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Why should there be a subsurface model?

 It is (probably) easy…but is it really necessary?

 Present practice in large civil engineering projects:
During one and the same project, data is often 
obtained multiple times (boreholes re-drilled, etc.)

 Reasons:
 data lost, or
 data quality not known, or
 same data obtained for different purposes



Why should there be a subsurface model?

 Subsurface data generally consists of:
 point,point,
 line, and
 surface(*)
i f ti  information, 
but not of volume information;
hence, not the whole subsurface space is described

(*) Surfaces in the subsurface are, for example, boundaries between 
different materials

 The point, line, and surface information consists of:The point, line, and surface information consists of:
 exact data (i.e. strength values of borehole sample tests),
 not-exact (descriptive) data (i.e. material descriptions)



Why should there be a subsurface model?

But:
What is wanted?
 Not only point, line and surface data;

but a model of the whole subsurface.

The model is in general made (interpreted) by a 
geologist/geotechnical engineer based on the 
information from (often) incomplete subsurface data.information from (often) incomplete subsurface data.

The interpretation of the descriptive data and the 
process to make the model are depending on the process to make the model are depending on the 
specialist and the a-priori knowledge of the geologist 
or geotechnical engineer.



Why should there be a subsurface model?

But:
What is then the quality of this information?q y
(or: What is the quality of the interpreter?)

Usually  no quality indicators for interpretative data of Usually, no quality indicators for interpretative data of 
the subsurface are known.

The best option to assess the quality of subsurface data The best option to assess the quality of subsurface data 
is, thus, by assessing

 the underlying original data, and
 the thinking process leading to the modelthe thinking process leading to the model

Hence, original subsurface data should be available for 
this assessment if the data is to be re-usedthis assessment if the data is to be re-used.



Why should there be a subsurface model?

BUT:
Since surface and subsurface data may interact…

it would be easier to have the same geo-information …it would be easier to have the same geo information 
environment for both surface and subsurface 
information.

…and to include all information (also regarding …and to include all information (also regarding 
uncertainty) in one integrated model.

ThusThus…



Short summary of the Atlanta presentation

 What do we need?
 Integrated 3D information model (3DIM) including             

( b ) f  l ld d d ig  i f ti(sub-)surface real world and design information

 What do we have? 
Cit GML information model CityGML information model

 What did we do?
1st E t i  b  L d i  E å d i 1st Extension by Ludvig Emgård using:
 NEN 3610 – Dutch harmonized base model of geo-information
 INSPIRE 02.5
2nd E t i  b  Wi bk  T t i  i 2nd Extension by Wiebke Tegtmeier using:
 Dutch Standard Geotechnical Exchange Format (GEF)
 GeoSciML information model



1st Extension of CityGML by Emgard
pkg Class Model

«Feature»
CityObject

- creationDate:  date
t i ti D t d t

from Emgard & Zlatanova, 2008

- terminationDate:  date

AboveSurfaceObject
EarthSurface BelowSurfaceObjects

CityFurnitureBuilding Vegetation AboveSurfaceUtility ConstructionWork BelowSurfaceSpaces Geology Water BelowSurfaceUtility

SurfaceObject

Transportation LandCover TerrainIntersectionObject(TIO)

TerrainIntersectionPoint(TIP) TerrainIntersectionCurve(TIC) TerrainIntersectionSurface(TIS)



2nd Extension of CityGML and 3DIM by Tegtmeier

class Class Model_GeologyGeneralOverview

«Feature»
CityObject

BelowSurfaceObject

GeologyBelowSurfaceSpace Water BelowSurfaceUtility

«Feature»
BelowSurfaceSpaces

«Feature»
Obstacle

«Feature»
GroundWater

«Feature»
GasOil

«Feature»
Layer

«Feature»
LayerRock

«Feature»
LayerSoil

«Feature»
LayerStrongSoilWeakRock



Example: Geological feature ‘LayerRock’

c la s s  C la s s  M o d e l_ L a ye rR o c k _ d a ta typ e s _ re v is e d

« F e a tu re »
L a ye rR o c k

+  o b se rv a t i o n m e th o d :  C h a ra c te rS t ri n g
+  d e sc ri p t i o n p u rp o se :   C h a ra c te rS t ri n g

G l i lU it

« D a ta T y p e »
C h ro n o s tra tig ra p h ic D e s c r ip tio n

+  b e d d i n g p a tte rn :   C h a ra c te rS t ri n g
+  b e d d i n g sty l e :   C h a ra c te rS tri n g
+  b e d d i n g th i c kn e ss:   In te g e r

J o in tS ys te m D e s c r ip tio n

+  d i p d i re c t i o n :   In te g e r
+  d i p :   In te g e r
+  sp a c i n g :   D e c i m a l
+  p e rsi ste n c e st ri ke :   D e c i m a l
+  p e rsi ste n c e d i p :  D e c i m a l
+  c o n d i t i o n ro u g h n e ssl a rg e :   R o u g h n e ssL a rg e S c a l e
+  c o n d i t i o n ro u g h n e sssm a l l :   R o u g h n e ssS m a l l S c a l e
+  i n f i l l m a te ri a l :   In f i l l M a te ri a l
+  ka rst :   K a rst

V is u a lD e s c r ip tio n

+  d e sc ri p t i o n l o c a t i o n :   G M _ P o i n t
+  c o n ta c t :   C o n ta c tD e ta i l s
+  d e sc ri p t i o n d a te t i m e :   D a te T i m e
+  l o c a t i o n c o n d i t i o n s:   L o c a t i o n C o n d i t i o n s

S a m p le D e s c r ip tio n

+  sa m p l e d c o d e :   In te g e r

0 . . *

0 . . *

0 . . *

1

1 . . *

G e o lo g ic a lU n it

+  o b j e c tc o d e :   In te g e r
+  o b j e c t l o c a t i o n :   B o u n d i n g B o x
+  o b j e c tn a m e :   R o c kS o i l N a m e
+  o b j e c td e p th sta rt :   D e c i m a l
+  o b j e c td e p th e n d :   D e c i m a l
+  o b j e c t th i c kn e ss:   D e c i m a l
+  o b j e c te x te n si o n :   D e c i m a l
+  o b j e c tg e o m e try :  G M _ M u l t i S u rfa c e
+  g e o l o g i c a l fo rm a t i o n :   G e o l o g i c a l F o rm a t i o n
+  e x p o su re c o l o u r:   C h a ra c te rS t ri n g
+  o u tc ro p c h a ra c te r:   C h a ra c te rS t ri n g

« D a ta T y p e »
G e o lo g ic S tru c tu re

F a u ltS ys te m D e s c r ip tio n

+  fa u l tp l a n e o ri e n ta t i o n :   In te g e r
+ fa u l th a n g i n g w a l l d i re c t i o n : In te g e r

M e a s u r e m e n tD e s c r ip tio n

+  m e a su re m e n tc o d e :  In te g e r

L a b Te s tD e s c r ip tio n

+  l a b te stc o d e :   In te g e r

B e d d in g S ys te m D e s c r ip tio n

+  d i p d i re c t i o n :  In te g e r
+  d i p :   In te g e r
+  sp a c i n g :  D e c i m a l
+  p e rsi ste n c e stri ke :   D e c i m a l
+  p e rsi ste n c e d i p :   D e c i m a l
+  c o n d i t i o n ro u g h n e ssl a rg e :   R o u g h n e ssL a rg e S c a l e
+  c o n d i t i o n ro u g h n e sssm a l l :   R o u g h n e ssS m a l l S c a l e
+  i n f i l l m a te ri a l :   In f i l l M a te ri a l
+  ka rst :   K a rst
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« D a ta T y p e »
P h ys ic a lD e s c r ip tio n

+  u n i tw e i g h t :   D e c i m a l
+  b u l kd e n si ty :   In te g e r
+  e f fe c t i v e p o ro si ty :   P o ro si ty

