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PDH Certification Information

1.5 Professional Development Hours (PDH) — see follow-up email
You must attend the entire webinar.

Questions? Contact Beth Ewoldsen at TRBwebinar@nas.edu

The Transportation Research Board has met the standards and requirements of the
Registered Continuing Education Providers Program. Credit earned on completion of this
program will be reported to RCEP. A certificate of completion will be issued to participants
that have registered and attended the entire session. As such, it does not include content
that may be deemed or construed to be an approval or endorsement by RCEP.
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Learning Objectives

. Outline ways to reduce risk in bridge foundation design

. Define the role geotechnical data plays in future bridge foundation design
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Data
for Prediction of Site
Characteristics Using
Machine Learning
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Importance of Historic and Open Data
For Geotechnical Innovation

» Public transportation agencies spend millions of
dollars performing geotechnical testing for projects
each year.

» The results of these tests are generally stored in
paper logs, pdfs, and/or single stand-alone digital
files.

» These datasets are often:
o Not GIS enabled
o Not easily extractable or searchable

o Onerous to use and to readily visualize
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What Can We Do Better?
74\ \%\Vﬁ

» We can share historic geotechnical data collected by various groups and make it available

to others

%z\hr\w
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» We can extract valuable information for use with new technology, such as advanced
visualization tools and machine learning to generate predictive subsurface models beyond

the immediate location of exploration.
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What Can We Do Better? k . ?
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» There are a number of companies and products working to assist in this effort

i
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» Look for opportunities that allow you to efficiently find and use your historic data and
that of others.

Never start a new geotechnical project from scratch!

Use historic data and open resources



The Maryland DOT Experience

* Maryland DOT built a program to utilize historic data, creating a GIS subsurface

data platform with a machine learning backend.

* This project resulted in an estimated
MDOT SHA cost savings of nearly $S1M
per year.

 The project won multiple awards and
was recognized as an AASHTO Research
Advisory Committee “Sweet Sixteen”
High-Value Research Project in 2018.

Link to Machine Learning Report

https://roads.maryland.gov/OPR_Research/MD-21-SHAUMS-
23_Machine-Learning_Report.pdf

Link to Subsurface Data platform Report

https://www.roads.maryland.gov/OPR_Research/2018_GIS-
BasedBoringRequests_Published.pdf

Mary]land

System Average Time | Average Time | Cost Savings Average # of | Cost Savings
Component taken taken per project projects per year
-before- -after- ($70/hr)

8 hours to 4 hours to

Electronic Data | prepare; prepare;

Requests 8 hours to 0 hours to 5840 200 2168,000
enter lab data | enter lab data

Remote field 16 hours to 0 hours to

Bstacaire convert paper | convert paper $1,120 200 $224,000
data to digital | data to digital

Automated fvt:: l:r: diting $1,680 per

Project : 0 hours week (by 52 587,360

Tracking and. tracking weeks)
projects
Conservatively estimate: eliminate 2 borings on

Historic Boring | each project with easily-retrievable historic data.

Data Assume a cost of $1,200 per boring, the 200 000
component saves $2,400 per project.

TOTAL $959,360




Prediction of Site Characterization Using

Machine Learning

DATA SOURCES

Auger Boring Standard Peneftrafion Testing

Foundation Installation
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DATA EXAMPLES

« Soil Strength

« Groundwater Level
 Depth to Rock

« Soil Classification

« Rock Classification
« Rock Quality



Methods Modules

Yolo Object
Recognition

Supervised Learning

Fast ai Tabular
Data (or random
forests)

Supervised Learning

Pros:
After fraining you can immediately quantify the accuracy
Model is ready to go right after training

You can turn discrete data sets into continuous data

Cons:

Requires very large training sets (transfer learning can help for specific data sets))

Tasks/Deliverables

Ball Detection for slope movement
Object Identification and inventory building (xlite, signs, striping, etc)

Pavement thickness prediction (core & construction history)
SPT testing data predicition (soil type, strength, rock depth, water depth)
Rainfall Estimates

Most of the development time is spent finding and cleaning historic data
Requires retraining on a routine basis resulting in static models between training sessions

Hidden

Hidden
Layer1

Neural Net Based



Prediction of Site Characterization Using Machine Learning

Training Neural Networks
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Historic + Northing
Drilling |:> » Easting $
Data  Elevation
H « SPTN
« |Infilfration
« Grainsize
1. Collect 2. Extract meaningful

