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1 A TWO DIMENSIONAL EXAMPLE PROBLEM

The following example will introduce some of the features included in SVSOLID and will set up a model of a
simple slope with 2 foundations. A water table is present. The purpose of this problem is to determine the
stress condition in the slope and the magnitude of displacement under each footing. The problem dimensions
and soil properties are provided below.

ProjectID: Tutorial ProblemID: Tutorial2D

Footing 1

Footing 2

Region Geometry

Ground Seam Water Table
X Y X Y X Y
5 41 5 38 5 39
5 38 8 37 73 34
5 20 10 37
73 20 24 36
73 30 42 35
73 32 57 33
73 36 73 30
64 37 73 32
59 39 40 38
54 39 25 38
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52 40 10 40
48 41 8 40
42 41 6 41
38 42 5 41
35 43
31 43
27 44
25 45
22 46
19 47
15 47
12 46
12 43

5 43

Soil Properties
Soil 1:  Till

Young’s Modulus, E = 50000 kPa
Poisson’s Ratio, v=0.4

Initial Void Ratio, e, =1

Vertical Body Load, v, = -21 kN/m®

Soil 2: Clay

Young’s Modulus, E = 3000 kPa
Poisson’s Ratio, v =0.4

Initial Void Ratio, e, =1

Vertical Body Load, vy, = -18.5 kN/m*

1.1 ADDING A PROJECT

The first step in defining a problem is to decide the project under which the problem is going to be organized.
If the project is not yet included you must add the project before proceeding with the problem. In this case, the
problem is placed under a project called Tutorial.

In order to add this project follow these steps:
1. Select Model > Projects/Problems... from the menu to open the Projects / Problems form.

2. Click New Project... in the lower left of the form.
3. The Project Properties form is opened along with a prompt asking for a new ProjectID.
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B Mew Project

ey ProjectiD: [Tutorial

Cancel |

4. Type “Tutorial” as the new ProjectID and press OK.

The Project Properties form is where you information specific to each project is stored. This will include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.

K The Project ID is the only required information needed to define a project. The rest of the fields
are optional.
Tip!

The form is opened ready to accept information.

B Project Properties
Problems In Project: Project lCIient ] Phone ] Client Address ] Contractar ] Project Engineer ]
Project ICx Tutorizl
Project Mame: |SVS|::Iid Tutorial Manual Problems
Project Location: =askatoon, SK Canada

Project Start Date: Jan 0172002
Project End Date: A 3052003

Project Motes: The tutarial example problems are stored
under this project.

Eclt ProjectD.. |

It should be noted that once the project is defined it will be identified by the ProjectID throughout the rest of
the program. Also, SVSOLID does not allow you to specify two projects with the same ProjectID.

5. Fill out the form with the desired information.
6. To exit this form and return to Projects / Problems click OK. The project information is
automatically saved upon entry.
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1.2 ADDING A PROBLEM

Once a project has been created any number of problems may be stored in it.

E Projects / Problems [x]

[=]- "% Tutorial — Selected Problem

T 2D ProjectiD: [ |

TN Arigpmimetic Eroiect Name: | |

LI roject Mame:
Syatem: | |
ProblemiC: | |
Creation Date: | |
Description:

ey Project.... I | NewPrnhlemL\\cj

Delete | Edit ProblemiD. . open Hew Prablem Farm oK Cancel

When the Projects/Problems form is opened there will be a list of the projects that have been defined. In this
case there is only the Tutorial project. To add a problem:

1. Click on the plus sign and expand the project Tutorial.

2. This example will be modeled in two-dimensions so we must expand 2D by clicking the plus
sign beside “2D”

3. Click the New Problem button. The New Problem form will open.
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B Mew Problem |
Projectil: Tutarial |
Project Mame: |S'\-"Sulid Tutarial Manual Problems |
System: |2D |
EroblemiD: [Tutorial2D

Creation Date: | Aug 1202005

Description; 20 Tutorial Example Problem; Examination of the
effect of 2 Foundations on a slope.

Cancel

4. Enter the ProblemID: Tutorial2D. The description is optional.
5. Click the OK button to save the problem and close the New Problem form.
6. The new problem will automatically be opened in the workspace.

1.3 OPENING THE PROBLEM

If the problem was just added it will already be open in the workspace. When returning to the problem follow
these steps to open it in the workspace:
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=% Tutarial — Selected Problem

=% 2D PrajectiD: Tutorial |

PR Tutoal2D . - -

. . Project Mame: |S\-"S|:|I|d Tutorial banvisl F‘r|:||

i A Aisymmetric

LN 3D System: 20 |
ProklemiD: Tutorisizn |
Crestion Date: [ g 1202003 |
Description:
20 Tutorial Example Problem: Examinstion of the
effect of 2 Foundations on & slope.

Mewy Project... I Meswe Problem. .. I

Delete | EdtProkiemp.. | Cancel

7. Navigate back to the problem via Tutorial, 2D.
8. Select Tutorial2D.
9. The problem may opened by clicking the OK button or by double clicking on the ProblemID.

1.4 DEFINING THE PROBLEM

The following section provides instructions on how to begin defining the problem in the workspace.

1.4.1 Specify Settings

The first step in defining the problem is to specify the settings that will be used for the problem. To open the
Settings form select Model > Settings in the workspace menu.
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E3 Settings
General lln'rtial Streszriztrain ] Initial Pare Water Prezzure ] Monlinear Apprax. ] Plots ]

Swystem Analysis Umit=:

+! 20-Plane Strain " peglect PYyP ' metric
Axisymmetric ¥ ‘Consider PWP " Imperial
3D Lenigth: m

Stress: kPa
FEM Crptions .. Solution Files Path. .. [9]4

The Settings form will contain information about the current problem System, Analysis, Units, Initial
Conditions Settings, and more. The data for the problem is in metric so the units will remain metric.
Options must be selected here in order to specify a water table as the initial pore-water pressure conditions.
Drawing of the water table is explained later in this tutorial.

Select Consider PWP as the Analysis option.

Move to the Initial Pore Water Pressure tab.

Select Draw Water Table as the Initial PWP Option.
Click OK to close the form.

Hwh R

1.4.2 Setting the Workspace

Before entering any problem geometry it is best to set the World Coordinate System to ensure that the problem
will fit in the drawing space.

1. Access the World Coordinate System form by either of two ways. Click on the button: or
select View > WCS. The button is located in the view toolbar to the left of the drawing space.
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B World Coordinate Syztem |
—world Coordinate System 7 CADWIndow
— Battam Lett — Battam Lett
H 0.000) | 15.000 e 0.000) | 15.000
—Upper Right —Upper Right
X oo vy | 57 .000 X oo vy | 57.000
—Region Geometry Extents ————— —Surface Grid Extents
— hinitmuim — hlinimuim
X 50000 v | 20,000 X: A
— hlaximum — laximum
: 73000 v | 47.000 : | v |
— Global Coordinate Offset
¥ 0ooo v 0.000| Set Offsat...
*&) coordinate-related data will be adjusted by thiz offset on an import or paste operation. Adjusting
this offzet once data is entered will rezult in a problem-wide adiustment.

2. Enter the world coordinate system coordinates as shown above.
3. Also set the CAD Window (drawing space) coordinates.
4. Click OK to close the form.

The workspace grid spacing needs to be set to aid in defining region shapes. The geometry of the problem has
coordinates of a precision of 1m. In order to effectively draw geometry with this precision using the mouse the
grid spacing must be set to a maximum of 1.

5. Select View > Grid Spacing from the menu.
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E3 Grid Spacing

Hotizontal Spacing:

Yertical Spacing:

6. Enter 1 for both the horizontal and vertical spacing.
7. Click OK to close the form.

1.4.3 Define Material Properties

& SolsManager [
Soil Index | Soil Mame | Model Type |
JEEE i [Linear Elastic |
21 9581 [Clay [Linear Elastic =]

Messy Sail Delete Zail Propetties ... Al Soils..

The next step in defining the problem is to enter the material properties for the 2 soils that will be used in the
model. A till is defined for the ground and the seam will consist of a clay soil. This section will provide
instructions on creating the clay soil. Repeat the process to add the other soil.

1. Open the Soils form by selecting Model > Soils from the menu or click the soils button,
in the Tools toolbar.

2. Click the New Soil button to create a soil in the database. A unique Soil Index is generated that
is used to reference the soil in other SVSOLID forms.

3. Select the new soil and click Properties to open the Soil Properties form.
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E3 Saoil Properties: Linear Elastic

Sail Indes: 219551

Description IF'WP ] Parameters ] Body Load | S%Dynamic | Reference ]

=il Mame: Clary

USCS Texture: [Sitty clay [=]

Soil Description; |

Zeologic Description: |

Motes: Clay =oil for 20 tutorial problem.

