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Data Management Maturity Model

Pareek, D. (2007) “Business Intelligence for Telecommunications”
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* Historic geotechnical information/data is an asset
* DIGGS compatible data now required in Ohio

DIGGS XML data file + TIMS = Statewide Digitized Sparse (but rich) Geotechnical Database
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MS s ProjectSearch  CrealeaMap  DalaDownioad  Standard PDFMaps  Map Viewers  Data Glossary

B X . ttp://www.opengis.net/gml/3.3/ce"
xmins:xlink=" ”hup / /vowwew3.0rg /1999 /xlink” xmins:g ttp:/ /www.opengis.net/gml/3.3/Ir" » ¢ o
xkmins:witsml="http:/ /www.witsml.org/schemas/131" xmins:diggs_geo="http://diggsml.org/schemas/2.5.a/ geotechnical” a- 0 B+ Y- +- T Ridge
xsi:schemaLocation="http:/ /diggsml.org/schemas/2.5.a https://raw.githubusercontent.com/DIGGSmI/diggs-
schema,/2.5.a-dev/Complete.xsd” xmins:xsi="http:/ /www.w3.0rg/2001/XMLSchema-instance” = f * ®
T .
- <documentInformation= = L i
- <DocumentInformation gml:id="DGS765F-DA6-2E5C-4987-1FA95"> Result layers: * PS
<creationDate>2018-12-11</creationDatex *® *
_ cauthor> Bore Hole Locations v - o *
- <BusinessAssociate gml:id="BA_"> '; S * ® * P
<gml:name/> OBJECTID 15917923 s
</BusinessAssociate> ¢ H * L]
<Jauthor> NLFID SFRARA255607°C & :.
<l--zguthor=</author>-» - ‘
<disclaimer>Not spectfied in GINT file=/disclzimer= bt St i & i
- <auditTrail> ODOT_DISTRICT 06
- <Remark>
<content>Generated by Keynetix Diggs Feedback Tool</content> COUNTY FRANKLIN
<remarkDateTime>2018-12-11</remarkDateTime= COUNTY_CD FRA
</Remark> -
</auditTrail> ROUTE_TYPE RA
</DocumentInformation>
«/documentInformation= B i
- <project> ROUTE_SUFFIX Null
- <Project gml:id="Project_600162">
<gml:identifier codeSpace="0DOT_C5">100056 </gml:identifier> REREIDATE 12010
<gml:name=600162</gml:name= LATITUDE_DD_BEGIN  39.967003

ent=/rolePerformed=

<I--NO roles defined for this fi wersion-<rol

ole> <rolePerform:
f LONGITUDE_DD_BEGIN -83.040962

sshssociate> </businessAssociate> </Rolez

- <locality> ®
- <Lacality gml:id="pl_600162"> Su8 RareH = .. ®
- <address> STATION 399+00 @ L ]
- <Address gml:id="pla_600162"> ES 4 @ *
<number/> OFFSET 100 @
<strestAddress/> DIRECTION R £ ¢
edity/> §
<state/> BORING_ID s2c @
< >
<2;?J‘:\ED:';ER</NUHW} PROFILE_NAME OGE-B104-17393-318.TIF 3
<country/> CONF 3
<postalCode/>
</Address> MIsC Null
«/address= oS o
- <plss>
- =PL55 gml:id="DGSB1FA-5C-3CDB-CED2-4A590"> PROJECT htp: !aho'\ odotgeoms.org/Falcon
<township/> INFORMATION W r
<range/>
; ‘</ PLSS> Me Kinley Ave
«</plss>
<route=345</route> Loe Nul had =0 ME Kiiley Ave Sk
<station/> - ok e e i 2 A
<offsetDirection/>
</Locality>
</locality>
<purpose >Geohazard Exploration</purpose>
- <otherProjectProperty>

10/4/2019 2019 Midwest Geotechnical Conference 4



Geotechnical site investigation data Is a gold mine!

