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1.1 Purpose and scope of this document 
This document contains the technical design of the determination of the parameter Su for the project “Dijken op Veen”. This clearly limits the scope of the development and thus this design to the requirements as specified by this project in the “Memo Su bepaling, 25 nov. 13, versie 1.0” [Lit 1].

Furthermore, an important limitation is the fact that this design only looks at the method defined in chapter “Su bepaling bij Dijken op Veen” and not at the one specified in chapter “Su bepaling bij SBW/WTI”. However, Design decisions taken here should not block development of the “SBW/WTI” method in a later stadium. 

Last but not least it’s important to emphasize that the design here only concerns the development needed for DSoilModel and will not cover developments in any other program or module mentioned in the memo (such as DGeoStability).
1.2 Other system documents

The full documentation on the wave impact kernel comprises the following documents.
	Title
	Content

	Memo Su bepaling [Lit 1]
	Requirements and function design
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2.1 Introduction
The functional requirements here are derived from the “Memo Su bepaling” [Lit 1]. 
2.2 Functional requirements
REQ 1 The application must enable a user to open an existing database or create a new database together with the new additional required input parameters Nkt and X. These parameters are to be stored in a separate file with the same name as the database with a different extension.

REQ 2 To enable the input parameters Nkt and X properties for new projects and the review of them for existing projects, these parameters must be displayed in the program.

REQ 3 The user must be able to import 2D geometries from *.geo files (geometry files as used in the DSeries according to the 2013 format specifications).
REQ 4 The user must be able to import a CPT from *.gef files (files holding a CPT in accordance with the Geotechnical Exchange Format).
REQ 5 The user must be able to select a 2D geometry and view its graphical representation.

REQ 6 The user must be able to select a CPT and add this to a selected 2D geometry, specifying the location of the CPT in the 2D geometry.
REQ 7 In specifying the location the user must always supply the local X position of the CPT in the 2D geometry. The user may supply a local Z position to indicate the top (surface level) of the CPT in the 2D geometry. Note that each CPT has its own surface level (which is used to initialize the local Z position) and that adaption of this is only required and in fact allowable when the reference level of the CPT and the 2D geometry do not match. In case these reference levels do match, changing the local Z Position is in fact cheating with measured results. This is way the Z position should not be editable graphically (only via a number field) whereas the X position may be allowed to be changed graphically as well as numerically.
REQ 8 The graphical representation of the selected 2D geometry must be able to show the added CPT(s) as a graph at the correct location. 
REQ 9 The user must be able to define the soil type of materials used in layers as being peat or something else.

REQ 10 The user must be able to check the suitability of a 2D geometry for the determination of the Su parameters. The criterion is that each layer of peat must intersect with only one CPT and for only one time per CPT. So when a peat layer does not intersect a CPT at all or intersects more than one CPT or intersect one CPT more than once, an error message indicating the type of error(s) must be provided.

REQ 11 The user must be able to repair the errors by either changing the 2D geometry (for instance divide one peat layer into multiple parts) and/or by moving the CPT(s).

REQ 12 Per CPT, the user must be able to define the Su-calculation surface level of the geometry (i.e. the level from which the soil tensions are to be calculated for the determination of the Su). This level may differ from the actual surface level for instance in case shoulders were added to support the dike.

REQ 13 Per CPT, the user must be able to define the Su-calculation top and bottom levels per peat layer (i.e. the bottom and top level of each peat layer for which the Su is determined). These levels may differ from the actual levels as the CPT-values may not completely correspond with the layer definition as given in the geometry.
REQ 14 The user must be able to start the determination of the Su values for all layers in the 2D geometry containing peat. In fact there are number of values to be determined:

· A Su value at every CTP-level in the layers (Su(i)).

· A resulting Su value at the top of each layer (Sutop).