4.  Enter the information above into the appropriate fields on the Description tab
5. Move to the Parameters tab.
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E3 Saoil Properties: Linear Elastic

Sail Indes: 219551

Cescription | vy Parameters lEIu:ud':.f Losd | SVDynamic | Reference

Elastic Parameters

o Young's Modulus Option
Young's hodulus:
Poiszon's Ratio:

" Bulk Madulus Optian

Bulk Modulus:
Shear Modulus:

Initial “oid Ratio, ea:

5,000 kPa

0.400

6. Refer to the data provided at the beginning of this tutorial. Enter the Young’s Modulus value of

3000 kPa.

7. Enter the Poisson’s Ratio value of 0.4.
8. Enter the Initial Void Ratio value of 1.

9. Move to the Body Load tab.

10. Enter the X-Axis Body Load as 0 kN/m®.
11. Enter the Y-Axis Body Load as —18.5 kN/m®.
12. Repeat these steps to create the till soil.

& The negative sign for the body load indicates that the vertical body load will act down.

Tip!

1.4.4 Adding Regions

A region in SVSOLID is the basic building block for a model. A region represents both a physical portion of
soil being modeled and a visualization area in the SVSOLID CAD workspace. A region will have a set of
geometric shapes that define its soil boundaries. Also, other modeling objects including features, water tables,
text, and line art are defined on any given region.
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This problem will be divided into three regions, which are named Ground, Seam, and Water Table. The first 2
regions will have one of the soils just defined specified as its soil properties. The third region will be used just
to draw the water table. To add the necessary regions follow these steps:

L
1. Open the regions form by clicking the Regions button, at the top of the workspace.

B Regions |
# | Mame | on | Lock | Sl | Shapes | a
M 1 Ground 7 = seoa1z =]
2 Seam 7 = o881 =] 1
3 wigter Table 7 =Y a| 0

™
|

[y Delete flowe Lp fowe Dowen

[ Display Boundary Condtion Graphics

Change the first region name from Region 1 to Ground. Highlight the name and type new text.
Select the Soil Index from the drop-down corresponding to the till.

Press the New button to add a second region.

Change the name of the second region to Seam.

Select the clay soil for the Seam region.

Click New to add the third region.

Name it Water Table.

Select the box Display Boundary Condition Graphics. This will display graphical
representations for the boundary conditions when they are defined later in this tutorial.

Click OK to close the form.

©CoNSO~WN

=
o

1.4.5 Defining Region Geometry Shapes

The shapes that define each soil region will now be created. Note that when drawing geometry shapes the
region that is current in the region selector is the region the geometry will be added to. The Region
Selector is at the top of the workspace.

e  Define the Ground
To draw the ground the instructions below explain the use of the command line to create the core shape.

1. Ensure that “Ground” is current in the region selector.

2. Click on the Draw Polygon Region Shape button,
3. The command line will be set to Start Point and the cursor focus will be in the command line.
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Noos

Type 5,41 and press the Enter key on the keyboard.

Type 5,38 and press Enter.

Refer to the geometry table at the beginning of this tutorial at enter the remaining points.
Type f and press Enter to complete the region shape.

Define the Seam
In the instructions for drawing the ground shape the command line was used. To draw the seam the
instructions below explain the use of the mouse to create the core shape.

1.

wn

Ensure the “Seam” region is current in the region selector.

Click on the Draw Polygon Region Shape button,

The cursor will now be changed to cross hairs.

Move the cursor near (5,38) in the drawing space. You can view the coordinates of the current
position the mouse is at in the status bar just above the command line.

When the cursor is near the point, right click. This will cause the cursor to snap to the point
(The SNAP and GRID options in the status bar must both be bold).

To select the point as part of the shape left click on the point.

Now move the cursor near (8,37). Right click to snap the cursor to the exact point and then left
click on the point. A line is now drawn from (5,38) to (8,37).

Refer to the geometry table at the beginning of this tutorial and add the remaining points.

To add the last point, move the cursor near the point (5,41) and right click snapping the cursor
to the point. Double click on the point to finish the shape. A line is now drawn from (6,41) to
(5,41) and the shape is automatically finished by SVSOLID by drawing a line from (5,41) back
to the start point, (5,38).

If the seam geometry been entered correctly the shape should look like the following:

Tip!

Select a shape with the mouse and press the Delete button, ~  if a mistake was made entering
the coordinate points for a shape. This will remove the entire shape from the region. To edit the
shape use the Region Properties form.

At times it may be tricky to snap to a grid point that is near a line defined for a region. Turn the
object snap off by clicking on “OSNAP” in the status bar to alleviate this problem.

Formatting a Shape
To set the Ground region shape to a solid green:
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1. Select the Ground shape in the drawing space.

=] . .
2. Press the Object Properties button, to open the Region Properties form:

— Border
Style: [Solid |
Colar; B
WEcqht: m pixels

—Fill
Style: Solid
Foreground Colar; .
Background Colat: .

Click the Fill Style button. The Fill form will open.

Select the solid fill style and press OK.

Click the Foreground color box on the Region Properties form. The Color Palette will appear.
Select a green color and press OK.

Close the Region Properties form by pressing OK.

No g

Repeat these steps to give the seam a solid gray fill.

After all the region geometry has been entered it will as appear like the diagram at the beginning of this tutorial.

1.4.6 Specify Boundary Conditions

Now that all of the regions and the problem geometry have been successfully defined, the next step is to specify
the boundary conditions. A load expression will be defined on each of the footing locations on the ground
region with the sides being fixed in the X-direction. At the base the region will be fixed in both the X and Y
directions. The Seam region is internal to the Ground region and will not need to be altered. The steps for
specifying the boundary conditions are thus:

1. Select the “Ground” region in the drawing space.
2. From the menu select Model > Boundaries. The boundary conditions form will open.
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B3 Boundary Conditions E3

[ Redion: Ground Select Shape Indes: | 5858?4;[
Segment |Pu:uirrt |
Point Boundary Condition A
X hd Direction X ¥
22 45 Concfition; Continue = |Continue -
Expression:
149 47 Conditian: Cortinue = [Cortinue -
Expression:
15 47 Condition: Continue * |Continue -
Expression:
12 45 Concfition; Fixed = |Continue -
Expression:
12 43 Conditian: Free = |Load Expression - J
Expression; -a0
5 43 Concition: Fixed - |Free - j
Segment Lenth: I om

Mate: boundary condtions defined at 5 point remain in effect until re-defined at & subzequent poirt.

3. Select the point (5,41) from the list on the Segment tab.

4. From the X Boundary Condition drop down select a Fixed boundary condition.

5. From the Y Boundary Condition drop down select a Free boundary condition.

6. Select the point (5,20) from the list.

7. From the Y Boundary Condition drop down select a Fixed boundary condition.

8. Select the point (73,20) from the list.

9. From the Y Boundary Condition drop down select a Free boundary condition.

10. Select the point (73,36) from the list.

11. From the X Boundary Condition drop down select a Free boundary condition.

12. Select the point (59,39) from the list.

13. From the Y Boundary Condition drop down select a Load Expression boundary condition.
This will cause the Load Expression box to be enabled.

14. In the Expression box enter a load of -100.

15. Select the next point (54,39) from the list.

16. From the Y Boundary Condition drop down select a Free boundary condition.

17. Select the point (12,46) from the list.

18. From the X Boundary Condition drop down select a Fixed boundary condition.

19. Select the point (12,43) from the list.

20. From the X Boundary Condition drop down select a Free boundary condition.

21. From the Y Boundary Condition drop down select a Load Expression boundary condition.
This will cause the Load Expression box to be enabled.

22. In the Expression box enter a load of -80.

23. For the last point, select Fixed as the X Boundary Condition and Free as the Y Boundary
Condition.

24. Click the OK button to close the form.
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X

Tip!

The Fixed X boundary condition for the point (5,41) becomes the boundary condition for the
following line segments that have a Continue boundary condition until a new boundary condition
is specified. By specifying a Free condition at point (73,36) the Continue is turned off.

Boundary Condition Summary

X Y X Boundary Condition|Y Boundary Condition
5 41 Fixed Free

5 38 Continue Continue

5 20 Continue Fixed

73 20 Continue Free

73 30 Continue Continue

73 32 Continue Continue

73 36 Free Continue

64 37 Continue Continue

59 39 Continue Load Expression = -100
54 39 Continue Free

52 40 Continue Continue

48 41 Continue Continue

42 41 Continue Continue

38 42 Continue Continue

35 43 Continue Continue

31 43 Continue Continue

27 44 Continue Continue

25 45 Continue Continue

22 46 Continue Continue

19 47 Continue Continue

15 47 Continue Continue

12 46 Fixed Continue

12 43 Free Load Expression = -80
5 43 Fixed Free

1.5 SPECIFYING THE WATER TABLE

A water table will be drawn across the problem to indicate the initial pore-water pressure conditions. The pore-
water pressure equals 0 at the water table elevation and is hydrostatic in the remainder of the problem.

=

=
Click on the Draw Initial Water Table button, __“al.
With the mouse click on the point (5,39).

