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Abstract 
The engineering profession is currently passing through an era of tremendous developments in the fields 

of information technology, computing and visualization technologies, smart sensors and artificial 

intelligence. Often, these developments are done independently with a particular research focus in related 

fields. However, some of these innovations have the potential to open new paradigms and research areas 

which may significantly alter the course of a particular engineering profession. This paper presents a brief 

review of some recent technological advancements which can potentially transform the profession of civil 

and structural engineering in near future. These may include a wide range of new technologies ranging 

from the development of advanced software-based learning environments on one side to the applications 

of artificial intelligence in structural design on the other side. An overview of some particular 

technologies with their innovative applications in structural engineering education and research, structural 

modeling, analysis and design, construction management and monitoring, and other related areas is also 

presented.  
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1. Introduction 
 

Since last few years, the innovative developments in information technology, computing and 

visualization, communications and artificial intelligence have happened almost in an exponential manner, 

especially when considered along with their cost reduction per feature and widespread availability. The 

corresponding developments in other disciplines and areas (with probably the exception of medicine, 

genetics and a few others) are showing much less innovative growth. Many practical fields have taken 

significant advantage of the recent advancements in computing technology to adapt, apply and enhance 

the way they work and address the real-world issues. In structural engineering, there has not been a major 

breakthrough in the basic practice, perhaps since the introduction of the finite element analysis-based 

computing around 50 years ago. However, recent trending technologies and innovations in information 

technology and inter-disciplinary research areas are likely to end this so-called stagnancy in near future.  

 

Take, for example, the case of computer modeling of structures for the purpose of analysis and design. 

The routine design office practice requires one or more dedicated structural engineers who are expected to 



  

develop a detailed comprehension of architectural plans in order to be able to create an accurate geometry 

in a finite element-based analysis software. This process of structural modeling may take up to several 

days or even weeks depending upon the complexity of structure and modeling or discretization scheme 

adopted for a particular design project. Now let’s compare this case with advanced automated modeling 

being utilized in the field of medical sciences. For example, the routine techniques for treatment of rotten 

or eroded teeth may involve the laser scanning of teeth to develop a detailed computer model of geometry 

and 3D printing of required filling part to treat and “retrofit” the affected area. These marvelous 

developments are the result of advanced image-processing-based photogrammetric techniques and 

machine learning-based algorithms. Another recent example of technological advancements in these areas 

is the advent of self-driving cars. Artificial intelligence is now able to successfully replace even the highly 

skilled tasks. Imagine if all of these technologies are made available for structural engineers in near 

future. They can significantly change not only the required skills from future engineers but can also 

potentially transform the whole profession altogether.  

 

In this paper, a brief overview of all such recent technologies is presented with their potential applications 

in structural engineering. It discusses how these ideas may be used to improve the way the structural 

engineers solve the problems and develop more innovative, effective, sustainable and safer solutions for 

the built environment. 

 

 

2. Structural Engineering Education – The New Learning Paradigms 

 
The vision 2025 of American Society of Civil Engineers (ASCE) (2007) have defined future civil 

engineers as master planners, designers, constructors, operators of society’s economic and social engine, 

innovators and integrators of ideas and technology across the public, private, and academic sectors. They 

are described as managers of risk and uncertainty caused by natural events, accidents, and other threats; 

and leaders in discussions and decisions shaping public environmental and infrastructure policy. All of 

these attributes raise some key questions. What is it that the future civil and structural engineers should 

learn? And, how they can learn, and continue to learn effectively? The answers to these questions simply 

demand an inter-disciplinary approach which can provide an opportunity for students to investigate, 

visualize and discuss their own ideas and explanations of various engineering principles being taught as 

curriculum. The development of intelligent tutoring systems provides a new way to harness and exploit 

the educational potentialities of computers keeping in mind the social dimensions of learning process. The 

goal of an intelligent tutoring system can be expressed as its ability to customize or rather individualize 

the learning process. 
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Figure 1: The key skills required for engineers 

to meet the future demands 

 

Figure 2: The percentage of knowledge retention 

for different modes of learning environments. 

 

The key skills required for engineers to meet these future demands are summarized in Figures 1 and 3. 

