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Abstract: A machine learning (ML) dialogue for geotechnics was held in the National Taiwan University on 14 

December, 2019, following the 7th International Symposium on Geotechnical Safety and Risk (ISGSR 2019) organized 

under the auspices of the Geotechnical Safety Network (GEOSNet) between December 11 and 13 2019 in Taipei. This 

dialogue is supported by ISSMGE TC304, TC309 and TC210. Thirty-five experts from 13 countries and regions were 

invited to attend the dialogue. The ML dialogue aims at discussing the opportunities and challenges in developing and 

applying ML to geotechnical engineering research and practice. The focus is to discuss big ideas that can transform 

research and practice in completely new ways. Before the discussion, an opening presentation was given by Prof. Kok-

Kwang Phoon (National University of Singapore) to explain the purpose of the ML dialogue in the larger context of 

establishing a clearer research agenda for pursuing the digital transformation of geotechnical engineering, which he 

coined as the GEO 4.0 agenda. Following the presentation, small group discussions and an all-group discussion were

convened to collect views under 3 main headings: (1) what are the research questions? (2) what is our wish list? and (3) 

what does TC304/TC309 need to do to lead GEO 4.0 agenda?. There is a consensus that the following actions are needed 

to further the GEO 4.0 agenda: (1) Industry is a necessary partner for ML-based studies in geotechnical engineering

because ML must bring transformative value to industry, not universities, and real data are generated and owned by 

projects and they are necessary ingredients for ML development (not simulated data); (2) A data sandbox is needed to 

enable and accelerate data sharing between industry and research; (3) Future discussions on this topic, including

organization of future workshops, should be tied to a specific flagship project with the industry.
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1 Introduction

Digital transformation is occurring at a rapid pace in many industries. ISSMGE has taken leadership in hastening 

this transformation by establishing a new TC309 in Machine Learning and Big Data. TC309 has since organized 

two International Symposium on Machine Learning and Big Data in Geoscience (Norwegian Geotechnical 

Institute, Oslo, Norway, October 21 � 22, 2018; Tongji University, Shanghai, China, July 28 � 30, 2019). The third 

symposium will be held in Lille University, Lille, France, September 28-30, 2020. A discussion panel was held 

before the second symposium on July 28, 2019. A summary of the discussion containing views on data availability, 

machine learning implementation, application of machine learning in geotechnical engineering, value and future

of machine learning was published in ISSMGE Bulletin 13(4), 2019, 8-14.

As a continuation of this discussion, a machine learning (ML) dialogue for geotechnics was held in the 

National Taiwan University on 14 December, 2019, following the 7th International Symposium on Geotechnical 

Safety and Risk (ISGSR 2019) organized under the auspices of the Geotechnical Safety Network (GEOSNet) 

between December 11 and 13 2019 in Taipei. The machine learning dialogue was hosted by Prof. Jianye Ching 

(Chairman of ISSMGE TC304) at the Department of Civil Engineering, National Taiwan University, and was 

coordinated by Prof. Kok-Kwang Phoon (National Singapore University), Prof. Yu Wang (City University of 

Hong Kong), and Prof. Zi-Jun Cao (Wuhan University). This dialogue is supported by ISSMGE TC304, TC309 

and TC210. Thirty-five experts from 13 countries and regions were invited to attend the dialogue, including 

Australia, Finland, Germany, Italy, Norway, The Netherlands, Poland, Sweden, South Korea, Japan, Mainland 

China, China Hong Kong SAR, and Chinese Taipei. 

The aim of the ML dialogue is to discuss the opportunities and challenges in developing and applying ML to 

geotechnical engineering research and practice. The focus is to discuss big ideas that can transform research and 

practice in completely new ways. Coordinators prepared reading materials to provide background information on 

ML and their current nascent applications in geotechnical engineering and pose key questions and desired 

outcomes to stimulate and structure the discussion. The reading materials, including a 2020 Georisk Spotlight

paper on �The story of statistics in geotechnical engineering� were circulated to the participants 3 weeks before 

the dialogue. The participants were expected to actively engage in small group discussions during the dialogue. 

The following rules of engagement were adopted: 
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Participants were divided into around 5 small groups, with about 7 persons (including one facilitator and 

one reporter) in each group for individual group discussion.