Two Geotechnical Exploration and Testing paradigms

EXxperience
driven
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Deficiencies of current practice

« Current practices lack adequate and advanced methodologies for harvesting and harmonizing vast, diverse, and
possibly contradicting geotechnical and geophysical investigation information/data (in-situ, laboratory, and
derived)

« Engineering experiences-based interpretation involving bias as well as unknown uncertainties (both objective
and subjective)

« Low efficiency and less robustness of current geotechnical data transferring and processing

* Deterministic “guess’ on the subsurface condition at the unexplored locations (may be with subjective
confidence level)
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Current practices Future trend
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University of Dayton (UD) Team Is working on data analytics

Seamlessly integrated into the DIGGS ecosystem (read DIGGS compliant data as part of the data analysis
software)

Automatic geotechnical data interpretation and associated uncertainty quantification (Al: unsupervised learning
— machine learning and pattern recognition)

Stochastic simulation for unexplored locations based on extracted statistical characteristics and spatial
correlation from the sampling locations (random field and stochastic simulation)

Quantify “confidence level” of inferred geotechnical model for informed decision making (e.g., preliminary
design and detailed reliability based design)

Export enhanced DIGGS XML file with above derived data/information for better visualization (using GIS
software, AR/VR mixed reality) and/or down stream design (CAD software)



Current UD developed Al based site investigation data interpretation
and modeling platform

Output: Customized data structure that can be processed by the program

Output: Stratification and soil properties interpretations at sampling locations

Output: Complete 2D/3D subsurface model and uncertainty guantification

Output: Enhanced XML file with reliability/risk analysis and design
recommendations




Current UD developed Al based site investigation data interpretation
and modeling platform

Output: Customized data structure that can be processed by the program



Reading data from DIGGS compliant xml file

Python variables

X M L teXt Variabl explorer

& B E
Nl’l\ne Type Size Value
extractedMeasurement dict 2 -EB—E])E?l—B—lS {'pos’:[...], 'mame’:[...], "investigationTarget":
ImF:Hdi‘]ﬂSmI.ﬂfﬂfsdlemasfl.s.a'T:rlr :1Iwwu-v.nnen;i:‘!:i:t?"gmn:l;;lhwHm'nmgi”e”gm” Aot extractedObservathons dict 2 { B-801-8-15":{ lithologyClassificationType :[...], ‘'posList’:[...],

hitp: / /www.opengis.net/gml/3.3/ce” x| ttp:  fwwrw.w3.0rg 1998 /xiink" xmins:gir="http:/ fwww.opengis.net /g
tep: fwvew.witsml.org/schemas /131" xmins:diqgs _geo="http: diggsml.org/schemas/2.5.a/geotechnical
xsi:schemalocati /[ diggsml. 2.5. https:/ hema/2.5.a-dev/Complete.

tip: . a hitps:, {'B-881-8-15":{"pos':[...], 'name’':[...], 'projectRef':[...],
smins:xsi="http: /wnw. w3.0rg/ 2001 /XML Schema-instance" xmins="http:  /diggsml.org/schemas/2.5.2">

extractedSamplelInffo dict 2

" etoametaformatns ;;“‘g;”a e TR RS e e e
- jon =" -4087-1FAOS" . s . -801-8-15":{ pos":[... name':[... investigationTarget”:
<creationDate>2018-12-11</creationDate> ’ extractedSamplingfictivity dict 2 [-..] 4 ’ ’ 2 =

- cauthor> L
- <Businessfssociate gmi:id="BA_" BB -85 - .. : ..
”zl;m:n:rEB omlid="BA_"> extractedSamplingfeature  dict 2 ?Eﬁs?:isfsj.ﬂiio;{ Borehole':[...], ‘rolePerformed’:[...],
</BusinessAssodate>
<Jauthar s C:/Users/hwangl2/Documents/Project_on_going/
! — file_path str |1 - -
sdsnersHot specied in T il dsciers £ ODOT_subsurface_modeling/s
- cauditTraly
- <Remari
<content>Generated by Keynetix Diggs Feedback Tool</contents ¢
<remarkDateTime>2018-12-11</remarkDateTimes
<fRemarks
<JaufitTrai>
</Documentinformation> o
. Jommemase: @ extractedMeasurement - Dictionary (2 elements) - O »
- <Project grilid="Project_600162">
<omlidentifier codeSpace="0DOT_CS">100056</gmidentiiers
<aml:name>600162</gml:nsme>
<40 o his Fle con -
oo ) Key Type Size Value
<Localty gl:id="pl_600162"> -
- cadre . I . . £ . . . . . .
- 01010 ldice 19  L'Pos'i['1.5; 3.5; 6; 8.5; 11; 12.5; 1.5 6; 8.5;
; i _f-
vt 1.5; 6; 8.5; 1.5; 3. ...
ity . .-
i . {*pos':['1.5; 3.5; 6; 8.5; 11; 12.5; 18; 23; 6;
<proiincef> B-882-8-15 dict 19
<county>PER</county> 11, 5, 11, 15, 35, 6 ...
<country>
«postalCode/>
<Jadtress>
<faddress>