« D a ta T y p e »
C o m p o s itio n D e s c r ip tio n

+  l i th o l o g y :  L i th o l o g y
+  p ri n c i p a l ro c kty p e :   R o c kS o i l N a m e
+  m a te ri a l :   C h a ra c te rS t ri n g
+  m a te ri a l c l a ss:  C h a ra c te rS t ri n g
+  c o l o u r:   C h a ra c te rS t ri n g

« D a ta T y p e »
W e a th e r in g D e s c r ip tio n

+  e n v i ro n m e n t :   C h a ra c te rS tri n g
+  w e a th e ri n g d e g re e :  W e a th e ri n g D e g re e
+  w e a th e ri n g p ro c e ss:   W e a th e ri n g P ro c e ss

+  fa u l th a n g i n g w a l l d i re c t i o n :   In te g e r
+  fa u l tse p a ra t i o n :   D e c i m a l
+  fa u l tm o v e m e n t ty p e :  C h a ra c te rS t ri n g

F o ld S ys te m D e s c r ip tio n

+  fo l d si z e :   C h a ra c te rS t ri n g
+  fo l d sh a p e :   C h a ra c te rS t ri n g
+  fo l d t i g h tn e ss:  In te g e r
+  fo l d sy m m e try :   C h a ra c te rS t ri n g
+  fo l d d e fo rm a t i o n sty l e :   C h a ra c te rS t ri n g
+  fo l d d i p a x i a l p l a n e :   In te g e r

In ta c tR o c k

+  w e a th e ri n g :   W e a th e ri n g D e sc ri p t i o n
+  c o m p o si t i o n :   C o m p o si t i o n D e sc ri p t i o n
+  p h y si c a l b e h a v i o u r:   F o l d S y ste m D e sc ri p t i o n
+  m e c h a n i c a l b e h a v i o u r:   M e c h a n i c a l D e sc ri p t i o n

R o c k M a s s

+  w e a th e ri n g :   W e a th e ri n g D e sc ri p t i o n
+  c o m p o si t i o n :   C o m p o si t i o n D e sc ri p t i o n
+  p h y si c a l b e h a v i o u r:   F o l d S y ste m D e sc ri p t i o n
+  m e c h a n i c a l b e h a v i o u r:   M e c h a n i c a l D e sc ri p t i o n
+  ro c km a ssst ru c tu re :  G e o l o g i c S t ru c tu re
+  c h ro n o st ra t i g ra p h y :   C h ro n o st ra t i g ra p h i c D e sc ri p t i o n

« D a ta T y p e »
M e c h a n ic a lD e s c r ip tio n

+  m o d u l u so fe l a st i c i ty :   In te g e r
+  p o i sso n sra t i o :   D e c i m a l
+  i n te rn a l f ri c t i o n a n g l e :   In te g e r
+  c o h e si o n :  In te g e r
+  i n ta c t ro c kst re n g th :   IR S

0 . . *

0 . .*

+  p e rm e a b i l i ty :   P e rm e a b i l i ty
g

+  g ra i n si z e :   G ra i n S i z e
+  c o m p o si t i o n :   In te g e r
+  st ru c tu re te x tu re :  S t ru c tu re T e x tu re

+  w e a th e ri n g p ro d u c t :   R o c kS o i l N a m e
g

+  u n c o n f i n e d c o m p re ssi v e st re n g th :  U C S
+  sh e a rst re n th :   S h e a rS t re n g th
+  te n si l e st re n g th :   T e n si l e S t re n g th

« C o d e L i st»
R o c k S o i lN a m e

+  c o n g l o m e ra te
+  sa n d sto n e
+  si l tsto n e
+  l i m e sto n e
+  g y p su m
+  sh a l e
+  g ra n i te
+  g n e i ss
+  g a b b ro
+  c l a y

i l t

« C o d e L i st»
G e o lo g ic a lF o rm a tio n

+  fo rm a t i e v a n b o x te l
+  fo rm a t i e v a n b e e g d e n
+  fo rm a t i e v a n kre f te n h e y e
+  fo rm a t i e v a n d re n te
+  fo rm a t i e v a n d ra c h te n
+  fo rm a t i e v a n u rk

« e n u m e ra t i o n »
W e a th e r in g D e g r e e

 u n w e a th e re d
 sl i g h t l y
 m o d e ra te l y
 h i g h l y
 c o m p l e te l y

« C o d e L i st»
W e a th e r in g P r o c e s s

+  fre e z e a n d th a w
+  p l a n ta c t i v i t i e s
+  h y d ro l y si s
+  l e a c h i n g
+  o x i d a t i o n

« C o d e L i st»
L ith o lo g y

+  c o n g l o m e ra te d o m i n a n t
+  sa n d sto n e w i th sh a l e
+  sh a l e w i th sa n d sto n e
+  p u re c a rb o n a te
+  l i m e sto n e
+  n o n m a ri n e n o n d e p o si ts

« C o d e L i st»
G r a in S iz e

+  a rg i l l a c e o u s
+  a re n a c e o u s
+  ru d a c e o u s
+  si l tsto n e
+  sa n d sto n e
+  c o n g l o m e ra te
+  c a l c i l u t i te
+  c a l c i si l t i te
+  c a l c a re n i te
+  c a l c i ru d i te

« C o d e L i st»
S tr u c tu r e Te x tu re

+  v e ry th i n l y b e d d e d
+  th i n l y b e d d e d
+  m e d i u m b e d d e d
+  th i c kl y b e d d e d
+  v e ry th i c kl y b e d d e d

« e n u m e ra t i o n »
R o u g h n e s s L a rg e S c a le

 w a v y
 sl i g h t l y w a v y
 c u rv e d
 sl i g h t l y c u rv e d
 stra i g h t

« e n u m e ra t i o n »
R o u g h n e s s S m a llS c a le

 ro u g h ste p p e d
 sm o o th ste p p e d
 p o l i sh e d ste p p e d
 ro u g h u n d u l a t i n g
 sm o o th u n d u l a t i n g
 p o l i sh e d u n d u l a t i n g
 ro u g h p l a n a r
 sm o o th p l a n a r
 p o l i sh e d p l a n a r

« e n u m e ra t i o n »
In fi l lM a te r ia l

 c e m e n te d i n f i l l
 n o i n f i l l
 n o n so f te n i n g n o n sh e a re d m a te ri a l c o a rse
 n o n so f te n i n g n o n sh e a re d m a te ri a l m e d i u m
 n o n so f te n i n g n o n sh e a re d m a te ri a l f i n e
 so f tsh e a re d m a te ri a l c o a rse
 so f tsh e a re d m a te ri a l m e d i u m
 so f tsh e a re d m a te ri a l f i n e
 g o u g e sm a l l
 g o u g e l a rg e

« e n u m e ra t i o n »
K a r s t

D t T D t T

« D a ta T y p e »
C o n ta c tD e ta ils

+  l o g g e d b y :   C h a ra c te rS t ri n g
+  c o m p a n y :  C h a ra c te rS t ri n g
+  c o n ta c tp e rso n :   C h a ra c te rS t ri n g
+  a d d re ss:   C h a ra c te rS t ri n g
+  te l e p h o n e c o n ta c t :   In te g e r
+  e m a i l c o n ta c t:   C h a ra c te rS t ri n g
+  e m a i l f re q u e n c y :  In te g e r
+  l a ste m a i l :   D a te

« e n u m e ra t i o n »
W e a th e r

 c l o u d y a n d d ry
 c l o u d y a n d d ri z z l e
 c l o u d y a n d sl i g h t
 c l o u d y a n d h e a v y
 fa i ra n d d ry
 fa i ra n d d ri z z l e
 fa i ra n d sl i g h t
 fa i ra n d h e a v y
 b ri g h ta n d d ry