To finish the Water Table double-click on the point (73,34). A dashed-dot line is drawn across
the problem.



SoilVision Systems Ltd. A Two Dimensional Example Problem Page 23 of 164

K The water table points could also be entered in the command line.
Tip!

1.6 SPECIFY PLOTS
There are many plot types that can be specified to visualize the results of the model. A few will be generated

for this tutorial example problem including a plot of the solution mesh, stress contours, and displacement
vectors.

1. Open the Plot Manager form by selecting Model > Plot Manager from the menu.

E3 Plot Manager
Type | Title | Wariahle | Description | Region | Y
a @_{g Yerical Stress oy y-stress
’@___(Q Horizontal Stress =¥ ¥-ress
i Displacemernt Uy xy displacemernt
_:‘IR(/{_ Final Mesh Defarmed Mesh Deformed Mesh
.‘F‘lf,f{_ Geometry Initial Mesh Initial Mesh
e Properties... | Set All PLOTMONITOR... | Settings... |
= 2 ;
bl |~ m| g T »

2. The toolbar at the bottom left of the form contains a button for each plot type. Click on the
Contour button to begin adding the first contour plot. The Plot Properties form will open.

E Plot Properties E
]z.:u:.m ]
%I Title: [wertical Stress AR g
arishle: |S‘:r' j W PLOT (display and write to file)
[T MOMITOR (display in salver)
Restrict to Region: | j
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Enter the title Vertical Stress.

Select sy as the variable to plot from the drop-down.

Select the PLOT output option.

Click OK to close the form and add the plot to the list.

Repeat these steps 2 — 6 to create the plots shown above.

Click Settings to open the Problem Plot Settings form.

Enter a Magnification Factor of 50. This will allow the areas of deformation to be examined
easier.

10. Click OK to close the Plot Manager and return to the workspace.

©ooNDO AW

1.7 SPECIFY OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. One will be generated for
this tutorial example problem: a plot to transfer the results to AcuMesh.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.

B Output Manager E2

Type |File Mame |\-"ariables | Region |
a3 ﬁ Tutorizal2D Output st U = sy 2T, Exy stmax 21 2301 0203 theta ex ey exy stimax g1 ¢

— Mlesny B
Properties. | Set All'tite File. Seftings | custom |

g_';'gl@l Delete | Il

2. The toolbar at the bottom left of the form contains a button for each output file type. Click on
the AcuMesh button to begin adding the output file. The Output File Properties form will open.
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B2 Output File Properties ]
De=cription l
File Mame: [Tutarial2D Output dat
Sariables: |u,v,sx,sy,sz,sxy,s‘tmax,m 53,0123 theta gx ey exy gtmax g1 22
“ariable List: Wariable “ariable Mame -
u w-dizplacement
W y-dizplacement
zx0 initial x-stress
vyl intial y-stress ﬂ
Zelect Al Add Selection |
[ wite File
3. Enter the title Tutorial2D Output.
4.  Select all the variables in the variable list.
5. Press the Add Selection button.
6. Check the Write File box.
7. Click OK to close the form and add the output file to the list.
8. Click OK to close the Output Manager and return to the workspace.

1.8 ANALYZE

The next step is to analyze the problem. Click the Analyze button located at the left in the workspace. This
action will write the descriptor file and open the SVSOLID solver. The solver will automatically begin solving
the problem.

1.9 RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVSOLID solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This
section will give a brief analysis for each plot that was generated.
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1.9.1 Solution Mesh

15:41:40 81203
! ! ! ! ! ! L FlexPDE 3.10a1

Final hiezh

TT T I T T T T T T T T T I T T T T I T T T T [T T T T [T T T T TT
i0. . . +0. =. 1. TO.
X

Tutorial_TuterialZl: Grid#2 p2 Nodes=769 Cell=352 RMS5 Er= 1.4e-34

The Mesh plot displays the finite-element mesh generated by the solver. The mesh is automatically refined in
critical areas such as directly beneath the footings where there is a greater influence of the loads. The
displacements in this plot are magnified by 50 times. Note that the greatest displacement occurs directly
beneath the footings. Also the displacement in the clay seam is much greater than the surrounding till due to
large difference in Young’s Modulus values.



SoilVision Systems Ltd. A Two Dimensional Example Problem Page 27 of 164

1.9.2 Vertical Stress Contours

15:41:40 81203
! ! ! ! ! ! L FlexPDE 3.10a1

0.4 L
r ‘iertical $tress
r 547,
[ max

- A40.
& -5 510,

=] B
con 330,
C 200
] Fo #70°
Lo e
= roon 120
=] Co{: 140,
EL 120,
- g a0.0
I ol
] -ob 0.00
C min 214

10.4 C

0.4 L

TT T I T T T T T T T T T I T T T T I T T T T [T T T T [T T T T TT
i0. . . +0. =. 1. TO.
X

Tutorial_TuterialZl: Grid#2 p2 Nodes=769 Cell=352 RMS5 Er= 1.4e-d4
Integral= 353655.1

A stress bulb is generated beneath each footing due to each footing load. The body load of both materials
generates the overall stress state.
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1.9.3 Displacement Vectors

15:41:40 81203
! ! ! ! ! L ! ) FlexPDE 3.10a1

0. Displacement

0.16
015
o = o
— o3
=
= 0.10
0.0
L
- 006
0.05
- 603
T ik
0.0
000

.4

TTT T T T T T T I T T T T T T T T T T[T T T T [ T T T I T T T T TTT1T
o. 0. . 0. +0. 0. 1. Ta.

X

Tutorial_TuterialZl: Grid#2 p2 Nodes=769 Cell=352 RMS5 Er= 1.4e-34

Displacement Vectors show both the direction and the magnitude of the displacement at specific points in the
problem. The lower Young’s Modulus in the clay seam result it greater displacements here than in the
surrounding till. The maximum displacement of 0.16m occurs beneath Footing 1 where the load is greater and
the distance to the clay seam is less.

1.9.4 ACUMESH Mohr Circle Diagram

Use ACUMESH, the SoilVision Systems Ltd. 2D visualization module for improved graphics and greater
range of plotting options. Create plots of principle stress crosses or view Mohr Circles as below.
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% Mohr-Coulomb Diagram Mi=] E3
Eile  Format

Stress Below Footing Midpoint - Node 300

34.2
20.5

85

-6.85

Shear Stress (KPa)

-2005 -

Normal Stress (KPa)
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2 A THREE DIMENSIONAL EXAMPLE PROBLEM

The following example will introduce you to the three dimensional model in SVSOLID. The model considers
the stress and displacement in the soil of a slope. A circular pillar foundation has been placed in mid-slope.
The problem is modeled using 2 regions, 3 surfaces, and 2 soils. The problem data and soil properties are
provided below. This problem will be set up to run with the Student Version.

ProjectID: Tutorial ProblemID: Tutorial3D

Circular Foundation on Slope

e
P

Pillar Foundation

[=
Loy

Region Geometry
Slope Pillar

X Y X Y

0 0 Center: 10 10

20 0

20 20 Radius: 2

0 20
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Soil Properties
Soil 1:  Till

Young’s Modulus, E = 10,000 kPa
Poisson’s Ratio, v=0.4

Initial Void Ratio, e, =1

Vertical Body Load, yy = -21 kN/m?

Soil 2:  Concrete

Young’s Modulus, E = 29,580,000 kPa
Poisson’s Ratio, v=0.2

Initial Void Ratio, e, =0

Vertical Body Load, y, = -23.5 kN/m?

21 ADDING A PROJECT

The first step in defining a problem is to decide the project under which the problem is going to be organized.
If the project is not yet included you must add the project before proceeding with the problem. In this case, the
problem is placed under a project called Tutorial.

In order to add this project follow these steps:
1. Select Model > Projects/Problems... from the menu to open the Projects / Problems form.

2. Click New Project... in the lower left of the form.
3. The Project Properties form is opened along with a prompt asking for a new ProjectID.

B New Project

Mewy ProjectiD: [Tutorial

Cancel |

4. Type “Tutorial” as the new ProjectID and press OK.
The Project Properties form is where you information specific to each project is stored. This will include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.
K The Project ID is the only required information needed to define a project. The rest of the fields
___>=  areoptional.
Tip!

The form is opened ready to accept information.
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EJ Project Properties |

Problemns In Project:

Project | Clirt | Phone | Cliert Address | Contractor | Project Engineer |

Project ID: Tutarial |
Project Mame: |S‘-.:“Sn:||id Tutorial Manual Probletns
Project Lacation: Saskatoon, K Canada

Praoject Start Date: I..Ian 0152002
Project End Date: IAug 3052003

Project Motes: The tutarial example problems are stored
under this project.

Edit ProjectiD.. |

It should be noted that once the project is defined it will be identified by the ProjectID throughout the rest of
the program. Also, SVSOLID does not allow you to specify two projects with the same ProjectID.