· A resulting Su value at the bottom of each layer (Subottom) .
REQ 15 The user should be able to review the results of the Su determination per peat layer per intersection with a CPT. How exactly is to be determined later. But is must be possible to generate a graph of all calculated Su values per CPT level (Su(i)) for each peat layer intersecting the CPT.
REQ 16 The Su values (Sutop and Subottom) calculated per layer must be stored in the database. However, soil parameters (as these) are stored in soils table per soil, not per layer. So the user must take care to give each peat layer its own unique soil (with type = Peat) in order to accomplish this. The stochastic variables belonging to the calculated values are to be stored as stochastic properties of the soil.
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In order to meet the requirements, a number of data objects need to be developed, an extra file is needed to store the additional data and extra UI elements have to be added to be able to manipulate the new objects and to provide or support the requested functionality. Next, some calculations have to be performed to obtain the required results and finally the results need to be stored in the database.
3.1 Plugins
This application is DSoilModel with an add-on, which realizes the functionality described in this document. It will be delivered as a new application, which consists of the DSoilModel plugin and a DijkenOpVeen plugin (both these plugins will be created as DeltaShellLight plugins). From user point of view, it looks like DSoilModel with additional functionality. 
3.2 Data Objects

3.2.1 Class SuProject
To be able to meet REQ 1 the object SuProject is needed which holds the next properties:
· Name: placeholder to link the project to the DSoilModel project it belongs too.
· Nkt: factor relating the CPT resistance value with the Su value.
· X: factor to account for the differences between the soil tension levels at the time the CPT was made and extreme soil tension values.

· SuInterpretationProfiles: a list of all SuInterpretationProfile objects defined for this project.

· MaterialFactor: factor needed to convert characteristic Su values to design values. Eventhough this might be part of X or Nkt, it is still needed to know the relationship between characteristic and design values.
3.2.2 Class SuInterpretationProfile

To be able to meet REQ 12 the object SuInterpretationProfile1D is to be introduced. This object holds the next properties:
· a: the relative surface of the aperture at the water filter element of the CPT.
· CptLookup2D: a reference to the lookup of the CPT as used in the 2D geometry for which this profile is made. This stores the connection between this profile and the CPT as well as the 2D geometry. The referenced object itself is part of a DSoilModel project and is stored in its database. Therefore code is needed to maintain the reference is case of changes to this value in the DSoilModel project itself.
· SurfaceLevel: holds the Su-calculation surface level (see REQ 12).
· PeatLayerDefinitions: a list of PeatLayerDefintion objects. 
3.2.3 Class PeatLayerDefintion

To be able to meet REQ 13 and REQ 15, the object PeatLayerDefintion is needed which holds:

· TopLevel: holds the Su-calculation top level of the peat layer (REQ 13). 
· BottomLevel: holds the Su-calculation bottom level of the peat layer ().
· SuPerCPTDepth: List of calculated Su values per depth-value in the CPT (see REQ 155).

3.3 Additional I/O file
Extra file with Su determination specific data

Due to REQ 1, REQ 12 and REQ 13 some extra data, specific to the determination of Su, must be stored outside the general DSoilModel database. This data is stored in objects of classes as described in 3.2 so the best way to accomplish this is simply to serialize (and de-serialize when reading) the specific data objects to an xml-file with the proper name (i.e. the name of the project database but with its own extension). Reading/writing this file will be handled by the “DikesOnPeat” plugin automatically upon opening the project database (the plugin will try to open the belonging xml-file) and saving the project database (the plugin will create or rewrite the belonging xml-file). 
Note that it is possible that objects of DSoilModel are referenced. In that case an identifier (id in the database) is saved in the xml file, instead of the full xml dump of the class contents (e.g. classes SoilProfile2D, CPT, Soil)

3.4 UI Elements

In order to manipulate the new objects and to provide or support the requested functionality a number of new UI-elements are required.

