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What Is the Geotech Interoperability Experiment?

* An effort to federate the geotechnical community around standards
* Enhance existing standards / Highlight complementarity

HOW STANDARDS PROLFERATE:
(s AVC CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

7! RDicooos! | |58

WE NEED To DEVELOP
SITUATION: || JiE UAVERAL SO0 || SITUATION:
THERE ARE USE CASES. e THERE ARE

4 sriﬂmﬁ \ ﬁ % ) 15 COMPETING
* An activity lead by the OGC Geoscience DWG (second IE after Borehole |E)

* Started on February 2022
* Estimated end in summer 2023




Motivation: Digital continuity for geotech
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NB: Non exhaustive list of existing formats and standards



Community oriented goals

Contribute to federate the geotechnical
community around a common position /
proposal for geotechnical data,

Scientific — IT connection
BIM — GIS and more connection

Users — Solution providers
connection

Work packages:
#1: Common conceptual model
#4a: White paper
#4b: Technical paper

#5: Implementation Guide for Software
Vendors

Technical oriented goals

Propose effective solutions to enable
digital continuity between GIS and BIM

Work packages:

#2: Extension of OGC Geoscience
standards,

#3: Technical documentation on the
use of OGC APIs

#3bis: Implementation forum

Image courtesy © ESRI



Work organization — “Workspace”

O Search or jump to... Pull requests Issues Marketplace Explore

u u
* Mall list:
| all ISt
[ opengeospatial / Geotech ' public @Unwatch 10 ~ % Fork 5 T Star 7~

m m
<> Code () Issues Il Pull requests (¥) Actions [ Projects 0O wiki @ Security |» Insights e Ote‘ I l I e I I StS O ‘ O r
| | | |
F master - P 2 branches > 0tags Go to file Add file = m About

No description, website, or topics provided.

g mbeaufils Add White Paper vIRC3 4977c5e 7 minutes ago  ¥&) 94 commits
B [ Readme
I Geotech_IE Add White Paper v1RC3 7 minutes ago Ty 7 stars
10 watchi
BB IDBE_Geotech Reorganized repo for Geotech IE yesterday © Frening . - -
Y 5 forks I
B img Initial population of repo 3 years ago ™
B terminclogy Update Model incl types.md 3 years ago
Releases . -
[ README.md Reorganized repo for Geotech IE yesterday
Mo releases published = =

Create 2 new release

README.md &

Packages

Geotech

Mo packages published

Publish your first package
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Welcome to the Open Geospatial Consortium (OGC) Geotechnical Engineering standardization effort. Much of this
. . . . . - . Q mbeaufils Mickagl Beaufils
effort is being performed in collaboration with buildingSMART International (bSI). =
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https://github.com/open
This GitHub repository is the workplace for collection of use cases and identification of existing work on the topic. The [ [

eospatial/Geotech/wiki



mailto:geotech.ie@lists.ogc.org
https://github.com/opengeospatial/Geotech
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Community oriented goals Technical oriented goals

Contribute to federate the geotechnical

community around a common position / Propose effective solutions to enable
proposal for geotechnical data, digital continuity between GIS and BIM

Scientific — IT connection
BIM — GIS and more connection
Users — Solution providers

connection
Work packages:
Work packages: #2. Extension of OGC Geoscience
#1: Common conceptual model standards,
#4a: White paper #3:. Technical documentation on the
#4b: Technical paper use of OGC APlIs
#5: Implementation Guide for Software #3bis: Implementation forum

Vendors
Image courtesy © ESRI



#1: Contents of each booKk

(based on current discussion and cover intentions by the standards / formats)

Objects

Assoclated properties

Book A: Investigations

WAGS
8gggpat|ol @bU”dW\gSI\AHR-E

Consortium International

Observation Supports or Sampling Features

Borehole,
Material Sample,
Trial Pit,
Observed Zone

Observations and measurements

In-situ tests
Laboratory tests
Monitoring

Book B: Models and
Interpretations

o Open o Al ]
QG Geospatia @bU||d|HQSMHRT

Consortium International

WAGS| *

Models and their (possible) components

GeologicUnit, Fault, Contact, Fold
HydrogeologicUnit, FluidBody,
FluidBodySurface, WaterBody

GeotechnicalUnit, Discontinuity, Void
HazardArea
GeophysicalUnit?