5.  Fill out the form with the desired information.

6. To exit this form and return to Projects / Problems click OK. The project information is
automatically saved upon entry.
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2.2 ADDING A PROBLEM

E Projects / Problems [ x|

E|\. Tutarial — Selected Proklem
D ProjectiCy
e TN Aisymmnetric .
— Project Mame:
...... a 3D
System:
PrablemiC:
Crestion Date:
Description:
Mewy Project...
1
Delete I Edlit Problemil open Mew Problem Form

Cancel

Once a project has been created any number of problems may be stored in it.

When the Projects/Problems form is opened there will be a list of the projects that have been defined. In this
case there is only the Tutorial project. To add a problem:

1. Click on the plus sign and expand the project Tutorial.
2. This example will be modeled in three-dimensions, expand 3D by clicking the plus sign beside

“gp”

3. Click the New Problem button. The New Problem form will open.
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B Mew Problem |
Projectil: Tutarial |
Project Mame: |S'\-"Sulid Tutarial Manual Problems |
System: |3D |
EroblemiD: [Tutorial3D

Creation Date: | Aug 1352005

Description; & 30 Tutarisl Manual Example Problem.

Cancel

4. Enter the ProblemID: Tutorial3D. The description is optional.
5. Click the OK button to save the problem and close the New Problem form.
6. The new problem will automatically be opened in the workspace.

23 OPENING THE PROBLEM

If the problem was just added it will already be open in the workspace. When returning to the problem follow
these steps to open it in the workspace:
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E Projects / Problems [ x|
=% Tutarial — Selected Problem

D ProjectiD: | Tutarisl |
-\ Asisymmetric Project Fame: |S\Solid Tutorial Manual Pra|
ERNE roject Mame: olid Tutorial Manual Pro
T Tutonial3D System: 3D |
ProklemiD: Tutorigisn |
Crestion Date: [ g 132003 |

Description:

A 3D Tutorizl Manual Example Proklem.

Mewy Project... I Meswe Problem. .. I

Delete | EdtProkiemp.. |

Cancel

1. Navigate back to the problem via Tutorial, 3D.
2. Select Tutorial3D.

3. The problem may opened by clicking the OK button or by double clicking on the ProblemID.

24 DEFINING THE PROBLEM

The following section provides instructions on how to begin defining the problem in the workspace.

2.4.1 Setting the Workspace

Before entering any problem geometry it is best to set the World Coordinate System to ensure that the problem
will fit in the drawing space.

1. Access the World Coordinate System form by either of two ways. Click on the button: or
select View > WCS. The button is located in the view toolbar to the left of the drawing space.
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B World Coordinate Syztem
World Coordinate System CAD Windowy
Bottom Lett Bottom Lett
X -5.0000 -5.000 R -5.0000 -5.000
Upper Right Upper Right
X 25000 ¥ 25000 X 25000 ¥ 25.000
Region Geometry Extents Surface Grid Exterts
hinimum hinimum
X 0.000) v 0.000 R -5.000( 3y -5.000
Maximum Maximum
X 2000000 v 20000 X 25000 v 25000

Global Coordinste Offzet
M 0.ooo v 0.000 Set Offset..

*&) coordinate-related data will be adjusted by thiz offset on an import or paste operation. Adjusting
this offzet once data is entered will rezult in a problem-wide adiustment.

2. Enter the world coordinate system coordinates as shown above.
3. Also set the CAD Window (drawing space) coordinates.
4. Click OK to close the form.

The workspace grid spacing needs to be set to aid in defining region shapes. The geometry data for this
problem has coordinates of a precision of 1m. In order to effectively draw geometry with this precision using
the mouse the grid spacing must be set to a maximum of 1.

5. Select View > Grid Spacing from the menu.
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E3 Grid Spacing

Hotizontal Spacing:

Yertical Spacing:

6. Enter 1 for both the horizontal and vertical spacing.
7. Click OK to close the form.

2.4.2 Define Material Properties

& SolsManager [
Soil Index | Soil Mame | Model Type |
P | 1zra1z [Concrete [Linear Elastic |
3SEB4S fi [Linear Elastic =]

Messy Sail Delete Zail Propetties ... Al Soils..

The next step in defining the problem is to enter the material properties for the 2 soils that will be used in the
model. A till is defined for the slope and the pillar foundation will consist of concrete. This section will

provide instructions on creating the till soil. Repeat the process to add the other soil as described at the
beginning of this tutorial.

5

1. Open the Soils form by selecting Model > Soils from the menu or click the soils button,
in the Tools toolbar.

2. Click the New Soil button to create a soil in the database. A unique Soil Index is generated that
is used to reference the soil in other SVSOLID forms.
3. Select the new soil and click Properties to open the Soil Properties form.
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E3 Saoil Properties: Linear Elastic

Sail Indes: 3526545

Description IF'WP ] Parameters ] Body Load | Reference

=il Mame: Till
USCS Texture: | j
Soil Description: |Ins'rtu Till

Zeologic Description: |

Motes:

4.  Enter the information above into the appropriate fields on the Description tab
5. Move to the Parameters tab.
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E3 Saoil Properties: Linear Elastic

Soil Irches: 356545
Cescription | vy Parameters lEIu:ud':.f Load | Reference

Elastic Parameters

o Young's Modulus Option
Young's hodulus: 10,000 kPa

Poiszon's Ratio: 0.400

" Bulk Madulus Optian

Bulk Modulus: kPa
Shear Modulus: kPa

Initial “oid Ratio, ea: 1.00

6. Refer to the data provided at the beginning of this tutorial. Enter the Young’s Modulus value of
10000 kPa.

7. Enter the Poisson’s Ratio value of 0.4.

8.  Enter the Initial Void Ratio value of 1.

9. Move to the Body Load tab.

10. Enter the X-Axis Body Load as 0 kN/m®.

11. Enter the Y-Axis Body Load as 0 kN/m®.

12. Enter the Z-Axis Body Load as —21 kN/m®.

13. Repeat these steps to create the concrete soil.

K The negative sign for the body load indicates that the vertical body load will act down.
Tip!

2.4.3 Define 3D Surfaces

This problem consists of three surfaces of different dimensions and grid densities. By default every problem
initially has 2 surfaces.
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o Define Surface 1
This surface is already present so the next step is to define the grid lines.

1.
2.

4.
5.
6

Select Surface 1 in the Surface Selector.

Click the Surface Grid Setup button, m

B3 Surface Grid Setup |

£= Surface 1

¥ Grid Lines | Grid Lines |

E A Add Reguler... |
i

5 Add Irregular... |
10

15 Edit... |
20

" Delete |

Tatal Grid Points: 49

Copy Surface Grid... | Ok I

There will be default grid lines of 0 and 10 present. Click the Add Regular button to open the
Add Regular X Gridlines form.

Enter -5 for Start, 5 for Increment Value, and 25 for End.

Click Add to add the gridlines and close the form.

Move to the Y Grid Lines tab and repeat steps 3 — 5 for the Y gridlines

Now that the grid has been set up, elevations must be specified for all the grid points:

1.

wn

Select Surface 1 in the Surface Selector.

Click the Elevations button, 1o open the Elevations form.

Enter 0 in the Set Nulls To field.

Click the button to the left of the Set Nulls To field and all the missing elevations will be set to
0.
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o Define Surface 2
This surface is already present. The grid extents are smaller than Surface 1 and the grid is denser. The
Surface 2 grid also has different densities in the X and Y directions.

1.

2.
3.

No M

8.
9

Select Surface 2 in the Surface Selector.

Click the Surface Grid Setup button, m

There will be default grid lines of 0 and 10 present. Click the Add Regular button to open the
Add Regular X Gridlines form.

Enter O for Start, 2 for Increment Value, and 20 for End.

Click Add to add the gridlines and close the form.

Move to the Y Grid Lines tab.

There will be default grid lines of 0 and 10 present. Click the Add Regular button to open the
Add Regular Y Gridlines form.

Enter O for Start, 4 for Increment Value, and 20 for End.

Click Add to add the gridlines and close the form.

Now that the grid has been set up, elevations must be specified for all the grid points:

10.

11.
12.
13.

Select Surface 2 in the Surface Selector.

Click the Elevations button,
Enter 4 in the Set Nulls To field.

Click the button to the left of the Set Nulls To field and all the missing elevations will be set to
4m.

to open the Elevations form.

e Define Surface 3
Follow these steps to add the third surface to the problem.

1.

To open the surface form you may click on the Surface command button, located at the
top of the workspace or select View > Surfaces from the menu.

B Surfaces E4 |

# | MName | Grid | BC | Pinch Out Surface | a
P 3 Surfaces r r

2 Surface 2 ¥ r

1 Surface 1 W v

Inzert... Delete
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2.

