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Abstract 

In the early stages of projects, architects always face a huge amount of data 

needed for the design. Currently, computational facilities are available to assist the 

designer to utilize data and information easily and efficiently to achieve this goal. 

Artificial Intelligence, AI, is a new science that utilizes, interprets and manipulates 

data to achieve goals and to accomplish tasks. Currently, AI has been spread among 

different disciplines and encompasses a wide variety of sub-fields (Modelling, 

anomaly detection, association and clustering). The present work aims at clarifying 

the privilege of adopting AI in the architectural design, and to encourage architects 

to start using it friendly. This is accomplished through a two-fold methodology: 

highlighting the related literature and demonstrating a summary of selected 

published case studies of applied and intended projects. It is expected that AI will 

be applied and play a substantial role in architecture practice more widely in future 

projects 
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1. Introduction 

Artificial intelligence (AI) is an interesting term that describes a machine that mimics 

human cognitive functions, like problem-solving, pattern recognition, and learning. Machine 

learning is a subdivision of AI that uses statistical techniques to provide computer systems 

the ability to learn from data, without being obviously programmed. The more the machine is 

exposed to data the better it becomes at understanding and providing insights. Thinking means 

how a lot of numerous data can perceive, understand, predict and manipulate a world for 

larger and more complicated than itself Machines simply learn from data, and the application 

of data is artificial intelligence (AI). AI goes further as it attempts not just to understand but 

also to build intelligent entities. AI is a significant science appeared in the late 40s of the 20th 

century, while it got its name in 1956 [1].  

 

Although AI was initially associated with microbiology, it spread among other 

disciplines. Recently, AI incorporates a wide variety of subfields from general-purpose areas 

such as learning and perception to specific tasks as diagnosing diseases, marketing, 

engineering, economy and others. Kaplan and Haenlien, 2019 gave a clear definition of AI as 

“Systems’ ability to interpret external data correctly to learn from such data, and to use these 

learnings to achieve specific goals and tasks through flexible adaptation” [2]. It is then 

obvious that data is the corner stone of AI activity, hence, it goes parallel to the developments 

in computing facilities and the amount and quality of data stored in global resources. Any 

discipline tries to utilize and interpret data form its own perspective. Through relevant 

algorithms, AI makes possible self-driving cars, distant operation, smart homes or other tasks. 

Therefore, we can say that AI is a tool for any discipline to redefine itself. 

 

This article could be considered as an approach to those architects who may consider 

AI as an illusion. It should be clearly mentioned that AI would never substitute or carry out 

their creative architecture role in design and planning. Usually architects use past construction 

data, design and building data and users’ needs to tackle new projects. But many designers 

and planners see this process as something still in the past. The ability to use large amounts 

of data in extremely limited time to enhance the architectural design process could produce 

wonders. 

 

As a matter of fact, in the early stages of design architects face an enormous amount 

of data covering the details of the different components of the project. Currently, many 

software has been developed to assist the designer to handle and utilize data and information 

to achieve his design easily, efficiently, and properly and to save a lot of time. 

 

The main objective of this study is to encourage architects to get closer with and to 

be familiar with recent and advanced computational techniques and software which are the 

basis of AI. To achieve this goal a two-fold methodology is adopted in this article: first a brief 

review of literature tackling related software and AI; second a concise summary of published 

case studies of applied and hypothetical projects 
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2. AI in Data Management and Design Options 

 
Computational technologies employed with architectural purposes are increasing. In 

this respect the amount of data globally produced in the last decade is enormous and subject 

to increase [3].  Most of the data is about built environment and human activities which are 

the playground for architecture. However, computational technologies and AI are badly 

needed in architecture to create analytical information that have significant influence of 

decisions in any phase of design. Moreover, computer-aided design (CAD) programs and 

algorithmic parametric design tools can generate forms that could not exist without 

computation [4].  

 

Architects usually face great amount of data to process in the first phases of design. 

These data include physical environment analysis, users’ needs, functional requirements, 

previous case studies, legal codes, etc. All of these data need to be processed. Here comes the 

role of AI that provides major support to deal with all these data that may be very difficult to 

process without computational technologies. Consequently, this is positively reflected on the 

design process by reducing the time required for the starting phase of design.  

 

Advanced commercial software on the use of AI in architecture is available. For 

example, CATIA, which stands for Computer Aided Three-dimensional Interactive 

Application, is used as an algorithmic design application. It shows the consistency and 

applicability of the new technologies, materials, machinery, progressive methods and 

information tools that enable more efficient use of materials [5]. Another software is 

Grasshopper, which is a graphical parametric tool working under Rhinoceros. Schneider used 

Grasshopper for the development of urban design proposal at a teaching exercise [6].   