Interpretations

Book C: Design solution

8gggpat|ol @bU”dW\gSI\AHR-E

Consortium International

GeotechSynthesis Model

Alignment,
TypicalDesignArea,
GeotechnicalZoneOflnfluence

Interpretations / Projections

* partial cover




Proposed OGC APIs for Geotech

Objects

Assoclated properties

Book A
WAGS

8g§2patlcl @bU”dW\gSMHR-E

Consortium International

Observation Supports or Sampling Features

Borehole,
Material Sample,
Trial Pit,
Observed Zone

Observations and measurements

In-situ tests
Laboratory tests
Monitoring

Book B

8§§2potlo| @buildingS[\/\HR‘E

Consortium International

Models and their (possible) components

GeologicUnit, Fault, Contact, Fold
HydrogeologicUnit, FluidBody,
FluidBodySurface, WaterBody

GeotechnicalUnit, Discontinuity, Void

Interpretations

85§2p0tlcl @bU”dW\gSMHR-E

Consortium International

Alignment,
TypicalDesignArea,
GeotechnicalZoneOfInfluence

WAGS| * HazardArea
GeophysicalUnit?
Book C GeotechSynthesis Model Interpretations / Projections

Served with:

OGC API Feature

OGC SensorThingsAPI




Implementation test

Objects Assoclated properties
Book A Observation Supports or Sampling Features Observations and measurements
WAGS Borehole, In-situ tests
Material Sample, Laboratory tests
S Bt @buildingS[\/\Hﬂl Trial Pit, Monitoring
Consortium International Observed Zone
Book B Models and their (possible) components Interpretations
e . GeologicUnit, Fault, Contact, Fold
O S GBOUIdINGSMART HydrogeologicUnit, FluidBody,
FluidBodySurface, WaterBody
\\\AGSi * GeotechnicalUnit, Discontinuity, Void
HazardArea
GeophysicalUnit?
Book C GeotechSynthesis Model Interpretations / Projections
Open T Alignment
Bospatia buildingSMART. _ =
80”55“'“:‘ @ =L TypicalDesignArea,
GeotechnicalZoneOfInfluence

Served with: OGC API Feature OGC SensorThingsAPI




About OGC API Features and SensorThingsAPI

* Already existing material
* API for INSPIRE

* Studying the fithess of OGC
APl Features and

SensorThings APl as an
INSPIRE Download service

ELISE action study

API for INSPIRE

Investigating new
developmentsin
geospatial standards

and technologies * To be extended with geotech

examples

https://joinup.ec.europa.eu/collection/elise-european-location-interoperability-solutions-e-government/api-inspire



https://joinup.ec.europa.eu/collection/elise-european-location-interoperability-solutions-e-government/api-inspire

The borehole data journey to STA

°* Conceptual model:

* the conceptual alignement between 1ISO19148 (Linear Referencing) and
1ISO19156 (OMS) for the description of borehole data,

°* Logical / Physical model:

° Sdaptation of the SensorThingsAPI data model for the provision of borehole
ata

* Application to some Geotech tests (CPT, SPT, Menard Pressuremeter),

° Implementation level:

* the provision of a tuned FROST (Fraunhofer SensorThings API server) that
Implement this data model.




Sharing borehole logs

Some data about the test —

At different depths

—
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Application to some Geotech tests

* Three geotech In-situ tests
* Cone Penetration Test (CPT)

* Standard Penetration Test (SPT)
°* Menard Pressuremeter

* Measurements at regular depths along a borehole: BoreholePointFOI



CPT template

CHIRONGUI

Client : VICE RECTORAT - DEAL
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* SensorType: CPT

* ObsProp:
* Here Qc, Fs, U2, Rf, Tilt

* Also possible : U1, U3, alpha,
gt, ft, Rf, Rft, y, ov, gn, AuZ2,
uo, Bqg, Rfn

* Type of FOI:
* BH HolePointFOl



How to declare Geotech tests with STA?

4 N

Test description

/Observations or \

measurements
from the test

Type of test
Who? When?
Where ?