NG R~ W

Click Insert to open the Insert Surfaces form:

E Insert Surfaces

Mumber of Mew Surfaces: I 1

—Place Mewy Surfaces
¢ At The Top
™ Below Surface: | ;l

—Inzert Mewy Surfaces
' with Default Grid
0 Copy Grid From An Existing Surface

Surfaces with Grids: ISurface 2 ;l

Elevations
% Exclude
= Inciude

iwifeet Elevations By I 0 m

Cancel

Enter 1 as the Number of New Surfaces.
Select to place the new surface At The Top.
Select Copy Grid From An Existing Surface.
Select Surface 2 from the drop-down.
Choose to Exclude the elevations.

Press OK to add the surface.

Now that Surface 3 has been added and its grid has already been set up the next step is to provide the
elevations for it. The slope will be generated using the 3D Plane Interpolation method:

1.

2.

Select Surface 3 in the Surface Selector.
=]
o

Click the Elevations button, to open the Elevations form.



SoilVision Systems Ltd. A Three Dimensional Example Problem Page 43 of 164

B Elevations
E= Surface 3 General
X L F - J Find hizsing Elevations
0 a B J Delete Elevations
1] 4 G
o 5 B J Paste Surface Data...
0 12 B __| mport %2 Data...
1] 16 G o
0 20 5 Surface Grid Integrity
2 0 6.4
5 7 > _ | Aot Missing Grid Points
5 2 = _| check for Duplicate Points
2 12 4 _ | Adjust overlap...
2 18 B4 J Crop Elevations...
2 20 6.4
4 a 6.8 Set Elevations For Poirt
4 4 6.5
4 8 E3 _| #-5iope
4 12 E& _| w-Slope
4 16 6.5 ﬂ J
Total Grid Points: g8 | | Snap Above
b Bel
Pinch Out Surface At j J IS
Set Elevations For Surface
J 30 Plane Interpolation
oK __| et bz Tar 0| m

Select point (0,0).

Enter a Z elevation of 6.

Select point (0,20).

Enter a Z elevation of 6.

Select point (20,20).

Enter a Z elevation of 10.

Press the 3D Plane Interpolation button
Press OK to close the form.

ROoOo~N O~ W

o

2.4.4 Adding Regions

A region in SVSOLID is the basic building block for a model. A region represents both a physical portion of
soil being modeled and a visualization area in the SVSOLID CAD workspace. A region will have a set of
geometric shapes that define its soil boundaries. Also, other modeling objects including features, water tables,
text, and line art are defined on any given region.
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This problem will be divided into 2 regions, which are named Slope and Pillar. Each region will have one of
the soils just defined specified as its soil properties. To add the necessary regions follow these steps:

arwn

L
Open the regions form by clicking the Regions button, at the top of the workspace.

B Regions |
[
# | Mame | omé | Lok |a
L Slope " =1
2 Pillar Q =

=

[y I e Ll |

Delete I hlove Diowwn |

Change the first region name from Region 1 to Slope. Highlight the name and type new text.
Press the New button to add a second region.

Change the name of the second region to Pillar.

Click OK to close the form.

2.4.5 Defining Region Geometry Shapes

The shapes that define each region will now be created. Note that when drawing geometry shapes the region
that is current in the region selector is the region the geometry will be added to. The Region Selector is at
the top of the workspace. Refer to the beginning of this tutorial for the geometry points for each region.

e Define the Slope region

1.

wn

Ensure the “Slope” region is current in the region selector.

Click on the Draw Polygon Region Shape button,

The cursor will now be changed to cross hairs.

Move the cursor near (0,0) in the drawing space. You can view the coordinates of the current
position the mouse is at in the status bar just above the command line.

When the cursor is near the point, right click. This will cause the cursor to snap to the point
(The SNAP and GRID options in the status bar must both be bold).

To select the point as part of the shape left click on the point.

Now move the cursor near (20,0). Right click to snap the cursor to the exact point and then left
click on the point. A line is now drawn from (0,0) to (20,0).

Now move the cursor near (20,20). Right click to snap the cursor to the exact point and then left
click on the point.
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9. For the last point (0,20), right click to snap the cursor to the point. Double click on the point to
finish the shape. A line is now drawn from (20,20) to (0,20) and the shape is automatically
finished by SVSOLID by drawing a line from (0,20) back to the start point, (0,0).

X -
Tiol Select a shape with the mouse and press the Delete button, if a mistake was made entering
'P *  the coordinate points for a shape. This will remove the entire shape from the region. To edit the
shape use the Region Properties form.

e Define the Pillar
In the instructions for drawing the Slope shape the mouse was used. To draw the pillar the instructions

below explain the use of the command line to create the Pillar shape.

1. Ensure that “Pillar” is current in the region selector.

Click on the Draw Polygon Region Shape button,

The command line will be set to Circle Center and the cursor focus will be in the command line.
Type 10,10 and press the Enter key on the keyboard. The command line will be set to Radius.
Type 2 and press Enter to complete the circular region shape.

akrwn

k At times it may be tricky to snap to a grid point that is near a line defined for a region. Turn the
object snap off by clicking on “OSNAP” in the status bar to alleviate this problem.
Tip!

e Formatting a Shape
To set the Pillar region shape to a solid gray:

1. Select the Pillar shape in the drawing space.

=] . .
2. Press the Object Properties button, to open the Region Properties form:
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B Region Properties

Region: Fillzr
Paoint=
X b i Hode
Spacing
Center: 10 10
Radius: I
Paste Shape Data... |

Display Properties

Border Fill

Style: [Solid ] Style: | |solia

Colar: .
Wieight: 1.~ pixels

Mesh Spacing:

Foreground Colar:

Background Colar: .

[ Sticky Paoints - Global Setting

Noarw

Click the Fill Style button. The Fill form will open.
Select the solid fill style and press OK.

Click the Foreground color box on the Region Properties form. The Color Palette will appear.
Select a gray color and press OK.

Close the Region Properties form by pressing OK.

After all the region geometry has been entered it will as appear like the diagram at the beginning of this tutorial.

2.4.6 Specifying a Soil by Region and Layer

Each region will cut through all the layers in a problem creating a separate “block” on each layer. Each block
can be assigned a soil or be left as void. A void area is essentially air space. In this problem all “blocks” will be

assigned a soil.

1. Select “Slope™ in the Region Selector.

2. Press the Region Soils button,

at the top of the workspace to open the Region Soils form.
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B2 Region Soilz |
Redion: |Slnpe |

Bound By | Layer | Soil |i

» Surface 3
Surface 2 z |355845 ;I
Surface 2
Surface 1 ! |355845 —I

BOoo~N o0k

=

Select the Till soil from the drop-down for Layer 2. (Note that the Soil Indexes will be different
than depicted here)

Select the Till soil from the drop-down for Layer 1.

Close the form using the OK button.

Select “Pillar” in the Region Selector.

Press the Region Soils button, = at the top of the workspace to open the Region Soils form.
Select the Concrete soil from the drop-down for Layer 2.

Select the Till soil from the drop-down for Layer 1.

Close the form using the OK button.

2.4.7 Specify Boundary Conditions

Now that all o

f the regions, surfaces, and the soils have been successfully defined, the next step is to specify the

boundary conditions on the region shapes. The vertical boundaries of the slope will be fixed as will the base. A
load of 500 kPa will be applied to the top of the pillar. The steps for specifying the boundary conditions are

thus:

e SlopeR
1.
2.
3.

egion

Select the “Slope” region in the drawing space.

Select Surface 1 in the surface selector.

From the menu select Model > Boundaries. The boundary conditions form will open and
display the boundary conditions for Surface 1. These boundary conditions will extend from
Surface 1 to Surface 2 over Layer 1.
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B Boundary Conditions

]|

— Location Surface Boundary Condition
[y Region: Dir: X ¥
|Slope | Conc: [Fixed x [Fixed Fined -
Expr:
3= Surface: £
ISurface 1 "I
i Segment Boundary Conditions
Point Boundary Condition =
X A Dir: X Y
[ 3 u] u] Cond: [Fixed = [Fixed Continue -
Expr:
20 o Coand: [Continue - IContinue Continue -
Expr:
20 20 Cond: [Continue - IContinue Continue -
Expr:
o 20 Cond: [Continue - IContinue Continue -
Expr:

Segment Length:

200 m

Motes... I Copy To Surface... I

4. Consider the Surface Boundary Condition section at the top of the form.

5. From the X Boundary Condition drop down select a Fixed boundary condition.
6. From the Y Boundary Condition drop down select a Fixed boundary condition.
7. From the Z Boundary Condition drop down select a Fixed boundary condition.

© ®

Consider the Segment Boundary Condition section at the bottom of the form.
From the X Boundary Condition drop down select a Fixed boundary condition.
10. From the Y Boundary Condition drop down select a Fixed boundary condition.

X The Fixed boundary condition for the point (0,0) becomes the boundary condition for the
_ following line segments that have a Continue boundary condition until a new boundary condition
Tip! isspecified.

The boundary conditions for the slope region are to be the same over Layer 2 as Layer 1; therefore the Surface

1 segment boundary conditions can be copied to Surface 2:

1. Inthe Boundary Conditions form ensure Surface 1 is current in the drop-down.

2. Pressthe Copy To Surface button to open the form:
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E3 Copy Boundary Conditions |

Current Surface: 1
Current Region: Slope

Select the surfaces to which the current
zegment boundary conditions will be
copied:

|Surface 3

Copy | oK

Select Surface 2 from the list.

