
 

 

EMERGINGTECHNOLOGIESANDAUTOMATIONINCONSTRUCTION: 1 

Application to a two-storey building 2 

Abstract: 3 

Construction automation represents a major advance in the architecture, engineering, and 4 

construction (AEC) sector. It relies on the integration of technologies such as artificial 5 

intelligence, 3D printing, robotics, and drones to optimise costs, safety, and execution times. 6 

Thisstudyexaminesthecontributionsofthesetechnologies,withafocuson3Dmodellingand 7 

printing of a two-storey building. The methodology is based on a review of the literature and 8 

experimental modelling usingAutoCAD and Ultimaker Cura software. The results show that 9 

3D printing reduces waste, speeds up construction, and enhances sustainability, while 10 

transforming traditional practices. The study also highlights the challenges associated with 11 

labour shortages and the need for new skills in the sector. 12 

 13 
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Introduction 17 

In theArchitecture, Engineering, and Construction (AEC) sector, construction automation is 18 

the use of advanced technologies (generative artificial intelligence, 3D printing, and even 19 

drones).Byusingvarioustechnologies,automationaimstoreducecostsandensuresafety[1]. By 20 

streamlining the various stages of construction, it also seeks to minimise conflicts and 21 

improve efficiency [1]. It was in the 1990s that automation and robotics activities and 22 

applications began in the construction sector [2]. 23 

Theseapplicationsaimtoimprovesafety,optimiseequipmentoperation,andguaranteeahigh- 24 

quality space or environment for building occupants [2].The adoption of new technologies in 25 

the construction sector is essential to remain competitive. "Automation reduces errors and the 26 

timespentontediousandrepetitivemodellingtasks.Theconstructionsectorisshiftingtowards 27 

sustainability and environmental friendliness thanks to automated processes that include 28 

improvedestimation,optimiseduseofmaterials,shorterschedules,andreducedwaste"[3].In 29 

addition, the design process is giving way to construction automation and the ability to share 30 

data in the BIM model to facilitate better collaboration between teams and save time [3]. 31 



 

 

Withtheevolutionoftheconstructionsector,itisnecessarytoadoptnewtechnologiestoremain 

competitive.InChina,theconstructionofahospitalthattook10daystobuildenabledthefirst groups 

of patients to be admitted, to relieve the pressure on overburdened facilities due to the 

COVID-19 pandemic [4]. To meet the demand for construction projects, robotics and 

automation technologies are being used to provide solutions to problems related to labour 

shortages. They also play a role in addressing safety risks, particularly for high-rise buildings 

[5]. 

Thestudyaimstoproposeadesignforatwo-storeybuilding,whichwillthenbe3Dprintedto estimate 

the cost, completion time, and safety. 

1. Materialsandmethods 

Themethodologyisbasedonareviewoftheliterature.Modellingwillbecarriedoutusingthe 

AUTOCAD software, which is a CAD and CAM application. It can be used for two- 

dimensional (2D) and three-dimensional (3D) drawing and for calculating summary 

measurements.TheprototypewillbeproducedonaCREATLYprinter,usingtheULTIMAKER 

CURA software, which is a 3D printing application. 

 Thedesign 

 

Theproposeddesignisbasedonaone-storeybuildingmodel.Figure2.1illustratesthismodel. 

 

 

Figure1:3Ddesign ofthe two-storey building 



 

 

 3D printing 

 

Inthe constructionindustry,printingtechnologyappears to bepromising.However, itsadoption has 

yet to become widespread in this sector. Nowadays, 3D printing is becoming increasingly 

essential in design and construction processes. 

"The 3D printing process uses digital models to create physical 3D objects by layering thin 

layers ofmaterialuntil theentireobjectiscreated. 3Dprintingtechnology,whichinvolvesthe layer-

by-layer fabrication of 3D structures from computer-aided design (CAD) drawings, has 

established itself as an innovative and versatile technology platform. It offers promising 

opportunities for companies seeking to improve their production efficiency and allows for the 

printing of various materials, including thermoplastics, ceramics, graphene-based materials, 

andmetals.Theadoptionof3Dprintingtechnologyhasthepotentialtorevolutioniseindustries, 

enabling fasterproduction and reduced costs. In addition, it gives consumersgreaterinfluence 

over the final product, leading to customised specifications. Extrudability is the ability of 

concretetoflowthroughthenozzle.Itisassessedbasedontheconcretepastethatcanbeprinted without 

clogging the nozzle. In addition, the printed concrete paste must be free of cracks and 

separation.Extrudabilitydependsonthecharacteristicsofthemixtureandthecalibrationofthe 

nozzle. Incorrect nozzle calibration affects the printing of the concrete and can block the 

concrete in the pump tube. The setting of concrete is a function of time [6]. 

Unlike traditional on-site construction methods, 3D printing reduces waste generated during 

construction. The use of only the necessary quantities of sustainable and recyclable materials 

offers greater precision.This is what makesthe process moresustainable. 3D printing has the 

potential to revolutionise architectural design and functionality. 