The identified facilitators guided their group discussions to achieve at least one desired outcomes. 

Each facilitator/reporter presented a brief summary of the key points discussed at the end of the group 

discussion. The presentation was limited to two minutes. 

An all-group discussion was open to all participants to present their views. The presentation was also 

limited to two minutes and must be relevant to the questions. 

At the opening ceremony, Prof. Jianye Ching warmly welcomed all the participants of the dialogue. Dr. 

Zhongqiang Liu (Chairman of ISSMGE TC309, Norwegian Geotechnical Institute) reported outcomes from the

pre-workshop panel discussion session that took place in the 2nd International Workshop on Machine Learning 

and Big Data in Geoscience organized by ISSMGE TC309 in Shanghai, July 28-30, 2019. Dr. Zhongqiang Liu 

also updated the status of ISSMGE TC309 and its recent initiatives. 

Figure 1. Participants of the machine learning dialogue at the Department of Civil Engineering, National Taiwan University, 

14 December 2019

2 Key Questions and Desired Outcomes

Following the opening ceremony, Prof. Kok-Kwang Phoon gave a presentation to explain the purpose of the ML 

dialogue in the context of digital transformation. His presentation started with a brief survey on previous 

applications of ML in geotechnical engineering based on an ISSMGE TC304 ML reference list 

(http://140.112.12.21/issmge/tc304.htm?=10). The survey categorized research papers based on two features: (1) 

ML algorithms (e.g., supervised and unsupervised algorithms) that have been applied in geotechnical engineering 

and (2) geotechnical problems (e.g., site investigation, geotechnical behavior modeling, geotechnical structure 

analysis and design, etc.) that ML has been applied to. Prof. Kok-Kwang Phoon also pointed out that grand 

challenges in design and operation go beyond safety and economy. Resilience and sustainability of both new and 

aging infrastructure are new wicked problems that need urgent solutions. He called the digital transformation of 

geotechnical engineering as GEO 4.0 and highlighted that these new wicked problems can only be solved by 

deploying digital technologies in the spirit of GEO 4.0. He emphasized that data is the most critical asset in GEO 

4.0 and researchers should re-imagine the value of data in the context of solving the immediate wicked problems 

confronting the civil engineering profession, besides the more obvious economic value. He proposed 7 �E�s in the 

GEO 4.0 research agenda covering essence (core asset is data), economic value (value of data to industry), 

exchange (data sharing), extremes (dealing with outliers), errors (dealing with uncertainties), extrapolation 

(dealing with overfitting), and explanation (white box ML). Prof. Kok-Kwang Phoon concluded with three desired 

outcomes for the ML dialogue: 

What are the research questions? (be as specific as possible)

What is our wish list? (�blue sky� ideas)

What does TC304/TC309 need to do to lead the GEO 4.0 agenda?
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Figure 2. Opening presentation delivered by Prof. Kok-Kwang Phoon

Figure 3. Discussion by Group I

3 Group Discussion

3.1    Discussion of Group I

Facilitator: Kok-Kwang Phoon, Reporter: Jinhui Li

Group Members: Jianye Ching, Wuzhang Luo, Wojciech Pula, Johan Spross, Xiaohui Tan

The discussion in Group I (see Figure 3) started with sharing experiences on ML-related projects. The sharing 

included a slope stability study based on satellite data and public soil database in Sweden, data used in ML-based 

geotechnical studies (raw data or processed data), a tunneling project to predict real time TBM performance based 

on 120 G data, potential concerns on data quality, and the need to develop a trusted framework for sharing data 

and protecting the legal rights and data privacy of the partners. During the discussion, the following three aspects 

were addressed: 

Data sharing is an urgent problem to be solved. The impedance of sharing is that the industry sees no profit 

in sharing data and worries about data confidentiality. The lack of data access means lack of ML research 

to support GEO 4.0 transformation. This is a vicious cycle. Hence, a �data sandbox� is proposed. It involves 

multiple industry players and researchers to �play� in the sandbox in terms of developing data-driven 

algorithms of significant value to industry while maintaining data confidentiality and respecting intellectual 
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property rights, as shown in Figure 4. It is proposed that the researchers engage a single industry player to 

work on a win-win agreement to create a legally safe space for data sharing. 