< 4

The values
obtained for
each observed

K properties /




Classical geotech data provision

4 N

Test description

/Observations or \

measurements
from the test

f ! 0..*
\T/\yr?c??ov\;re]:]? The values
Wher.e ? | obtained for

each observed

\ properties /

< 4




Option 1 : Test = DataStream

ObservedProperty

Tmame: Choractersting main issue : not valid for multi

+name: CharacterString +definition: URI
- + . . : )
+description: CharacterString description: CharacterString

encodingType: ValueGode +propertes: JSON_Object(0.1 observed properties test

+metadata: Any [

+properties: JSON_Object[0..1]

1 | +sensor / \

1 +observedProperty

0..* |+datastreams
— Test description O
0.* +datastream  +obsenvations| QP servations or
0., - Type of test 1 or | measurements
+daasteams —_ \\/h0o? When? from the test
\_ Where ? -
L | +thing - The values
Thing | thing obtained for
+name: C‘:haj.'acterStnng _
rdescrpto: Chawcersu 3 o each observed
0+ “things 0..* +historicalLocations ValueCode propertleS
HistoricalLocation
0..* +locations +time: TM_Instant

Location 0..* +historicalLocations \ /
+name: CharacterString +location

+description: CharacterString
+encodingType: ValueCode 1.*
+location: Any

+properties: JSON_Object[0..1]




Option 2 : Test = Sensor

(- N

Test / subtest ObservedProperty
descri ptl on +name: CharacterString
+definition: URI
Type of test +description: CharacterString
Who? When? +properties: JSON_Object[0..1]
0 Where? How? Y 1 | +observedProperty
L | +sensor

0..* |+datastreams

+datastreams
0..* .
Observations or measurements from the test
0..*
raaiasireams The values obtained for each observed properties
1 +thing -
a )
“Support of observation” +thing
BH.TrajectoryThing, BH.CollarThing ! o
- ' 0.* : =1 0..* +historicalLocations ValueCode
T +things
HistoricalLocation
0..* |+locations +time: TM_Instant
Location 0..* +historicalLocations \
+name: CharacterString +location
+description: CharacterString
+encodingType: ValueCode 1.*
+location: Any
+properties: JSON_Object[0..1]




CPT design options 1: 1 procedure for CPT

/\ Still one ObsProp per DataStream ac, fs, ul, u2, u3, alpha, qt, ft, Rf, Rft, gamma, sigmav, gn, deltau2, uo, Bq, Rfn,
U2Divqgc, qc-u2, Dist

/ \ ObservedProperty
+name: CharacterString
+definition: URI
My CPT test / +description: CharacterString
p roce d ure +properties: JSON_Object[0..1]
5 y 1 [ +observedProperty Value for the observed property @
. FOI
1 | +sensor
0..* |+datastreams

Observation
+datastreams Datastream
+name: CharacterString +phenomenonTime: TM_Object
0..* | +description: CharacterString +datastream +observations | *resultTime: TM_Instant
+observationType: ValueCode +result: Any
0.* |+unitOfMeasurement: JSON_Object 1 0.* |+resultQuality: DQ_Element[0..”]
+observedArea: GM_Envelope[0..1] +validTime: TM_Period[0..1]
+datastreams | +phenomenonTime: TM_Period[0..1] +parameters: JSON_Object[0..1]
+resultTime: TM_Period[0..1]
+properties: JSON_Object[0..1] 0.* +observations
1 : .
+thing Thing x Sensor x ObsProp
Thing .
. o . +thing
BHTrajectoryThin +name: CharacterString )
J y & +description: CharacterString 1 +featureOfinterest
+properties: JSON_Object[0..1] «CodeList» .
FeatureOfinterest
" 0..* +historicalLocations ValueCode : BH_HO'EPOII’\tFOl
0.. +things +name: CharacterString
HistoricalLocation +description: CharacterString
. — +encodingType: ValueCode
0.* |+locations +time: TM_Instant +feature: Any
: +properties: JSON_Object[0..1]
Location 0..* +historicalLocations
+name: CharacterString +location
+description: CharacterString
+encodingType: ValueCode 1.*
+location: Any
+properties: JSON_Object[0..1]




CPT design option 2 : detailed procedure

/
My CPT test /

N

+relatedSensor

procedure

(U

)

