[image: image11.png]Deltares




	Geotechnics Data Model



[image: image12.jpg]Deltares
Z




[image: image13.png]Deltares




	Geotechnics Data Model




Keywords

Summary

References

Deltares Framework
	Version
	Date
	Author
	Initials
	Review
	Initials
	Approval
	Initials

	0.1
	Dec 2012
	R Brinkman
	
	
	
	
	

	0.2
	Oct 2013
	R Brinkman
	
	
	
	
	

	State

draft

This is a draft report, intended for discussion purposes only. No part of this report may be relied upon by either principals or third parties.


Contents

11.1
Geotechnics

2.1
Application architecture
2
2.2
Users of the data model
2
3.1
Geographic definitions
4
3.2
Geometry data
5
3.3
Surface lines
6
3.4
Stochastic definitions
7
3.5
Soil data
8
3.6
Soil profiles
9
3.7
Revetment profiles
10
3.8
Dike cost data
11
3.9
Geographically bound data
12
3.10
Location bound data
14
3.11
Dike sections
15


1 
1.1 Geotechnics
Geotechnics is a library for all geotechnical related data. It can be used in several applications providing a calculation or user interface in the geotechnical domain.

Geotechnical related data are data which have a relation with the physical world and can be used in the geotechnical domain. Examples are:

Soil properties, dike cross section geometry, geographical location of a dike, CPT data
but not

Calculation options, Edit supporting properties such as default values.
The Geotechnics library relies on the Geometry library and Delta Shell Light (see [lit 1], Deltares Framework). The Geotechnics library consists of a business layer and a library with user interface components. The business layer is described in the chapter Data model. The user interface components only reflect the classes in the data model and don’t have any business logic within themselves.
2 Architecture
2.1 Application architecture
Delta Shell Light applications have the following architecture

· In software structure, the business logic is placed centrally. The business logic layer contains the data model and business logic applicable on the data model. The data model classes describe the domain specific data, such as dike sections, soil definitions, etc..


· The user interface (including reports) is a reflection of values of the domain classes. Therefore the user interface doesn’t contain any intelligence.


· A calculation can be made upon the domain classes. One could perform different calculations on the same set of domain classes.


· IO is performed on the domain classes. 
This is visualized in the following figure:
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2.2 Users of the data model

As the data model takes a central place in the application, there are several software components which use the data model. They all have their won demands on the data model:

User interface

The user interface displays properties of the data model as they are. This means that data shown to the user should be part of the data model. Only unit conversion may take place in order to show the data according to the user’s preferences.

Storage
There will be software components which read and write data of the data model. Data will be stored in SI units only.
Deterministic calculation

A deterministic uses (part of) the data model for its calculation. But the calculation also needs calculation options and space where results are written. A calculation model therefore receives a data model, which consists partly of the data model described in this document. Other parts concern the calculation options and results.


Semi probabilistic calculation

A semi probabilistic calculation is the same as a deterministic calculation, but the input values (data model) have modified values. Their values are adapted in such a way that the user gets a “safe” result.

Because the calculation doesn’t see any difference between a deterministic calculation and a semi probabilistic calculation, the data model itself should deliver semi probabilistic (alo called design) values.

Probabilistic calculation

A probabilistic calculation is the same as a number of runs of a deterministic calculation, all with slightly changed input data. A controller of the probabilistic calculation should be able to interpret the results of all deterministic calcualtions and combine these to a probabilistic result.

Again the calculation doesn’t see any difference between a deterministic calculation and a probabilistic calculation and therefore the data model itself should deliver the values required for the run in scope in the probabilistic calculation.

3 Data model
3.1 Geographic definitions

This section describes how geographical data are defined
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	Class
	Description

	GeographicPoint
	Defines a point with an X and Y-coordinate. The coordinates are defined in Dutch RD.

	GeographicString
	Chain of ordered geographic points. Is used to define a dike line for example.

	GeographicPolygon
	Is used to define an area.