Press Copy.

Click OK to close the form.

Close the Boundary Conditions form.

o0k w

e Pillar Region

1.  Select the “Pillar” region in the drawing space.

2. Select Surface 3 in the surface selector.

3. From the menu select Model > Boundaries. The boundary conditions form will open and
display the boundary conditions for Surface 3.
Consider the Surface Boundary Condition section at the top of the form.
From the Z Boundary Condition drop down select a Load Expression boundary condition.
Enter a value of -500 in the expression field.
Click OK to close the form.

No oM

25 SPECIFY PLOTS

There are many plot types that can be specified to visualize the results of the model. A few will be generated
for this tutorial example problem including vertical stress contours, deformed mesh, and displacement vectors.

1. Open the Plot Manager form by selecting Model > Plot Manager from the menu.
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E3 Plot Manager
Type | Title | Wariahle | Description | Region | Projection | Y

a &t Werlical Stress sz Z-stress ¥ =10

"3 Dizpl R *Z displacemernt ¥ =10

i Displ2 WY yZ displacement ¥=10

_:‘IR(/{_ Deformed Mesh Deformed kesh Deformed Mesh

.‘F‘lf,f{_ KZ Mesh Kby ZHy Ry w7 Deformed Mesh ¥ =10
— ety

Properties... | Set All PLOTMONITOR... | Settings... |
2| AT |
- Delete Qb

2. The toolbar at the bottom left of the form contains a button for each plot type. Click on the
Contour button to begin adding the first contour plot. The Plot Properties form will open.

B Plot Properties ]

S0 Title: [vertical Stress Cutput Options
arishle: |sz ¥ PLOT (display and werite to file)
[ MOMTOR (display in solver)
Restrict to Region: | j
Restrict to Layer: | j

3. Enter the title Vertical Stress.

4.

5. Move to the Projection tab.

Select sz as the variable to plot from the drop-down.
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B Plot Properties ]

Description lzaam ]
Projection COption
{*  Plane: Cootdinate Direction: i © Coordinste: 10
" Surface: =]
" Egustion: |

6. Select Plane Projection option.

Select Y from the Coordinate Direction drop-down.

8.  Enter 10 in the Coordinate field. This will generate a 2D slice at Y = 10m on which the stress
contours will be plotted.

9. Select the PLOT output option.

10. Click OK to close the form and add the plot to the list.

11. Repeat these steps 2 — 10 to create the plots shown above.

12. Click OK to close the Plot Manager and return to the workspace.

~

2.6 SPECIFY OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. One will be generated for
this tutorial example problem: a plot to output the results to AcuMesh.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.

B Output Manager

Type |File Martme |Variablea | Region |
a ﬁ Tutorial2D Output dat U Ex sy, 32 sxy stmax g1 8301 023 theta ex ey exy etmax g1 ¢

— ey B
Properties... | Set Al viite File... Settings... | Custom... |
s 11 »
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2. The toolbar at the bottom left of the form contains a button for each output file type. Click on
the AcuMesh button to begin adding the output file. The Output File Properties form will open.
3. Enter the title AcuMeshOut.
4. Select all the variables in the variable list.
5. Press the Add Selection button.
6. Check the Write File box.
7. Click OK to close the form and add the output file to the list.
8. Click OK to close the Output Manager and return to the workspace.
2.7 ANALYZE

The next step is to analyze the problem. Click the Analyze button located at the left in the workspace. This
action will write the descriptor file and open the SVSOLID solver. The solver will automatically begin solving

the problem.

2.8 RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVSOLID solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This
section will give a brief analysis for each plot that was generated.

2.8.1 Solution Mesh

7 38534

gl -0 0%

11:42:25 24402
FlexPDE 3.10a1

2.

g
%,

a5

Tutarial_Tutorial20: rid#1 p2 Modes=1525 Cell=835 RMS Er= 3.2e-4
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The Mesh plot displays the finite-element mesh generated by the solver. The mesh is automatically refined in
critical areas. Right-click on the plot and select Rotate to enable the rotate window.

2.8.2 Stress Contours

||||I |'."r.4r |I|||||

11:4923:25 81403
FlexPDE 2.10a1

“wertical Stress
on Y=10

6349,
v g
M GO0
: 570

: 380,
n:

. 360,
n: 3300
s 200
i 70,
i T
fr: 120,
i
= g
o 6.0
b 30,0
3 0.0
min 200

Tutorial_Tuterial2l: rid#d1 p2 Node=1525 Cell=235 RMS Er= 23224

Integral= 22843.00

The stress state generated by the load on the pillar can be examined. Notice the effects of both vertical load and

skin friction.
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2.8.3 Displacement Vectors

11:43:25 81403
! L ! ! L FlexPDE 3.10a1

B Di=pll
15. - on 7=10

T
DD — P L o o ChCh 0 =)
DD hD ChDchDch DchTDoh D
CooooOoOooD D Do DD e

Scale = B2

Tutorial_Tuterial3l: Grid#1 p2 Nodes=1525 Cell=335 RMS Er= 3.2e-9

Displacement Vectors show both the direction and the magnitude of the displacement at specific points in the
problem. The pillar displaces 0.07m due to the 500 kPa load.
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3 2D: EDGE DROP OF A FLEXIBLE IMPERVIOUS COVER

3.1 PROBLEM OVERVIEW

The following example will provide a step by step guide to modeling slab movement using a manual iteration
technique involving the SVFLUX and SVSOLID software packages. There are two main scenarios to consider;
the Edge Drop of a slab caused by shrinking of the soil due to evaporation (increase in soil suction) and Edge
Lift of a slab caused by swelling due to infiltration (decrease in soil suction). This tutorial problem will consider
the Edge Drop scenario.

e Geometry and Boundary Conditions
A 12-m wide flexible impervious cover in 2D is considered. Since the cover is symmetrical the portion to
the right of the centerline will be modeled. A soil region 3m deep and 12m wide is used.

_ Specified suction
Flexible cover or concrete sllab /_ or boundary flux

0 _
£ |Ho— Flux=0 —7" )
=Ar Flux =0 ——]
s | ¢
ol
a) o ok
3 ﬂc e Constant suction = 400 kPa
| ”é;, | | | 79” |
0 3 6 9 12

Distance from centre of cover or slab, m

e  Soil Properties

Seepage Soil Properties Values
Coefficient of permeability at saturation, Ksy 1x10® m/s
Volumetric water content at saturation, 0 0.45

Parameters for SWCC (Fredlund & Xing, 1994) 5 - 300 kPa
and permeability function (Leong and Rahardjo,
1997) n=15
m=1
hr = 3000 kPa
Sat. Suction = 0.1 kPa
p=1

Stress Soil Properties Values
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Total Unit Weight, v, 17.2 kN/m?
Initial Void Ratio, e, 1

Swelling Index, Cs 0.15
Swelling Index, C,, 0.13
Poisson's Ratio, s 0.4
Coefficient of earth pressure at rest, K, 0.33

e Solution Outline
This manual iteration method involves a number of steps to arrive at the final displacements. These
example problems are included in the SVFLUX and SVSOLID databases for reference under the
ProjectID of Tutorial. The ProblemID is indicated in the parentheses.

1. Initial SVFLUX seepage analysis (ED_Initial)
2. SVFLUX transient seepage analysis (ED_Transient)
3. SVSOLID stress/deformation analysis (ED_Day5)

3.2 INITIAL SVFLUX SEEPAGE ANALYSIS SETUP

The purpose of the initial SVFLUX seepage analysis is to get an initial head profile to use as initial conditions
for the SVFLUX transient seepage and to get an initial pore-water pressure profile to use as initial conditions
for the SVSOLID stress/deformation analyses.

3.2.1 Adding an SVFLUX Project

The first step in defining this problem is to decide the project under which the problem is going to be
organized. If the project is not yet included you must add the project before proceeding with the problem. In
this case, the problem is placed under a project called Tutorial.

Follow these steps in order to add the project:
1. Select Model > Projects/Problems... from the menu to open the Projects / Problems form.

2. Click New Project... in the lower left of the form.
3. The Project Properties form is opened along with a prompt asking for a new ProjectID.

B Mew Project

Mewy ProjectiD: [Tutorial

Cancel |

4. Type “Tutorial” as the new ProjectID and press OK.

The Project Properties form is where information specific to each project is stored. This will include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.
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K The ProjectlD is the only required information needed to define a project. The rest of the fields

__~—~=  areoptional.
Tip!

The form is opened ready to accept information.

B Project Properties
Problems In Project Project | Client | Phane | client Address | contractor | Project Engineer |
Praoject IC: Tutarial
Project Mame: |S"-.-"Flux tutarialz
Project Location: Saszkatoon, SK Canada

Project Start Date: Jan 0172003
Project End Date: Jan 0252003

Project Motes: The tutarial exatmple problems are stored
under this project.