 

Beside the available software, different researchers continue studying methods to 

apply AI in architecture leading to design development [7, 8 & 9]. Also Chillou, 2019  applied 

AI to floor plan analysis with the aim of generating different options of floor plans [10]. In 

2017, Nagi and his team developed the Project Discover, which is an application of generative 

design for space planning [11]. Sharma et al., 2017 developed the software DANIEL, which 

is a deep architecture for automatic analysis and retrieval building floor plans [12]. As et al., 

2018 demonstrated how to use Generative Adversarial Networks (GANs) to generate unique 

and original design variations [13]. 
 

2.1.  Application of AI in design options 

 
One of the interesting examples that shows the potential of AI in the architectural 

organization of space is Stanislas Chaillou’s contribution in developing a new system [14]. 

Chailllou was able to utilize deep learning and GANs in generating floor plans by focusing 

on functionality and style as main parameters as shown in “Fig. 1”. Soon architects may 

benefit from this feasible tool opening up many iterations of the projects and producing 

appropriate floor plans. Accordingly, it establishes a base for a more analytical process and 

generation of creative ideas by the architect. This experience highlights the potential of AI in 
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providing a tool that helps informing knowledgeable decisions within a limited time during 

the design phase.   

 

Moreover, an architectural office in Copenhagen (3XN) developed an important 

research project that emphasizes how a distinguished architectural practice positions itself 

according to the development of technologies. This project identified three main aspects 

where AI could contribute positively in: Research (organizing information), Design (a better 

iterative process) and Knowledge Management (developing an internal database of 

experience). The research division in the office is preparing for a paradigm shift and planning 

for five years ahead to develop the studio for the onset of AI into architecture practice [14]. 

 

Use  

 

Fig. 1. Utilizing Deep Learning and GANs in Generating Floor Plans [14] 

 

2.2.  Application of AI: AI as a style guide  

 
Additionally, AI can be used to find and duplicate elements, such as compositions 

and materials, profiles, storey heights, window and stair specifications, and more. For 

example, BricsCAD is an all-in-one CAD design solution that answers all architects needs 

related to 2D drafting, 3D modelling and BIM. The objective of BricsCAD is to use AI to 

assist architects with time-consuming and precise tasks, in order for them to innovate focus 

on the important design choices [15]. In BricsCAD, AI examines a sample model first before 

using the same style in a new project. For instance, flooring on the ground floor may have a 

different composition from floors above as shown in “Fig. 2”, or walls on the south side of a 

structure may automatically receive a thicker insulating coating. AI eliminates a lot of manual 

labor and lowers the possibility of overlooking crucial information [16].  
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Fig. 2. Through BricsCAD, AI applies same style in a new project after analysing an 

example model [16]  

 

2.3.  Application of AI: AI to Add Detail  

 
Increasing the level of detail (LOD) is the next step in the design process. A common 

illustration is the intricate connection between a wall and a floor slab, where the many layers 

come together in a certain arrangement. Artificial intelligence can be used to construct this 

intricate link only once, after which BricsCAD will automatically duplicate it in other places 

on the model as shown in “Fig. 3”.  This can be accomplished by a tool called ‘Propogate’ 

which is included in BricsCAD BIM that saves the architects a lot of time [16].  
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Fig. 3. Integrating the Level of Detail in the design process [16]  

 

3. AI in Building Information Modelling  

 
Building information modelling (BIM) is a popular term in the field of contemporary 

architecture. It is a multi-disciplinary approach that strengthens the relationship between 

different contributors of the construction industry such as architects, engineers and 

contractors. Eastman et al., 2008 considered it as a process change rather than simply a 

technology change. BIM describes the simulation of the building design in virtual 

environment. Azhar et al., 2008 mentioned that the resulting BIM is a data-rich, object 

oriented, intelligent and parametric digital representation of the facility. Consequently, views 

and data appropriate to various users’ needs can be extracted and analysed to generate 

information that can be used to make decisions and to improve the process of developing the 

facility. In this respect AI provides a strong support regarding the extreme complexity of the 

multi-layered and multi-disciplinary structure of BIM software. 