3.4.1 Importers

The program must supply importers for Geo-files (REQ 3) as well as for GEF-CPT files (REQ 4). The Geo-files importer is already available, the GEF-CPT files importer is to be created. This importer will be using the DGSCPTUI.dll to actually import the GEF-file (from file as well as from DINO). Using this dll will produce a xml-file which contains the data for the CPT so this xml-file has to parsed to obtain that data as an actual object, ready for use in the program. Note that the CPT-data part in the xml-file is described by the schema file CPTDefinition.xsd (see Appendix A).

3.4.2 User actions

The user must be able to combine a selected 2D geometry with CPTs (REQ 6). The most user friendly way to enable this is via a Drag & Drop action. So it must be possible to select a CPT from the CPT table and drag that to 2D editor to drop it there at the requested position. Note that upon the drop the CPT must be drawn in the 2D editor at the X-position of the drop but with the Z-position as derived from the CPT itself.
A Nice to have with this option is a TreeView from which to Drag & Drop CPTs as this would improve the selection of the required CPT. When a TreeView is added to the DSoilModel, it should display all items in the project. This way, rapid selection of any object in the project would be enabled. 
3.4.3 Graphic Viewer/Editor 2D Geometry and CPTs

The program has to enable the graphic view of a 2D geometry (REQ 5). This is already available. However, the program must also be able to display one or more CPTs in this same view (REQ 8). For this, a CPT drawing object with drawing functionality must be created.
As the determination of Su is based on the combination of CPTs and a 2D geometry, the most logical place from which to manage the determination is the 2D editor. So a command (button in toolbar and menu item) needs to be added  to enable checking the validity of the combined 2D-gemetry and CPTs (REQ 10). This command should only be enabled when there is a valid 2D-geometry available as well at least one valid CPT. Another new command is needed to start the actual determination of the Su-values (REQ 14). This command should be enabled only if a valid Su-determination input is available.
Of course, when the validity check fails, the editor must enable the user to correct the errors. For this the editor must support functions to edit the 2D-geometry as well as enable the repositioning of the CPTs (REQ 11). Repositioning the CPT graphically must only support moving in the X-direction, the Z-direction may only be edited numerically (see Property Editors).
3.4.4 Graphic view of Su values per peat layer

This point (REQ 15) has still to be worked out as of yet the actual required functionality is not clear. 

3.4.5 Property Editors

The program must offer a property editor to be able to edit the main project properties of the Su determination, Nkt and X (REQ 2). For this, a property editor for the SuProject object must be added to the program.
The program must enable a user to specify the position of a CPT in the 2D geometry editor (REQ 7). For this, a property editor for the existing class CptLookup2D object must be added to the program.
The program must enable the user to specify the level from which the soil tensions are to be calculated for the determination of the Su (REQ 12). It also must enable the user to specify the bottom and top level of each peat layer for which the Su is determined (REQ 13). To realize this, a property editor for the Class SuInterpretationProfile must be added to the program. This property editor should allow for the input of parameter a (relative surface of the aperture at the water filter element).
3.4.6 Tables

In the table Materials, for each material (i.e. Soil) it must be possible to specify the soil type as peat or not peat (REQ 9). To implement this, the existing SoilType parameter must be made visible.

Nice to have would be a new table displaying the CptLookup2D entries.
3.5 Calculations Methods
In order to obtain the required results, some calculations have to be performed. These calculations need to be programmed as methods and fulfill REQ 14.

3.5.1 Determination of Su values per Peat Layer
At every CPT level (i) between the top and bottom level of the peat level the Su value must be determined by:

Su(i) = X * (qt(i) – Sigmavo(i)) /Nkt
· qt(i) is the qc value at CPT level I corrected for the water tension measured by the water filter element in the cone (u2(i)):

· qt(i) = qc(i) + u2(i) * (1 - a)

a : relative surface of the aperture at the water filter element and must be specified by the user per CPT. This value will be stored in the Class SuInterpretationProfile.
· Sigmavo(i) is the total vertical soil tension at CPT level i.

When u2 is missing from the CPT, a warning must be given. However the determination should take place using qt(i) = qc(i).

This method must be part of the Class PeatLayerDefintion.