They show that the expectations from future engineers are far beyond basic understanding. They are 

expected also to be able to create new engineering designs, to be able to test the unknowns and to be able 

to communicate effectively the solutions they develop. Now the basic question is how can these skills be 

developed? Figure 2 shows the average percentage of knowledge retention after the students are exposed 

to different conventional or unconventional modes of learning environments. It is evident that the 

interactive modes of learning results in most retention rates while one-way, instructive and conventional 

teaching modes result in significantly reduced retention rates. This clearly shows the direction required to 

be adopted for equipping next generation civil and structural engineers.   

 

 
 

Figure 3: Preparing the civil engineers for the future 

 
The impact of knowledge explosion in almost all areas of engineering demands a rationalization of 

curriculum which requires a fundamental change in current teaching and learning methods. In this regard, 

the conventional instructional simplicity in conjunction with collaborative interactive software-based 

learning can successfully facilitate the knowledge transfer as well as understanding of engineering 

concepts. In recent years, many innovative instructional methods have been developed for both technical 

and nontechnical courses and emphasize free discussion and expressions of student opinions, with 

minimal teacher-centered presentation of information since the involvement of students is critical for 

effective classroom learning (Richard 2000). 

 

The World Wide Web offers educators a new medium to deliver teaching and learning material – one 

which bring new and exciting ways of learning, and an alternative to traditional teaching techniques” 

(Allen 1998). The instructional approaches based entirely on self-paced computer-assistance are 

extremely effective. As an example of interactive learning environments required for developing above 

mentioned skills in engineers, a recently developed knowledge platform called “AIT Share” is introduced 
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here. This online learning environment provides an access to the knowledge generated at the Asian 

Institute of Technology (AIT) in Thailand through online lecture videos and related courses. One worth 

mentioning initiative taken through this platform is the Professional Masters Degree in Structural Design 

of Tall Buildings (PM-TB). It is an online degree offered by AIT through its Civil and Infrastructure 

Engineering Department under School of Engineering and Technology (SET). Currently, it is providing 

state-of-the-art knowledge in structural engineering to a lot of professionals around the world.  

 

 
 

Figure 4: AIT Share platform and Professional Masters Degree in Structural Design of Tall 

Buildings (PM-TB). 

 

In subsequent sections, various applications of some technologies as shown in Figure 5 will be discussed.  
 



  

 
 

Figure 5: Some advanced technologies discussed in subsequent sections 
 

3. Advanced Computing Technologies 

 
Structural engineering is the backbone of physical infrastructure development. The practicing civil and 

structural engineers are involved in a broad spectrum of activities and tasks, such as conception, selection 

and development of structural systems suitable for a particular application, preliminary sizing and design 

of structural components, coordination and collaboration with several other disciplines to consider their 

requirements such as with architects, mechanical and services engineers, electrical engineers, 

geotechnical engineers, etc. The structures may have a variety of intended functions including buildings, 

bridges, tunnels, dams, transmission and communication towers, power plants, expressways and industrial 

plants. All these multi-dimensional and complex tasks require extensive, rigorous and efficient computing 

technologies. 

 

At present, automated computing is the main means for the application of engineering knowledge. The 

growth and development in the application of computing tools and technologies, and the development of 

new paradigms has been incremental and linear. These include the development of new Human Computer 

Interfaces (HCI), new display technologies and devices, the Brain Computer Interfaces (BCI), and 

Robotics etc. Figure 6 illustrates an overview of new paradigms in which automated computing is finding 

its novel applications.   

 

 

 
 

Figure 6: Some of the areas in which automated computing is finding its novel applications 

 

Because of the emergence of modern mobility, connectivity and access technologies over the last few 

decades, information and data sharing, access and transfer has gone through a revolutionary change. 

Whole world is now considered as global village because of these fast track technologies. Internet, 

intranet, remote desktop, VPN, WLAN, wireless technology, 3G, 4G, GPS, GPRS, Cable TV, WiMax, 

Computing 
Technology

Visualization 
Technology

Information 
Technology

Sensor 
Technology

Artificial 
Intelligence 

Human 
Computer 
Interaction

Artificial 
Intelligence

Mobile 
Computing

Cloud 
Computing 

eLearning 
Systems

Web 

Applications

Engineering 

Applications

GIS and RS

E-Learning

Mobile 

Applications

PC

WEB

MOBILE



  

Mobile Broadband and many other innovative techniques has made it possible to access any sort of 

knowledge within such a limited time which was not even imaginable in the past.  