 Chronological analysis 

 

3Dprintedconstructioncanbeconsideredanadditive,layer-by-layerconstructionmethodthat 

produces three-dimensional (3D) objects from a digital file. Itofferstheopportunity to reduce 

material consumption, decrease labour requirements, shorten construction times, optimise 

design,minimiselogisticalrequirements,improvesustainability andreducecosts comparedto 

conventional construction [7]. This interdisciplinary practice draws on knowledge from 

materials science, mechanics, software engineering, and structural architecture. The figure 

illustrates the growth of research on 3D printed construction between 1998 and 2019. 



 

 

 
 

 

Figure2:Growth inresearchon 3Dprinted construction between1998and2019 [7]. 

 

2. Advantages 

 

Advancesinlarge-scale3Dprintersareenabling thecreationoffull-scalestructuresin printed 

concrete, such as commercial buildings and mass-produced houses. 

"In 2016, a Russian company built the first printed concrete house in just 24 hours.ARussian 

start-up managed to build an entire house from a single block in 24 hours in the snow using a 

mega3Dprinter.Theaimistokeepcostsdownandprovidehomeownerswitharoofovertheir heads 

for less than £7,000. Finally, on 29 March 2014, the Shanghai-based company WinSun 

Decorationachievedthefeatofproducing10housesmeasuring200m²in24hoursusinganew 

3Dprintingtechnique,forlessthan£4,500perunit.[8].Similarly,aroboticbricklayercanlay 6,000 

bricks per day, while also improving workplacesafety. However, a human bricklayer is often 

limited to laying 500 bricks per day. [9] 

 

 

Figure3:3Dprinting technique[8] 



 

 

There are numerous advantages associated with 3D printing construction. However, attention 

can be focused on the most notable ones, such as: 

 Theabilitytocreatecomplexdesigns 

 Customisationand design flexibility 

 Efficientuseof materials 

 Thespeedandefficiencyoftheconstructionprocess 

 Contributionto environmental protection 

 Improvedsafety and quality control 

 Sustainabilityandreductionofenvironmental impact 

 Innovationin the construction industry 

 Timeandmoneysavings 

 Moresustainableandenvironmentallyfriendlypractices 

 

3. 3D printed construction 

 

It has been found that 3D printing can significantly reduce the number of workers required, 

whichcouldsolvetheproblemoflabourshortages,particularlyincountrieswhereconstruction 

reliesheavilyonimmigrantlabour.Ontheotherhand,3Dprintingcouldbedisadvantageousin 

countrieswhereconstructionisoneofthemainsourcesofemploymentandwherelabourisless 

expensive. In addition, 3D construction printing will also require people with specific skills 

related to this new technology [10]. Figure 1 compares conventional construction processes 

with 3D construction. 

 

 

Figure4:Comparison of conventionalconstruction processeswith3D construction [10] 



 

 

4. Methodandexperimentalstudy(model) 

The 2D and 3D design of the two-storey building is carried out using AUTOCAD software, 

whichisthenconvertedinto STLformatsothattheCOURAULTIMAKER softwarecanread the 

file format. 

Figure4.1 clearlyillustratesa print model on COURAULTIMAKER 
 

 

 

Figure4.1:Printing thetwo-storeybuilding on CURAULTIMAKER 

 

5. Modellingautomatedsystemsinconstruction 

Anautomatedsystemcanbemodelledindifferentways.Wedistinguishbetweenthealgebraic form 

(logical equation), the tabulated form (truth table) and the symbolic form (logical diagram). In 

this study, the focus will be on representation using a GRAFCET (Graphical Automated 

Reasoning Function-Based Control) type logical diagram. 

Initial step: 

- Filamentpositionedinthehotchamber 

- Digital design entered theprinter 

- Allmotorsatrest 

- Nozzleopen[15] 

Receptivity: 

- I=machineignitionswitch.Takesthevalue1ifONand0if OFF 

- T1takesthevalue1 whenthetemperatureoftheheatingchamberisgreaterthanor equal to 

the melting temperature of the filament and takes the value 0 otherwise. 

- T2takesthevalue1 whenthesolidfilamentisin themeltingchamberandthevalue0 

otherwise. 



 

 

- T3 takesthevalue 1when thefilament becomes liquidand 0 when it is solid. [15] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure:GRAFCETsystemviewofa3Dprinter[15] The 

results highlighted the 3D printing of a two-storey building. 
 



 

 

Conclusion 

Automation applied to the construction sector is profoundly transforming traditional methods. 

3Dprintingmakesitpossibletodesignandbuildcomplexstructureswithunrivalledprecision and 

speed. 

Themainbenefitsidentifiedarereducedleadtimesandcosts,lesswasteandhumanerror,and 

improved sustainability and safety. 

However, this transition requires skills adaptation and regulatory changes to support new 

constructionpractices.Inthefuture,theconvergenceofrobotisation,artificialintelligence,and 

additive manufacturing promises smarter, more sustainable, and eco-efficient construction. 
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