 

BIM is a 3D model-based process that provides architecture, engineering and 

construction experts insights to plan, design, construct and manage infrastructure and 

buildings in an efficient way. In order to plan and design the construction of a building, the 

3D models should take into consideration the architecture, engineering, mechanical, electrical 

and plumbing (MEP) plans and the sequence of tasks of the relevant teams. Ensuring that the 

different models from the sub-teams don’t clash with each other is very challenging. Through 

machine learning, generative design is used to identify and mitigate clashes between the 

different models generated and designed by the different teams during the planning and design 

phase thus preventing rework.  
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3.1.  Application of AI in building information modeling 

 

Numerous technological developments are built on machine learning algorithms, 

which are pushing AI to the top of the list of BIM trends as having the most potential to 

enhance the design process. 

 

By automating repetitive activities, BricsCAD BIM eliminates bottlenecks in the 

design process by using the strength of AI and machine learning. Geometry is a major 

BricsCAD BIM principle. With the 3D modelling tool in BricsCAD, architects can quickly 

build any shape they can think of. Correct BIM classification can be introduced afterwards 

and is not necessary during the creative, conceptual, design phase. The clever "Bimify" tool 

makes use of AI and quickly assign BIM classifications to the geometry. However, architects 

always have the last say and can change the classification manually as shown in “Fig. 4” [16].   

 

 
 

Fig. 4. Application of AI in Building Information Modelling [16] 

 

3.2.  AI in renovation: scan-2-BIM 

 

There are no 3D models available when it comes to remodelling old buildings. One 

method is to make a digital replica of the building (a point cloud) using laser scanners. 

Converting these unstructured points into useful geometry is the key difficulty here. The 

Bricsys team is developing semi-automatic techniques to acquire these 3D solids. A point 

cloud's planar surfaces are first found using BricsCAD. The wall and floor surfaces are flat, 
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so this is straightforward. An artificial intelligence program can readily fit a surface to a group 

of points that are roughly coplanar with a manually chosen point. It is simple to produce a 

volume that represents a particular room in a structure by semi-automatically fitting numerous 

surfaces and stitching them together. 

 

Surfaces in the actual world are rarely completely vertical or horizontal in practice. 

However, no architect wants small deviations due to measurement or calculation errors to 

occur in their final model. AI can be used here to optimize geometry. Finally, depending on 

the room volume planes, BricsCAD applies a clever algorithm to build the outside walls, floor 

slabs, roofs, and internal walls. Artificial Intelligence in BricsCAD BIM can consequently not 

only be used to make existing 3D geometry smarter, but can also generate geometry directly 

from a point cloud [16]. 

 

4. AI in Analysis of Building Performance  

 

The process of inspection of building’s behavior under certain effects is referred to 

as building performance analysis. It becomes easier and more reliable to conduct this process 

through applying AI and BIM. Specialized software in performance analysis in combination 

of BIM software are used for more fruitful and significant results. Energy and structural 

performance are the main types of building performance [17, 18 & 19]. Attia et al., 2009 

consider that software for energy performance analysis (EPA) are evaluated through the 

following criteria: usability and information management of interface, integration of 

intelligent design knowledge-base, interoperability of building modelling and the accuracy of 

the tool and its ability to simulate complex and detailed building components [20]. Currently, 

there are many accessible EPA tools that mostly operate as plugins under other software. For 

example, ‘Ladybug’ is a tool to work in collaboration with Grasshopper, with an effort to 

support the full range of environmental analysis in a single practice platform [21]. Moreover, 

there is another important analysis called automated building performance analysis that can 

eliminate the traditional time-consuming methods by utilizing machine learning ML that can 

in generating the best options for a set of parameters automatically. This performance analysis 

is considered an integrated approach that focuses on the interrelations between single 

performance aspects. For example, it allows users to realize how natural ventilation rates 

affect indoor air quality and how daylighting affects energy efficiency and HVAC system 

sizing. Therefore, by organizing the tediousness of data crunching to machines, automated 

BPA frees up time for design teams to focus on what they do best which designing. Figure 5 

shows another model for integrating automated building performance analysis in the design 

process [22].  
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Place  

 

 

Fig. 5. An Alternate Model for Integrating Automated Building Performance 

Analysis in the design process [22]  

 

Moreover, Cove.tool is an intelligent building performance and energy modelling 

platform that offers an array of tools necessary for sustainable data-driven design as shown in 

“Fig. 6”. The platform’s analysis tool integrates machine learning to aid architects, engineers 

and developers optimize high performance design options. Its scope covers façade design, 

water, glare, solar and climate. It can be used in Revit, Rhino 3D, sketchup and more for 

analysis [23].  

 

Structural performance analysis is an important problem that must be handled 

properly to avoid disasters caused by improper or poor structural design. This analysis is a 

domain in the interaction between engineering and architecture which deserves special 

attention during the design process. 

