concepcéo e construcdo de edificios verdes e
inteligentes para o desenvolvimento sustentavel. Estas descobertas indicam que as
técnicas BIM podem ajudar a minimizar o desperdicio de construcdo e promover

praticas sustentaveis na inddstria da construcao civil.
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CAPITULO Il
3. RESULTADOS E DISCUSSAO

Os resultados e a discusséo se encontram sob a forma de artigos cientificos.

3.1. Artigo 1
Esse artigo foi organizado com base em uma revisao da literatura,teve como

objetivo contribuir com o estudo de algumas das tecnologias habilitadoras da Industria
4.0 que colaboram em fortalecer a sustentabilidade na Construgao.

O artigo foi submetido na 12° Edicdo do Congresso 12° edicdo International
Workshop on Advances In Cleaner Production, que ocorrera em 23 e 24 de Novembro
de 2023 na Africa do Sul,onde o artigo citado foi apresentado. A leitura das
bibliografias do referido artigo, auxiliaram para o desenvolvimento dessa dissertagao.

O artigo foi aceito para publicacdo nos anais do evento (Anexo 1).
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Abstract: This article aims to analyze Industry 4.0 (14.0) technologies. which can be used in civil
construction to reduce the negative impact on the environment and society. For this, the scientific literature
review method was used, through a search in the Scopus, Gocgle Scholar and Scielo datzabases, using the
keywords "Environment” or "Sustainability” and "Construction 4.0" or "Industry 4.0 technologies in
construction”. As a result, it was found that some technologies are important to reduce the aggression to
the environment, such as the 3D printer that allows reducing the disposal of waste, BIM, which can reduce
design errors that would result in rework and waste disposal, and the drones performing dangerous activities,
in this case allowing greater safety for the worker.

Keywords: Sustainability; Construction; Technologies of Industry 4.0.

1. INTRODUCTION

With the arrival of the Fourth Industrial Revolution, better known as Industry 4.0 (14.0),
vhich holds several tachnologies, some such as Artificial Intelligence, Robotics, Internat of Things,
Cloud Computing (CARVALHO et al., 2022). With Civil Construction it was no different, with the
increase and adaptation of 14.0 technologies to this sactor, new execution methods and more

qualifications of labor will emerge. (LEKAN;: CLINTON: OWOLABI, 2021).

Seeking o offer an alternative %o zlign sustzinable development gozls with digitzl

transformation, 14.0 is 2n option that iz being insertaed in manufacturing. "Smart factories” are
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considered highly efficient in the use of resources, quickly adapting to demand and economic
scenarios, and can be implemented in Civil Construction (SIMAO et al., 2019). 14.0 can support
flexibility, efficiency and production through technologies that need further study and
understanding of their connection to environmental sustainability challenges. In this way,
contributions aimed at economic, ecological and social conquests are expected. (SOARES; GOHR,
2021)

This article aims to carry out a literature review on the contributions of Industry 4.0-
enabling technologies used in civil construction and their impacts on sustainability.

2. THEORETICAL FRAMEWORK

2.1 The Technologies of Industry 4.0

Civil construction has increasingly mirrored industry 4.0, adapting the use of technologies
to its business model. (CAVALCANTI et al., 2018). Such technologies are, as explained in Figure
3%

Fig.1 - Industry 4.0 enabling technologies
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Industry 4.0 can be described as a complex system, which includes many interactive
agents that exhibit organized, non-ordinary behavior (CARVALHO et al., 2022). It is a
characterized system, which due to its technological advances is capable of uniform production
and high performance. (CUENOT; QUENEDEY, 2016).

Artificial intelligence is a technology that, through combinations of algornithms and
computing data, can intelligently learn and imitate human intelligence, making it possible to
complete actions and decision-making. (CARVALHO et al., 2022)
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The Internet of Things (IoT) is a concept that takes into account the prevalence of a lot of
technological equipment, being able to make digital connections of equipment, with transfer of
technoclogies and information. Big Data and Cloud Computing are concepts in the pillar of Industry
4.0, Big Data can be a solution for storage and solutions for big data information, since Cloud
Computing zallows data to be shared by all devices of the project and with that can provide more

agility in the civil construction process and offer better decision-making.
3. SUSTAINABILITY

It is believed that Industry 4.0 can produce positive results for better sustainability in the
production process. In this interaction, several points can be examined, for example process
safety, efficiency in resource consumption, and the development of more flexible and intelligent
processes that deal with impacts at the level of sustainability. (KAYIKEI, 2018)

When civil construction uses the resources offered by industry 4.0, it helps to minimize
environmental impacts, such as: better use and use of resources such as the water system,
electrical system and waste disposal system (ROQUE; PIERRE, 2013), The water system can
become more sustainable if decisions are taken during the construction project. For example, the
use of 2 drzining ecological floor and its layers of filters, which can recsive rainwater, filter it and,
through drains, take this water to a reservoir zllows to reuse it for other purposes, saving drinking

water for 2 more noble use.

Energy efficiency is another example that helps to minimize environmental impacts

through the instzallation of solar panels for the production and storage of 2lactrical enargy.

