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- Hoe zijn we gestart ?
- Waar gaan we naartoe ?
- Waar staanwe nu ?
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C R U X . H oe te starten ? GEOTECHNIEKDAG 2;19

zelf software schrijven
versus
ontwerpprocessen automatiseren

WAaT ALS CRUX ...

.. in BIM een compleet Palenplan kan aanleveren

.. automatisch varianten kan doorrekenen

.. automatisch dijkberekeningen kan uitvoeren

.. eenvoudige ontwerpberekening zeer efficiént uitvoert

.. pre-processing, software en post-processing integreert

.. de optimale bouwkuip automatisch ontwerpt in Plaxis

.. leert van monitoringsdata

.. de zetting voor iedere grondopbouw al heeft uitgerekend.
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CRUXE  waar gaat CRUX naartoe ? A

Geo Engineers met digitale tools

* (CONTAINERS

* PIPELINES

* API
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CRUXE  waar gaat CRUX naartoe ? GROTEROAG 1

Geo Engineers met digitale tools

e URENFABRIEK

e \AARDIGHEDEN

* \VERDIEPING




S—— 1

CRUXH Waar staat CRUX? heA——

NUCLEI Omgeving — Jupyter Notebooks

SONDERINGEN (INTERPRETATIE EN GIS)
 PAAL DRAAGVERMOGEN ———
*  GEWAPENDE GROND npreperop yemmemees S P

processing.

*  DIJK STABILITEITSBEREKENINGEN o o s ot o oo

e /ETTINGSBEREKENINGEN -

API DOCUMENTATION AP| DOCUMENTATION

REKENKERNEL APl IN DE cLouD | S
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tussen resultaten

* ENORME POTENTIE

* 80/20
“ONDERSCHAT DE INSPANNING NIET”
* URGENTIE
e LEUK !

e BUSINESS MODEL
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CRUX' M Traditional geotechnical process sormemcmn
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CRUX' M Traditional geotechnical process sormemcmn
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D-GEO Suite
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Creation of the

model:

* Import surface line

* Draw soil layers

e Assign soil
materials

 Draw water lines

* Assign state
parameter
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CRUXM Traditional geotechnical process sormsoss

g 3 e e

420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620
o I TP LT TP L
s
104
TR B
EE =S - 5
== i 3 ¥
o T <
= : i
E> il = o
AT i
T [l e
IRE - 2
. i ] A A A A A T
] = oF E SOOIV NN NN
B S [
0
s
H 20 @ Project Stage Factor of Safety
dlculation and check O e e[l
D-GEO Suite
Stability | Crosssection Remarks Anatysis
1100 Uplift Van Particle swarm

results



—0

Lo

GEOTECHNIEKDAG 2019

CRUXE Objective
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CRUXE Automated Soil Interpretation -

1000 T T TTTTT

Empirical formulations:

 Robertson, P. K. "Interpretation of cone
penetration tests—a unified
approach." Canadian geotechnical
journal 46.11 (2009): 1337-1355.

100

1T T TTTT

—_
o

Normalized cone resistance, Qi

I N I IIIIII

1 10

5] I = [(3.47 — logQu)* + (logF; + 1.22)%]"

[

e
=

Normalized friction ratio, F;
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CRUXE Automated Soil Interpretation GrocmEoAG 1

Empirical formulations: T e '
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CRUXE Fully automated soil b A—

classification with a
Convolutional Neural Network
and Location embedding

’ 49000 CPTS and 40000 bOfEhOles https://cruxbv.nl/artikel/crux-automatiseert-
have been Checked ontwerpprocessen

* 1.800 pairs met the condition of  https://www.ritchievink.com/
being less than 6 meters apart.

* These have been used as the
labeled data of the model
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CRUXE Location embedding R A—

From the 1800 pairs, 48 location
S = clusters were created.