« e n u m e ra t i o n »
A c c e s s

 p o o r
 fa i r
 g o o d

+  si l t
+  sa n d
+  g ra v e l

+  b a sa l t
+  d o l e ri te
+  g a b b ro

 f l o w i n g m a te ri a l
 n o n e
 ka rst

« D a ta T y p e »
P o ro s ity

+  p o ro si ty m i n :   D e c i m a l
+  p o ro si ty m a x :  D e c i m a l

« D a ta T y p e »
P e r m e a b i l ity

+  p e rm e a b i l i ty m i n :   R e a l
+  p e rm e a b i l i ty m a x :   R e a l

« D a ta T y p e »
IR S

+  i n ta c t ro c kst re n g th m i n :  D e c i m a l
+  i n ta c t ro c kst re n g th m a x :   D e c i m a l

« D a ta T y p e »
U C S

+  u n c o n f i n e d c o m p re ssi v e stre n g th m i n :   In te g e r
+  u n c o n f i n e d c o m p re ssi v e stre n g th m a x :   In te g e r

« D a ta T y p e »
S h e a r S tre n g th

+  sh e a rst re n g th m i n :   In te g e r
+  sh e a rst re n g th m a x :   In te g e r

« D a ta T y p e »
Te n s ile S tre n g th

+  te n si l e stre n g th m i n :   In te g e r
+  te n si l e stre n g th m a x :   In te g e r

« D a ta T y p e »
L o c a tio n C o n d itio n s

+  w e a th e rc o n d i t i o n s:   W e a th e r
+  a c c e ssi b i l i ty :   A c c e ss

 b ri g h ta n d d ri z z l e
 b ri g h ta n d sl i g h t
 b ri g h ta n d h e a v y



‘LayerRock’ – General description

c la s s  C la s s  M o d e l_ L a ye rR o c k _ d a ta typ e s _ re v is e d

« F e a tu re »
L a ye rR o c k

+  o b se rv a t i o n m e th o d :  C h a ra c te rS t ri n g
+  d e sc ri p t i o n p u rp o se :   C h a ra c te rS t ri n g

G l i lU it

« D a ta T y p e »
C h ro n o s tra tig ra p h ic D e s c r ip tio n

+  b e d d i n g p a tte rn :   C h a ra c te rS t ri n g
+  b e d d i n g sty l e :   C h a ra c te rS tri n g
+  b e d d i n g th i c kn e ss:   In te g e r

J o in tS ys te m D e s c r ip tio n

+  d i p d i re c t i o n :   In te g e r
+  d i p :   In te g e r
+  sp a c i n g :   D e c i m a l
+  p e rsi ste n c e st ri ke :   D e c i m a l
+  p e rsi ste n c e d i p :  D e c i m a l
+  c o n d i t i o n ro u g h n e ssl a rg e :   R o u g h n e ssL a rg e S c a l e
+  c o n d i t i o n ro u g h n e sssm a l l :   R o u g h n e ssS m a l l S c a l e
+  i n f i l l m a te ri a l :   In f i l l M a te ri a l
+  ka rst :   K a rst

V is u a lD e s c r ip tio n

+  d e sc ri p t i o n l o c a t i o n :   G M _ P o i n t
+  c o n ta c t :   C o n ta c tD e ta i l s
+  d e sc ri p t i o n d a te t i m e :   D a te T i m e
+  l o c a t i o n c o n d i t i o n s:   L o c a t i o n C o n d i t i o n s

S a m p le D e s c r ip tio n

+  sa m p l e d c o d e :   In te g e r

0 . . *

0 . . *

0 . . *

1

1 . . *

G e o lo g ic a lU n it

+  o b j e c tc o d e :   In te g e r
+  o b j e c t l o c a t i o n :   B o u n d i n g B o x
+  o b j e c tn a m e :   R o c kS o i l N a m e
+  o b j e c td e p th sta rt :   D e c i m a l
+  o b j e c td e p th e n d :   D e c i m a l
+  o b j e c t th i c kn e ss:   D e c i m a l
+  o b j e c te x te n si o n :   D e c i m a l
+  o b j e c tg e o m e try :  G M _ M u l t i S u rfa c e
+  g e o l o g i c a l fo rm a t i o n :   G e o l o g i c a l F o rm a t i o n
+  e x p o su re c o l o u r:   C h a ra c te rS t ri n g
+  o u tc ro p c h a ra c te r:   C h a ra c te rS t ri n g

« D a ta T y p e »
G e o lo g ic S tru c tu re

F a u ltS ys te m D e s c r ip tio n

+  fa u l tp l a n e o ri e n ta t i o n :   In te g e r
+ fa u l th a n g i n g w a l l d i re c t i o n : In te g e r

M e a s u r e m e n tD e s c r ip tio n

+  m e a su re m e n tc o d e :  In te g e r

L a b Te s tD e s c r ip tio n

+  l a b te stc o d e :   In te g e r

B e d d in g S ys te m D e s c r ip tio n

+  d i p d i re c t i o n :  In te g e r
+  d i p :   In te g e r
+  sp a c i n g :  D e c i m a l
+  p e rsi ste n c e stri ke :   D e c i m a l
+  p e rsi ste n c e d i p :   D e c i m a l
+  c o n d i t i o n ro u g h n e ssl a rg e :   R o u g h n e ssL a rg e S c a l e
+  c o n d i t i o n ro u g h n e sssm a l l :   R o u g h n e ssS m a l l S c a l e
+  i n f i l l m a te ri a l :   In f i l l M a te ri a l
+  ka rst :   K a rst
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« D a ta T y p e »
P h ys ic a lD e s c r ip tio n

+  u n i tw e i g h t :   D e c i m a l
+  b u l kd e n si ty :   In te g e r
+  e f fe c t i v e p o ro si ty :   P o ro si ty

« D a ta T y p e »
C o m p o s itio n D e s c r ip tio n

+  l i th o l o g y :  L i th o l o g y
+  p ri n c i p a l ro c kty p e :   R o c kS o i l N a m e
+  m a te ri a l :   C h a ra c te rS t ri n g
+  m a te ri a l c l a ss:  C h a ra c te rS t ri n g
+  c o l o u r:   C h a ra c te rS t ri n g

« D a ta T y p e »
W e a th e r in g D e s c r ip tio n

+  e n v i ro n m e n t :   C h a ra c te rS tri n g
+  w e a th e ri n g d e g re e :  W e a th e ri n g D e g re e
+  w e a th e ri n g p ro c e ss:   W e a th e ri n g P ro c e ss

+  fa u l th a n g i n g w a l l d i re c t i o n :   In te g e r
+  fa u l tse p a ra t i o n :   D e c i m a l
+  fa u l tm o v e m e n t ty p e :  C h a ra c te rS t ri n g

F o ld S ys te m D e s c r ip tio n

+  fo l d si z e :   C h a ra c te rS t ri n g
+  fo l d sh a p e :   C h a ra c te rS t ri n g
+  fo l d t i g h tn e ss:  In te g e r
+  fo l d sy m m e try :   C h a ra c te rS t ri n g
+  fo l d d e fo rm a t i o n sty l e :   C h a ra c te rS t ri n g
+  fo l d d i p a x i a l p l a n e :   In te g e r

In ta c tR o c k

+  w e a th e ri n g :   W e a th e ri n g D e sc ri p t i o n
+  c o m p o si t i o n :   C o m p o si t i o n D e sc ri p t i o n
+  p h y si c a l b e h a v i o u r:   F o l d S y ste m D e sc ri p t i o n
+  m e c h a n i c a l b e h a v i o u r:   M e c h a n i c a l D e sc ri p t i o n