+relatedSensor

BHTrajectoryThing

/" The (sub)
procedure to get
one obsprop in

N

)

1 obsprop relevant for the CPT test (eg. qc)

ObservedProperty

+name: CharacterString
+definition: URI

+description: CharacterString
+properties: JSON_Object[0..1]

0..* |+datastreams

Datastream

+name: CharacterString
+description: CharacterString
+observationType: ValueCode
+unitOfMeasurement: JSON_Object
+observedArea. GM_Envelope[0..1]
+phenomenonTime: TM_Period[0..1]
+resultTime: TM_Period[0..1]
+properties: JSON_Object[0..1]

1 +observedProperty

+datastream

+0bservations

Value for the observed property @ FOI

Observation

1

Thing x Sensor x ObsProp

my CPT
\_procedure
+Sensor
1
+datastreams
D"*
0..*
+datastreams
1 +thing
Thing
- +thing
+name: CharacterString
+description: CharacterString 1
+properties: JSON_Object[0..1]
0. | +things
0.* |+locations
Location
+name: CharacterString +location

+description: CharacterString

0..* +historicalLocations

HistoricalLocation

+time: TM_Instant

0..* +historicalLocations

+encodingType: ValueCode 1.*
+location: Any
+properties: JSON_Object[0..1]

«CodeList»
ValueCode

0..*

+phenomenonTime: TM_Object
+resultTime: TM_Instant
+result: Any

+resultQuality: DQ_Element[0..*]
+validTime: TM_Period[0..1]
+parameters: JSON_Object[0..1]

0. * +observations

1 | +featureOfinterest

FeatureOfinterest

+name: CharacterString
+description: CharacterString
+encodingType: ValueCode
+feature: Any

+properties: JSON_Object[0..1]

BH_HolePointFOlI



Queries

Get a list of all the geotechTests In this STA (supposing the STA only contains
Geotech tests)

* https://[FrostGeotechServerAddress]/vl.1/Sensors

Get a list of all the geotechTests that are of type CPT

* https://[FrostGeotechServerAddress]/vl.1/Sensors?%filter=sensortype eqg
‘https://data.geoscience.fr/ncl/Proc/86°

Get the description of one test by ID:
* https://[FrostGeotechServerAddress]/vl.1/Sensors(xxx)


https://[FrostGeotechServerAddress]/v1.1/Sensors
about:blank
https://data.geoscience.fr/ncl/Proc/86?categ=14
https://[FrostGeotechServerAddress]/v1.1/Sensors(xxx)

Queries

Get the list of the avallable DataStreams associated to my Geotechtest

* https://[FrostGeotechServerAddress]/vl.1/Sensors(xxx)/Datastreams

Get the description of one DataStream assocliated to my Geotechtest
* https://[FrostGeotechServerAddress]/vl.1/Datastreams(yyy)

Get the observations from this DataStream
* https://[FrostGeotechServerAddress]/vl.1/Datastreams /Observations

Other i1deas?


https://[FrostGeotechServerAddress]/v1.1/Sensors(xxx)/Datastreams
https://[FrostGeotechServerAddress]/v1.1/Sensors(xxx)/Datastreams(yyy)
https://[FrostGeotechServerAddress]/v1.1/Sensors(xxx)/Datastreams(yyy)/Observations

STA Geotech Instance

https://ogc-demo.k8s.ilt-dmz.iosb.fraunhofer.de/FROST-GeoTech/vl.1

https://ogc-demo.k8s.ilt-dmz.iosb.fraunhofer.de/FROST-
GeoTech/vl.1/Datastreams(2)/Observations

https://ogc-demo.k8s.ilt-dmz.iosb.fraunhofer.de/FROST -
GeoTech/vl.1/Datastreams(2)/Observations?$expand=BhHolePointFoi($expand=

