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Topics

1. Advanced Data Analytics
2. Modern Data Management
3. Applications of Data Warehousing 

and Advanced Data Analytics in 
Geotechnical Engineering
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Educational 
Technology

Geotechnical 
Engineering

Predictive 
Analytics

Augment our engineering and 

decision making skills with 

powerful predictive techniques 

to deliver insights in forms that 

are comprehensible by all 

(preferably interactive).
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What is “Advanced Data Analytics”?
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Advanced Data Analytics

The field includes:
A. Artificial Intelligence (AI) & Machine 

Learning (ML)
B. Efficient Automation

Can have either ‘A’, ‘B’, or both
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A.I.: The Fourth Industrial Revolution
“AI is the new electricity. Just as the Industrial Revolution freed up a lot of 
humanity from physical drudgery, I think AI has the potential to free up 
humanity from a lot of the mental drudgery”

- Andrew Ng

“The last 10 years have been about building a world that is mobile-first. In 
the next 10 years, we will shift to a world that is AI-first.”

- Sundar Pichai
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Applications of Artificial Intelligence
● Speech Recognition
● Handwriting Recognition
● Machine Translation
● Robotics
● Recommendation Systems
● Email Spam Detection and Sorting
● Face Detection
● Medical Applications (cancer detection)
● Adversarial Search
● Natural Language Processing and Information Extraction
● Autonomous Driving
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From Artificial Intelligence to Machine 
Learning

How are Artificial Intelligence and Machine Learning related?
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AI

Machine 
Learning

Deep 
Learning

Rule-based 
intelligent 
systems

Self-learning 
algorithms that 
learn from data

Multi-layered models that 
learn representations of 
data with multiple layers 
of abstraction

Figure adopted from Sebastian Raschka.



   2019 FALL CONFERENCE – LOUISVILLE, KENTUCKY

What is Machine Learning
Building intelligent machines
to transform data into 
knowledge

The Essence of Machine Learning:
● A pattern exists
● We cannot pin it down mathematically
● We have data on it

- Yaser Abu-Mostafa, Learning from Data, 2012
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Types of Machine Learning

Types of Machine Learning:
● Supervised learning
● Unsupervised learning
● Reinforcement learning
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Continuous Categorical

Supervised Regression Classification

Unsupervised Dimension Reduction Clustering



   2019 FALL CONFERENCE – LOUISVILLE, KENTUCKY

Efficient Automation
Advanced Data Analytics includes:

A. Artificial Intelligence (AI) & Machine Learning (ML)

B. Efficient Automation

a. Using custom tools for large tasks

b. Implementing checks, warnings and triggers

c. Bring in and process IoT data

d. Advanced Numerical Modelling (beyond building the model)

e. Don’t be afraid to break away from the spreadsheet, embrace 
basic coding/scripting
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What is the status of AI/ML
in Geotechnical Engineering?
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Published Work (AI or ML)
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Modern Data Management
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A Familiar System… Spreadsheets
● Intuitive table-type structure with columns and 

rows

● Manageable for few data but slow and 
cumbersome for a lot of data

● Difficult for another user to “decipher” complicated 
analyses

● Good to quickly produce charts

● Limited protection and data integrity constraints

● Limited options to “plug-in” to other applications
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Data is everywhere and exponentially 
growing
❏ 90% of the data in the world today has been created in the last two 

years alone.

❏ 50X growth from 2010 to 2020

❏ By 2020:

❏ 4.4ZB of Business Data

❏ 44.4ZB of Human & 
Machine Data

Great benefits for those who manage to efficiently store, retrieve 
and analyze data.
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Source: InsideBIGDATA Guide to The Intelligent Use of Big Data on an Industrial Scale
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Data Engineering

● Relational Database Management Systems (RDBMS)
● Data Warehouses
● NoSQL for Big Data Applications
● Combining multiple data sources
● Data Wrangling
● Extract, Transform & Load (ETL)
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Extract, Transform and Load
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Extract, Transform and Load (cont.)
● Common challenges:

○ Retrieving and integrating data from multiple sources
○ Cleansing and transforming the data
○ Loading the data into appropriate data stores for analysis 

and reporting

● Enterprises spend 60%–80% of their resources developing, 
testing and maintaining their ETL processes

● ETL processes usually require dedicated monitoring and 
maintenance

1
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How is the Geo Community Handling 
Data?
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● Not good... but this is starting to change
● From experience on Pile Load Test Data:
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Handling Engineering Data is Not Easy...
... but that should never be an excuse!

● Isolated environment, no common consensus, everybody is 
basically speaking their own language.

● A standard for geotechnical data transfer exists but has not 
been adopted (DIGGS).

● Properly managing Geotechnical Data can get very 
complicated, especially when combined information from 
other elements and processes.
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DIGGS (diggsml.org)
Data Interchange for Geotechnical and Geoenvironmental Specialists (DIGGS)
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Data Warehousing and Business 
Intelligence
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Data Warehousing and Business 
Geotechnical Intelligence

24
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IoT

Boring Logs

GIS Data

SLT Data

...

Bor

CPT

Pile

GIS

Rig

Expected 
Conditions 

Model

Pile 
Capacity 

Model

Rig Maint. 
Model

Insights from Data
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Benefits
● Combine all of your data sources

● Enter data once, use multiple times

● Access to information is controlled

● Immediate retrieval of archived data

● Enhance collaboration across the board

● Leverage large amounts of data to build highly accurate 
predictive models

● We must modernize our field and improve even fundamental 
design methodologies
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Examples of Modern Data Management and 
Predictive Analytics
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NYU Pile Load Test Data Warehouse
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NYU Pile Load Test Data Warehouse
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NYU Pile Load Test Data Warehouse
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NYU Pile Load Test Data Warehouse
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Algorithmic Implementations in Python
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Evaluation of Driven Pile Capacity
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Prediction of Driven Pile Capacity using 
Machine Learning
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Prediction of Driven Pile Capacity (cont.)
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Deep Learning: Soil Particle 
Classification
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Seismic Earth Pressure Calculator 
(wp.nyu.edu/sep)
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Text Analytics
Probabilistic Topic Modeling on a Large Corpus of Geotechnical 
Engineering Journal Articles
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Image Analysis
Removing Human Artifacts from Images Without User Intervention
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Predict Expected Geotechnical 
Conditions

● Build a Data Warehouse combining all of the available data sources
○ GIS data
○ Boring Logs
○ Satellite Data
○ Survey data
○ Geologic Maps

● Reinforcement Learning:
○ Develop predictive models from satellite, GIS, survey and geology
○ Validate against boring logs and improve the models
○ Predictive models will learn on their own and get better as more data is 

added to the Warehouse
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Closing Remarks
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Closing Remarks
● Many design approaches are deterministic. However, Data Management 

and Machine Learning can lead to probabilistic methods of analysis:

○ To improve design methods
○ To optimize design workflows and reduce costs

● Pairing traditional methods with predictive models will transform how we 
investigate, design and build

● Top-down implementation: executives are responsible for pushing adoption 
and implementation

● Basic coding skills are a must, provide incentives to your employes to get 
started
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Thank you.
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