R o c k M a s s

+  w e a th e ri n g :   W e a th e ri n g D e sc ri p t i o n
+  c o m p o si t i o n :   C o m p o si t i o n D e sc ri p t i o n
+  p h y si c a l b e h a v i o u r:   F o l d S y ste m D e sc ri p t i o n
+  m e c h a n i c a l b e h a v i o u r:   M e c h a n i c a l D e sc ri p t i o n
+  ro c km a ssst ru c tu re :  G e o l o g i c S t ru c tu re
+  c h ro n o st ra t i g ra p h y :   C h ro n o st ra t i g ra p h i c D e sc ri p t i o n

« D a ta T y p e »
M e c h a n ic a lD e s c r ip tio n

+  m o d u l u so fe l a st i c i ty :   In te g e r
+  p o i sso n sra t i o :   D e c i m a l
+  i n te rn a l f ri c t i o n a n g l e :   In te g e r
+  c o h e si o n :  In te g e r
+  i n ta c t ro c kst re n g th :   IR S

0 . . *

0 . .*

+  p e rm e a b i l i ty :   P e rm e a b i l i ty
g

+  g ra i n si z e :   G ra i n S i z e
+  c o m p o si t i o n :   In te g e r
+  st ru c tu re te x tu re :  S t ru c tu re T e x tu re

+  w e a th e ri n g p ro d u c t :   R o c kS o i l N a m e
g

+  u n c o n f i n e d c o m p re ssi v e st re n g th :  U C S
+  sh e a rst re n th :   S h e a rS t re n g th
+  te n si l e st re n g th :   T e n si l e S t re n g th

« C o d e L i st»
R o c k S o i lN a m e

+  c o n g l o m e ra te
+  sa n d sto n e
+  si l tsto n e
+  l i m e sto n e
+  g y p su m
+  sh a l e
+  g ra n i te
+  g n e i ss
+  g a b b ro
+  c l a y

i l t

« C o d e L i st»
G e o lo g ic a lF o rm a tio n

+  fo rm a t i e v a n b o x te l
+  fo rm a t i e v a n b e e g d e n
+  fo rm a t i e v a n kre f te n h e y e
+  fo rm a t i e v a n d re n te
+  fo rm a t i e v a n d ra c h te n
+  fo rm a t i e v a n u rk

« e n u m e ra t i o n »
W e a th e r in g D e g r e e

 u n w e a th e re d
 sl i g h t l y
 m o d e ra te l y
 h i g h l y
 c o m p l e te l y

« C o d e L i st»
W e a th e r in g P r o c e s s

+  fre e z e a n d th a w
+  p l a n ta c t i v i t i e s
+  h y d ro l y si s
+  l e a c h i n g
+  o x i d a t i o n

« C o d e L i st»
L ith o lo g y

+  c o n g l o m e ra te d o m i n a n t
+  sa n d sto n e w i th sh a l e
+  sh a l e w i th sa n d sto n e
+  p u re c a rb o n a te
+  l i m e sto n e
+  n o n m a ri n e n o n d e p o si ts

« C o d e L i st»
G r a in S iz e

+  a rg i l l a c e o u s
+  a re n a c e o u s
+  ru d a c e o u s
+  si l tsto n e
+  sa n d sto n e
+  c o n g l o m e ra te
+  c a l c i l u t i te
+  c a l c i si l t i te
+  c a l c a re n i te
+  c a l c i ru d i te

« C o d e L i st»
S tr u c tu r e Te x tu re

+  v e ry th i n l y b e d d e d
+  th i n l y b e d d e d
+  m e d i u m b e d d e d
+  th i c kl y b e d d e d
+  v e ry th i c kl y b e d d e d

« e n u m e ra t i o n »
R o u g h n e s s L a rg e S c a le

 w a v y
 sl i g h t l y w a v y
 c u rv e d
 sl i g h t l y c u rv e d
 stra i g h t

« e n u m e ra t i o n »
R o u g h n e s s S m a llS c a le

 ro u g h ste p p e d
 sm o o th ste p p e d
 p o l i sh e d ste p p e d
 ro u g h u n d u l a t i n g
 sm o o th u n d u l a t i n g
 p o l i sh e d u n d u l a t i n g
 ro u g h p l a n a r
 sm o o th p l a n a r
 p o l i sh e d p l a n a r

« e n u m e ra t i o n »
In fi l lM a te r ia l

 c e m e n te d i n f i l l
 n o i n f i l l
 n o n so f te n i n g n o n sh e a re d m a te ri a l c o a rse
 n o n so f te n i n g n o n sh e a re d m a te ri a l m e d i u m
 n o n so f te n i n g n o n sh e a re d m a te ri a l f i n e
 so f tsh e a re d m a te ri a l c o a rse
 so f tsh e a re d m a te ri a l m e d i u m
 so f tsh e a re d m a te ri a l f i n e
 g o u g e sm a l l
 g o u g e l a rg e

« e n u m e ra t i o n »
K a r s t

D t T D t T

« D a ta T y p e »
C o n ta c tD e ta ils

+  l o g g e d b y :   C h a ra c te rS t ri n g
+  c o m p a n y :  C h a ra c te rS t ri n g
+  c o n ta c tp e rso n :   C h a ra c te rS t ri n g
+  a d d re ss:   C h a ra c te rS t ri n g
+  te l e p h o n e c o n ta c t :   In te g e r
+  e m a i l c o n ta c t:   C h a ra c te rS t ri n g
+  e m a i l f re q u e n c y :  In te g e r
+  l a ste m a i l :   D a te

« e n u m e ra t i o n »
W e a th e r

 c l o u d y a n d d ry
 c l o u d y a n d d ri z z l e
 c l o u d y a n d sl i g h t
 c l o u d y a n d h e a v y
 fa i ra n d d ry
 fa i ra n d d ri z z l e
 fa i ra n d sl i g h t
 fa i ra n d h e a v y
 b ri g h ta n d d ry

« e n u m e ra t i o n »
A c c e s s

 p o o r
 fa i r
 g o o d

+  si l t
+  sa n d
+  g ra v e l

+  b a sa l t
+  d o l e ri te
+  g a b b ro

 f l o w i n g m a te ri a l
 n o n e
 ka rst

« D a ta T y p e »
P o ro s ity

+  p o ro si ty m i n :   D e c i m a l
+  p o ro si ty m a x :  D e c i m a l

« D a ta T y p e »
P e r m e a b i l ity

+  p e rm e a b i l i ty m i n :   R e a l
+  p e rm e a b i l i ty m a x :   R e a l

« D a ta T y p e »
IR S

+  i n ta c t ro c kst re n g th m i n :  D e c i m a l
+  i n ta c t ro c kst re n g th m a x :   D e c i m a l

« D a ta T y p e »
U C S

+  u n c o n f i n e d c o m p re ssi v e stre n g th m i n :   In te g e r
+  u n c o n f i n e d c o m p re ssi v e stre n g th m a x :   In te g e r

« D a ta T y p e »
S h e a r S tre n g th

+  sh e a rst re n g th m i n :   In te g e r
+  sh e a rst re n g th m a x :   In te g e r

« D a ta T y p e »
Te n s ile S tre n g th

+  te n si l e stre n g th m i n :   In te g e r
+  te n si l e stre n g th m a x :   In te g e r

« D a ta T y p e »
L o c a tio n C o n d itio n s

+  w e a th e rc o n d i t i o n s:   W e a th e r
+  a c c e ssi b i l i ty :   A c c e ss

 b ri g h ta n d d ri z z l e
 b ri g h ta n d sl i g h t
 b ri g h ta n d h e a v y



‘LayerRock’ – General description

 General information on 

class Class M odel_LayerRock_datatypes_rev ised

«Feature»
LayerRock

the geological feature 
‘LayerRock’; described 
in 1 to many 

LayerRock

+ observationm ethod:  CharacterString
+ descrip tionpurpose:  CharacterString

1 y
‘GeologicalUnits’