And finally, the waste disposal system, in the constructive system, which uses racyclable
waste, with the correct disposal certificate through tracking technology, indicating the disposal
site and its recycling, would maks the system less aggressive to the environmeant environment.
According to Lara; Kempter; Penteado (2021, p.41) " Thus, the transition to a circular economy
(CE) is seen as an alternative to reduce environmental impacts and contribute to economic
growth, constituting a new system that promotes the valuation of materials throughout the life

cycle and minimizes waste ”

The examples above point out that the tendency of Civil Construction towards
sustainability begins in its planning and design, where one should already think about sustzinable

means.
4. METHOD

The article presents a literature review on the technologies of Industry 4.0, Sustainability

and the Applications of Technologies to Civil Construction, the article seeks to identify

“ WAYS TO PROMOTE EQUITY OF RESOURCES: THE ROLE OF CLEANER PRODUCTION AND
THE CIRCULAR ECONOMY AS A MODERATOR. ACTION OR REACTION TO SAVE THE PLANET?

Stellenbosch - South Africa - W™= &= 24 2023

28



4 12th International "*™#*! Advances in Cleaner Production - Academic Work

Sustainability with the increments of Technologies that address the relationship between the
themes, Technologies of Industry 4.0 applied to Construction Sustainable Civil.

According to Koller; Couto: Hohendorff (2014, p.25), the best way to prepare a2 literature
review is to research academic scientific articles zalready published, sslect articles related to the
defined line of research, read the articles, and with that elaborate in a clear and succinct way the

understandings obtained.

For the construction of this article, 2 search was made for scientific articles, books and
periodicals, in the databases of Scopus, Google Scholar and Scielo, search made using the
keywords "Environment” or " Sustainability " and "Construction 4.0" or " Industry 4.0 technologies
in construction”, with the presented results of 4,525 works, were rafined through the selection of
publications of articles from the years 2013 to 2023, and works of free access, with direction to
the area of the subject, with this it was reached the result of 542 scientific articles, and with a
reading of the abstracts of the selected articles, it was possible to extract only the articles that
adherad to the objective of the research, which were read in full, and the critical analysis led to

the narrative review presented in the results and discussions.

The results outline the final portfolio, and arguments related to this proposal for 2 literature

review that are presented in this article.
5. RESULTS AND DISCUSSIONS

Human resources and natural resources, with the implementation of Industry 4.0
Technolegies in civil construction, taking into account the major impacts, it should be noted the
advantages of productivity, quality, efficiency without waste, the use of certified products and
inputs, ecologically correct, thus achieving an improvement in sustainability (NETO, 2022).

According to Reis (2021), with the arrival of Industry 4.0, it was possible to automate
production intelligently, being able to unite the real environment with the artificial one and with
the proper use of Industry 4.0 technologies, it is possible to sustainably reduce consumption of
energy, for Gregori et al. (2017) it is noticeable that industries that allow technologically and
socially sustainable production methods improve social working conditions. As for NETO (2022,
p. 26) "The adoption of Industry 4.0 components would have a great impact on the entire civil
construction chain. In addition to the advantages generated by the increases in productivity,
efficiency, quality and collaboration, the adoption of these components can increase safety and
sustainability, improving the performance of the sector”.

For Carvalho et al {2022, p. 8) "Industry 4.0 2ims to increase the flexibility of the evolution
of production processes in 2 more sustainable context”. In addition to being intagrated with

sustainability and the environment, it is essential that all this tachnology can serve all classes of

“ WAYS TO PROMOTE EQUITY OF RESOURCES: THE ROLE OF CLEANER PRODUCTION AND
THE CIRCULAR ECONOMY AS A MODERATOR. ACTION OR REACTION TO SAVE THE PLANET?

Stellenbosch - South Africa - W™= 24 2023

29



5 12th International "™®*! Advances in Cleaner Production - Academic Work

civil construction. The demand to deploy and implement must be 2 complex and costly process
that can impact entrepreneurs in obtaining 2 tangible price for the majority of the population.

As for Ribeiro (2019, p. S0) "The monitoring and inspection of the work, praviously done
in person, is now done through devices attached to the drone and allows access to places of
difficult access such as dams, bridges, buildings, towers, churches, among others. This
methodology was applied in the pre-project phase of the site survay”.

Therefore, among the =advantages of deploying and implementing Industry 4.0
technologies in companies in the civil construction sector, it aims at changing to be less aggressive
towards sustainability, reducing failures in the design phass of projects, in construction
production, offering more quazlity, speed of execution and less waste of inputs, generating less
disposal waste. The main contribution of this article is to analyze the benefits generated in the
interoperability process in the management of technologies, and to obtzain greater sustainability
in civil construction.

Unmanned equipment for observation and manipulation of difficult-to-access places, being
a useful tool for Civil Construction, for example: in a 30-meter-high building that has cracks on
the outside on the top floor, instead of carrying out inspaction in a traditional way that uses
rappelling strategies involving the safety of the professionzal, you can use a2 Drone that is an
Unmanned Aerial Vehicle (UAV), it is safer and offers greater agility for inspection, thus making
response faster decisions (NERY, PIMENTA, BRAGA, 2021).

3D printers have the function of making solid objects quickly, through additive
manufacturing with smaller particles, and with the elimination of customized production tools, the
2D printer has 2 cost reduction, avoids unnecessary waste collaborating with Environmental
Sustainability , has greater production time agility, since the traditional construction process
demands a lot of time, and production failures may occur during the construction process. Taking
into account that the 2D Printer technology can be used, with the Civil Construction waste inputs,
properly mixed with the appropriate aggregates, and thus avoiding the incorrect disposal of
waste, obtaining an improvement in sustainable production. (PAIM, ALMEIDA, 2018)

The Autonomous or Robotized machines, through close commands interconnectad to
cables, or even through remote commands through datz exchangs between Cloud Computing,
are used to perform human activities, where you can obtain the total security of the professional
operator, achieve a faster production with more gquality, avoiding waste with errors, or excess of
materials. (ARAUJO et al., 2013).