Limburg-Gulpen-Wittem - I Gravel
MNoord-Brabant-Bergen op Zoom
Noord-Brabant-Werkendam 4
Limburg-Helden
Friesland-Boamnsterhim
Friesland-Cpsterland 4
Noord-Brabant-Werkendam 4
Zuid-Holland-Alblasserdam
Zuid-Holland 1
Noord-Helland-Uithoorn 4
Noord-Holland-Amsterdam
Zuid-Haolland-Nederlek 4
Flevoland-Dranten A
Utrecht-Bunnik | |
Zuid-Holland-Vlist
Noord-Brabant-Uden 4
Noord-Holland-Haarlemmermeer -
Groningen-Zuidhorn 1
Noord-Helland-Castricum
Zuid-Holland-Liesveld 4
Zuid-Holland-Nieuwerkerk aan den |)sse q
Flevoland-Dronten A
Gelderland-Zevenaar 4
Drenthe-Aa en Hunze 4
Limburg-Echt-Susteren 4
Drenthe-Hoog 14
Noord-Brabant-Haaren 4
Utrecht-De Ronde Venen A
Gelderland-Zaltbommel
Zeeland-Reimerswaal 4
Gelderland-West Maas en Waal
Gelderland-Geldermalsen
Noord-Brabant-Cranendonck A
Drenthe-Aa en Hunze 4
Gelderland-Gendringen
Friesland-Dongeradee| 4
Drenthe-Aa en Hunze 4
Groningen-De Marne
Zuid-Holland-Nederlek 4
Noord-Brabant-Lith
Limburg-Beesel -
Noord-Brabant-Sint-Michielsgestel
Noord-Brabant-Sint-Michielsgestel
Groningen-Zuidhorn 4
Limburg-Beesel -

0.0 0.2 0.4 0.6 0.8 10
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depth [m]
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First Result

Soil distribution
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CRUX'E Grouping: aggregation of layers ctorcmeoac s
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Optimization problem:




RUX® Group

[13]:

[13]:

schema = {

"aggregate layers_penalty":8,
"aggregation_loss": "11",
"cpt_content”: content,
"include_features": True,
"include_location":
"n_clusters”:

i

call_endpoint(APP, '/plot', schema)

True,

qc

0.0 4

—2.5

—5.0

—-7.5

=10.0

depth [m]

—12.5 4

—15.0

-17.5 1

—20.0 4

Fr

0.0 1

—2.5 1

—-5.0 1

-7.54

—-10.0

-12.5 1

-15.0 1

-17.5 4

=20.0 A

Ing: aggreg

14]:

Soil distribution

0.0 1

—2.5

=5.0 1

—7.5

—10.0

-12.5

-15.0

-17.5

=20.0 A

0.0 0.5 1.0

Gravel
sand
Loam
Clay
Peat

schi

"aggregate_layers_penalty”:
"aggregation_loss":
"cpt_content”: content,
"include_features": True,
"include_location”: True,
"n_clusters™: 3

¥

call_endpoint{APP, '/plot’, schema)

depth [m]

ema =

LELH

9c

0.0 |

—2.5

—5.0 4

-7.5 4

—10.0 1

—12.5 A

—15.0 1

—17.5 1

—20.0

ion of layers

e

0.0 1
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—5.0 1

—7.5 1

—10.0 1

—12.5 |

-15.0 1

-17.5

=20.0 4
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Soil distribution

0.0 1

—2.5 1

—5.0 1

—7.5 1

—10.0 1

—12.5 1

—-15.0 1

—17.5 |

=20.0 1

0.0 0.5 10

Gravel
sand
Loam
Clay
Peat
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&« c & crux-nuclei.com/swagger/gef-model

NUCLEI

Model API

Servers

lapi/gef-model +

default

‘ /classify Predict soil classification

/plot Plot soil classification

Parameters

No parameters

Request body required

Example Value | Schema

"aggregate_layers_penalty": 3,
"aggregation_loss": "11",
"cpt_content": "string”,
"img_encoding": null,
"include_features": true,

"include_location": true,
"interpolate_nen_table_values": false,
"merge_nen_table": false,
"n_clusters”: 3,
"overwrite_groundwaterlevel™: -4.5,
"with_respect_to_nap": true

[14]:

schema = {

“aggregate layers penalty":2,
“aggregation loss™: "11",

“cpt_content™: content,

"include features": True,

"include location™: True,

"n_clusters": 3

call endpoint(APP,

'/plot', schema)

call_endpodnt(APP, /plot’, schema)

depth [m]

0.04

&
1
=

-12.5

-15.0

=175

-20.0

e

GEOTECHNIEKDAG 2019

Fr Soil distribution
. Gravel
0.0 oo sand
. Loam
- clay
-2 28 - Peat
=5.0 -5.0 4
-1.5 -15
-10.0 -10.0 4
-125 -12.5 4
-15.0 -15.0
-175 -17.5 4
-20.0 -20.0
[ 5 0.0 05 10
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CRUX'E

Lithological profiles

Geological profile

10031.638073.2680118.43410172.3740222.6960270 45210322 T180372.7230422 69210472.1210522 21410572.8540621.723 10671.8 10721.51210773.2620818.1510565.6740915.3530964.41311014.33211065.05411114. 1991 1164 BEA.ETBL. 19111264 1081311.8731360.313