Historic Drilling variables

IUZ%TI

s

Hidden
Layer 2

Wty

¥

fe——

Hidden

Input Layer1 .
‘ #ﬁ\ E)uyput 6000S0000ED m::f-"“g ’E-'m 000
....... 4/ il o i
SAKAANNS-» TR

?
5 a4
| NN o
...... X )% KX K P’ 0008
KA NARKA DS XA [ o &
5 ,‘.‘. s <K ) » 4 1,-..%. 499@@
...... 4 [‘\‘( ?ﬁ'f,'; {:‘(“ 4:‘)? ‘:" T 0000
A 00 O 1N q
_‘"““ ‘21103‘ ‘\\§ ll,lb\\ ........... > L 0000
y \.;;‘\\\\§w ! . 1
....... ) 000
‘ \ . A‘*\\\\ ’ Output E%
Input . \ [N,3] %
[N,4]

4. Build tools that utilize the
calculated Numerical Model(s)

3. Process variables
through a Neural Network*

* Step 3is arecursive process where the network geometry is optimized/derived for the dataset.



Change Depths Here \

Predicted SPT Blow Count Log
—1

Select Depth

Prediction of Site Characterization Using

Fiock Depth® Rangs [ft] 1-z0
Biow Count Range
° ° DOiepth [ft) Elewation [ft] Grainsize M Range a 2] Ao Bl
Machine Learnin g RS 0
1 1018 GRAVEL B-10 L
2 015 GRAVEL B-10 .
3 1014 GRAYEL B-10 -
4 {ligE] GRAVEL 610 +
5 iz GRAVEL E-10 5 b
ACTUOI dOTO MOdel do.l.o & 01 GRAVEL 115 y
7 1010 GRAVEL 11-15 *
3 008 GRAVEL 1115 *
3 008 GRAVEL 11-15 +
10 1007 GRAVEL 1115 1 +
1 1006 GRAVEL 11415 +
12 1005 GRAVEL 1115 *
12 1004  GRAVEL 11415 +
el Easting 14 003 GRAVEL 1115 4
15 1002 GRAVEL 11415 5 +
15 1001 GRAVEL 1115 *
17 000 GRAVEL 1115 .
15 939 GRAVEL 11-15 +
19 98 GRAVEL 1115 +
20 997 GRAVEL 1115 m .
21 a9 GRAVEL 15-20 L
22 5995 GRAVEL 15-20 L]
2% 954 GRAVEL 15-20 .
24 993 GRAVEL 15-20 4
25 gz GRAVEL 165-20 *
26 991 GRAVEL 15-20 *
27 EED] GRAYEL 15-20 L]
28 ag9 GRAVEL 15-20 +
29 988 GRAVEL 15-20 ) Er S
L ) o 30 987 Fefuzal 50+ = Ty
Grainsize Grainsize Confidence Distribution at 5 Ft k1| 66 Fiefuzal Bils +
== oL az agg Fefuzal 50 *
k) a4 Refuzal B0+ L4
cl [ 34 383 Fiefusal 60+ .
ay 5 g8z Fiefuzsl 50 = '
SAND S(r 36 881 Refusal 50+ *
] a7 920 Fefusal 50+ L]
® SILT g 0% 38 973 Refusal N *
24 ars Fefuzal 50+ -
® GRAVEL % L 40 577 Fefusal 50l W +
4 a7e Refusal A+ L
; T 42 a7s Fefusal il *
43 a74 Fefusal 501 *
1% . . 44 973 Refusal IR *
0% 45 arz Fefuzal 5+ 15 +
45 a7 Refusal L1 L ]
CLay SILT SAMND GRANEL 47 a7 Refusal Bils »
4z 99 Refusal 50 +
43 962 Fefusal 50+ +
50 967 Refusal Gl = .




Example Machine Learning Application

Accessing Historic Data Points

Geosetta . _ e B Source: [ ]
£ : g ; (1at Ing) 39.9586449 , 82 6749082

A Non-profit company

1o raph!
Type: SPT O topography

User Controls: : e &1 [ Drawn items |8
ser Lontrols: e s A % 2 Elevation: 1032 58 fi .