Large buildings are increasingly using technology, due to the huge volume of datz they
can use in their cycle, Cloud Computing supports Big Data which in turn stores large volumes of
data, with Computing in the Cloud, it is possible to remotely access the data of the civil

construction project from any device that connects to the internet, in addition to offering greater
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security to the project information, it can make the process more agile and reduce the chances
of error during execution of construction. (SIMAO et al., 2019).

The use of augmented reality collaborates with the development of the project by the
architects, making it possible to mix physical and virtual environments with the use of appropriate
software and associated artificial intelligence applications. The main attraction of using this
technology is having the ability to project reality without being in the physical environment of the
building, making it safer, and providing convenience and comfort to the user. With this
technology, it is possible to have efficiency, speed in production, and high agility in finding
divergences and correcting them quickly (GABRIEL, AMARAL, CAMPOS, 2018).

Table 1 - Some of the Industry 4.0 technologies that can be implemented in Civil
Construction
Technology Utility in construction

Known and called UAVs, (unmanned aerial vehicles). In civil
Drone construction, it can assist in collecting aerial images,
helping with inspections in works, deliveries of inputs, it is
(NERY, PEPPER, an economical technology and can offer more security
BRAGA, 2021) during the project process.

In civil construction, it is a machine that can produce
3D printers projects, three-dimensional models quickly with quality
and without waste.

(PAIM, ALMEIDA,
2018)

Autonomous machines and robots can be operated
Autonomous or autonomously, without the need for a person inside the
Robotized Machines | machine. Autonomous machines and robots can produce
with previously programmed commands, without the need
(ARAUJO et al., 2013) | for manual guidance.
In civil construction, cloud computing helps to access any|
Cloud computing information, consult projects in real time, obtain thel
solution remotely from any device connected to the internet]

(NETO, 2022)

Augmented Reality |concept and help a lot in the project, they propose a bette
view of what will be built, and even virtual tours of what is
(GABRIEL; AMARAL; |being built.

CAMPOS, 2018)

Augmented reality technology can be coupled to the BII\:I

The artificial intelligence that mimics human intelligence,
Artificial intelligence |allows that through stored data, make decisions using
patterns and algorithms, in civil construction artificial
(GABRIEL; AMARAL; |intelligence can help various phases of a construction

CAMPOS, 2018) process, from planning, as well as maintenance and project
management.
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6. FINAL CONSIDERATIONS

The fourth industrial revolution has become a reality. This concept is implementad in the
production methods. When considering the benefits, global efforts are underway to implement
these innovations through national action programs. Main technologies currantly on the market,

and under development: drones. 2D printing, autonomous machines, BIM concept and etc.

According to Ribeiro (2013}, the BIM platform is a technology with great potential, widely
accepted in the market and already being implementad. Drones offer labor savings, digitization
and information gathering, mobility for inspections and field studies and are available at
comparatively affordable prices. They can be applied from the field survey phase to post-work. It
is noticed that tachnologies based on the fourth industrial revolution are constantly developing

and adzpting to needs.

For Barducco and Constidncic (20139) “the adoption of technologies to automate
constructions, using augmented reality to design structures and visualize them before the start
of execution, 2D printing to, among other functionalities, create models and shapes, facilitating
and standardizing the exacution stage and the use of software in general, which are increasingly
complete, compiling in just one file all the information necessary for all those involved in the

execution of the work”.

To improve aspects of sustainability, many companies in the civil construction segment
have been using several sustainable alternatives in their projects, such as the construction of
intelligent buildings that can control water and energy resources, avoiding unnacessary waste,
implementing automation technologies that control air conditioning machines controlling the
building's internal temperature and humidity, automation to identify natural sunlight and control
the building’s internal luminosity, dimming light fixtures and saving electricity, installing solar
panels to capture and store electricity that can be used for self-efficiency and thus reducing
environmental and economic impacts. Civil construction companies come in time in search of
achieving sustainable certificates through the intelligent and technological means of the projects

to be built, from the beginning to the delivery of the property. (JUNICR, ROMANEL, 2013)

Thus, the aim of this article was to review the literature of edited studies on the
contribution of Industry 4.0 technologies to Civil Construction and its intagration with
sustainability. After application of the search method and literatura review. The in-depth analysis
examinad the triple perspective of sustainability, economic, social and environmental. Aiming that
in the midst of commercial and financial competition, companies in the civil construction segment
must adapt to techneclogies in order to offer more quality in delivery, reducing execution times

and reducing disposable waste, avoiding impacts on the environment, and offering means and
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sustainable products, in the current scenario, the company that is not advanced in technologies,
suitable to offer smart and technological properties and that are sustzinable, will have less

chances of participating and winning bids, even being placed outside the competitive markst.
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3.2. Artigo 2

Este artigo foi submetido ao Engineering Research Journal, com o titulo “Analysis
of the factors impacting the sustainability of civil construction in Brazil”.

O artigo avalia as dificuldades da implantacdo da sustentabilidade da construcao
no pais e aponta o BIM como uma possibilidade. O presente estudo utilizou a revisao
de literatura para implementar a analise da matriz SWOT para identificar os pontos
fortes, fracos, oportunidades e ameacas deste estudo, assim aproveitando as
oportunidades, definindo e mantendo as for¢as, prevenindo das ameacas, e trabalhando
as fraquezas. Posteriormente, o diagrama de Ishikawa foi aplicado utilizando as
fraguezas, ameacas, oportunidades e for¢cas encontradas.