Save and Close

Running time: 0.044s for this example file

A\ 4

@ B-001-0-15 - Dictionary (19 elements)

Key

LposList
PropertyParameters
TestResult
blowCount
dataValues

index
investigationTarget
name

penetration
penetrationTestType
pos

projectRef
propertyClass
propertylame
samplingFeatureRef
totalPenetration

typeData

DrivenPenetrationTest

Type Size

list

list

list

list

list

list

list

list

list

list

list

list

list

list

list

list

list

list

list

Value
["ds-1 DGS64EF-1C1-4F55-EE30-5D3E8",
"ds-2 DGS8F@1-184E-1EB1-D575-2830 ...
["DGS931A-B66-2D49-2917-13D34;
DGS274E-11@0-29D1-ECEA-2F6A4; DGS5561-D ...
['1.5 3; 3.55; 6 7.5; 8.5 1@; 11 12.5; 12.5
22.5; 1.5; 6; 8.5; 1.5; 6 ...
["DGSA1E2-1103-4284-773F-2280E; DGS2408-
B3D-22EF-5DC7-672D7, DGSB1CF-1 ...
[ "DGSAF8-283-3838-37C5-26688; DGS16F6-1121-
AB9-9A-2004E; DGS76A7-16A2- ...
['6", '5", '4; 1; 4; 11; 53; Mone; None; None;
None*]
['9; 3; 7; 18; 84; @; © @; 31 20; 37 18; None;
None; None; ,A-1-b,A-1- ...
[*1*, "2", *3; 3; 3; 3; 3; None; None; None;
None ']
["MNatural Ground; Matural Ground; Natural
Ground; Natural Ground; Matu ...
['SPT; SPT; SPT; SPT; SPT; SPT; ATTERBERG;
ATTERBERG; ATTERBERG; PARTI ...
['6", '6", '6; 6; 6; 6; 6; None; None; None;
None*]
['SPT; SPT; SPT; SPT; SPT; SPT; None; Mone;
None*]
['1.5; 3.5; &; 8.5; 11; 12.5; 1.5; 6; 8.5; 1.5;
6; 8.5; 1.5; 3.5; 6; 8 ...
['#Project_6@0162; #Project_680162;
#Project_600162; #Project_680162; ...
['n_value; n_value; n_value; n_value; n_value;
n_value; plastic_limit; ...
["MN-Value; N-Value; N-Value; N-Value; N-Value;
N-Value; Plastic Limit; ...
["#Borehole_B-881-8-15; #Borehole_B-801-8-15;
#Borehole_B-001-0-15; #B ...

["18; 18; 18; 18; 18; 12@; None; None; None']

['long; long; long; long; long; long; integer;
integer; integer; MNone; ...

Save and Close

DIGGS xml file can be parsed and transferred into our customized data structures efficiently!




Current UD developed Al based site investigation data interpretation
and modeling platform

Output: Customized data structure that can be processed by the program

Output: Stratification and soil properties interpretations at sampling locations




Joint interpreting multiple CPT sounding data
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Real-world example

A real-world CPT dataset collected at a project site located within the
central business district of the city of Christchurch, New Zealand.