Logout Total Depth: 7.50 ft

User Portal b e : : ) i Date Completed: 2019-07-10
Available Deliverables:

Help: Generate Pointcioud

User Manual | Y A g { Open Soils Map
i . df L
Video Tutorial pdf Log

Digas File

Tools:

Free DIGGS Viewer

Exploration Map

2 Geosetta



Example Machine Learning Application

User-Selected Points to Obtain Anticipated Data
Geosetta (e el

A Non-profit company " 4 0 miles from nearest historic location '_ ; 7 R e P ; = ® mapbox
. : e g : 2 { O topography

dropped location (39.959872, -82.681543) . 1
Drawn items 8§

C 2ok * S .
User Controls: Generate Pointcloud S : o 4 ! ! [ geology

Logout -
Generate Anticipated Boring Log

User Portal Open Soils Map

Help:

User Manual

Video Tutorial

Tools:

Free DIGGS Viewer

Exploration Map

© 2022 Geosetta | it 4 : " i - 3 M

Ty ._"~-. - Leaflet | © Mapbox



Example Machine Learning Application

Soil Profile with Predicted Rock Surface Depths

Geosetta

A Non-profit company

User Controls:

Logout

Help:

User Manual

Video Tutorial

Tools:

Free DIGGS Viewer

Exploration Map

v Improve this

Elevation vs Distance
(Click on this graph to locate point on map)

950
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Example Visualization Features L ]u?

* Automatically generate point clouds from State DEM data and Satellite Imagery that %\\\& \x,%\/‘b

include machine learning based predictions

%Mv\fy

xyz (DEM) xyrgb (satellite Imagery)
'




Example Visualization Features Q
</l W‘b

xyz (DEM)

xyz (point cloud)

xyzrgb (point cloud)
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Example Visualization Features L }

xXyzrgb (point cloud) /m\@@\\\& \%K/%l;

Xyzrgb+Machine Learning xyz(var)

- Depth to Refusal

Blow Counts Low to High




What's new in Geosetta?

eosetta.org

k Predictions in profiles
Alert when generating predictions far away from data

Displ ¢ i Type when droppi

Integrating U ] e and a

boring data
Features In Development:

* On demand Fence D
® Grain size predictions
s Adding CPT data
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Thank you!



TRB Webinar: New Era in Data Analytics for Bridge Foundation Design
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Lifetime of Geotechnical Data in Bridge Projects

Allen Cadden, PE D.GE
acadden@schnabel-eng.com



3 Rules of Data

* Capture it at the source.
* Only enter it once. (Never touch the data again)

* Get someone else to do it.

Single Source of Truth {Data Storage)
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<measurement>
<Test gml:id="atterberg">
<gml:name>Atterberg Limits T est</gml:name>
<role>
<Role>
<rolePerformed>Technician</rolePerformed>
<businessAssociate>RCB</businessAssociate>
</Role>
</role>
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<rolePerformed>Computed by</rolePerformed>
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</Role>
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<content>Liquidity Index=0.66; Pl = 13</content>
</Remark>
</remark>
<investigationT arget>Natural Ground</investigationTarget>
<projectRef xlinkhref=#DiggsExample"/>
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<sampleRef xlinkhref="#s14"/>
resultTime>
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</resultTime>
<outcome>



The Life Cycle of A Bridge




Preliminary Studies — Start with Available Data
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Field Data Capture

Digital data collection

Reduce transcription errors

Automatic quality checks
of the data entered

Near real time review

No more rain soaked forms




Integrating Laboratory Data

Digital capture is spreading
in laboratories

Many still use spreadsheets
and misc. forms to collect
the data and do basic
calculations and plotting

Transferring that data to the

project record is critical
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Development of BIM Model
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Sharing “Data” with Contractors

SINMARY OF TURDBCIACK SO0 ANS

The by

el b o O e T sy Wy -
T s of o e, o o B F g P bt
e - -nd

mL A BME Goa 1 el v fghe howy
-

L

i

CLAYAY SASE SY (e o = adom voie o i ook
7

i

HISESESEEREEEL

L4 Leportarn o Yresoon
Pedory Mg wew dedein' 1y Bom

e aece = s

Zonzi4,  Limed
=0 —

|

L L0 W A
L M G

W
1

SPB611-28, Sridge 86X03
‘South’ Electrical Resistivity Profile

9
Inoder 2 WS AT Cherakad )i 1X0




Construction Records

ing

Collecti

A\




@ sensemetrics

81 YwWpP2
Prassure: &

Date

28 Jun

Messages R identify element




Asset Management




Reuse of Data




Industry Foundation Classes (IFC)-Tunnel Project Report WP2:

Requirements analysis report (RAR)

Lifecyclestage

Plan & Investigation Investigation & Design Construction Maintenance
Primary objective of Tunnelroutes/ alignment studies TunnelDesgn Construction management Measures to deformation and
modeling (UC2a) (UC2b, 12b) (UC15b, 2¢, 12b) damage(20)

Model example

f.

Regional-scale engineering-geological model | Tunnel-scale engineering-geologicalmodel | Geol. Tunnel Docu. /as-built model As-built modelfor specificarea

Modeling area Relatively wide area including potential | Around thetunnei corridor Around thetunnel excavation Selection of previous modeis
tunnelroutes aroundzones ofinterest
Approx. resolution >10m mesh <10m mesh Downto 0.1m mesh Downto 0.1m mesh

requiredto the modei




Data Transfer for Life

DIGGS is the tool for exchanging the geotechnical data throughout the life cycle
of a transportation asset.

We (the DIGGS team) are currently working with buildingSMART to integrate
DIGGS as a schema for geotechnical data transfer in their tunneling model.

ASCE G| Web Site: www.DIGGSML.org or https://github.com/DIGGSmI



http://www.diggsml.org/
https://github.com/DIGGSml

Lifetime of Geotechnical Data in Bridge Projects

Allen Cadden, PE D.GE
acadden@schnabel-eng.com

ASCE Gl Web Site: www.DIGGSML.org
or https://github.com/DIGGSmI



http://www.diggsml.org/
https://github.com/DIGGSml

Today’s presenters

Nick Machairas
NMachairas@haleyaldrich.com

"ALBRicH

Allen Cadden
ACADDEN@schnabel-eng.com
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Upcoming Events for you
November 3-4

TRB’s Symposium on
Visualization in Transportation

November 10

TRB Webinar: T-1 Steel, I-40
Bridge, and the Way Forward
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https ://v\wwv.nationalacademies.orao/trb/
events



https://www.nationalacademies.org/trb/events

Register for the 2023 TRB Annual Meeting

Register to be part
of the action!

https://www.trb.org/AnnualMeeting
/Reqistration.aspx

Follow the conversation
#TRBAM
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https://www.trb.org/AnnualMeeting/Registration.aspx

Subscribe to TRB Weekly

If your agency, university, or
organization perform transportation
research, you and your colleagues need
the TRB Weekly newsletterin your
inboxes!

TRB Weekly

3 TRB 'Weekly

T

Each Tuesday, we announce the latest:

RFPs

TRB's many industry-focused webinars
and events

3-5 new TRB reports each week

Top research across the industry .
Spread the word and subscribe!

https://bit.ly/ResubscribeTRBWeekly
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https://bit.ly/ResubscribeTRBWeekly

Making our work accessible NCHRS | TcRe

« Join or Become a Friend of a Standing | H
Technical Committee [ACRP o BT

Network and pursue a path to Standing Committee
membership
bit.ly/TRBstandingcommittee

« Work with a CRP
https://bit.ly/TRB-crp

« Keep us updated with your information
www.mytrb.org
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Listen to TRB’s podcast

NATIONAL siomes _ _ )
ACADEMIES edicine Listen on our website or subscribe

wherever you listen to podcasts
https://www.nationalacademies.org/

/ \ podcasts/trb
= 4 0O i @

"TIRIER'S
Transp ion
Explorers
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https://www.nationalacademies.org/podcasts/trb

Stay in touch

Receive emails about upcoming webinars:
https://mailchi.mp/nas.edu/trbwebinars

Find upcoming conferences: https://www.nationalacademies.org/trb/events

W @NASEMTRB
) @NASEMTRB

Transportation
. Research Board
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https://mailchi.mp/nas.edu/trbwebinars
https://www.nationalacademies.org/trb/events

We want to hear from you

« Takeoursurvey

2T

 Tellushow you use TRB Webinars in your work at
trbwebinar@nas.edu . ) AT