Os resultados indicaram que os principais problemas que interferem na falta de
sustentabilidade na construcao civil no Brasil se devem a quantidade de desperdicio
durante o processo. Entre as questdes que afetam o sucesso da construgcao sustentavel
estdo a falta de educacéo e treinamento adequados dos trabalhadores, o custo de
software e hardware e a falta de gestores treinados em BIM para aplicar adequadamente

0s métodos durante todo o processo de construcao.
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ANALYSIS OF FACTORS THAT IMPACT THE SUSTAINABILITY OF
CIVIL CONSTRUCTION IN BRAZIL

Abstract

Civil construction in Brazil i1s the fastest growing part of the business, contributing to Brazil's
economic sustainability, representing 6.2% of Brazilian GDP, generating 24% of total formal jobs,
thus contributing to a portion of social sustainability. The present study used a literature review to
implement a SWOT matnx analysis to identify this study’s strengths, weaknesses, opportunities, and
threats to strengthen environmental sustainability and achieve firm consistency in the three pillars of
sustainability. Subsequently. the Ishikawa diagram was applied using the weaknesses and threats
found. The results indicated that the main problems that interfere with the lack of sustainability 1n
civil construction in Brazil are due to the amount of waste during the process. Among the issues that
affect the success of sustainable construction are the lack of adequate education and training of
workers, the cost of software and hardware, and the lack of managers trained in BIM to properly
apply the methods throughout the construction process.

Keywords: civil construction; sustainable construction; worker training.

1. INTRODUCTION

Civil construction has great economic importance for several countnes, especially developing
countnies like Brazil. The construction sector i1s dedicated to varnious activities and has an average
growth rate of 3% per year, representing 6% of Brazil's GDP and generating 24% of total formal jobs
(BRANCHER: GONCALVES, 2016). Since the First Industrial Revolution, there have been
significant advances in the construction sector, mainly in using mineral coal as an energy source that
enabled production on an industrial scale. It was possible to manufacture iron parts with better quality
and agility through decarbonization, lamination, hot air jets, and steam hammers, providing
opportunities to incorporate iron into the construction industry (ROCKER, 2021). During the Second
Revolution, scientific knowledge and research laboratories began to be incorporated by industry.
Steel quickly replaced iron in the most diverse applications after the invention of the Bessemer
process and the Siemens-Martin fumace (DATHEIN, 2003), which finally gave nise to reinforced
concrete with the function of resisting, respectively, compression and tension stresses. The
development of intemal combustion engines led to improved means of transport, making them more
efficient and faster (ISAIA et al.. 2017). Since then, concrete construction techniques have been
widely used in different geographic areas, such as places and human groups (SANTOS, 2006).
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Previous literature highlights the links between sustainability and construction engineening.
Zavadskas ef al. (2018) emphasize the multidimensional nature of sustainable construction, covening
areas such as sustainable architecture, construction matenals, economics, infrastructure planning, and
project risk assessment. Ochieng ef al. (2014) explore integrating sustainability principles into
construction projects, supporting the positive impact on project performance. Sustainable project
planning 1s a critical practice for integrating sustainability into construction engineering projects, and
Yu et al. (2018) highlight the dimensions of management control, nisk response, and consensus at
work. Francis and Thomas (2020) suggest expanding the boundaries of lean construction to include
the operational phase of projects to achieve broader environmental benefits to improve efficiency and

reduce waste.

In developing countnies, civil construction is still recognized for low productivity, low quality control
of its products, and insufficient qualifications of its workforce (OCHIENG et al., 2014). The
construction mdustry has a significant environmental impact, both in terms of resource use and waste
generation. It produces a wide vanety of waste on-site, the quantity and type of which vanes
depending on the construction phase, the type of work to be performed, design changes requested by
interested parties, and the practices followed throughout the project life cycle (LIU et al., 2011).
Evidence suggests that integrating sustainable principles into construction projects leads to successful
sustainable construction (OCHIENG ef al., 2014). However, it 1s essential to develop a framework to
manage the sustainable execution of projects based on sustainable pninciples. Within the scope of the
Fourth Industrial Revolution, the advancement of information technology allowed the development
of software tools to improve project planning and reduce waste. Previous research suggests that
Building Information Modeling (BIM) techniques can contribute to sustainable construction
practices. Jayasinghe and Waldmann (2020) propose a BIM-based system that enables the circular
economy by effectively managing the recycling of materials and the reuse of components in

construction.

BIM applications in prefabricated buildings are mainly used in the construction and production
phases. Prefabricated construction concepts are related to a type of construction and a complex
discipline of systems engineenng that requires systems engineening techniques and concepts to
address practical 1ssues (XIAO; BHOLA, 2022). Previous studies show the application of BIM in
sustainable construction. Liu et al. (2011) explore the potential application of BIM to eliminate waste
and improve sustainable construction performance. Rui (2021) highlights the importance of BIM
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technology in designing and constructing green and smart buildings for sustainable development.
These findings indicate that BIM techmques can help mimmize construction waste and promote
sustainable practices in the construction industry.

Therefore, the present study aims to identify the negative and positive factors that may compromise
the full adoption of sustainable construction in Brazil and evaluate the use of BIM to increase the
chances of success in achieving sustainable civil construction.

2. METHODS

This exploratory study was carried out in three stages. First, we identified the factors related to
adopting sustainable construction in Brazil through a SWOT analysis. Secondly, we evaluate the use
of BIM techniques to achieve sustainability in construction, adopting the weaknesses and threats in
the Ishikawa diagram. Third, we adopt the strengths and opportunities in the Ishikawa diagram,
emphasizing the positive points for sustainability.