3.5.2 Determination Sutop and Subottom
From the calculated Su(i) values, the Sutop and Subottom (design values) are to be determined. How is not known at the moment and has to be derived from on-going research. 

This method too must be part of the Class PeatLayerDefintion.

3.5.3 Determination stochastic Su values per layer

For each layer, based on the Su(i) values, the next stochastic values of Su should be determined. Which parameters and how to determine their values is also part of the on-going research and thus not yet known at the moment. The only thing that can be said for sure at this moment is that the values must be stored per soil in the parameters:

· SuStochasttop: this is an object of the existing class Stochast.

· SuStochastbottom: this is an object of the existing class Stochast.

This method too must be part of the Class PeatLayerDefintion.

3.6 Storing the Results

To store the results, the next properties must be added to the existing class Soil:

· Sutop: the design value of the calculated Su value at the top per soil (=at the top of the layer when the soils are correctly allocated to the profiles). This is the value to be used in the stability calculations and is represented by a single double value.

· Subottom: the design value of the calculated Su value at the bottom per soil (=at the bottom of the layer when the soils are correctly allocated to the profiles). This is the value to be used in the stability calculations and is represented by a single double value.

· SuStochasttop: the stochastic values belonging to Sutop. This is a set of values as defined by the existing class Stochast.

· SuStochastbottom: the stochastic values belonging to Subottom. This is a set of values as defined by the existing class Stochast.

