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Outline

» LADOTD’s Data Management Journey

e A Web-Based Platform to Evolve
Geotechnical Site Characterization
and Design Practice in Louisiana
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LADOTD’s

Data
Management
Jourmney




Research Projects with LA Transportation Research Center

* Create database for existing, current, & new records

* GIS system with scanned images of boring logs

 Standardize the LADOTD gINT project format / Boring log format

* GIS system to create boring logs & plots in real time

Top 5" of pile cut off for load test

* Migrate to HoleBase + include test pile database

* Migrate as much existing data as possible (in-house/consultant gINT,
images)
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Data Management Goals

WHERE WE WOULD LIKE TO BE

WHERE WE ARE/WERE
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Borehole & lab tests logged on paper: project, boring,
sample, etc. re-written multiple times

Data are received from labs in multiple formats

Data are stored on a project-by-project basis, not easily
retrieved based on proximity to other projects

Borings, CPTs, load tests, etc. are typically siloed and only
looked at together on the project

For LRFD,“sites” are based on judgement, ¢ selection
based on field verification

Even when we have data, we often still have to manipulate
it excessively

Xin Peng and Jesse Rauser

Log boring on tablet, begin digital chain of custody that
continues throughout lab testing

Exchange data in standardized format (DIGGS)

House data in centralized database, reuse as much as
possible ($15k per deep boring, 10x that for SLT)

Get multiple types of data in the same database for easy
comparison =» automated calibrations!?

Characterize sites based on variability & uncertainty using
defensible, repeatable methods

Develop tools to eliminate tedious plotting & analysis —
focus more on decision making



Implementation: Site Characterization

* Current resistance factor selection based on field
verification

* This doesn’t scale!

* This tends to leave sources of risk up to “engineering judgement’

* Is this reproducible and defensible?

* What about variability & uncertainty in the
geotechnical properties?

* See MoDOQOT drilled shaft research

* GEC No.5 proposes a rational approach by
limiting COV in the geotechnical data
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Field Verification Requirement
Static load test + 2% verification
Dynamic monitoring 100% of piles
2% verification only

Static design + LA modified Gates eqn.
(local calibration)



Implementation: Site Characterization

* GEC No.5 recommends COV__,, <0.3

* Calculations are complicated by the need to
combine data from multiple borings and analyze at
various depths

e This is where we usually fall back on “engineering judgment”

* A major obstacle to risk-based geotechnical
analysis is a lack of data management

* |f we standardize the data, we can standardize the tools
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Site Characterization

Ogsy-  COVsye

* Query database using Excel plugin Projects | SUatum Top/Bot Depth s, U™ T Wy Fines gy
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* Once in Excel, we can do conversions,
correlations, & other math

* Since the data are standardized, it works the same way every time

* Let the user select various correlation & plotting
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Geotechnical Data Plots H001234

LA-1: Port Allen Canal Bridge
LA-1
LOUISIANA DEPARTMENT OF
TRANSPORTATION & DEVELOPMENT
Fines Content vs. Elevation N-Value vs. Elevation Correlated Phi Angle vs. Elevation

Fines Content (%)
40 60

N-Value (bl/ft) Phi (deg)
60 80 100 120 140 20 30

Fines-mean Phi-mean
B-01 B-01
B-02 B-02
B-03 B-03
B-04 B-04
B-05 B-05
B-06

£
c
=]
2
©
>
£
W

B-06

Elevation (ft)
Elevation (ft)

B-07 B-07
B-08 B-08
B-09 B-09
B-10 B-10

6/21/2022




N

How about if engineers can elficiently and interactively
manipulate, visualize, and interpret dilferent types ol
ocolechnical data from any device with a web browser?
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The Implementation of a web-based plattorm for ...
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Borehole Testing & Support

- nf Construction

' Site Reliability Based |j5i=g|
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Key Objectlives

OX

|dentify
Variability and
Uncertainty

/I

4l

Increase Design
Efficiency
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-

Reduce
Design Costs

ﬁ
Improve Design
Quality
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HAND AUGER

CLIENT ClientXYZ  PROJECT NAME _gINT Collector Project : HAND AUGER HAND AUGER HAND AUGER
2 , i

PROJECT NUMBER _1234567 PROJECT LOCATION _Big City. USA gz: t:xz:;

DATE STARTED  COMPLETED _ _ GROUNDELEVATION 1011 HOLE € 4

DRILLING CONTRACTOR _ABC Drilling GROUND WATER LEVELS:
AT TIME OF DRILLING 24.00 ft/ Elev 770

DRILLING METHOD Hollow Stem Auger
LOGGED BY Andy Caneday CHECKEDBY J.Dooley W AT END OF DRILLING 25.00ft/ Elev 76.0(
7 AFTER DRILLING 27.00ft/ Elev 74.00 ft
. Clayasiyciy

o«

—
o

NOTES _Location shifted 10 ft east.

Shysad &saidysit
Siysaid & saidysin
Clay&siycly
Clay&siycly

%

—
L

(RQD)
BLOW
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MATERIAL DESCRIPTION
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(N VALUE)

Ta RECOVERY
o
POCKET PEN
(tsf)
DRY UNIT WT.
(pcf)

SAMPLE TYPE
NUMBER

o
1

—

o
—
o

Clydsiycly

pDepth {(m)
Depth (M)
pepth {m)
Depth {(m)

0]
o

Sandy Lean CLAY (CL), stiff, brown, dry, medium plasticity, fine to

medium sand.
Siiysand &sandysint

Sitysaid & sandysin
Sad & siysad

Sad&siysad

261

284
Siysaid & saidys it

Sad&siysad

30 30+—

1ypical Borehole and
CPT Deliverables

|

Good for archive, but no digital data embedded;

* Cannot be reused efficiently for engineering
design analysis.