2.1. SWOT Analysis

We reviewed the current literature and identified the causes that could hamm sustainability and the
points that favor sustamability in the construction sector in the SWOT analysis. For this study, we
defined a root cause as any identifiable process explicitly stated as likely to result, as much as
possible, 1n data abstracted from the cited studies.

Next, the SWOT matnx analysis model created at Harvard Business School was used. The Swot
matrix comes from the English words Strengths, Weaknesses, Opportunities, and Threats (Fernandes,
2012). By identifying the weaknesses and threats of the SWOT matnx analysis of this research, it 1s
possible to identify the factors that prevent the BIM concept from promoting sustamability in
construction (DE SOUZA CASTRO et al., 2008).

According to Wright ef al. (2000), through strengths and opportunities, it 1s possible to identify
solutions that promote and strengthen construction sustainability through the BIM concept. Table 1
presents the SWOT matnx using current literature to identify Strengths, Weaknesses, Opportunities,
and Threats.
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Table 1. SWOT analysis using current literature.

FORCES () WEAKNESSES ()

Error reduction (Langner et al.. 2019) Investments in software (Eastman et al_, 2011)
Reduction in project time (Langner et al.. | Investments in robust high-tech computers
2019) (Wierzbicki et al.. 2011)
Increased productivity (Langner et al_, Investments in employee training (Crespo &
2019) Ruschel, 2007)
Strengthening sustamability (Ingryd et al., | Changing Processes and adapting business
2022) culture (Coutinho, 2015; Eastman et al., 2011)

OPPORTUNITIES (+) THREATS ()
Reduction in construction costs (Wong Lack of qualified professionals (Hippert &
&Fan, 2013) Aratijo, 2010)
gg:g;l in approving projects (Wong & Fan, Partner incompatibility (Lauden et al., 2020)
Reducing input waste (Araujo et al_, 2022)
Reduction of discarded waste (Araujo et
al_, 2022)

Source: adapted by the authors

2.2. Ishikawa diagram analysis of negative factors
The next step was to analyze the root causes of negative data factors, mapping them into leading
causes and subcategonies. For the main categories, we apply four categories of the Ishikawa diagram
structure:

» Labor — everything related to worker knowledge and education to achieve sustainability

(mainly related to waste reduction);

» Matenal — includes raw matenials and rework;

» Method — processes carned out 1n manufacturing (from design):

» Management — everything related to leadership and correct execution of the project.

The Ishikawa diagram serves as a valuable tool for identifying and resolving cause-and-effect
problems by visually representing the contributing factors within a process. This method operates on
the fundamental principle that every problem can be traced to an underlying cause, something wrong
in the process. Determuning the origins of the actions responsible for configunng the problem is
essential. The Ishikawa diagram is valuable in several areas of research (ABDUL-RAHMAN et al_,
2011; GUNDUZ ef al., 2013; LESNIAK et al., 2021).
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We reviewed the cumrent literature and identified the causes that could harm sustainability in the
construction sector in the SWOT analysis (weaknesses and threats). For this study, we defined a root
cause as any identifiable process explicitly stated as likely to result in data extracted from the cited
studies (Table 2).

Each root cause was independently assigned to one and only one branch of the Ishikawa diagram by
two reviewers. We used an adapted Likert scale (3=high probability of interfering, 2=no interference,
and 1=high probability of not interfering) to weigh root causes (BRESSER-PEREIRA, 2008;
FERNANDES, 2019). The Likert scale 1s the most used venfication scale in research on people's
opmions (SANTINO, 2018). To construct Table 2, the Likert scale adapted by root causes was used,
considening the degree of relevance of the weight factor for adequate treatment in the Ishikawa

diagram.

Table 2. Root causes attnbuted to Ishikawa 1 branches.

Because Root Root cause name References Weigh
Ishigawa cause (adapted
number Likert
scale)
1 Lack of education Eastman et al_, (2011) and 3
workers Sabongi ef al., (2009)
2 Bad tramning Checcucci (2014) 3
3 Lack of project Coutinho (2015); Eastman ef 2
assertiveness al., (2011)
Material 4 Software application g(t)l(());)r al_, (2012); Jacobsk 2
5 Hardware availability  Barreto et al., (2016); Eastman 3
etal., (2011)
6 Inconsistent Eastman et al., (2011); Borges 2
information et al_, (2015)
Method 7  Lackofaccessible  Jacobsk (2003) 2
software
8 Lack of leadership Eastman et al. (2011) 2
9 Compliance with Checcucci (2014) Borges et 2
standards and al., (2015)
Management regulations
10 Transparency and Eastman et al., (2011); 1
responsibility: Degaspern (2017); Coutinho
(2015)

2.3. Strategy for data analysis
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Data mapping consisted of extracting relevant information to study the root causes of the proposed
problem: the application of BIM as a source of increased sustainability in the construction sector.

Figure 1 shows the development of the method.
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Figure 1. Development of a method to achieve sustainable civil construction using BIM.

The strategy for the scope of this research is developed based on the factors found in the Swot matrix
analysis (weaknesses and threats), going through the Ishikawa diagram so that the root causes can be
addressed. With the results obtained, it will be possible to work effectively and adequately to solve
the problem and thus achieve sustainability in construction (CARVALHO, 2002).