Edft ProjectiD.. |

It should be noted that once the project is defined it would be identified by the ProjectlD throughout the rest of
the program. Also, SVFLUX does not allow you to specify two projects with the same ProjectID.

5. Fill out the form with the desired information.
6. To exit this form and return to Projects / Problems click OK. The project information is

automatically saved upon entry.
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3.2.2 Adding the Initial SVFLUX Problem

E FProjects / Problems I

=" Tutorial — Selected Proklem

=W 2D FrojsctiD: | |

" Steade-State S : | |

W Transient [e]j=es LR =T

B~ "% Plan System: | |

BN Aispmmetric _— | |

B 3D R
ProklemiCy | |
Creation Date: | |
Description:

Mewy Project... | [ Tiew Problem.. L\\\J

Delete | Edit ProblemiD... | Open New Problem Form | ok | cancel

Once a project has been created any number of problems can be created and stored in it.

When the Projects/Problems form is opened there will be a list of the projects that have been defined. In this
case there is only the Tutorial project. To add a problem:

1. Click on the plus sign and expand the project Tutorial.

2. This example will be modeled in two-dimensions and is steady-state so we must expand 2D by
clicking the plus sign beside “2D”

3. Select Steady-State.

4.  Click the New Problem button. The New Problem form will open.
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Projectil: Tutarial

Project Mame: |

E3 Mew Problem |
|
|
|
|

System: |2D
Type: |Stead3-' State
EroblemiD: [ED_Initizl

Creation Date: | Sep 012004 |

Description; The inttial seepage file for analyzing the edge-drop of
& =lab-on-ground due to evaporation.

Cancel

5.  Enter the ProblemID: ED_Initial. The description is optional.
6. Click the OK button to save the problem and close the New Problem form.
7. The new problem will automatically be opened in the workspace.

3.2.3 Opening the Initial SVFLUX Problem

If the problem was just added, it will already be open in the workspace. When returning to the problem, follow
these steps to open it in the workspace:
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B Projectz / Problems |

- % Rawl3 (20] ;I — Selected Proklem
BN Rawl4 (20] ProjectiD: Tutarial |
"% RawHide [7E) : :
1 RokD Project Mame: | |
"% Shoreline [14] System: |2D |
- "% Talren [1]
; Type: Steady Stat
=N\ Tutorial (3] ype |Steady State |
2% 20 2 ProblemiC: |ED_initial |
E|\~ Stead_l.J-Stah.a (2] Crestion Date: |Sep 01 /2004 |
i "W Earth_Fill_Dam
" ED_Initial Dema &vailable: (=
------ M Transient Description:
[F-"% Plan — - .
H- N Awisymmetric TheI Ertlal seepagedflletfur analygltljg the edge-drop of
BN 3D (1) a slab-on-ground due to evaporation.
- % WallConference [7)
[+ "% Werify [B9]
- % WerifyStage [11]
- % WasteRock [10] I
b
Mew Project.. | Mew Problem... | Edlit ProblemiD..
Project Propetties. .. | Celete | Cancel

Select Model > Projects/Problems from the menu.

Navigate back to the problem via Tutorial, 2D, Steady-State.

Select ED_Initial.

The problem may be opened by clicking the OK button or by double clicking on the ProblemID
in the tree control.

ol o

3.3 DEFINING THE INITIAL SVFLUX PROBLEM

The following section provides instructions on how to begin defining the problem in the workspace.

3.3.1 Setting the Workspace

Before entering any problem geometry it is best to set the World Coordinate System to ensure that the problem
will fit in the drawing space.

1. Access the World Coordinate System form by either of two ways. Click on the button: or
select View > WCS. The button is located in the view toolbar to the left of the drawing space.
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B World Coordinate System |
—warld Coordinate System — CAD Winc oy
— Bottom Lett — Bottom Lett
8 -5.000 0 & -5.000 5 -5.000 -3.000
adl
— Upper Right —Upper Right
_+ |
L I 17000 % 5.000 LN 17000 5.000
— Region Geometry Extents —Surface Grid Extents
— hinimum — hdinimum
¥: 000 v | 0.000] X
A
— hdaimuim —hdaximum
: 000 v | 0.000] X
— Global Coordinate Cffset
X oooo| v | 0.000 Set Offset...

*4)l coordinate-relsted data will be adjusted by thiz offset on animport or paste operation. Adjusting this of fset
once data is entered will result in & problem-wide adjustment.

2. Enter the world coordinate system coordinates as shown above.
3. Also set the CAD Window (drawing space) coordinates.

4, Click OK to close the form.
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3.3.2 Define Material Properties

E Soils Manager E3

Zoil Index

| Sail Mame |USCE Texture [ksat (mis)

638139

r Suppress Warning Messages

ED Initizl 1 .00E-08 Mewy Zoil I
Impott Zoil... I
Celete Sail I

Properties. .. I

The next step in defining the problem is to enter the material properties for the soil that will be used in the

model.

&

Open the Soils form by selecting Model > Soils from the menu or click the soils button,

in the Tools toolbar.

Click the New Soil button to create a soil in the database. A unique Soillndex is generated that is
used to reference the soil in other SVFLUX forms.

Double-click on the new soil to open the Soil Properties form.
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E3 Soil Properties

Dezcription lHydraulic Conductivity ] ST l Yolume-hiass Parameters l Sink/Source ]

Soil Index: B35138
Sail Mame: [EC: Initial
USCS Texture: | j

Soil Description; |

Geologic Description: |

Miotes: Thiz =soil will define the region for the edge-drop
initial conditions analysis

Stage Parameters...

4.  Enter the information above into the appropriate fields on the Description tab
5. Move to the Hydraulic Conductivity tab.

Saturated Hydraulic Conductivity

kzat: 1.000E-03  mi= Staged

6. Refer to the data provided at the beginning of this tutorial. Enter the ks, value of 1.000E-08 m/s

3.3.3 Adding a Region

A region in SVFLUX is the basic building block for a model. A region represents both a physical portion of
soil being modeled and a visualization area in the SVFLUX CAD workspace. A region will have a set of
geometric shapes that define its soil boundaries. Also, other modeling objects including features, flux sections,
water tables, text, and line art are defined on any given region.

This problem will consist of only one region, which is named Ground. Follow these steps to add the region:

Open the regions form by clicking the Regions button, D at the top of the workspace.

2. One region is present by default. Change the region name from Region 1 to Ground. Highlight
the name and type new text.

3. Select the Soilindex from the drop-down.

=
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4.  Select the box Display Boundary Condition Graphics. This will display graphical
representations for the boundary conditions when they are defined later in this tutorial.
5. Click OK to close the form.

3.3.4 Defining Region Geometry Shapes

The shape that defines the soil region will now be created. Note that when drawing geometry shapes the
region that is current in the region selector is the region the geometry will be added to. The Region
Selector is at the top of the workspace.

Region Geometry

X Y
-3
-3
12 -3
12

The instructions below explain the use of the command line to create the ground shape. Alternately, the ground
shape could be drawn with the mouse or the data pasted into the Region Properties form.

1. Ensure that “Ground” is current in the region selector.

Click on the Draw Polygon Region Shape button,

The command line will be set to Start Point and the cursor focus will be in the command line.
Type 0,-3 and press the Enter key on the keyboard.

Type 6,-3 and press Enter.

Type 12,-3 and press Enter.

Type 12,0 and press Enter.

Type 6,0 and press Enter.

Type 0,0 and press Enter.

0. Type f and press Enter to complete the region shape.

BOo~NoO~WN

If the geometry has been entered correctly the shape should look like the following:
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TioT E' Select a shape with the mouse and press the Delete button, ~  if a mistake was made entering
I'P *  the coordinate points for a shape. This will remove the entire shape from the region. To edit the
shape, use the Region Properties form.

3.3.5 Specify Boundary Conditions

Now that the region and the problem geometry have been successfully defined, the next step is to specify the
boundary conditions. A suction of 20 kPa is required at the ground surface while a suction of 400 kPa exists at
the bottom of the soil region. The suction values must be converted to head values for SVFLUX entry. The

steps for specifying the boundary conditions are thus:

1. Select the “Ground” region in the drawing space.
2. From the menu select Model > Boundaries. The boundary conditions form will open. By

default the first boundary segment will be given a Zero Flux condition.
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E3 Boundaries
Ol Region:  Ground Select Shape Index: | 715539290 = |
X |“rr |Elaundar3-' Condition |Expressian or Data |Units
1] -3 Head Expression -43.787 m
G -3 Continue
1
i12
g i}

u} 1] Zero Flux

Update Selected Segment Segment Length: G| m

1. Select Boundary Condition: |Head Expression - m

2. Provide: iv Expression: -2.0349 Buile Egyustion. .. |

-ar - Expr Reference... |
- | [
3. Upclate I | | coptional

NOTE: boundary conditions defined at s point remain in effect urtil re-defined at a subzequent point oK

3. Select the point (0,-3) from the list.

4. From the Boundary Condition drop down select a Head Expression boundary condition. This
will cause the Expression box to be enabled.