 

Typically, in client-server computing, a network-friendly client version of the application was required on 

client computers which utilized the client system's memory and CPU for processing. Cloud computing 

differs from the classic client-server model by providing applications from a server that are executed and 

managed by a client's web browser, with no installed client version of an application required. 

Centralization gives cloud service providers complete control over the versions of the browser-based 

applications provided to clients, which removes the need for version upgrades or license management on 

individual client computing devices. Desktop applications that connect to internet-host email providers 

may be considered cloud applications, including web-based email services. As compared to the traditional 

techniques, cloud computing is more flexible, mobile, highly automotive and cost effective technique.  

 

An initiative in structural engineering applications of cloud computing is taken by Computers and 

Structures Inc. (Figure 7) by developing cloud-based tools and platform for automated structural analysis 

programs. The goal is to help produce next generation of engineers that have greater understanding, skills 

and tools to design and construct safer build environments. CSi has also launched mobile applications for 

convenient visualization of structural analysis results.    

 

 
 

Figure 7: CSi mobile applications and CSi cloud 

 

Most of practical structural engineering problems, in their nature, can be conceptually boiled down to 

“relating the effects with their causes”. The causes can be the natural or man-made hazards which might 

change with time. These hazards pose actions to structures in the forms of forces or displacements. The 

effects are the structural deformations and internal stresses. The overall problem might be simplified into 

whether the effects are acceptable or not. The difficulties in this process might lie in defining the causes, 

determining the actions, establishing the acceptability of effects and making sure whether the effects are 

acceptable. 

 
The attempts to explicitly relate the effects with their causes to reach an acceptable design decision have 

led the structural engineering professions to the development of various design philosophies. A relatively 

recent paradigm shift in current approach towards analysis and design of building structures is termed as 

“Performance-based Design (PBD)”. It refers to the methodology in which structural design criteria are 

expressed in terms of achieving a set of performance objectives or levels. It ensures that the structure as a 

whole reaches a specified demand level including both service and strength design levels. It is the practice 

of thinking and working in terms of ends rather than means.  
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Currently, the PBD methodology has been extensively applied to the seismic loads and seismic design of 

structures. However, attempts are being made to extend this methodology for wind loading as well. In this 

regard, research and development is being carried out at several international universities and research 

organizations. One such example is the Asian Institute of Technology (AIT) in Thailand. The research 

initiatives are mostly focused on seismic hazards, seismic response, wind engineering and the 

development of automated computational tools. The development of computing applications in structural 

engineering at AIT initiated in 1985 with the conception of MicroACE Club. This club was started as a 

group of engineers and computer enthusiasts and was later expanded to Asian Center for Engineering 

Computation and Software (ACECOMS). Several new software and tools were developed through 

ACECOMS and its partners including XETABS, GEAR, GRASP and BATS. These tools were mainly 

based on finite element modeling, static/dynamic, linear and nonlinear analysis, optimization, 

performance-based evaluation and graphical visualization. Currently, AIT is a regional hub of latest 

advancements in computational technologies and their applications in structural engineering. An AIT’s 

constitutive organization, AIT Solutions, also have applied the PBD approach to more than 100 high-rise 

buildings around the world. This have resulted in a huge amount of research and innovative solutions in 

the areas of structural modeling, computing methodologies, analysis procedures and structural design.  

 

 

 
 

Figure 8: AIT’s experience in structural engineering with performance-based review of more than 

100 high-rise buildings 

 

 

4. BIM and Visualization Technologies 

 
The applications of virtual reality (VR), augmented reality (AR) and mixed reality (MR) in the field of 

structural engineering can be a ground-breaking step in understanding the fundamental nature of problems 
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related to structures. They have the potential to transform the very nature of how we interact with 

structural models and their response. For example, the VR can help to stimulate environments that can 

stimulate physical presence of structures. Using VR, structure’s stimulation can be observed either on 

computer screen or through special stereoscopic display which may enhance the understanding of the 

structural engineers towards solving the problems related to the modeling and designing of structures. 