BhSampling)

https://ogc-demo.k8s.ilt-dmz.iosb.fraunhofer.de/FROST -
GeoTech/vl.1/Datastreams(2)/Observations?$select=result,phenomenonTime&$e
Xpand=BhHolePointFoi($select=name;$expand=BhSampling($select=atPosition))



https://ogc-demo.k8s.ilt-dmz.iosb.fraunhofer.de/FROST-GeoTech/v1.1
https://ogc-demo.k8s.ilt-dmz.iosb.fraunhofer.de/FROST-GeoTech/v1.1/Datastreams(2)/Observations
https://ogc-demo.k8s.ilt-dmz.iosb.fraunhofer.de/FROST-GeoTech/v1.1/Datastreams(2)/Observations?$expand=BhHolePointFoi($expand=BhSampling)
https://ogc-demo.k8s.ilt-dmz.iosb.fraunhofer.de/FROST-GeoTech/v1.1/Datastreams(2)/Observations?$select=result,phenomenonTime&$expand=BhHolePointFoi($select=name;$expand=BhSampling($select=atPosition))

DIScusSIOon

Other queries?



Mapping for SPT

@

Project: HO CHI MINH CITY URBAN MASS RAPID TRANSIT LINE 2 INVESTMENT PROGRAM

- BEM THANH STATION -
Barshols : BH-01A Scale : 1/200 Drilling date: ~ 20/4/2012-2%/4/2012
Chalnage: KM 00+871 Drlller: HOANG NGHIA TAN
Elevation: 216 m Suparvisor: LE VAN KIEM
Drilling method: Rotary with bentonits
- STANDARD PENETRATION TEST (SPT)
— -
o oy : .\f_' v v
b : ‘-_-. ',{_? ) S ---'N"' 1rJ M u m
- o : = = —J ’ . for each
Ele| 8| B |2| & | o DESCRIPTIONS 15em Symbol and
" - = ’ e 3 I .
g = | & 5 |S| & sample —{ N | SPT diagram depth of SPT
Wl 5§ |2 15/15[15
~ cmjcmjcm
v L s \ 4 From 000 & congrede, agomgats
z | ’09 & — 05 1.7m Al sanc, yelow grey
2.0."— “ 4:‘) . - - —————
A " Corey SAND, Ight grey, loose 01111 |2 -zimm
40 ! 300 - S50 | Cayey SAND (SC), green grey, loosa 1|1]2]3 %
L. 2
! 450 - 00 | Cayey SAXD, ight prey, loose 112124 mzssp.n
8.0, LD3
" ! £.00 - 650 | Cayey SAND, ignt grey. yeliow gy 1121315 _&ﬂ“‘
3 - D4
8.0. E ' 50 - 200 | Shy Clayoy SAND (SC-SAy, Iight grwy, voelow 1121a3l5s SFT5
VDS ey S0 - 345
10.0. E : Oin;q " Clayey SAND, nad brown 112383 %
! 1250 - 11.00] Cayey SAND, rad broan 213|147 Tr&gﬂs
12.& ‘ : < L
| 8.84) 12 K 'Sty SAND (W), medium grainad, ight oy, [ s| 4|6 |10 msvp
yelow grey, 0se 10 macium oeanse
14. <l
n A Sty SAND, medium grained, light grey, F|5|0 M 1%
YeiOw grey, madium aenss
SFT1D
160, A Sty SAND, mth gravel, weliow grey. mecum &1817 13‘ .
denge
N Sty SAND (Sh)g. with gravel, yelow ooy, S$|4|6|10 P’.“
13.0. 0084 10 mecium denss
L Sity SAND, medium grained, mc broan 214|659 SPT.R

SensorType: SPT

ObsProp:
°* N, InsertionDepth

Type of FOI:
* BH HolePoIintFOI



SPT

No, N1, N2, N, insertionDepth

ObservedProperty

SPT Sensor +name: CharacterString
+definition: URI

+description: CharacterString
+properties: JSON_Object[0..1]

+name: CharacterString
+description: CharacterString
+encodingType: ValueCode
+metadata: Any