44 CPT soundings and 3 boreholes are sparsely located in a 240 m x
240 m square region.

All 44 CPT soundings are interpreted simultaneously
Two validation cases:

1) CPT #6, #7, #12 (Borehole logs validation)
2) CPT #1, #24 (Shortest horizontal distance)
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More data points -> Enhanced clustered pattern

CPT #6 CPT #7 CPT #12
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Enhanced clustered pattern -> Enhanced vertical consistency
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Machine learning-based interpretation can take the vertical correlation of the soil physical properties into consideration, and

thereby improving the vertical consistency of the interpretation results.
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Enhanced clustered pattern -> Enhanced horizontal consistency
CPT #1, #24 (Shortest horizontal distance)
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Joint interpretation can eliminate the
undesired conflicts among stratification
results of nearby CPT records and
significantly improve the horizontal
Interpretation consistency
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Test_1 Test_2

oint interpretation of borehole logs and CPTs ... o e oo

and soil description interpretation and soil description interpretation
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Current UD developed Al based site investigation data interpretation
and modeling platform

Output: Customized data structure that can be processed by the program

Output: Stratification and soil properties interpretations at sampling locations

Output: Complete 2D/3D subsurface model and uncertainty guantification



Subsurface geologic model simulation process

Sufficient number

of stratigraphic
2) Generating stratigraphic realizations realizations3) Uncertainty quantification and visualization
| 1 1
| I 1
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| 1 1 |
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| : 1 : :
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stratification data integration ! | ! . :
; I I | ] I
:j : ’ 3 ’ : " : h - b 1 : ! i Formaliun;iol [ | F;mation#l 20- Funn:asljan #3 = cherlaiisum " 1
12 - - . | 1
: ‘ Local optimization : I
i | 1 1 |
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2D stratification profile modeling

T ) @ Three scenarios with different combinations of borehole
Y Lo log data as inputs:

| Case 1: Borehole #1 + Borehole #5

Case 2: Borehole #1 + Borehole #3 + Borehole #5

Case 3: Borehole #1 through Borehole #5.

1 T T T 0.4

0.9

Available boreholes in the project site
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&
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SHALI" HHH]HHSANDYCLAY SIm e @LLAY Number of the available borehole logs

Borehole logs for the two-dimensional project Confidence ratios and average information entropy values of different

modeling cases for the two-dimensional project
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2D stratification profile modeling

Simulation of the soil-rock interface that is critical for the design of foundation system

Borehole#5
Borehole#1 120

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 108
Borchole#5

Borehole#1 20
Borehole#3

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 108
Borehole#5

Borellole#s Borehole#4 . [~

Burellole#Z Borcllnlc#fi

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 108
|:| Confident region of soils with 90% confidence level . Confident region of rocks with 90% confidence level - Uncertain region

Map of confidence assignments for interpreting the two-
dimensional project.
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Borehole#5
Borehole#1 20

Borehole#3
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0.1 0.2 0.3 0.4 5
Normalized information entropy

Information entropy map for interpreting the two-
dimensional project

.0
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3D stratification profile modeling

Three scenarios with different combinations of borehole log
data as inputs:

ey Case 1: Borehole #6 through Borehole #9

| 4“/ Case 2: Borehole #6 through Borehole #13

= =
el fg/l,/

Case 3: Borehole #1 through Borehole #14

0.8 T T T 0.4

2ot | i
A \‘-‘d S S T ..
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B 1 i fr‘l :;E‘ :—E]-.;:r = E 1,035
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= 0. & 0.2 L ' i 0.1

s E= 7_%; g 4,025 4 8 ()
= e Number of the available borehole logs
Esnae [[sancvsne Bsivciey [Esans [ orave ancior stons Fragments  [FHcravet andror stane Fragment with Sand ana sit Confident ratios and average information entropy values of different
Borehole logs for the three-dimensional project modeling cases for interpreting the three-dimensional project
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3D stratification profile modeling

Simulation of the soil-rock interface

0 5 10 15 20 25 30 3 40 45 50 5§)

Subsurface uncertainty reduction in a vertical section

I:' Confident region of soils with 90% confidence level . Confident region of rocks with 90% confidence level . Uncertain region

Map of confidence assignments for interpreting the three-dimensional project.