Additionally, just like in case of medical and gaming applications, introduction of haptic systems or 

interfaces for structural simulation may prove useful for training and understanding the nature of issues 

related to structures (Anwar and Nawaz, 2011). 

 

In order to understand and visualize the structures in a more realistic way, it is highly desirable for a 

structural engineer to generate a Building Information Model or BIM (Figure 9). BIM is the process of 

developing building model which is used in presenting and visualizing building components, construction 

sequences, resource allocation and other disciplines of construction process in a virtual environment. BIM 

process generates 3D Model encompassing geometric and geographic information of the building and 

properties of its components. Using BIM, structural detailing drawings can be produced more quickly. 

Through the process of BIM and integrated project delivery, structural designers can keep away from 

costly clashes by examining beams, pipes, HVAC and electrical systems before the commencement of the 

construction. BIM may not only help to optimize parameters of the structural model at par with the design 

rules but also more purified engineering design can be made on sound theory minimizing rough 

calculations. Integrated modeling, analysis and design can be achieved without splitting up the tasks. 

Another important advantage of BIM is that more attention can be given to cost factors by studying 

alternative solutions on one model and hence better and optimized construction can be obtained solutions. 

 

 
 

Figure 9: BIM development and applications 
 

 
 

Figure 10: 3D printing for physical visualization of analysis results (e.g. the first vibration mode 

shape of a building structure) 
 

One of the difficulties for structural engineers is to visualize the results or output of the analysis carried 

out on structures. Sometimes even after a successful analysis, it is difficult to present the output in an 

understanding way. For this purpose visualization is a technique that be applied to communicate a 

message by creating images, diagrams or animations. Visualization today has ever-expanding applications 
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in science, education, engineering (e.g. product visualization), interactive multimedia, medicine, etc. In 

conjunction with 3D printing, the engineering visualization has endless applications from results of 

structural analysis on one hand to the manufacturing of reduced-scale structural samples for shake-table 

testing or wind-tunnel testing on the other hand.  

 

5. Applications of Drones and Unmanned Aerial Vehicles (UAVs)  
 

The use of drones and unmanned aerial vehicles (UAVs) is continuously increasing in various fields. 

Many industries are embracing the rapidly improving scientific tools and introducing smart solutions to 

solve real-world problems (Zucchi, 2015). The planning and monitoring of construction activities is one 

of the key areas where the drones and UAVs can significantly improve the performance and speed. In 

fact, the construction industry can take the advantage of such technologies in almost the whole range of 

practical aspects. For example, the drones and UAVs can be potentially used at several stages in a 

construction project including pre-planning, detailed survey and mapping of job site, construction process 

monitoring, post-build checks, and sales and marketing (Liu et al., 2014). Similarly, the drones can serve 

as a real time tool for the planners to monitor if their construction projects on the ground are conforming 

to their vision or not. The data acquired from drones can also help developers and construction firms to 

keep a track of their inventory and plan out the entire construction site. 

 

 
(a) Automated computer modeling and structural analysis of structures using drones images 

 



  

 
(b) Smart monitoring of progress in construction projects using drones 

 

Figure 11: Applications of drone and image processing-based technologies in structural engineering 

 
More recently, the progress in the design and navigation of low-weight and autonomous drones and 

UAVs have resulted in their more practical and cost-effective operation in the fields of architectural 

engineering and construction management and monitoring. A recent research at AIT have resulted in the 

development of a fully automated smart construction monitoring and reporting system based on real-time 

data obtained from drones and UAVs. The data in terms of drone images from multiple locations and 

point clouds (from 3D scanning of construction site) can be used to construct a 3D model using the 

photogrammetry techniques. This so-called “drone model” can be converted to FEM model and analyzed 

under any specified loading (Figure 11 a). This drone model can also be directly compared to BIM model 

at various construction stages to monitor the construction progress (Figure 11 b). Beside construction 

scheduling and costing, this comparison can be expanded to include real-time recording, reporting, 

billing, verification and planning. This fully automated system can significantly reduce the effort required 

in traditional construction monitoring and reporting procedures. The system not only provides convenient 

and smart ways of site supervision and management but also results in better operations, planning and 

effective on-site adjustments. Figure 12 shows an integrated application of drones and 3D printing 

technologies in modeling, analysis and design of a dome structure. 
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Figure 12: An integrated application of technologies in structural design 