The soil (with these properties) will be stored in the database (REQ 16).
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1. Memo Su bepaling, 25 nov. 13, versie 1.0, https://repos.deltares.nl/repos/Ringtoets/trunk/doc/WTI/DSoilModel/Work/ FO versie 1.0 Su-bepaling uit Sondering met werkproces (Gebruikersvriendelijke tool).docx
A XSD schema of the CPTDefinition
<?xml version="1.0" encoding="utf-8" ?>
<!-- Created with Liquid XML Studio 1.0.8.0 (http://www.liquid-technologies.com) -->
<xsd:schema xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns:xsd="http://www.w3.org/2001/XMLSchema" attributeFormDefault="unqualified" elementFormDefault="qualified" targetNamespace="http://deltares.nl/2008/CPTDefinition">
  <xs:complexType name="CPT">
    <xs:sequence minOccurs="1" maxOccurs="1">
      <xs:element minOccurs="1" maxOccurs="1" name="MeasuredData">
        <xs:complexType>
          <xs:sequence>
            <xs:element minOccurs="2" maxOccurs="unbounded" name="Datarow">
              <xs:complexType>
                <xs:attribute name="Level" type="xs:double" use="required" />
                <xs:attribute name="qc" type="xs:double" use="required" />
                <xs:attribute name="friction" type="xs:double" use="optional" />
                <xs:attribute name="WaterPressure" type="xs:double" use="optional" />
                <xs:attribute name="FrictionNumber" type="xs:double" use="optional" />
              </xs:complexType>
            </xs:element>
          </xs:sequence>
        </xs:complexType>
      </xs:element>
      <xs:element minOccurs="0" maxOccurs="1" name="AvailibleEntities">
        <xs:complexType>
          <xs:sequence minOccurs="0" maxOccurs="unbounded">
            <xs:element name="AvailibleEntity">
              <xs:complexType>
                <xs:attribute name="Value" use="required">
                  <xs:simpleType>
                    <xs:restriction base="xs:string">
                      <xs:enumeration value="Friction" />
                      <xs:enumeration value="LocalFriction" />
                      <xs:enumeration value="PorePressure" />
                    </xs:restriction>
                  </xs:simpleType>
                </xs:attribute>
              </xs:complexType>
            </xs:element>
          </xs:sequence>
        </xs:complexType>
      </xs:element>
    </xs:sequence>
    <xs:attribute name="Name" type="xs:string" use="required" />
    <xs:attribute name="Projectname" type="xs:string" use="optional" />
    <xs:attribute default="CEI" name="TimeOrderType" use="optional">
      <xs:simpleType>
        <xs:restriction base="xs:string">
          <xs:enumeration value="CEI" />
          <xs:enumeration value="ICE" />
          <xs:enumeration value="ECI" />
          <xs:enumeration value="EIC" />
          <xs:enumeration value="IEC" />
          <xs:enumeration value="CIE" />
          <xs:enumeration value="BeforeAndAfter" />
        </xs:restriction>
      </xs:simpleType>
    </xs:attribute>
    <xs:attribute default="true" name="IsElectronicType" type="xs:boolean" use="optional" />
    <xs:attribute default="false" name="IsQceEquivalentWanted" type="xs:boolean" use="optional" />
    <xs:attribute default="RD" name="XYCoordinateSystem" use="optional">
      <xs:simpleType>
        <xs:restriction base="xs:string">
          <xs:enumeration value="GeoGraphic" />
          <xs:enumeration value="SPCS" />
          <xs:enumeration value="RD" />
          <xs:enumeration value="UTM-3N" />
          <xs:enumeration value="UTM-9N" />
          <xs:enumeration value="Belgian Bessel" />
          <xs:enumeration value="Gauss-Kruger" />
        </xs:restriction>
      </xs:simpleType>
    </xs:attribute>
    <xs:attribute name="XWorld" type="xs:double" use="optional" />
    <xs:attribute name="YWorld" type="xs:double" use="optional" />
    <xs:attribute name="XWorldAccuracy" type="xs:double" use="optional" />
    <xs:attribute name="YWorldAccuracy" type="xs:double" use="optional" />
    <xs:attribute name="GroundLevel" type="xs:double" use="optional" />
    <xs:attribute name="GroundlevelAccuracy" type="xs:double" use="optional" />
    <xs:attribute name="IsGroundLevelMeasured" type="xs:boolean" use="optional" />
    <xs:attribute name="XLocal" type="xs:double" use="optional" />
    <xs:attribute name="YLocal" type="xs:double" use="optional" />
    <xs:attribute name="PreExcavation" type="xs:double" use="optional" />
    <xs:attribute name="WaterLevel" type="xs:double" use="optional" />
    <xs:attribute default="CUR" name="InterpretationModel" use="optional">
      <xs:simpleType>
        <xs:restriction base="xs:string">
          <xs:enumeration value="NEN" />
          <xs:enumeration value="CUR" />
          <xs:enumeration value="3Type" />
          <xs:enumeration value="QcOnly" />
          <xs:enumeration value="UserDefined" />
          <xs:enumeration value="Undefined" />
        </xs:restriction>
      </xs:simpleType>
    </xs:attribute>
    <xs:attribute default="9.87e8" name="LevelVoid" type="xs:double" use="optional" />
    <xs:attribute default="9.87e8" name="qcVoid" type="xs:double" use="optional" />
    <xs:attribute default="9.87e8" name="FrictionVoid" type="xs:double" use="optional" />
    <xs:attribute default="9.87e8" name="WaterPressureVoid" type="xs:double" use="optional" />
    <xs:attribute default="9.87e8" name="FrictionNumberVoid" type="xs:double" use="optional" />
    <xs:attribute name="LevelType" use="optional">
      <xs:simpleType>
        <xs:restriction base="xs:string">
          <xs:enumeration value="OwnLevel" />
          <xs:enumeration value="LowWaterSpring" />
          <xs:enumeration value="NAP" />
          <xs:enumeration value="Oostende" />
          <xs:enumeration value="TAW" />
          <xs:enumeration value="NormalNull" />
        </xs:restriction>
      </xs:simpleType>
    </xs:attribute>
    <xs:attribute name="OwnLevelText" type="xs:string" use="optional" />
    <xs:attribute name="FixedHorizontalLevelText" type="xs:string" use="optional" />
    <xs:attribute name="IsInterpretationModelStressDependent" type="xs:boolean" use="optional" />
  </xs:complexType>
</xsd:schema>
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