7/25/2019 25



Current UD developed Al based site investigation data interpretation
and modeling platform

Output: Customized data structure that can be processed by the program

Output: Stratification and soil properties interpretations at sampling locations

Output: Complete 2D/3D subsurface model and uncertainty guantification

Output: Enhanced XML file with reliability/risk analysis and design
recommendations




Example 1: Probabilistic analysis of Shield Tunnel in Multiple Strata

~— borehole #1 — borehole #2 ~— borehole #3 borehole #4 —

Elevation 146 _

_ Borehole#1 Borehole#2 Borehole #3  Borehole#4

136 %
126 ;7
/

E miscellaneous fill

% alluvial deposit

f==]
2 =—UWN\ilili
§\\\§ N

clay =]
=3
vy
H]ﬂm decomposed granitic soil
] g Kol ! 53
3 X‘ ‘x‘ k55| weathered granitic rock
X k.3
90—k ! * X,
X ‘X: ‘X‘ ‘x‘ [%] hard granitic rock
1 £.3
% é (XA P | 4 Y
Ko 50m > 50m - 50m
P miscellaneous fill alluvial deposit cla decomposed granitic soil weathered granitic rock
Available borehole logs = P y Illdecomposed g = ¢
Il hard granitic rock excavation boundary underground water level

Profile of tunnel alignment and locations of borehole logs

0 50 100 150

Subsurface uncertainty quantified using information entropy for the tunnel alignment
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Probabilistic Analysis of Shield Tunnel in Multiple Strata

50

45

40

35

30]

50 100

Generated stratification realizations along the tunnel alignment
7/25/2019

Stochastic Finite Element model can
on the si ificati

Q

Formation #1

......... X i

Formation #3

150

Formation #5

........ .

Formation #6

_________ Voo

FEA model for tunnel cross-sections built based on the
generated realizations

be built based
profile.
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Probabilistic Analysis of Shield Tunnel in Multiple Strata
Stochastic Finite Element simulation provides probability/reliability based analysis results
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Example 2: Slope Stability Analysis Considering Subsurface Stratigraphic Uncertainty

100 T T T 100 T
=== Alluvial clay == Alluvial clay
— il 5 et i m— Silt
an — ™ Coarsc and finc sand i=E e = RO Coarse and fine sand
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X (m)
Slope profile and available borehole logs and geologic information Simulated stratification profile



Example 2: Slope Stability Analysis Considering Subsurface Stratigraphic Uncertainty

100

Simulated stratification profiles
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z (m)

=== Alluvial clay
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=== (Joarse and fine sand
= Weathered sandstone
= Decomposed limestone
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=== Alluvial clay

—_— Silt

O:uarsc and fine sand
= Weathered sandstone
= Decomposed limestone

| == Limestone

20 40

= Alluvial clay

= Silt
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= Weathered sandstone
== Decomposed limestone
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Corresponding FEA models Calculated slip surface
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— . imesione

31



Slope Stability Analysis Considering Subsurface Stratigraphic Uncertainty

6F - —FS
st
100 Mean=1.5543
Lo 4+ Standard deviation=0.0713 ___
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Subsurface uncertainty (represented by information entropy)
estimated using existing borehole logs

z(m)

A further question: How to reduce the uncertainty of

0 20 40 60 80 100 120 140 160 180

the FoS and the location of slip surface? B ) " m)
Potential locations of the slip surface calculated based on the

estimated subsurface uncertainty
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Example 2: Slope Stability Analysis Considering Subsurface Stratigraphic Uncertainty
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Recap

DIGGS Compliant Geotechnical Data
= Borehole logs
= CPT Module 1

A 4

Data interpretation Module 2
= Joint multiple CPT sounding data
= Combining borehole log with CPT

A 4

A

A 4

Geological Modeling with Statistical v

Propose method and Analysis Visualization tools and
location for additional |« = Soil/rock stratification profiles — export xml files to GIS and
site investigation = Simulated soil engineering AutoCAD

1 properties Module 3

A 4

Engineering Analysis and Informed
Decision Making Module 4

A
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development of the above methods