Interactive web-based map for borehole, CPT, and construction testing locations

Map Height Boring Symbol Size Boring Label Size

Map Type = Satellite Streets *

Boreholes

Golden Meadow
CPTs
Test Pile

Monitor Pile
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CPT Color Legend 1 (SBTn, after 1990 & SBT, 2010)

1. Sensitive Fine Grained 2. Organic Clay 3. Clay to Silty Clay 4, Clayey Silt & Silty Clay 5. Silty Sand to Sandy Silt 5. Clean Sands to Silty Sands 7. Dense Sand to Gravelly Sand 8. Very Stiff Sand to Clayey Sand 9. Very Stiff Fine Grained

Select point locations in the web-based map to interactively

visualize any borehole cross sections
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CPT Color Legend 1 (SBTn, after 1990 & SBT, 2010)

1. Sensitive Fine Grainad 2. Organic Clay 3. Clay to Silty Clay 4. Clayey Silt & Silty Clay 5. Silty Sand to Sandy Silt 6. Clean Sands to Silty Sands 7. Dense Sand to Gravelly Sand 8. Very Stiff Sand to Clayey Sand 9. Very Stiff Fine Grained

Interactively add and visualize any nearby CPT data on top of

the borehole cross sections




(Generate a cross section with more than 300
CPTs in a few minutes

Column Width Text Size

= = Top Elevation Line fa Location ID [ CPT Columns

29.26

Latitude (deg.)

CPT Color Legend

1. Sensitive Fine Grained 2. Organic Clay 3. Clay to Silty Clay 4. Clayey Silt & Silty Clay 5. Silty Sand to Sandy Silt . Clean Sands to Silty Sands ! and to Gravelly Sand 8. Very Stiff Sand to Clayey Sand 9. Very Stiff Fine Grained
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Implement user-defined rules to identify critical soil

layers to design decisions

Column Width
O

e Graph
(Updated)
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CPT Color Legend

1. Sensitive Fine Grained 2. Organic Clay 3. Clay to Silty Clay

4. Clayey Silt & Silty Clay 5. Silty Sand to Sandy Silt

6. Clean Sands to Silty Sands 7. Dense Sand to Gravelly Sand 8. Very Stiff Sand to Clayey Sand 9. Very Stiff Fine Grained
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Develop Soil Design Models and Select Soil

Design Parameters

—

UNNECESSARILY HIGH
CONSTRUCTION COSTS

If selections are substantially less than
actual values.
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A

INADEQUATE DESIGN RELIABILITY
AGAINST FAILURE

If selected values of design parameters
are far greater than actual in-situ
values



U.S. Department of Transportation Publication No. FHWA NHI-16-072

April 2017

Interpretation Of Variability NHI Course No. 132031

Geotechnical Engineering Circular No.5

and Uncertainty fOI‘ DeSign Geotechnical Site Characterization
Parameters

Variability: i

o, (vi-9)

COV. _ O9measure _ %
measure

y y

\/ 1 I i-9)2
. o _
Uncertainty: COVppgep = —22det =30 n-t

y y

“Geotechnical design performed using soil parameters established
from mean values with COV,,,, 4.1 < 0.3 are likely to have reliability
that practically equals or exceeds the target reliability for design.”
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Load Database Close Map

Boring Label
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Fence Graph, West to East Fence Graph, South to North
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Showcase: An interactive soil boring cross-section profile for a design

section of a highway and bridge design and construction project




(Composite) Soil Boring

Data Profile 1 Data Profile 2
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Showcase: Data profiles for

the design section




(Composite) Soil Boring Data Profile 1

Moisture Content

Data Profile 2
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Data Profile 3
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Data Profile 4

Data Profile 5
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Showcase: Data profiles with dynamically generated data statistical
features and the independently generated soil stratigraphy boundary lines




Showcase: Finalized composite soil stratigraphy and soil design
parameters with the incorporation of engineering judgement
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Parametric Analysis
Deep lor Foundation
Design using the same
web-based platiorm
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Q

U.S. Department of Transportation
Federal Highway Administration

Publication No. FHWA-NHI 18-024
FHWA GEC 010
September 2018

NHI Course No. 132014

Drilled Shafts: Construction Procedures
and Design Methods

Developed following:
AASHTO LRFD Bridge Design Specifications, 8th Edition, 2018

PESA

26



Step 2: define geometry of drilled shafts

Step 1: Apply the finalized soil design model

Xin Peng and Jesse Rauser Tuesday, October 18,2022




Batch analysis to estimate the axial resistance ol the
drilled shalt at each borehole location

Fence Diagram with Resistance Contour (South-to-North); Soil Parameter Case: Mean; Diameter of Drilled Shaft (ft): 8.0
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Google Map Data Plots ‘

Google Map, Zoom Out ------ Zoom In: 7 Google Map Type: Elapsed Time vs U
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summary

Boreholes and CPTS

Digital data can be interactively visualized
and interpreted based on project needs.

Site Characterization

Geotechnical design models and soil
design parameters can be efficiently
developed based on data statistics and
specifications from FHWA GEC-05.

Reliability Based Design

The variability and uncertainty of the developed
soil design models can be automatically assessed,
which can potentially be implemented into the
following deep foundation engineering analysis
with site-specific resistance factors.
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Construction Testing & Support

A preliminary framework of a web-based test pile
database has been initiated to visualize and
interpret historical data, which also provides a
potential to integrate with reliability-based design
workflows to automatically calibrate the site-
specific resistance factors for different design
methods

Data Interoperability

Data from gINT and DIGGS, or any other
SQL (including Bentley’s holebase and
Openground) and NoSQL databases can
be imported into the web-based platform
to facilitate site characterization and
design practice. No data re-entry is
necessary.
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