GeologicalUnit

1..*

+ ob jectcode:  In teger
+ objectlocation:  BoundingBox
+ objectnam e:  RockSoi lNam e
+ objectdepthstart:  Decim al
+ objectdepthend:  Decim al
+ objectth ickness: Decim al+ ob jectth ickness:  Decim al
+ objectextension:  Decim al
+ objectgeom etry:  GM _M ul tiSurface
+ geolog ica l form ation:  Geologica lForm ation
+ exposurecolour:  CharacterString
+ outcropcharacter:  CharacterString



‘LayerRock’ – Types of description

c la s s  C la s s  M o d e l_ L a ye rR o c k _ d a ta typ e s _ re v is e d

« F e a tu re »
L a ye rR o c k

+  o b se rv a t i o n m e th o d :  C h a ra c te rS t ri n g
+  d e sc ri p t i o n p u rp o se :   C h a ra c te rS t ri n g

G l i lU it

« D a ta T y p e »
C h ro n o s tra tig ra p h ic D e s c r ip tio n

+  b e d d i n g p a tte rn :   C h a ra c te rS t ri n g
+  b e d d i n g sty l e :   C h a ra c te rS tri n g
+  b e d d i n g th i c kn e ss:   In te g e r

J o in tS ys te m D e s c r ip tio n

+  d i p d i re c t i o n :   In te g e r
+  d i p :   In te g e r
+  sp a c i n g :   D e c i m a l
+  p e rsi ste n c e st ri ke :   D e c i m a l
+  p e rsi ste n c e d i p :  D e c i m a l
+  c o n d i t i o n ro u g h n e ssl a rg e :   R o u g h n e ssL a rg e S c a l e
+  c o n d i t i o n ro u g h n e sssm a l l :   R o u g h n e ssS m a l l S c a l e
+  i n f i l l m a te ri a l :   In f i l l M a te ri a l
+  ka rst :   K a rst

V is u a lD e s c r ip tio n

+  d e sc ri p t i o n l o c a t i o n :   G M _ P o i n t
+  c o n ta c t :   C o n ta c tD e ta i l s
+  d e sc ri p t i o n d a te t i m e :   D a te T i m e
+  l o c a t i o n c o n d i t i o n s:   L o c a t i o n C o n d i t i o n s

S a m p le D e s c r ip tio n

+  sa m p l e d c o d e :   In te g e r

0 . . *

0 . . *

0 . . *

1

1 . . *

G e o lo g ic a lU n it

+  o b j e c tc o d e :   In te g e r
+  o b j e c t l o c a t i o n :   B o u n d i n g B o x
+  o b j e c tn a m e :   R o c kS o i l N a m e
+  o b j e c td e p th sta rt :   D e c i m a l
+  o b j e c td e p th e n d :   D e c i m a l
+  o b j e c t th i c kn e ss:   D e c i m a l
+  o b j e c te x te n si o n :   D e c i m a l
+  o b j e c tg e o m e try :  G M _ M u l t i S u rfa c e
+  g e o l o g i c a l fo rm a t i o n :   G e o l o g i c a l F o rm a t i o n
+  e x p o su re c o l o u r:   C h a ra c te rS t ri n g
+  o u tc ro p c h a ra c te r:   C h a ra c te rS t ri n g

« D a ta T y p e »
G e o lo g ic S tru c tu re

F a u ltS ys te m D e s c r ip tio n

+  fa u l tp l a n e o ri e n ta t i o n :   In te g e r
+ fa u l th a n g i n g w a l l d i re c t i o n : In te g e r

M e a s u r e m e n tD e s c r ip tio n

+  m e a su re m e n tc o d e :  In te g e r

L a b Te s tD e s c r ip tio n

+  l a b te stc o d e :   In te g e r

B e d d in g S ys te m D e s c r ip tio n

+  d i p d i re c t i o n :  In te g e r
+  d i p :   In te g e r
+  sp a c i n g :  D e c i m a l
+  p e rsi ste n c e stri ke :   D e c i m a l
+  p e rsi ste n c e d i p :   D e c i m a l
+  c o n d i t i o n ro u g h n e ssl a rg e :   R o u g h n e ssL a rg e S c a l e
+  c o n d i t i o n ro u g h n e sssm a l l :   R o u g h n e ssS m a l l S c a l e
+  i n f i l l m a te ri a l :   In f i l l M a te ri a l
+  ka rst :   K a rst

1

0 . .1

1

1

11

0 .. *

1

0 . . *

1

0 *

1

0 ..1

111

« D a ta T y p e »
P h ys ic a lD e s c r ip tio n

+  u n i tw e i g h t :   D e c i m a l
+  b u l kd e n si ty :   In te g e r
+  e f fe c t i v e p o ro si ty :   P o ro si ty

« D a ta T y p e »
C o m p o s itio n D e s c r ip tio n

+  l i th o l o g y :  L i th o l o g y
+  p ri n c i p a l ro c kty p e :   R o c kS o i l N a m e
+  m a te ri a l :   C h a ra c te rS t ri n g
+  m a te ri a l c l a ss:  C h a ra c te rS t ri n g
+  c o l o u r:   C h a ra c te rS t ri n g

« D a ta T y p e »
W e a th e r in g D e s c r ip tio n

+  e n v i ro n m e n t :   C h a ra c te rS tri n g
+  w e a th e ri n g d e g re e :  W e a th e ri n g D e g re e
+  w e a th e ri n g p ro c e ss:   W e a th e ri n g P ro c e ss

+  fa u l th a n g i n g w a l l d i re c t i o n :   In te g e r
+  fa u l tse p a ra t i o n :   D e c i m a l
+  fa u l tm o v e m e n t ty p e :  C h a ra c te rS t ri n g

F o ld S ys te m D e s c r ip tio n

+  fo l d si z e :   C h a ra c te rS t ri n g
+  fo l d sh a p e :   C h a ra c te rS t ri n g
+  fo l d t i g h tn e ss:  In te g e r
+  fo l d sy m m e try :   C h a ra c te rS t ri n g
+  fo l d d e fo rm a t i o n sty l e :   C h a ra c te rS t ri n g
+  fo l d d i p a x i a l p l a n e :   In te g e r

In ta c tR o c k

+  w e a th e ri n g :   W e a th e ri n g D e sc ri p t i o n
+  c o m p o si t i o n :   C o m p o si t i o n D e sc ri p t i o n
+  p h y si c a l b e h a v i o u r:   F o l d S y ste m D e sc ri p t i o n
+  m e c h a n i c a l b e h a v i o u r:   M e c h a n i c a l D e sc ri p t i o n

R o c k M a s s

+  w e a th e ri n g :   W e a th e ri n g D e sc ri p t i o n
+  c o m p o si t i o n :   C o m p o si t i o n D e sc ri p t i o n
+  p h y si c a l b e h a v i o u r:   F o l d S y ste m D e sc ri p t i o n
+  m e c h a n i c a l b e h a v i o u r:   M e c h a n i c a l D e sc ri p t i o n
+  ro c km a ssst ru c tu re :  G e o l o g i c S t ru c tu re
+  c h ro n o st ra t i g ra p h y :   C h ro n o st ra t i g ra p h i c D e sc ri p t i o n

« D a ta T y p e »
M e c h a n ic a lD e s c r ip tio n

+  m o d u l u so fe l a st i c i ty :   In te g e r
+  p o i sso n sra t i o :   D e c i m a l
+  i n te rn a l f ri c t i o n a n g l e :   In te g e r
+  c o h e si o n :  In te g e r
+  i n ta c t ro c kst re n g th :   IR S

0 . . *

0 . .*

+  p e rm e a b i l i ty :   P e rm e a b i l i ty
g

+  g ra i n si z e :   G ra i n S i z e
+  c o m p o si t i o n :   In te g e r
+  st ru c tu re te x tu re :  S t ru c tu re T e x tu re

+  w e a th e ri n g p ro d u c t :   R o c kS o i l N a m e
g

+  u n c o n f i n e d c o m p re ssi v e st re n g th :  U C S
+  sh e a rst re n th :   S h e a rS t re n g th
+  te n si l e st re n g th :   T e n si l e S t re n g th