2.4. Ishikawa diagram analysis of positive factors
The next step 1s to analyze the root causes of positive data factors, mapping them into leading causes
and subcategories. For the main categonies, we apply four categories of the Ishikawa diagram
structure:

» Labor — everything related to project production;

» Matenal — quantification of inputs (reduction of waste of inputs and reduction of disposal

waste);
» Method — agility in approvals and decision-making
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Table 3. Root causes attributed to Ishikawa's 2 branches.

Because Root Root cause name References Weigh
Ishigawa cause (adapted
number Likert
scale)
1 Reduction of working Langner ef al., (2019); Shen 3
Workers time on projects. and Issa (2010)
2 Reduction of labor Langner et al., (2019); Shen 3
erTor1S. and Issa (2010)
3 Budget accuracy of Eastman ef al_, (2011); Vitasek 2
costs. and Maté&jka (2017)
4 Waste reduction. Vitasek and Matéjka (2017) : 2
: Thurairajah and Gruchor
Matenial (2013)
5 Reduction of waste. Vitasek and Matéjka (2017) ; 3
Thurairajah and Gruchor
(2013)
6 Interoperability Lauden et al,, (2020); Eastman 2
Method between software. etal., (2011)
7 Supplier WU et al., (2017); Eastman et 2
parameterization. al.. (2011)

3 RESULTS AND DISCUSSION

3.1 SWOT Analysis

Given the current context, we have the Swot matrix as an integral part of the solution for this research,
a relevant element for obtaining the partial results of the research. Through the Swot matnx, it is
possible to identify the points (strengths, weaknesses, opportunities, and threats), tuming their weak
points and threats into root causes to better address the problem that represents the negative factors
which, by implication in this research, 1s sustainability in construction, in a second analysis, tuming
positive factors, strengths and opportunities into root causes, maintaining the strengthening of
sustainability in construction. (DIAS:; FERREIRA; 2009) Within the weaknesses of the Swot matnix,
Eastman et al. (2011) observe the need for investments in software, robust computers, and training
of new employees in the same way (WIERZBICKI et a/., 2011) point out in a chronology study of
BIM. the high investment in software, computers, and training, which must be made to be successful
within the BIM concept (CRESPO; RUSCHEL, 2007) agree that the BIM concept requires robust
systems with high technology in the data structure and high investment in technical training. To
implement the BIM concept changes in processes and adaptations to business cultures are necessary
(EASTMAN et al_, 2011; COUTINHO, 2015).
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In the context of threats, Hippert and Araujo (2010) determined that more qualified professionals are
needed only 1n a BIM concept tool to increase productivity. In another view, Lauden et al. (2020)
observed the difficulty and resistance of construction companies and design offices in implementing
the BIM concept due to the traditional culture, the high investment in robust software and computers,
and the incompatibility between partners due to the interoperability between software.

Within the strengths of the Swot matrix, Langner et al. (2019) observe the advantages of the BIM
methodology. Due to the compatibility between platforms, during the compatibility of projects, it 1s
possible to create a virtual simulation environment, thus reducing the working time of project
production and with the advantage of eliminating errors beforehand. Same execution, obtaining an
economic gain in production, in the same way ( ARAUJO ef al., 2022) point out that BIM enables
waste control, allowing control of the final cost of construction. Within the different levels of
interoperability, the BIM concept enables the parametenization of suppliers and partners, resulting in
better equalization of inputs and costs, resulting in agility, reduced errors, and assertiveness in
purchasing (EASTMAN et al., 2011: MANZIONE, 2013).

In the scope of opportunities, Wong and Fan (2013) state that the BIM concept 1s inherent in that 1t
1s possible within economic sustainability to reduce construction costs, agility, and speed in approvals
and decision-making. Araujo et al. (2022) agree that the BIM concept, with trained professionals and
an adept culture, is possible within the processes and flows to reduce waste and waste.

3.2. Ishikawa Analysis

The Ishikawa diagram aims to analyze the operations of production processes, highlighting the causes
that lead to specific errors. Therefore, 1t aims to eliminate all possible root causes (DANIELEWICZ,
2006: GONZALEZ, 2023). Once the root causes have been found and distributed in the Ishikawa
Diagram, the whys are subsequently used to clanfy and eliminate all possibilities that cause the
problem, thus eliminating the root causes, as shown in Figures 2 and 3:
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Figure 2. Ishikawa cause-effect diagram to analyze the use of BIM to achieve sustainable civil
construction in Brazil.

Effect: The use of BIM increases the chances of success in sustainable civil construction.
Causes - Matenial: workers; Method; Management

(1) Material: Investments in software — As 1t belongs to the BIM concept and 1s interoperable with
each other, the software has a high acquisition value (JACOSKI, 2003; LINO et al., 2012;).
Investments 1 computers - As BIM family software 1s heavy, requiring a complex interface, it 1s
necessary fo use appropriate computers, robust and high-performance computers, and these hardware
have a high purchase price in the market (BARRETO et al., 2016, EASTMAN et al ., 2011).

(2) Labor: Lack of experienced professionals — With the lack of teaching matenals, lack of prepared
teachers, and lack of teaching platforms focused on the BIM concept, the supply is small compared
to the demand. making the training of a professional for BIM concepts (CHECCUCCI, 2014).

(3) Method: Investment in employee training — According to Eastman ef al. (2011), due to the high
imnvestment in software and computers, it would not be very different from the traming of
professionals. which requires high investment and focus on the part of Higher Education Institutions
(HEIs).