9469.5 9519.289 9569.674 9621.424 9671.923 9722.4629770.938 9521.331 9872.0639921.258961.638
|

® Klei

@ Klei humeus

@ Klei zandig

@ Veen

® Veen kleiig
® Zand

® Zand kleiig

dijk materiaal OA

@ dijk materiaal OB
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o601 18+ ' BZNLAD

1BEDI0L+ §'82NLdD

Jabnige+ §82n1da

BEDIEL+ 9'82N1dD

Jabnige+ 9'82n1da

JaBnipL+ 2 82nlda

Jabnigg+ £ 82nlda

1BEniEl+ 882NL1dD

1B 19+ 8'82NLdD

JaBng0+ 682N1da

JaB )19+ 682n1da

JBEBIGL+ 0'62NLdD

JaBnG+ 0'62NLda

BB+ | 6ENLdD

JaB BP9+ | '62N1da

18BDIGL+ 2 62nLldD

JaBnGe+ Z 62nlda

186 DIGL+ £62NLdD
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1BEDIGL+ 5 62NLdD
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BB D166+ 9'62NLdD

Jab gz + L 62nlda

BB+ L 62NLdD

1B D161+ 8 62NLdD
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Jabnigl+ 6 62M1da
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1BIEL+ 00ENLdD

JaB 29+ 0 0ENLdD
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J2BBIGL+ 2 0ENLdD

i) i z

11000

10500

10000
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e Spatial variation of state parameters

Geological profile

94695 9519.289 674 9621.424 9671923 9722462 9770938 9821331 9872.063  9921.252 9961.63% 10031.658 10073.289 10118.434  10172.374 10222696 10270.452 10322718 10372725 10422692 1047212 10522214 10572.854 10621.723 106718 10721.512 10773262 1081815
I | I I | | I | I | L | | | | L L L L | L | L L | L I

CPTU20.7 +26Kr gef
CPTU29.6 +56Kr gel
CPTU29.6 +15Kr. gel
CPTU29.5 +69Kr gel
CPTU29.5 +15Kr.gef
CPTU29.4 +65Kr. gef
CPTU29.4 +17Kr gef
CPTU29.3 +65Kr. gef
CPTU29.3 + 15K gel
CPTU29.2 +65Kr. gel
CPTU29.2 +15Kr.gef
CPTU29.1 +64Kr.gef
CPTU29.1 +14Kr gel
CPTU29.0 +65Kr gel
CPTU29.0 +15Kr gef
CPTU2B.9 +61Kr gef
CPTI2R R +13Kr naf

B
=
R
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©
rd
I
@
o
=}
s
o
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CPTU30.0 +67Kr gef
CPTU30.0 +19Kr gel
CPTU29.9 +70Kr gel
CPTU29.9 +18Kr gel
CPTU29.8 +67Kr.gef
CPTU29.8 +16Kr gel

CPTU30.1 +70Kr gef
CPTU30.1 +19Kr gef

s
&
3
>
T
1 o~
=
&
=)
=
o
=3

ik materigal OA
dijk materiaal OB
10 < POP <= 20
100 < POP <= 200
20 < POP <= 50
5<POP <=10 l
50 < POP <= 100 [ ]
NaN

POP <5
POP > 200

t
10200
progressive (m)
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Applications

* Cross section = Stability calculation

430

450

470

490

510

530

AT
Rl

¥

T T T T T T T @ Project Stage Factor of Safety
20 40 50 80 500 520 540 Stage 1 -
D-GEO Suite
507 Gy | cromecton Anstyss
1100 Bishop Brute force




CRUXE  Automated cross sections  cermeoscmn

ayers_penalty
6572 "117,
‘CpT_comtent": content,

include_features™
~inelude_location”

schema =

& INPUT s “n_clusters’: 3
locations 1358
srERFSEEITRURRTSE Pesult = call_sndpolnt{’gei-model’, "felassify’, scheaa)