There are several large national databases in Sweden, New Zealand and Japan. However, these databases 

are not readily accessible by international researchers. For example, the language of the user interface is an 

obstacle for non-native users. It may be difficult to understand the format. Researchers may need to 

appreciate local practices that can affect the quality of the data. It is proposed that TC304/TC309 create a 

list of national databases along with names of researchers who have experiences using these databases to 

foster collaboration.  

Future discussions should involve a real flagship project with a clear value proposition and availability of 

data for ML development. Possible applications include in tunneling, slope, and offshore wind farms.

Figure 4. Connecting industry players and researchers with a �data sandbox�

3.2    Discussion of Group II

Facilitator: Yu Wang, Reporter: Wenping Gong

Group Members: Adeyemi Aladejare, Michele Calvello, Lulu Zhang, Bram Van Den Eijnden, Changhong Wang

The discussion in Group II (see Figure 5) started with data. It was emphasized that data in ML shall not be limited 

to conventional geotechnical data, such as laboratory or in-situ test data (e.g., triaxial test data, Atterberg limit data, 

standard penetration test data, and cone penetration data), and that data shall include non-conventional data, such 

as remote sensing data, monitoring data, data from different scales ranging from micro to macro, or even image 

and video. One key point for ML algorithms is how to use or develop geotechnical ML algorithms to obtain 

valuable geotechnical information from these non-conventional data for decision making in engineering practice. 

Another important point raised during the discussion is the value-add or benefit from using ML to geotechnical 

engineering practice. Industry partnership is the key, and practitioners in industry probably will be interested after 

they see the value-add from ML and they are convinced that ML is useful. Some concrete and high-profile 

successful examples of ML applications to geotechnical engineering will be very useful for demonstrating the 

value-add of geotechnical ML. 

 

 

Figure 5. Discussion by Group II Figure 6. Discussion by Group III
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3.3    Discussion of Group III

Facilitator: Zhongqiang Liu, Reporter: Dongming Zhang

Group Members: Tom Charlton, Jinsong Huang, Jonathan Nuttall, Zhiyong Yang, Tengyuan Zhao

Group III (see Figure 6) mainly focused on practice related issues for ML research. Three major aspects were 

discussed, including application fields, circumstances for the use of ML, and ML methods. The application fields 

identified by Group III include satellite data for ground movement prediction, disaster management based on UAV 

data and ground water model, railway track serviceability, bushfire-geotechnical aspects, multi-source data fusion 

for site investigation, regional landslide, slope stability, and offshore wind van, etc. Value of engineering 

judgement was highlighted. For example, it can be exercised to clean raw data and to assess data quality. A number 

of methods currently being used in the real projects were discussed, including Long Short Term Memory Network 

(LSTM), Convolutional Neural Network (CNN), etc. It was pointed out that ML methods can be used with 

knowledge from multiple disciplines. The importance of physics-based domain knowledge was emphasized by 

adding physical constraints in data analysis and/or developing hybrid models considering both physics and data in 

the same time. The role of ML methods was considered to be supplementary to physics-based modeling. For 

example, ML methods may roughly identify hotspots (potential problem areas) in a site and more detailed site 

investigation and/or physical modeling can be carried out to gain a more detailed understanding of these hotspots. 

3.4    Discussion of Group IV

Facilitator: Iason Papaioannou, Reporter: Ivan Depina

Group Members: Jing-Sen Cai, Zi-Jun Cao, Michael Hicks, Thi Minh Hue Le, Limin Zhang)

The discussion in Group IV (see Figure 7) started with a review of the different ML methods and their 

classifications (e.g., supervised and unsupervised methods). Thereafter, each group member discussed the types 

of ML that they have applied in geotechnical engineering problems. Some of the presented applications of ML 

algorithms included Bayesian sparse learning in geotechnical engineering, classification algorithms for CPT data 

analyses, landslide prediction models based on CNN, site investigation based on multiple sources of data (e.g., 

geophysical data and borehole data). Afterwards, the group discussion focused on identifying a number of 

challenges in the further application and promotion of ML in geotechnical engineering, such as those in data 

sharing, enhancement of the predictability of ML approaches through infusing the physics of the problem, 

geostatistical methods for modeling of spatial-temporal variable parameters, applications of reinforcement learning 

that has found little or no application to geotechnical engineering data, proper validation of ML algorithms. The 

importance of education of potential users, e.g. through short courses addressed to the industry, was also 

highlighted. 