	GeographicStringPoint
	Geographic point which is located on a geographic string. Usually a geographic string point is not contained by the points of a geographic string.

	GeographicStringSection
	Section along a geographic string.

	IHasGeographicPoint
	Interface which tells that an implementor contains a geographic point

	IhasGeographicString
	Interface which tells that an implementor contains a geographic string

	IhasGeographicPolygon
	Interface which tells that an implementor contains a geographic polygon

	ProjectionInfo
	Defines the geographical projection, such as Dutch RD, which is used for all geographic objects (but always meters)


3.2 Geometry data

This section describes the geometry definition, independent of usage
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The classes have the following meaning:

	Class
	Description

	GeometryObject
	Base class of all geometry objects

	GeometryPoint
	Defines a point with an X, Y, Z-coordinate. The coordinates are relative.

The geometry point may refer to a parent. If the parent is a geometry point string, the length and angle can be computed to the next point.

	GeometryCurve
	Defines a line segment with an head point and an end point. No intermediate points are present. Length and angle are calculated.

	GeometryString
	Defines an ordered chain of points. For example, used for a surface line. IsClosed defines whether the chain is to be regarded as a loop.

	GeometryStringPoint
	Point which is supposed to be located on a geometry string. Usually a geometry point string is not part of the geometry string (doesn’t belong to the definition of a geometry string), but follows the shape of the geometry string. Depending on the X coordinate of the point, the Z coordinate is calculated.

	GeometrySurface
	A polygon of points defined by an outer loop, with the possibility of holes (inner loops)

	GeometryData
	Collection of points, curves and surfaces, which is used to keep an intermediate state during edit sessions. The left, right and bottom properties indicate the allowed area in which points may be added.

Also a surface line is generated by this class, indicating the points which form the surface level.

	GeometryRegenerator
	Class which is capable of regenerating the geometry data in such a way that there are no crossing curves.

	HeightInfo
	Defines the definition of Z-values, e.g. NAP (always meters)


3.3 Surface lines

For surface lines, there are special definitions, because a special meaning is given to some locations on the surface line.

The surface line is a collection of points on the surface in such a way that it describes the contour of the dike. Usually the points are collected from DTM and corrected for riverbed and ditch. The points are supposed to be perpendicular to the dike line. The surface line has a surface line location, which is a point in RD coordinates, and an angle, which indicates the angle of the line with surface points with the RD latitude. The points are defined with relative coordinates to the surface line location and angle (X is distance to surface location, Y is zero, Z is real depth)
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	Class
	Description

	SurfaceLineDefinition
	Aggregate of a geometry string, which defines the shape of the surface line, and a characteristic point set, which adds special meaning to locations on the surface line.
The surface line definition has a geographical location with an orientation. The orientation is the angle between the surface line 

the north-south longitude. The offset defines the distance between the geographical point of the surface line and the location which coincides with X = 0 in the local definition of the geometry string.

	CharacteristicPointType
	Enumeration of all possible point types. 

	CharacteristicPointSet
	Defines points with a special meaning on a geometry string. For each characteristic point type, there is one or no geometry point. The geometry point strings are not part of the (definition of the) geometry string.

The sorting (low X values to high X values) of the characteristic points is supposed to be from outside (river/canal/lake/sea) to inside (land/polder)

	SurfaceLine
	Alternate definition of a surface line, used in DAM. Now the points with special menaing are part of the definition of the geometry string.


3.4 Stochastic definitions

This section describes how stochastic data are defined
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	Class
	Description

	Stochast
	Defines the stochastic distribution of a property in, for example, soil. The distribution type and a number of parameters define the stochastic values. The number of parameters depend on the distribution type. If the distribution type is Table, a number of stochastic ranges is used to define the stochast.
For each stochastic parameter there is an associated property in a class, for example Cohesion stochastic parameter is associated with the Cohesion property in the soil class. This is defined by the owner and property in this class.
The properties design factor and design deviation are used to convert a measured value into a design value and vv.