 

6. Applications of Sensor Technology 

 
The development of integrated sensors, RFID, GPS, wireless and other technologies can be, and are being 

used for real-time monitoring of the structural response, both for ambient conditions and during events 

such as string winds, earthquakes, moving loads, temperature and moisture changes etc. These sensors 

can also be employed to track and monitor the time dependent phenomena such as shrinkage, creep, 

concrete aging, degradation, ionization, chlorine attack etc., and link these inputs to the structural models 

to produce meaningful response that can be communicated to the owners, public, and the researches in 

real time. 

 

An example application of sensor technology for networked structural health assessment and post-

earthquake response of tall buildings is presented in Figure 13. After every earthquake event, the sensor 

system sends data to the Post-earthquake Assessment (PEA) system and alerts the relevant parties 

involved in the process. The PEA system can be accessible from anywhere and provide real-time 

information of the recorded data. Upon initial evaluation of every structure, the PEA system provides the 

building owners, building management teams, structural engineers and government authorities with the 



  

structural assessment results and an overall picture of the seismic risk posed by the recent earthquake 

event. 

 

 
 

Figure 13: Post-earthquake assessment of building structures using smart sensing technologies 

 

 

7. Artificial Intelligence (AI) and Machine Learning (ML)  
 

In the computing field, artificial neural networks, fuzzy logic, genetic algorithms, deep thinking, big data 

and data mining, optimization etc. are some important and powerful tools applied to solve difficult 

problems with a different and appealing approach. With increasing complexities in new structural forms 

systems, analysis procedures and modelling complexities, the need of a quick and prior knowledge about 

proportioning the initial geometry and configuration of structural members is also increasing. A relatively 

faster and reliable estimation of approximate sizes of members and key response parameters can greatly 

facilitate the preliminary design and feasibility of a project. Artificial intelligence and machine-learning 

can greatly help in developing innovative solutions.  

 

Figure 14 shows a machine learning-based approach to directly determine various key design parameters 

based on experience gained from previously designed buildings. The objective of this system is to provide 

means of assisting the design team and clients to make key design decisions based on cumulative 

experience rather than relying on judgment of individual designers. This system is based on a heuristic 

tool using Artificial Neural Networks (ANN) that can provide fast and reliable results based on two 

algorithms (Multi-layer Perceptron with Back Propagation, and PCA-Sparse- Extreme Learning Machine 

with online Sequential learning). The system is also capable of incremental learning with the availability 

of more data in future. 



  

 

 
 

Figure 14: The use of artificial neural networks in pleniminary design of buildings 

 

 

8. Concluding Remarks 

 
During the last few decades, revolutionary advancements are going on in various fields and professions. 

Remarkable efforts are being done in various walks of life to absorb this innovatory change and to make 

best use of the modern computing technologies and devices. The effect of this progression is very obvious 

and evident in our lives and we can observe these modern techniques and devices everywhere around us 

like internet, intranet, smart phones, tablets, GPS, GPRS, new operating systems, social and professional 

networks, cloud computing, VR, AI and many more. The development of intelligent tutoring systems 

provides a new way to harness and exploit the educational potentialities of computers keeping in mind the 

social dimensions of learning process. Apart from the fact that structural engineers were in fact one of the 

pioneers and originators of application of computing systems and methods (e.g. finite element method), it 

seems that the modernization of computing techniques and devices have not kept pace in structural 

engineering. Introduction of modern computation methods and smart systems in structural engineering 

can be very handy and useful resulting in construction of smart cities for future (Figure 15). This is 

possible only with inter-disciplinary approach containing the elements of planning, engineering, 

technology and management. It is need of the hour to for structural engineers to embrace modernized 
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computing techniques and devices, not only to provide answers to ever increasing number and nature of 

problems but also to match up with the pace of the development booming around us.  

  

 
 

Figure 15: Key elements of smart cities: The convergence of planning, engineering, technology and 

management 
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