 

 

Figure 7. Discussion by Group IV

3.5    Discussion of Group V

Facilitator: Ikumasa Yoshida, Reporter:Takayuki Shuku

Group Members: Shinichi Akutagawa, Richard Bathurst, Hyun-Ki Kim, Andy Yat Fai Leung, Yu Otake, Te Xiao

In the Group V (see Figure 8), the initial discussion centered on �Our Wish List�. Ideas related to geotechnical 

ML and problems on data collection/sharing that they have faced in their own countries were shared. They divided 
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items in the list into three categories from the perspectives of data, algorithm and others. All the members thought 

that the biggest challenge in geotechnical ML is how to make better collaboration between industries and 

academics to build a database for ML. To facilitate using ML in geotechnical engineering, building database is 

much more important than studying algorithms. After that Group V moved on to the discussion of concrete 

research projects based on the wish list. To make the better collaboration between industries and academics, it is 

necessary to show how the budget spent on investigation could generate much (financial) return to the project, and 

�Value of Information for Industries� can be a concrete research project in TC304/TC309. The wish list achieved 

in the discussion of Group V included database on infrequent geotechnical events (e.g., slope failure), access to 

large amount of data, more investment in site investigation in construction projects, open web database, user-

friendly supercomputer and quantum computer, better collaboration between industry and academics to design 

monitoring programs for instrumented structures and analysis of data, a new journal devoted to ML in geotechnical 

engineering, collaboration with other ISSMGE TCs, reducing fatalities/injuries from geotechnical failures by using 

monitoring, fast data processing and ML. 

 

 

Figure 8. Discussion by Group V

4 All-Group Discussion

 

Each facilitator/reporter reported outcomes achieved in group discussions. Then, the all-group discussion session 

was open to all participants to express their views and reactions. The discussions covered the following aspects: 

Value of data in geotechnical designs can be proven or demonstrated if more economic design outcomes 

or better decisions in general can be obtained with more data. For examples, a higher resistance factor 

can be adopted in load and resistance factor design if more data are acquired from in-situ testing and/or 

monitoring and are used in design calculations. 

Possible venues for publication of ML-related geotechnical studies (e.g., starting up a new specialized 

journal). It was pointed out that the scope of the Georisk journal 

(https://www.tandfonline.com/action/journalInformation?show=aimsScope&journalCode=ngrk20) was 

modified to include ML-related studies. Prof. Limin Zhang (Editor-in-Chief, Georisk) invited experts to 

write a review paper on ML for possible publication in Georisk. Dr. Iason Papaioannou (Technical 

University of Munich) later confirmed that he and Dr. Zi-Jun Cao (Wuhan University) will prepare a 

review paper introducing principles and performances of common machine learning algorithms.

Incorporate physics-based domain knowledge into geotechnical data analytics, for example, by 

developing physics-informed ML methods and making use of engineering experience and judgment to 

preprocess geotechnical data. 

The ML wish list includes demonstrating the value of data in terms of profit and productivity gains 

(particularly for industry), publicizing highly successful applications, sharing actual examples, enabling 

data sharing, and establishing closer ties with the industry. 

Prof. Kok-Kwang Phoon summarized the discussions and closed the dialogue with following concluding 

points: 

Industry is a necessary partner for ML-based studies in geotechnical engineering. There are two 

compelling reasons. One, ML must bring transformative value to industry, not universities. This value is 
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ultimately linked to the end users that the industry serves. Two, real data are generated and owned by 

projects and they are necessary ingredients for ML development (not simulated data).  

A �data sandbox� is needed to enable and accelerate data sharing between industry and research. 

Theoretical and pure methodology development of ML is not seen to be the immediate priority.

Future discussions on this topic, including organization of future workshops, should be tied to a specific 

flagship project with the industry. This �AlphaGeo� project (cf. Google�s �AlphaGo� project) is ideally 

game changing, rather than improving some aspects of existing practice in an incremental way.
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