(4) Management: Partner Incompatibility — For Eastman ef al. (2011), compatibility between all
team parts 1s essential to achieve results and avoid conflicts of interest. For Borges et al. (2015), there
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1s an incompatibility to generate waste of time and production, thus causing additional costs and
possible rework (COUTINHO, 2015) — lack of managers trained in the BIM concept. Due to the lack
of BIM education for professional Engineers and Architects, we have professionals who cannot
integrate with other employees and do not know how to deal with the BIM concept. Therefore,
managers must have full knowledge of the functionality of the BIM concept (EASTMAN ef a/_, 2011;
COUTINHO, 2015; DEGASPERI, 2017).

Regarding material inference, previous literature (CLEVENGER ef al., 2010) indicated that
incentives for educational institutions are essential to offer training in the BIM concept with greater
demands. Investment in processes and adjustments to business cultures — With the implementation of
the BIM concept, employees who are already used to the processes that existed before the arrival of
BIM may have difficulty adapting to new work concepts, thus needing to review ways to help with
its adaptation (EASTMAN et al., 2011; DEGASPERI, 2017). According to Conceigdo and Miranda
(2022), when companies implement the BIM concept, they must rethink their cultures and processes
and invest more 1n training and technologies.

Conceming labor, an interconnection was found with the need for trained personnel described in the
methods. There is a lack of qualified professionals in the market (SABONGI et al., 2009; EASTMAN
et al., 2011). With the low demand for the BIM concept by construction companies, the consequent
lack of motivation from Higher Education Institutions (HEISs) to create new courses that enable the
BIM concept, and. as a cycle, the lack of implementation in the teaching curniculum Regarding the
lack of preparatory training for professionals for the BIM concept. With the low demand for the BIM
concept by construction companies, the consequent lack of motivation from Higher Education
Institutions (HEIS) to create new courses that enable the BIM concept, and, as a cycle, the lack of
implementation in the teaching curniculum. Such a lack of adequate staff 1s also reported in previous
studies (SABONGI et al., 2009; EASTMAN et al.. 2011). According to Eastman ef al. (2011) and
Clevenger et al. (2010), due to the high investment in software and computers, it would not be much
different with the training of professionals, which requires high investment and focus on the part of
Higher Education Institutions (HEISs).

Civil construction 1n Brazil 1s the largest generator of discarded waste that occurs uncontrolled. 10%
1s waste, which maintans its charactenistics duning the decomposition process, and 90% belongs to
class A, which has properties such as biodegradability or solubility in water, with the mortar being
the material with the greatest potential for waste (OLIVEIRA et al.. 2020). The BIM concept applied
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to civil construction can strengthen the three pillars of sustamability through the vertical insertion of
sustainability. It 1s possible to make construction costs economically viable in the long term, prepare
the feasibility study already providing contracting estimates, predict the quantities of waste generated,
and solve natural means of reusing rainwater and solar capture for better energy efficiency (MOTTA;
AGUILAR, 2009).
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Figure 3. Ishikawa's cause-effect diagram and the positive factors of BIM to maintain sustamability
in construction in Brazil.

Effect: Positive factors of BIM that mamtain sustainability in construction.
Causes: Matenial; workers; Method

(5) Material: Supplier parametenization — For Shen and Issa (2010), the detailed survey of
construction project costs i1s an activity that demands much time and i1s highly prone to error.
According to Thurairajah and Gruchor (2013), the BIM concept offers agility and reliability through
automatic survey and quantification through digital technology that eliminates errors. Vitasek and
Matéjka (2017) agree that BIM is a revolutionary concept that will help many partners and labor
suppliers achieve speed to meet budget demand. BIM technology increases budget reliability; with
this, the supplier i1s parametenized, can compress deadlines, ngorously eliminate errors, and
guarantees construction deadlines and costs.

(6) Labor: Training of intemal multipliers — A BIM professional within the company can multiply

his knowledge with other employees, and a trained and qualified professional can multiply his
knowledge in the company and train new professionals. The multiplier professional means expanding
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knowledge to develop other professionals in the company (BORGES, 2019). To form a BIM team,
the objectives must be clear to everyone, and the BIM concept involves a family of software with
specific methodologies. The BIM team must receive adequate training to obtain skills, and a well-
trained team can result 1n more efficiency, cost reduction, more significant budget, project precision,
and excellent collaboration between stakeholders (OLIVEIRA, 2022).

(7) Method: The interoperability of processes and cultures of the BIM concept — According to Lauden
et al. (2020), interoperability is essential in the BIM concept. Different systems and organizations
can work together in such a way as to ensure that people, organizations, and computer systems interact
with each other to exchange information effectively and efficiently. For the BIM concept to be
practical, culture and traditional business processes must adapt to the new concept, which requires a
lot of interoperability, parametenization, agility, and communication between interested parties
(EASTMAN et al., 2011: WU ef al.. 2017).

Due to the interoperability of systems, the BIM concept makes it possible for disciplines to
communicate with each other, providing high performance in production, eliminating errors, and
reducing waste. Due to the processes of the BIM concept, culture change 1s inevitable. The culture to
be adapted to the BIM concept must be based on three primary factors: Technology, people, and
processes, and these factors are linked coherently in procedures, standards, and good practices
(SILVA et al., 2022).

4. CONCLUSIONS

Regarding the first analysis, it 1s clear that the main obstacle to sustainable civil construction in Brazil
is the high waste generated duning construction. It was considered that the use of BIM led to a
reduction in waste generated in construction. It was found that factors that hinder the success of
sustainable construction include the lack of adequate worker training, the high cost of software and
hardware, and the scarcity of managers trained in BIM who can adequately implement BIM methods
throughout the construction process.