	StochasticRange
	The stochastic range defines a range with the number of occurences in that range. Only used with deterministic type Table

	Realization
	Defines a point in the probabilistic space, e.g. a design point. A realization consists of a reliability index (beta) and a number of contributing stochasts.

	StochastRealization
	Value of a stochast for a realization, defined in the standard noral distribution (u-value). From the u-value the real physical value (x) ca  be derived, using the distribution parameters in the stochast.The contribution of each stochast is defined by an alpha value. All alpha values squared sum up to one.

	Reliability
	Utility class which converts a reliability (u) into a probability (pq) and vv.


3.5 Soil data
This chapter describes the soil data, but without location
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	Class
	Description

	Soil
	Contains all soil properties, such as mass density (dry and wet), piping parameters (e.g. erosion resistance top layer, damping factor, is aquifer or aquitard) and stability parameters.

	StressCurve
	Definition of a stress table. Only meaningful if shear strength model is stress table.

	Stress
	Defines the value of shear stresses as function of normal


3.6 Soil profiles
These data are related to the subsoil data. They are referenced by a dike location, but have a meaning on their own too.
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Figure 3
Data Classes for subsoil key data
The classes have the following meaning:

	Class
	Description

	SoilProfile
	Defines which soils are present and at which location in the subsoil at a geographic location.

	SoilLayer
	Base class for soil layers. A soil layer is a layer in the subsoil consisting of one soil.

	StochasticSoilModel
	Collection of soil profiles, with each soil profile having a certain probability. The probabilities sum up to one.

	SoilProfile1D
	Describes a sub soil divided in horizontal layers

	SoilLayer1D
	Horizontal layer of a soil, with indication of top and bottom level resulting in layer thickness and layer position. The bottom level is always equal to the top level of the underlying soil layer. 

	SoilProfile2D
	Describes a sub soil, where the appearance of the soil depends on the horizontal coordinate

	SoilLayer2D
	Describes a 2D layer, i.e. the thickness and position of the soil depends on the horizontal coordinate. One can think of a polygon indicating the position of the soil. This class refers to a GeometrySurface to define the area of the soil.

	SoilSurfaceProfile
	Soil profile which consists of a 1D soil profile and a surface line. The surface line truncates the soil profile from the air.

	SoilSurfaceLayer
	Soil layer in a soil surface profile. 


3.7 Revetment profiles
These data are related to the revetment on a dike.
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The classes have the following meaning:

	Class
	Description

	Revetment-CrossSection
	Defines the revetment along a dike. Consists of several segments. This class is used in the revetment failure mechanism.

	RevetmentSegment
	A revetment segment is a segment along a surface line, having begin point and end point on the surface line. The end point of one revetment zone is the begin point of the next revetment segment. 

	RevetmentProfile
	Ordered set of revetment layers, which go down from the surface line. There is a fixed number and ordering of the layers.

	RevetmentLayer
	Layer in the reventment with the same properties. Each layers is either a top layer, a geotextile or a soil. At least one layer is expected, which represents the top layer (i.e. the layer on the surface of the dike). Deeper layers are optional and refer to either a geotextile or a soil. The thickness indicates the thickness of the revetment layer and is defined perpendicular to the surface.

	TopLayer
	Material at the surface of a revetment

	TopLayerHole
	Defines holes which may be present in the top layer

	Geotextile
	Properties of the geotextile within a revetment layer

	Roughness
	Defines the roughness of the dike revetment in a certain area

	Roughness-CrossSection
	Defines the roughness at a dike cross section

	RoughnessSegment
	Defines the roughness at a segment of a dike cross section. A roughness segment can be derived from a roughness area and a surface line: where the two intersect, a begin or end point of the revetment zone is expected.


3.8 Dike cost data
Data used by KOSWAT.

TO BE DEFINED.