« C o d e L i st»
R o c k S o i lN a m e

+  c o n g l o m e ra te
+  sa n d sto n e
+  si l tsto n e
+  l i m e sto n e
+  g y p su m
+  sh a l e
+  g ra n i te
+  g n e i ss
+  g a b b ro
+  c l a y

i l t

« C o d e L i st»
G e o lo g ic a lF o rm a tio n

+  fo rm a t i e v a n b o x te l
+  fo rm a t i e v a n b e e g d e n
+  fo rm a t i e v a n kre f te n h e y e
+  fo rm a t i e v a n d re n te
+  fo rm a t i e v a n d ra c h te n
+  fo rm a t i e v a n u rk

« e n u m e ra t i o n »
W e a th e r in g D e g r e e

 u n w e a th e re d
 sl i g h t l y
 m o d e ra te l y
 h i g h l y
 c o m p l e te l y

« C o d e L i st»
W e a th e r in g P r o c e s s

+  fre e z e a n d th a w
+  p l a n ta c t i v i t i e s
+  h y d ro l y si s
+  l e a c h i n g
+  o x i d a t i o n

« C o d e L i st»
L ith o lo g y

+  c o n g l o m e ra te d o m i n a n t
+  sa n d sto n e w i th sh a l e
+  sh a l e w i th sa n d sto n e
+  p u re c a rb o n a te
+  l i m e sto n e
+  n o n m a ri n e n o n d e p o si ts

« C o d e L i st»
G r a in S iz e

+  a rg i l l a c e o u s
+  a re n a c e o u s
+  ru d a c e o u s
+  si l tsto n e
+  sa n d sto n e
+  c o n g l o m e ra te
+  c a l c i l u t i te
+  c a l c i si l t i te
+  c a l c a re n i te
+  c a l c i ru d i te

« C o d e L i st»
S tr u c tu r e Te x tu re

+  v e ry th i n l y b e d d e d
+  th i n l y b e d d e d
+  m e d i u m b e d d e d
+  th i c kl y b e d d e d
+  v e ry th i c kl y b e d d e d

« e n u m e ra t i o n »
R o u g h n e s s L a rg e S c a le

 w a v y
 sl i g h t l y w a v y
 c u rv e d
 sl i g h t l y c u rv e d
 stra i g h t

« e n u m e ra t i o n »
R o u g h n e s s S m a llS c a le

 ro u g h ste p p e d
 sm o o th ste p p e d
 p o l i sh e d ste p p e d
 ro u g h u n d u l a t i n g
 sm o o th u n d u l a t i n g
 p o l i sh e d u n d u l a t i n g
 ro u g h p l a n a r
 sm o o th p l a n a r
 p o l i sh e d p l a n a r

« e n u m e ra t i o n »
In fi l lM a te r ia l

 c e m e n te d i n f i l l
 n o i n f i l l
 n o n so f te n i n g n o n sh e a re d m a te ri a l c o a rse
 n o n so f te n i n g n o n sh e a re d m a te ri a l m e d i u m
 n o n so f te n i n g n o n sh e a re d m a te ri a l f i n e
 so f tsh e a re d m a te ri a l c o a rse
 so f tsh e a re d m a te ri a l m e d i u m
 so f tsh e a re d m a te ri a l f i n e
 g o u g e sm a l l
 g o u g e l a rg e

« e n u m e ra t i o n »
K a r s t

D t T D t T

« D a ta T y p e »
C o n ta c tD e ta ils

+  l o g g e d b y :   C h a ra c te rS t ri n g
+  c o m p a n y :  C h a ra c te rS t ri n g
+  c o n ta c tp e rso n :   C h a ra c te rS t ri n g
+  a d d re ss:   C h a ra c te rS t ri n g
+  te l e p h o n e c o n ta c t :   In te g e r
+  e m a i l c o n ta c t:   C h a ra c te rS t ri n g
+  e m a i l f re q u e n c y :  In te g e r
+  l a ste m a i l :   D a te

« e n u m e ra t i o n »
W e a th e r

 c l o u d y a n d d ry
 c l o u d y a n d d ri z z l e
 c l o u d y a n d sl i g h t
 c l o u d y a n d h e a v y
 fa i ra n d d ry
 fa i ra n d d ri z z l e
 fa i ra n d sl i g h t
 fa i ra n d h e a v y
 b ri g h ta n d d ry

« e n u m e ra t i o n »
A c c e s s

 p o o r
 fa i r
 g o o d

+  si l t
+  sa n d
+  g ra v e l

+  b a sa l t
+  d o l e ri te
+  g a b b ro

 f l o w i n g m a te ri a l
 n o n e
 ka rst

« D a ta T y p e »
P o ro s ity

+  p o ro si ty m i n :   D e c i m a l
+  p o ro si ty m a x :  D e c i m a l

« D a ta T y p e »
P e r m e a b i l ity

+  p e rm e a b i l i ty m i n :   R e a l
+  p e rm e a b i l i ty m a x :   R e a l

« D a ta T y p e »
IR S

+  i n ta c t ro c kst re n g th m i n :  D e c i m a l
+  i n ta c t ro c kst re n g th m a x :   D e c i m a l

« D a ta T y p e »
U C S

+  u n c o n f i n e d c o m p re ssi v e stre n g th m i n :   In te g e r
+  u n c o n f i n e d c o m p re ssi v e stre n g th m a x :   In te g e r

« D a ta T y p e »
S h e a r S tre n g th

+  sh e a rst re n g th m i n :   In te g e r
+  sh e a rst re n g th m a x :   In te g e r

« D a ta T y p e »
Te n s ile S tre n g th

+  te n si l e stre n g th m i n :   In te g e r
+  te n si l e stre n g th m a x :   In te g e r

« D a ta T y p e »
L o c a tio n C o n d itio n s

+  w e a th e rc o n d i t i o n s:   W e a th e r
+  a c c e ssi b i l i ty :   A c c e ss

 b ri g h ta n d d ri z z l e
 b ri g h ta n d sl i g h t
 b ri g h ta n d h e a v y



‘LayerRock’ – Types of description

 Different 
types of 

class Class Model_LayerRock_datatypes_revised

«Feature»
LayerRock

VisualDescription

types of 
description 
for each 
‘G l i l

LayerRock

+ observationmethod:  CharacterString
+ descriptionpurpose:  CharacterString

+ descriptionlocation:  GM_Point
+ contact:  ContactDetails
+ descriptiondatetime:  DateTime
+ locationconditions:  LocationConditions

0..*

1

‘Geological
Unit’ of the 
geological 

GeologicalUnit

+ objectcode: Integer

SampleDescription

+ sampledcode:  Integer 0..* 1..*

g g
feature 
‘LayerRock’

+ objectcode:  Integer
+ objectlocation:  BoundingBox
+ objectname:  RockSoilName
+ objectdepthstart:  Decimal
+ objectdepthend:  Decimal
+ objectthickness:  Decimal
+ objectextension: Decimal

MeasurementDescription

+ measurementcode:  Integer

LabTestDescription
11

0..*

11
+ objectextension:  Decimal
+ objectgeometry:  GM_MultiSurface
+ geologicalformation:  GeologicalFormation
+ exposurecolour:  CharacterString
+ outcropcharacter:  CharacterString

LabTestDescription

+ labtestcode:  Integer 0..*



‘LayerRock’ – The Dictionary

Attribute Notes

objectcode Integer
Public

ObjectCode: Unique code linking to the specific object 
'GeologicalUnit' within the geological feature 'LayerRock'.g g g y

objectlocation BoundingBox
Public

ObjectLocation: Location and extension of the geological unit 
described by a Bounding Box.

objectname RockSoilName ObjectName: Name of the rock of this geological unit Namingobjectname RockSoilName
Public

ObjectName: Name of the rock of this geological unit. Naming 
according to international standards; examples given in the 
'CodeList' 'RockSoilName'.

objectdepthstart Decimal ObjectDepthStart: Depth (m), at which the geological unit starts 
Public (i.e. top level rock layer).

objectdepthend Decimal
Public

ObjectDepthEnd: Depth (m), at which the geological unit ends (i.e. 
bottom level rock layer).

bj tthi k D i l Obj tThi k V ti l thi k ( ) f th l i l it (iobjectthickness Decimal
Public

ObjectThickness: Vertical thickness (m) of the geological unit (i.e. 
thickness of the rock layer).

objectextension Decimal
Public

ObjectExtension: Horizontal extension (m) of the geological unit 
(i.e. extension of the rock layer).

objectgeometry GM_MultiSurface
Public

ObjectGeometry: Geometrical description of the geological feature; 
according to ‘The OpenGIS Abstract specification "Feature 
Geometry" ' (OGC 2001).