Sustainability is notable in its three pillars in the factors studied, the BIM concept due to the
interoperability of systems. makes it possible for disciplines to communicate with each other,
providing high performance in production, elimination of errors, reduction of waste, due to to the
processes of the BIM concept, the change in culture is inevitable, the culture to be adapted to the BIM
concept must be based on three pnmary factors: Technology. people and processes, these factors are
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linked in a coherent way in procedures, standards and good practices, BIM enables an increase in
productivity, the automated generation of quantities, this tool makes it unnecessary for professionals
to prepare manually, thus increasing precision and reliability, with interoperability, several
professionals will collaborate on several projects, and with integration into the BIM concept
eliminating conflicts and maximizing the success of the work as a whole, with the linking of
information, several professionals, partners and suppliers will be able to change the parametric
relationships, each in their field of discipline, with this it will be possible to achieve better
measurement of the production time of the project construction, this way it 1s possible to immediately
detect conflicts and reduce rework throughout the entire project phase.
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CAPITULO Il

4 CONSIDERACOES FINAIS

A utilizacdo e integracdo de novas tecnologias habilitadoras na construcéo
pode resultar em melhorias significantes na eficiéncia, reducdo de custos,
produtividade e competitividade das empresas. A utilizacdo destas tecnologias
contudo, acarretagrandes desafios e investimentos significativos, se faz necessario
um esfor¢o colaborativo entre as partes da cadeia produtiva industrial, governos e
instituicdes deensino para superar esses obstaculos.

Um dos maiores desafios da construcdo civil para a adogéo das tecnologias
habilitadoras da Industria 4.0 é a falta de preparacdo, competéncias e conhecimentos
necessarios entre os assalariados da construcdo. Trata-se de um alto investimento com
programas de treinamento e iniciativas educacionais que proporcionem aos
funcionérios as aptiddes e conhecimentos necessarios para usar e manter tecnologia

avancada.

Em paises como o Brasil, os desafios de implementacdo sdo maiores e a maioria
das empresas acabam acolhendo esses beneficios, para ter maior chance de
competividade no mercado, por outro lado é possivel observar a necessidade de maior
oferta de treinamentos para qualificar os profissionais que estdo ingressando ao
mercado de trabalho, é valido cobrar as autoridades competentes para alocar recursos
publicos para transmudar os cursos técnicos profissionalizantes classicos para as
votadas a quarta revolucado industrial que tem a oferecer obviamente das tecnologias

habilitadoras da industria 4.0.

3.1 Conclusao

Os resultados desta dissertacdo mostram que, embora as ferramentas BIM
permitem, até certo ponto, o planejamento e a modelagem da sustentabilidade
financeira dos edificios, ela tem limitagcdes importantes no Brasil. Estas limitagdes se
referem principalmente a falta de treinamento de pessoal qualificado em varios niveis
das construtoras e ao alto custo de operacionalizacdo da plataforma (hardware e

software).
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A principal contribuicdo do BIM é a obtencé&o de informacdes sobre a viabilidade
econdmica e os custos de construcdo/manutencao/operagdo de uma edificagdo. A
tecnologia BIM nao tem contribuicdo direta para o fortalecimento da economialocal ou
dos padrdes econdmicos da construtora projetista, consequentemente, € importante
verificar a compatibilidade entre os modelosantes de elaborar um orgamento ou
orcamento baseado em um modelo BIM. Globalmente, a tecnologia pode dar uma
contribuicdo importante, reduzindo o tempo necessario para obter informacdes e a

complexidade da extracdode dados.

3.2 Sugestdes de trabalhos futuros

A 42 revolucao Industrial esta prestes a ter efeitos significantes na forma como
se produz a construcao Civil, como o aumento da eficiéncia na utilizacdo dos recursos
disponiveis, alteracdes na forma como os dados s&o recolhidos e na forma como os
processos sao realizados, com uma introducdo significante de maquinas com
inteligéncia artificial em acfes atualmente realizadas por pessoas. Havera também
uma grande mudanca na gestdo empresarial, nomeadamente no que diz respeito a
estratégia de implementacao de novas tecnologias, 0 que exigira a cooperacao entre
todas as areas do negécio, mas principalmente entre as areas da tecnologia da
informacéo (Tl) e de implementacdo na implementacdo comercial (aquelas nos
canteiros de obras).

Os progressos tecnologicos estédo levando a um ambiente de negdécios cada
vez mais dindmico e acelerando as mudancas. Para se manter competitivas no
mercado as empresas precisam assalariar um gerenciamento de projetos eficaz. Para
ISSO estdo emergindo tecnologias que atingem todos os grupos de processos de
gerenciamento de projetos, sendo de grande importancia para auxiliar na execucao
das tarefas do ciclo de vida do projeto conforme mencionado no presente trabalho,
gue cumpriu seu objetivo, ao apresentar alguns dos as ferramentas que ajudaréo a
aumentar a eficiéncia, eficacia e efetividade dos projetos realizados pela industria da
construcao civil nos préximos anos.

Como sugestdo de continuidade para trabalhos futuros, pode-se citar

brevemente que o paradigma educacional trazido pelas universidades deve ser
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guebrado e o perfil dos profissionais que atuardo no setor da construgao no futuro
deve ser alterado de acordo com as ligfes trazidas pela Industria 4.0. Hoje, ele precisa
deixar de ser um especialista com foco nos conhecimentos adquiridos em sua

formacao para adotar um perfil multidisciplinar.
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