6 _layars_crest - util WL create_claszification table(result]*layer_tabla®), cpt, thr . Hlter_clasié: ttor_clazsification)
#rom bokeh.lo impert output_noteboak, show df = result] prediction’].sort_index().merge(cpt.df, hows"inmer”, onz’depth’)
from diks_profile.diks_profile feport Dikebrofile g crest = plot_ML.create_plot(df, of layers_crest)
fig_crest
# Insert Locotion and Plot AW [9]: a 3 H :
read = DikeProfile(shn_string, locstisnelocstion, sep=",”) — Plot dike Iayerlng
#ig = resd.plot_shn_bokeh(Fig_sizes(590, 452), reverse_shreFalse) 0 w0 g
::;::n:;m]’uhmkt: Lo from dike layering.plot_layering import Plotlayering
E - plat = Plotiayering(ahn_string, distance_csv, path_GEF_folder, water_level WaP, toe_vletoe v, toe_btstoe_bt, crest_btscrest_bt, crest_vlscrest_vl,
Left_limiteleft_liniz, right_limitoright limic,
) BokenuS 1.3.4 successhuly loaded. " L Locatian=location,df_layers_crest=df_layars_crest, df_layers_toe-df_layers_tos, accept_cpt-Falss, sep=",", raverss_sha-False, reverse_limits-False)
plot.plot_pelygons(Trus, classification, flltsr_classificatica=Filtar_elassification)
Dike section B
m
Y
50
s
“wa
progressive (m)
# Insert significant points
left_limit = 811 Sl s
right_linit = 1871
to8_bT = 994 # toe binnenteen
tou_vl = 916 # toe woorland
crazt_vl - 92
crast_bt - 969 -150 150
P
s 4 3 [ 0 ) 0
MPa) )
@ @ “w o w w - w s B = w0 0 s @
»
»
N [=2]: from input_dstab import input_file
input_file(plot.polygons, str(location), soil_properties_dict)
»
)
»
-
® = e
a1
0 o st II—. Ao
Ve 0cp muse e
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CRUXE Automatiseer de Geo-Engineer cwrcmsons

Summary:

* CPT interpretation: Machine learning model

e 1800 pairs cpt-boreholes
* Location embedding
 Grouping algorithm

* Lithological profile
e Tool for automated cross section




Heeft u nog vragen?

pippi@cruxbv.nl haasnoot@cruxbv.nl
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Validation metrics

Considering the mode:

F1 scores (higher is better)

Soil Type
Gravel

Sand

Support
3731
137998
0

91523

21398

Robertson F1

{G,S,L,C,P).

KL-divergence F1

argmax{P(z)}

Wasserstein F1

GEOTECHNIEKDAG 2019
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Error distribution:

* Precision based absolute errors (lower is better)

Validation metrics

MAE =

ZZL:]_ |y:". — $i|

n

Gravel Sand Loam Clay Peat
Precisien based absolute error
KL-diu:ergEnce .
MAE: 0.29 MAE: 0.31 MAE: 0.05 ” MAE: 0.29 MAE: 0.28
Robertson
MAE: 0.77 MAE: 0.23 MAE: 0.93 MAE: 0.35 MAE: 0.56
I L | || ” L .L
Wasserstein
MAE: 0.22 MAE: 0.22 MAE: 0.06 MAE: 0.3 MAE: 0.37
—,JL r r " M . v 4‘-— __F—A—,—
-10  -05 0.0 os 10 -10 -05 0.0 0.5 10 -10  -0.5 0.0 05 10 -10 -0.5 0.0 10 -10 -05 0.0 o5 10

GEOTECHNIEKDAG 2019

[ ] [ ] N
Precision = —
M

N = number of times in which
the model said it was clay and in
reality it was indeed clay

M = total number of times in
which the model said it was clay
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Error distribution:

Validation metrics

MAE =

ZZL:]_ |y:". — $i|

n

e Recall based absolute errors (lower is better)

Gravel Sand Loam Clay Peat
Recall based absolute error

KL-divergence )

MAE: 0.24 MAE: 0.29 MAE: 0.04 MAE: 0.34 MAE: 0.23

Robertson
MAE: 0.18 MAE: 0.22 MAE: 0.14 MAE: 0.44 MAE: 0.3
| ‘l .|||| ! l . Ll |

Wasserstein

MAE: 0.17 MAE: 0.2 MAE: 0.05 MAE: 0.35 MAE: 0.22

-10  -0.5 0.0 os Lo -1o o 0.0 10 -0.5 0.0 o5 L0 -10 -0 0.0 0.5 10 -10 -0 0.0 0.5 10

7—#\. % m———

GEOTECHNIEKDAG 2019

N
Recall= —
M

N = number of times in which
the model said it was clay and it
was indeed clay

M = number of times in which
the model said it was clay and it
was clay + number of times in
which the model said it was not
clay but in reality it was clay



CRUX BNeural Network: training processeseorcieoss 21
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Input Layer Hidden Layer Output Layer n
Sum — of — Squares Error = Z §)?
i=1
X
174 Wyx + by | z=owix+by) [ | Waz+b, ) §=oaWz+by) | |  Loss(§,y)
b

»  Feedforward “ Backprogation