Description scheme for various descriptive methods

c l a s s  C l a s s M o d e l _ G e o l o g y M e a s u r e m e n t D e t a i l _ d a t a t y p e s _ r e v i s e d

G e o l o g i c a l O b j e c t

+  o b j e c t c o d e :   I n t e g e r

L o c a t i o n

+  l o c a t i o n n a m e :   C h a r a c t e r S t r i n g
+  l o c a t i o n c o o r d i n a t e s y s t e m :   C h a r a c t e r S t r i n g
+  l o c a t i o n c o o r d i n a t e s :   G M P o i n t

L a b T e s t P r o c e d u r e

+  l a b t e s t c o d e :   I n t e g e r
+  l a b t e s t p r o c e d u r e c o d e :   I n t e g e r
+  l a b t e s t p r o c e d u r e n a m e :   C h a r a c t e r S t r i n g
+  l a b t e s t p r o c e d u r e s e t u p :   C h a r a c t e r S t r i n g
+  l a b t e s t p r o c e d u r e m e a s u r e m e n t :   C h a r a c t e r S t r i n g
+  l a b t e s t p r o c e d u r e a n a l y s i s :   C h a r a c t e r S t r i n g

l b t t d l i l t R l t

M e a s u r e m e n t P r o c e d u r e

+  m e a s u r e m e n t c o d e :   I n t e g e r
+  m e a s u r e m e n t p r o c e d u r e c o d e :   I n t e g e r
+  m e a s u r e m e n t p r o c e d u r e n a m e :   C h a r a c t e r S t r i n g
+  m e a s u r e m e n t e q u i p m e n t :   C h a r a c t e r S t r i n g
+  m e a s u r e m e n t m e t h o d :   C h a r a c t e r S t r i n g
+  m e a s u r e m e n t p r o c e d u r e :   C h a r a c t e r S t r i n g
+  m e a s u r e m e n t p r o c e d u r e a n a l y s i s :   C h a r a c t e r S t r i n g
+  m e a s u r e m e n t p r o c e d u r e a n a l y s i s r e s u l t :   R e s u l t
+  m e a s u r e m e n t p r o c e d u r e r e p o r t :   D e c i m a l

d f i l D i l

1

1 . . *  ‘Geology 
Meas rement 

S a m p l e

+  s a m p l e c o d e :   I n t e g e r
+  s a m p l e o r i g i n c o d e :   I n t e g e r
+  c o n t a c t :   C o n t a c t D e t a i l s
+  s a m p l i n g d a t e t i m e :   D a t e T i m e
+  l o c a t i o n c o n d i t i o n s :   L o c a t i o n C o n d i t i o n s
+  s a m p l e d e p t h s t a r t :   D e c i m a l
+  s a m p l e d e p t h e n d :   D e c i m a l
+  s a m p l e d e s c r i p t i o n :   C h a r a c t e r S t r i n g
+  s a m p l e q u a l i t y :   C h a r a c t e r S t r i n g
+ s a m p l e a l t e r a t i o n c o d e : I n t e g e r

_
+  l o c a t i o n m a a i v e l d :   D e c i m a l
+  l o c a t i o n p i c t u r e :   U R L

F i e l d M e a s u r e m e n t

+  m e a s u r e m e n t c o d e :   I n t e g e r
+  c o n t a c t :   C o n t a c t D e t a i l s
+  m e a s u r e m e n t d a t e t i m e :   D a t e T i m e
+  l o c a t i o n c o n d i t i o n s :   L o c a t i o n C o n d i t i o n s
+  m e a s u r e m e n t m a a i v e l d :   I n t e g e r
+  m e a s u r e m e n t d e s c r i p t i o n :   C h a r a c t e r S t r i n g

L a b T e s t

+  l a b t e s t c o d e :   I n t e g e r
+  c o n t a c t :   C o n t a c t D e t a i l s
+  l a b t e s t d a t e t i m e :   D a t e T i m e
+  l a b t e s t d e s c r i p t i o n :   C h a r a c t e r S t r i n g

+  l a b t e s t p r o c e d u r e a n a l y s i s r e s u l t :   R e s u l t
+  l a b t e s t p r o c e d u r e r e p o r t :   D e c i m a l
+  l a b t e s t p r o c e d u r e f i l e :   D e c i m a l
+  l a b t e s t p r o c e d u r e f i l e d a t e :   D a t e

+  m e a s u r e m e n t p r o c e d u r e f i l e :   D e c i m a l
+  m e a s u r e m e n t p r o c e d u r e f i l e d a t e :   D a t e

1 0 . . *

1

1 . . *

1 . . *

1

1

0 . . *

10 . . *

1

0 . . 1

1 . . *

1 . . * Measurement 
Scheme’ for 
the handling 
f g l gi l +  s a m p l e a l t e r a t i o n c o d e :   I n t e g e r

S a m p l e A l t e r a t i o n s

+  s a m p l e a l t e r a t i o n c o d e :   I n t e g e r
+  s a m p l e a l t e r a t i o n n a m e :   C h a r a c t e r S t r i n g
+  s a m p l e a l t e r a t i o n d e s c r i p t i o n :   C h a r a c t e r S t r i n g

M e a s u r e m e n t P h a s e

+  m e a s u r e m e n t c o d e :   I n t e g e r
+  m e a s u r e m e n t p h a s e c o d e :   I n t e g e r
+  f i l e t y p e c o d e :   I n t e g e r
+  f i l e t y p e n a m e :   C h a r a c t e r S t r i n g
+  f i l e t y p e d e s c r i p t i o n :   C h a r a c t e r S t r i n g
+  f i l e t y p e s t a t u s n o :   D e c i m a l

L a b T e s t P h a s e

+  l a b t e s t c o d e :   I n t e g e r
+  l a b t e s t p h a s e c o d e :   I n t e g e r
+  f i l e t y p e c o d e :   I n t e g e r
+  f i l e t y p e n a m e :   C h a r a c t e r S t r i n g
+  f i l e t y p e d e s c r i p t i o n :   C h a r a c t e r S t r i n g
+  f i l e t y p e s t a t u s n o :   D e c i m a l

1

1 . . *

1

1 . . *

of geological 
and 
geotechnical 
fi ld d +  f i l e d a t e :   D a t e

+  f i l e o w n e r :   C h a r a c t e r S t r i n g

M e a s u r e m e n t D a t a

+  m e a s u r e m e n t p h a s e c o d e :   I n t e g e r
+  m e a s u r e m e n t d a t a c o d e :   I n t e g e r
+  m e a s u r e m e n t d a t a d a t a t y p e :   C h a r a c t e r S t r i n g
+  m e a s u r e m e n t d a t a d a t a f o r m a t :   C h a r a c t e r S t r i n g
+  m e a s u r e m e n t d a t a c o l u m n n o :   I n t e g e r
+  m e a s u r e m e n t d a t a c o l u m n h e a d :   C h a r a c t e r S t r i n g
+  m e a s u r e m e n t d a t a c o l u m n i n f o :   R e s u l t
+  m e a s u r e m e n t c o l u m n u n i t :   C h a r a c t e r S t r i n g
+  m e a s u r e m e n t c o l u m n m i n :   R e s u l t
+  m e a s u r e m e n t c o l u m n m a x :   R e s u l t