 



 

11              MSA ENGINEERING JOURNAL 

Volume 1 Issue 1, E-ISSN 2812-4928, P-ISSN 28125339 (https://msaeng.journals.ekb.eg//) 

 
 

Fig. 6. Automated Design Platform for Intelligent Building Performance through Cove.tool 

[23] 

 

5. AI in Architectural Representation  

 

Architectural representation is an inevitable step to demonstrate the produced design. 

Currently, every design tool in CAD applications has an interface for representation. 

Computational technologies and AI provide wide alternative media for visualization, 

upgrading representation to a high advanced level. Yang, 2020 considers that the virtual 

technology of architectural animation provides a new digital mode for the promotion of 

architectural image, which is considered an important means of architectural expression [24]. 

Software and tools are available that provide high quality of visual products with the help of 

AI such as ‘Vray’. Other software ‘Lumian’, ‘Twinmotion’ and ‘Cinema 4D’ make 

animations with realistic renderings easy to produce.  Dounas, 2020 considers animation as a 

computational understanding of architectural design [25]. 

 

Other new representation methods emerged with virtual reality (VR) and augmented 

reality (AR) in architecture as interactive techniques. Interactive visualization of architecture 

provides a way to see current and future stances of buildings [26]. VR and AR options were 

added to visualization methods of some existing programs through plugins like ‘Enscape’ or 
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‘VR Sketch’, while some other software as ‘EyeCAD VR’ and ‘IrisVR’ completely focus on 

VR experience as a representation method for architectural products. 

6. AI for Smart Construction  

 

The evolution of construction industry has passed through different stages starting 

with traditional methods to modern construction techniques [27]. Hence, AI could provide a 

considerable support effectively through collaboration with robotics, BIM and AR 

technologies. Using additive manufacturing is a way that AI could support construction. 

Additive manufacturing or 3D printing is recently a new but effective way of constructing 

buildings. Previously it was an expensive process, but it has become now one of the most 

cheap, affordable and eco-friendly ways of constructing buildings [28]. Moreover, automation 

is becoming an important innovation in construction. Systems like automated building 

construction, shut rise and steel frame remote releasing are examples of automated 

construction [29]. Wang and Love, 2012 stated that industrialization of the construction 

process requires a high level of automation, which happens to the site work tasks that require 

high integration of information and physical intensive resources [30]. 

 

The potential applications of machine learning and AI in construction are enormous. 

Change orders, requests for information and vulnerable problems are standard during 

construction. Machine learning can be considered as a smart assistant that can scrutinize this 

huge amount of data. AI alerts project managers about the critical things that need their 

attention [31]. The following examples demonstrate the benefits of AI in construction: 

6.1.  Prevent cost overruns 

 

Artificial Neural Networks (ANN) are utilized in projects to predict cost overruns 

based on aspects such as contract type, competence level of project managers and project size. 

Predictive models use historical data such as scheduled start and end dates to visualize 

realistic timelines for future projects. Staff can remotely access real-life training material 

through AI which enhances their skills and knowledge quickly, reducing time taken to 

onboard new resources onto projects. Thus, project delivery is accelerated.   

6.2.  AI and the generative design 

 

BIM provides architects, engineers, and construction workers with information they 

can use to effectively plan, design, build, and manage infrastructure and structures. In order 

to design and plan the construction of a project, the 3D models must consider the architecture, 

engineering, mechanical, electrical, and plumbing (MEP) plans and the sequence of activities 

of the respective teams. The challenge is to ensure that the various models from the sub-teams 

do not conflict with one another. To discover and resolve conflicts between the many models 

produced by the various teams, the industry leverages machine learning in the form of AI-

powered generative design. This reduces the need for rework. Now softwares explore every 

possible variation of a solution and generates design alternatives using machine learning 

algorithms. Once a user sets up requirements in the model, the generative design software 
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creates 3D models optimized for the constraints, learning from each iteration until it comes 

up with the ideal model. 

6.3.  Risk mitigation 

 

Each construction project carries some level of risk, which can take many different 

forms, including quality, safety, time, and cost risk. The more subcontractors working on 

various crafts simultaneously on job sites, the bigger the project, the greater the risk. General 

contractors can now monitor and prioritize risk on the job site using AI and machine learning 

solutions, allowing the project team to concentrate their limited time and resources on the 

biggest risk issues. AI is utilized to automatically allocate priority to issues. Subcontractors 

are rated based on a risk score so construction managers can work closely with high-risk teams 

to mitigate risk.  