+properties: JSON_Object[0..1] 1 | +observedProperty

1 +sensor

Value for the observed property @ FOI

0..* |+datastreams

Observation
+datastreams Datastream
+name: CharacterString +phenomenonTime: TM_ODbject
0..* | +description: CharacterString +datastream +observations ”EEU"T““E: TM_Instant
+observationType: ValueCode +result: Any
0.* |+unitOfMeasurement: JSON_Object 1 0.* |+resultQuality: DQ_Element[0..”]
+observedArea: GM_Envelope[0..1] +validTime: TM_Period[0..1]
+datastreams | +phenomenonTime: TM_Period[0..1] +parameters: JSON_Object[0..1]
+resultTime: TM_Period[0..1]
+properties: JSON_Object[0..1] 0.* +observations
1 +thing
Thing x Sensor x ObsProp
BHTrajectoryThing Thing sthing
+name: CharacterString 1 | +featureOfinterest
+description: CharacterString 1 eaturerinteres
+properties: JSON_Object[0..1 : .
e et o . «CodeList> FeatureOfinterest BH_HolePointFOI
" 0..* +historicalLocations ValueCode . —
0.. +things +name: CharacterString
HistoricalLocation +description: CharacterString
. — +encodingType: ValueCode
0. |+locations Hime: Th_instant +feature: Any
: +properties: JSON_Object[0..1]
Location 0..* +historicalLocations
+name: CharacterString +location
+description: CharacterString
+encodingType: ValueCode 1.*
+location: Any
+properties: JSON_Object[0..1]




Mapping for Menard Pressuremeter

= ' L * SensorType:
_EEr [ [P oo ertondeut rappe. | 1,60.n e e macs + GEosE o Menard Pressuremeter
T B e | o * ObsProp:
| EEE T ﬂﬂ ° Prl, Pr15, Pr30, Pr60, Vrl, Vri15,
B[ | e P : Vr30, Vre0, P, V, mi, DeltaV(60-30)
E; g: gau:n:r . i mg

=, Eann- b 30%

i o * Type of FOI:

B h ) °* BH HolePointFOl
: | °* How to deal with the different pressure
, o steps?
: T * Option 1: different Time Instants
: men | ow * Option 2: as parameter

giciel JEAN LUTZ S.4 - W, jeanlutsa. fr



Menard Pressuremeter

Pressio @ FOI

BHTrajectoryThing

Sensor

+name: CharacterString
+description: CharacterString
+encodingType: ValueCode
+metadata: Any

+properties: JSON_Object[0..1]

Prl, Prl15, Pr30, Pr60, Vrl, Vrl5, Vr30, Vr60, P, V, mi, DeltaV(60-30)

ObservedProperty

+name: CharacterString
+definition: URI

+description: CharacterString
+properties: JSON_Object[0..1]

1 +observedProperty

0..* |+datastreams

Datastream

+name: CharacterString
+description: CharacterString
+observationType: ValueCode

+unitOfMeasurement: JSON_Object
+observedArea. GM_Envelope[0..1]
+phenomenonTime: TM_Period[0..1]

+resultTime: TM_Period[0..1]
+properties: JSON_Object[0..1]

+datastream

+0bservations

Value for the observed property @ « Step »

Observation

1

Thing x Sensor x ObsProp

1 | +sensor
+datastreams
D"*
0..*
+datastreams
1 +thing
Thing
- +thing
+name: CharacterString
+description: CharacterString 1
+properties: JSON_Object[0..1]
0. | +things
0.* |+locations
Location
+name: CharacterString +location

+description: CharacterString

HistoricalLocation

+time: TM_Instant

+encodingType: ValueCode
+location: Any
+properties: JSON_Object[0..1]

1“*

0..* +historicalLocations

0..* +historicalLocations

«CodeList»
ValueCode

0..*

+phenomenonTime: TM_Object
+resultTime: TM_Instant
+result: Any

+resultQuality: DQ_Element[0..*]
+validTime: TM_Period[0..1]
+parameters: JSON_Object[0..1]

0. * +observations

Option 1:

-with different Time Instants
- Option 2: as parameter

1 | +featureOfinterest

FeatureOfinterest

BH_HolePointFOI

+name: CharacterString
+description: CharacterString
+encodingType: ValueCode
+feature: Any

+properties: JSON_Object[0..1]




DIScusSIOon

Atterberg Limits test
* Let's talk about MaterialSamples / Specimen



News from ISSMGE TC222

ECSMGE 24
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Conference v Programme Vv Abstracts Vv Exhibition Vv Social Program Vv Lisbon v
oooooooooooooooooo

- Welcome to the XVIII European

Conference on Soil Mechanics and
Geotechnlcal Engmeerlng

3 Lisbon isWwaiting for you

Learn Morg
¥l

* Discussion to have a workshop dedicated to BIM and Digital Twins for Geotech