+  f i l e d a t e :   D a t e
+  f i l e o w n e r :   C h a r a c t e r S t r i n g

L a b T e s t D a t a

+  l a b t e s t p h a s e c o d e :   I n t e g e r
+  l a b t e s t d a t a c o d e :   I n t e g e r
+  l a b t e s t d a t a d a t a t y p e :   C h a r a c t e r S t r i n g
+  l a b t e s t d a t a d a t a f o r m a t :   C h a r a c t e r S t r i n g
+  l a b t e s t d a t a c o l u m n n o :   I n t e g e r
+  l a b t e s t d a t a c o l u m n h e a d :   C h a r a c t e r S t r i n g
+  l a b t e s t c o l u m n i n f o :   R e s u l t
+  l a b t e s t c o l u m n u n i t :   C h a r a c t e r S t r i n g
+  l a b t e s t c o l u m n m i n :   R e s u l t
+  l a b t e s t c o l u m n m a x :   R e s u l t

1

1 . . *

1

1 . . *

field and 
laboratory 
test data as 

ll  
e a s u e e t c o u a e s u t

« e n u m e r a t i o n »
W e a t h e r

 c l o u d y a n d d r y
 c l o u d y a n d d r i z z l e
 c l o u d y a n d s l i g h t
 c l o u d y a n d h e a v y
 f a i r a n d d r y
 f a i r a n d d r i z z l e

f a i r a n d s l i g h t

« e n u m e r a t i o n »
A c c e s s

 p o o r
 f a i r
 g o o d

« e n u m e r a t i o n »
R e s u l t

 i n t e g e r
 d e c i m a l
 r e a l

« D a t a T y p e »
C o n t a c t D e t a i l s

+  l o g g e d b y :   C h a r a c t e r S t r i n g
+  c o m p a n y :   C h a r a c t e r S t r i n g
+  c o n t a c t p e r s o n :   C h a r a c t e r S t r i n g
+  a d d r e s s :   C h a r a c t e r S t r i n g
+  t e l e p h o n e c o n t a c t :   I n t e g e r
+  e m a i l c o n t a c t :   C h a r a c t e r S t r i n g
+ e m a i l f r e q u e n c y : I n t e g e r

« D a t a T y p e »
L o c a t i o n C o n d i t i o n s

+  w e a t h e r c o n d i t i o n s :   W e a t h e r
+  a c c e s s i b i l i t y :   A c c e s s

well as 
material 
sampling

 f a i r a n d s l i g h t
 f a i r a n d h e a v y
 b r i g h t a n d d r y
 b r i g h t a n d d r i z z l e
 b r i g h t a n d s l i g h t
 b r i g h t a n d h e a v y

+  e m a i l f r e q u e n c y :   I n t e g e r
+  l a s t e m a i l :   D a t e



The Geology Measurement scheme

class ClassModel_GeologyMeasurementDetail_datatypes_revised

GeologicalObject

+ objectcode:  Integer
MeasurementProcedure

Location

+ locationname:  CharacterString

LabTestProcedure

+ labtestcode:  Integer
+ labtestprocedurecode:  Integer
+ labtestprocedurename:  CharacterString
+ labtestproceduresetup:  CharacterString
+ labtestproced remeas rement CharacterString

+ measurementcode:  Integer
+ measurementprocedurecode:  Integer
+ measurementprocedurename:  CharacterString
+ measurementequipment:  CharacterString
+ measurementmethod:  CharacterString
+ measurementprocedure:  CharacterString
+ measurementprocedureanalysis:  CharacterString

t d l i lt R lt

1

1..*

g
+ locationcoordinatesystem:  CharacterString
+ locationcoordinates:  GM_Point
+ locationmaaiveld:  Decimal
+ locationpicture:  URL

+ labtestproceduremeasurement:  CharacterString
+ labtestprocedureanalysis:  CharacterString
+ labtestprocedureanalysisresult:  Result
+ labtestprocedurereport:  Decimal
+ labtestprocedurefile:  Decimal
+ labtestprocedurefiledate:  Date

+ measurementprocedureanalysisresult:  Result
+ measurementprocedurereport:  Decimal
+ measurementprocedurefile:  Decimal
+ measurementprocedurefiledate:  Date

1..*

1

1
1..*

Sample

+ samplecode:  Integer
+ sampleorigincode:  Integer
+ contact: ContactDetails

FieldMeasurement

t d I t LabTest

1..*

0 *

0..1

1..*

+ contact:  ContactDetails
+ samplingdatetime:  DateTime
+ locationconditions:  LocationConditions
+ sampledepthstart:  Decimal
+ sampledepthend:  Decimal
+ sampledescription:  CharacterString
+ samplequality:  CharacterString
+ samplealterationcode: Integer

+ measurementcode:  Integer
+ contact:  ContactDetails
+ measurementdatetime:  DateTime
+ locationconditions:  LocationConditions
+ measurementmaaiveld:  Integer
+ measurementdescription:  CharacterString

LabTest

+ labtestcode:  Integer
+ contact:  ContactDetails
+ labtestdatetime:  DateTime
+ labtestdescription:  CharacterString

1 0..*

0..*

10..*

 samplealterationcode:  Integer



Current activities

 Transformation of the Enterprise Architect (EA) UML  Transformation of the Enterprise Architect (EA) UML 
models into SQL scripts
 using EA Add-In’s developed by Jan van Bennekom-Minnema 

(  MS  h ‘Th  L d Ad i i t ti  D i  M d l (see MSc research ‘The Land Administration Domain Model 
‘Survey Package’ and Model Driven Architecture’ on 
www.gdmc.nl)

D l  f SQL i  f  h  i  f Development of SQL scripts for the creation of:
 Indexes, types, objects, geometry, tables, constraints, 

sequences, etc.

 Implementation of the SQL scripts into Oracle Spatial



Current activities (Cont.)

CREATE TABLE bedding_system_description (
oid                  INTEGER  /* the default for 

bedding system description oid seq nextval must be added bedding_system_description_oid_seq.nextval must be added 
manually */               NOT NULL,

dipdirection         INTEGER              NOT NULL,
dip                  INTEGER              NOT NULL,

i (10 3)spacing              NUMBER(10,3)         NOT NULL,
persistencestrike    NUMBER(10,3)         NOT NULL,
persistencedip       NUMBER(10,3)         NOT NULL,
conditionroughnesslarge VARCHAR(30)          NOT NULL,conditionroughnesslarge VARCHAR(30)          NOT NULL,
conditionroughnesssmall VARCHAR(30)          NOT NULL,
infillmaterial       VARCHAR(30)          NOT NULL,
karst                VARCHAR(30)          NOT NULL

));
-- echo table BEDDING_SYSTEM_DESCRIPTION created, check 
comments



Current activities (Cont.)

 Model testing and validation with real world Case 
Study data; two Case Studies:
 Pilot ViA15
 Pilot Spoorzone Delft

 Development of an ‘Uncertainty model’ linked to 
various models describing 1) the geological features 
and 2) the geological measurements
 Describing quality and possible uncertainties of the geo-

information contained within each model

 Combined visualization of the various types of geo-
i f iinformation



Pilot Spoorzone 
Delft

Present
Delft

F tFuture

Courtesy: Tukka, http://nl.wikipedia.org/wiki/
Afbeelding:Treinbrug_Delft_9838792.JPG /

Courtesy: http://www.spoorzonedelft.info/



Contact:
Wiebke Tegtmeierg m
Email: tegtmeier@itc.nl
Tel.no.: +31 53 4874 212