6.4.  Project planning 

 

One construction company launched in 2017 with the potential that its robots and 

artificial intelligence solved late and over budget construction projects. Robots were used to 

autonomously capture 3D scans of construction sites. The company then feeds that data into 

a deep neural network that categorizes how far along various sub-projects are. The 

management team deals quickly with small problems before they become major issues if 

things seem off track. Algorithms use an AI technique known as “reinforcement learning.” 

This technique allows algorithms to learn from the trial and error process. It can evaluate 

infinite alternatives based on similar projects. It helps in project planning as it optimizes the 

best track and corrects itself over time.  

6.5.  AI for productive jobsites 

 

Some companies are starting to offer self-driving construction machinery to perform 

repetitive tasks more efficiently than their human counterparts, such as pouring concrete, 

bricklaying, welding, and demolition. Excavation and preparation work is being performed 

by autonomous or semi-autonomous bulldozers, which can prepare a job site with the help of 

a human programmer to exact specifications. This frees up human workers for the 

construction work itself and reduces the overall time required to complete the project. Project 

managers can also track job site work in real time. They use facial recognition, onsite cameras, 

and similar technologies to assess worker productivity and conformance to procedures. 

6.6.  AI for construction safety 

 

An algorithm is created to analyze photos from the job site, scan them for safety 

hazards (i.e., workers not wearing safety protective equipment) and correlate the images with 

its accident records. Risk ratings for projects can be potentially computed. Consequently, 

safety briefings can be held when an elevated threat is detected. 
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6.7.  AI for addressing labor shortages 

 

Construction organizations can enhance productivity by approximately 50 percent 

through real-time data analysis. Planning the distribution of labor and machinery across job 

is enhanced through AI and machine learning. Project managers can instantly detect which 

job sites have adequate equipment and workers to finalize the project on time and which are 

delayed where additional labor can be employed by using a robot which constantly evaluate 

the job progress. 

6.8.  Off-site construction 

 

In off-site factories, robots can piece together components of a building which are 

then collected together by workers on-site. Autonomous machines can construct structures 

like walls in an assembly-line fashion, leaving human employees to do the finishing touches 

on the plumbing, HVAC, and electrical systems once the structure has been put together. 

6.9.  AI and Big Data in construction 

 

AI systems are exposed to an infinite quantity of data to learn from and improve daily 

at a time when enormous amounts of data are being created every day. Every construction site 

becomes a potential source of data for AI. A pool of information has to be created from the 

data produced by photos and videos taken with mobile devices, drone footage, security 

sensors, building information modelling (BIM), and other sources. This offers the chance for 

clients and professionals in the construction sector to study and gain from the data insights 

produced with the use of AI and machine learning systems.  

6.10. AI for post-construction 

 

A long time after construction is finished, building managers can still use AI. 

Advanced analytics and AI-powered algorithms gain useful insights into the operation and 

performance of a building, bridge, road, and nearly anything in the built environment by 

gathering information about a structure using sensors, drones, and other wireless technologies. 

As a result, AI can be used to spot problems before they become serious, predict when 

preventative maintenance is necessary, or even guide people's actions to ensure maximum 

security and safety.  

7. Discussion  

 

The present study discusses how architecture profession can benefit from the recent 

rapid developments in the field of electronic computation software and AI. These facilities 

are strong support for architects to achieve their designs and plans efficiently and to save a lot 

of time. By no means, software and AI would substitute the architects or carryout their duties 

in design and planning. These facilities are only powerful tools to help architects in getting 

alternative designs using tons of data in so limited time. 
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The future benefits of AI in construction may appear in many aspects. Costs 

associated with construction can be cut by up to 20% using robotics, AI, and the internet of 

things. Engineers can send tiny robots into newly constructed structures while wearing virtual 

reality goggles. These robots follow the task as it is done using cameras. Modern structures' 

plumbing and electrical systems are being routed using AI. AI is being used by businesses to 

create workplace safety solutions. Artificial intelligence is managed to monitor the 

interactions between employees, equipment, and objects in real-time and notify managers of 

potential safety hazards, construction mistakes, and productivity problems. 

8. Conclusion  

 

Despite the expectation of considerable job losses, AI is not likely to completely 

replace the labor force. Instead, it will change business strategies in the construction sector, 

lessen costly mistakes, lessen workplace accidents, and improve building operations. 

9. Recommendations 

 

Construction industry executives should focus their investments on areas where AI 

has the greatest potential to meet the specific demands of their organization. Early adopters 

will determine the industry's course and profit in the future. 
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