3.9 Geographically bound data
This section describes the data which are not related to a cross section. They may be used by a cross section, but have a meaning without the cross section too.
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Figure 1
Data Classes geographically bound data.
The classes have the following meaning:

	Class
	Description

	DeltaModel
	Container of all key data, such as soil profiles, dike lines and revetment location and properties. Usually there is one instance of this class

	MechanismDeltaModel
	Container of all data which is specific for one mechanism type.

	DikeLine
	A dike line is a ‘backbone’ of a dike and applicable for all failure mechanisms. The user can select points along the dike line to view properties such as a name.

Points have global XYZ-coordinates and local L-coordinates along dike line. Locations can have name (labels) or L-coordinate indications (km-pole)

	CharacteristicLine
	Characteristic lines run parallel to the dike line and are imported as key-data. In the cross section editor the lines are visible as characteristic points at intersections with the surface line. The user can select, move, add and delete these characteristic points. Adding and moving is only possible along the surface line. Characteristic points must be labeled as: begin point fore land, entrance point piping, toe outer slope, outer crest, crest, inner crest, inner slope, toe inner slope, start ditch, end ditch, etc.

	Structure
	Hydraulic Structures like gates, concrete defense walls, etc

Structures are line objects and have a begin and endpoint (location points). 

	Breakwater
	Breakwaters like dam caisson, rubble mound, are line objects. They have a begin and end point (location points). The structures have a symbology that is different from the dike line. (e.g. line width, colour) in the map editor. The user can select a the structure and open its project property form for: name, type, geometry and other assessment specific properties.    

	PiezometricHead
	Piezometric Head is imported with key-data in the map editor as polygons. It is applied to all cross sections inside a particular polygon. Cross sections outside the polygon will need additional, manual input of the Piezometric head in the cross section editor.

	HydraulicBoundary
	Location where hydraulic boundary conditions are defined. Values are defined for waves (period and amplitude) and setup. Setup is a combination of setup by wind and seiche data. Alos fetches are defined per wind direction.

	Fetch
	Definition of a fetch for a certain wind direction. The wind direction is defined relative to the north-south line.


3.10 Location bound data
These data describe data which only exist per location, where a location is a geographical point. The data per location are derived from the delta model by geographical analysis. Where ever the location is within a geographical polygon or a geographical string section, the owner of the geographic definition is used.
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Figure 2
Data Classes for Dike location.
The classes have the following meaning:

	Class
	Description

	Location
	Defines a geographical point with all related data attached to it. The location usually is a location on a dike, being a geographical string point.

	AssessmentLevel
	The assessment level calculated for this location.

	DikeCrossSection
	The location coincides with a schematized surface line. Cross sections have (default) names.  

	DikeSection
	Dike section which is defined as a stretch along a dike and using the key and hydraulic boundary data from a representive DikeCrossSection

	AssessmentLevel
	Defines the assessment water level for the dike location. 


3.11 Dike sections

This chapter describes how dike locations can be used in applications using multiple locations of any type (e.g. dike section, polygon, point). Basic idea is that such a location can be represented by a location, including all related data.
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The classes have the following meaning:

	Class
	Description

	MultiLocationModel
	Abstract base class for data model in each application which needs to handle multiple locations, such as DAM, Ringtoets and Koswat, but also failure mechanisms within Ringtoets.

	LocationInfo
	Contains data for a location which needs to be handled by the application. All data from the delta model can be accessed by the location, which holds data which are relevant for the location. Implementors of this class can enhance this class with (location bound) calculation options and results.

	Mechanism-Subdivision
	Main entry for subdivision of area of interest into sections, etc.

	DikeLineSubdivision
	Contains all sections on the dike line and all locations which are located on the dike line. The dike sections should be divided in such a way that the whole dike line is covered. Therefore the DikeLineSubdivision has a list of geographic string points, which represent the dike section boundaries. From this list the dike sections are generated.

	DikeSection
	Dike section in the dike line. The dike section can be used as a location with data bound to it, since it has a representative location. All data bound to the location are passed through via the representative location or are overridden by values set explicitly to the dike section.
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