5. Inthe Expression box enter a head of —43.787.

6. Click the Update button to save the boundary condition to the list.

7.  Select the point (12,-3) from the list.

8. From the Boundary Condition drop down select a Zero Flux boundary condition.

9. Click the Update button to save the boundary condition to the list.

10. Select the point (12,0) from the list.

11. From the Boundary Condition drop down select a Head Expression boundary condition. This

will cause the Expression box to be enabled.
12. Inthe Expression box enter a head of —2.039.
13. Click the Update button to save the boundary condition to the list.
14. Select the point (0,0) from the list.
15. From the Boundary Condition drop down select a Zero Flux boundary condition.
16. Click the Update button to save the boundary condition to the list.

K The Continue boundary condition indicates that the previously defined boundary condition will
apply to the current boundary segment.
Tip!

17. Click OK to return to the workspace.
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3.4 SPECIFY INITIAL SVFLUX ANALYSIS PLOTS

There are many plot types that can be specified to visualize the results of the model. A contour plot of pore-
water pressure and a contour plot of head will be generated for this example.

1. Open the Plot Manager form by selecting Model > Plot Manager from the menu.

B Plot Manager
Type | Title | Variable | Region | -
al P u

a 5@_@ head h

|
— ey
Properties... | Set Al PLOTMONTOR... | Settings... |
i 2 ¢
ot | 2| | B[
h‘ = ﬁ J Delete Custom...

2. The toolbar at the bottom left of the form contains a button for each plot type. Click on the
Contour button to begin adding the first contour plot. The Plot Properties form will open.

B3 Plot Properties E

Des=cription lz.;..;.m l

it |F'WF' Output Cptions
[V PLOT (display and write ta file)
[ MOMTOR (display in solver)

i
1
|

Wariahle: |u

Restrict to Region: | j




SoilVision Systems Ltd. 2D: Edge Drop of a Flexible Impervious Cover Page 68 of 164

Enter the title pwp.

Select u as the variable to plot from the drop-down.

Select the PLOT output option.

Click OK to close the form and add the plot to the list.

Repeat these steps 2 — 6 to create the head plot.

Click OK to close the Plot Manager and return to the workspace.

NGO R~ W

3.5 SPECIFY INITIAL SVFLUX ANALYSIS OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. Two transfer files will be
generated for this tutorial example problem: a transfer file of pore-water pressures, and a transfer file of heads.
Note that the file HeadTransfer.trn is already present. It is generated by default for every problem.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.

B Output Manager
Type |File Martme |Variablea | Region | =
x HeadTransfertrn h
@ g PPN u
=
— ey B
Properties... | Set Al viite File... Settings... Custom... |
|
ol-ee T .

2. The toolbar at the bottom left of the form contains a button for each output file type. Click on
the Transfer button to begin adding the output file. The Output File Properties form will open.
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B2 Output File Properties ]
De=cription l
x File Mame: |F"I.-“-.I'F' trm
Sariables: |u
“ariable List: Wariable “ariable Mame -
u Pare-WWater Pressure
h Head
ki * Hydraulic Conductivity
by Y Hydraulic Conductivity
gradx * Gradient ﬂ
Select Al Add Selection |
v witite File
3. Enter the title PWP.
4.  Select the variable u in the variable list.
5. Press the Add Selection button.
6. Check the Write File box.
7. Click OK to close the form and add the output file to the list.
8. Click OK to close the Output Manager and return to the workspace.

3.6 ANALYZE THE INITIAL SVFLUX PROBLEM

The next step is to analyze the problem. Click the Analyze button located on the left of the workspace. This
action will write the descriptor file and open the SVFLUX solver. The solver will automatically begin solving
the problem and the Run Log form will open in SVFLUX.

When the solver has finished running press the Read File button on the Run Log form to record the run data.

3.7 INITIAL SVFLUX ANALYSIS RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVFLUX solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots.

The output files requested (PWP.trn and HeadTransfer.trn) will be located in the solution file directory for the
problem.
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Tutorial ED Initial: CGridél p2 Nodes=203 Cells=12% RMS En= 6 de.5
Stage 1 Integral= 7555902

16:06:52 911004
FlexPDE 4.0.7h

Honort

Ewa‘n Fum Phg e e g

-10.0
-10.0
-40.0
-60.0

-1a0.
-la0.
-0,
-1a0.
=240,
260,
280,
-300.
=320,
-340.
360,
-3a0.
-400.
-400.

The contour plot of pore-water pressure above indicates —20 kPa at the ground surface and a decrease with

depth to —400 kPa at the bottom.
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3.8 SVFLUX TRANSIENT SEEPAGE ANALYSIS SETUP

The SVFLUX transient seepage analysis will use the initial head transfer file as initial conditions. This step will
output a pore-water pressure transfer (.trn) file for the SVSOLID stress/deformation analysis.

3.8.1 Adding the SVFLUX Transient Problem

A project was created previously (Tutorial) and the SVFLUX transient problem can be entered beneath this
project.

When the Projects/Problems form is opened there will be a list of the projects that have been defined. To add
the problem:

1. Click on the plus sign and expand the project Tutorial.

2. This example will be modeled in two-dimensions and is transient so expand 2D by clicking the
plus sign beside “2D”

3. Select Transient.

4. Click the New Problem button. The New Problem form will open.

Projectil: Tutarial

Project Mame: |

E3 Mew Problem |
|
|
|
|

System: |2D
Type: |Transient
ProblemiC: IED_Transient

Creation Date: | Sep 0352004

Description; The tranziert seepage file for analyzing the edoe-
drop of & slab-on-ground due to evaparation.

Cancel

5. Enter the ProblemID: ED_Transient. The description is optional.
6. Click the OK button to save the problem and close the New Problem form.
7. The new problem will automatically be opened in the workspace.
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3.8.2 Opening the Transient SVFLUX Problem

If the problem was just added it will already be open in the workspace. When returning to the problem refer to
the steps in the section Opening the Initial SVFLUX Problem to open it in the workspace.

3.9 DEFINING THE TRANSIENT SVFLUX PROBLEM

The following section provides instructions on how to begin defining the transient seepage problem in the
workspace.

3.9.1 Specify Settings

The first step in defining the problem is to specify the settings that will be used for the problem. To open the
Settings form select Model > Settings in the workspace menu.

B Settings

l Titme: ] Initial Conditions ] Transient Formulation ]

System Units
o0 (% Metric
Plan " Imperial
Axizymmetric Time: chary hd
30 Length: m
Force: kn
(= Fressure; kFa
Steady-State Conductivity: miday
* Transzient

The shove choices are
read only. Problem choices
are =et when a new
problem is created.

Solution Files Path.... il

The Settings form will contain information about the current problem System, Type, Units, and Transient
Settings.
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1. Select Metric Units.
2. The problem is defined in terms of days. Select day from the drop-down control.
3. Move to the Time tab.
4. Set the Start Time as 0, the Time Increment as 1, and the End Time as 5 days.
5. Move to the Initial Conditions tab.
File Path
Data_lkly ProblemsiTutorial2nSteadyState ED_InitialHead Transte Browse... I
rirn
Clear |

Fe-link |

6. Click the Browse button and specify the path to the Head Transfer.trn file generated by the
ED_Initial problem.
7. Click OK to close the Settings form.

3.9.2 Define Material Properties
B Soils Manager

Solndex [ Soil Mame [USCE Texture [ksat Cmiday)

292531 EDC Transzient &.64E-04 Mewy Soil I
Impatt Soil.... I
Delete Soil I

Properties ... I

r Suppress Warning Messages

The next step in defining the problem is to enter the material properties for the soil that will be used in the
model.

1. Open the Soils form by selecting Model > Soils from the menu or click the soils button,
in the Tools toolbar.

2. Click the New Soil button to create a soil in the database. A unique Soil Index is generated that
is used to reference the soil in other SVFLUX forms.

3. Double-click on the new soil to open the Soil Properties form.
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E3 Soil Properties

Dezcription lHydraulic Conductivity ] ST l Yolume-hiass Parameters l Yapour Diffusion ] SinkfSource l

Soil Index: 292531
Sail Mame: [EC Transient
USCS Texture: | j

Soil Description; |

Geologic Description: |

Miotes: Thiz =0il hasz the properties required for the
tranzient analysis of the edge-drop tutorial
example.

4.  Enter the information above into the appropriate fields on the Description tab. (The suggested
name is ED Transient, but both the name and notes are optional)

Move to the SWCC tab.

6. Refer to soil properties table in the problem overview section of this manual. Enter the
Saturated VWC value of 0.45.

Select the Fredlund and Xing Fit as the SWCC option.

8.  Press the button to the right of the Fredlund & Xing Fit option to open the form below.

o

~
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B Fredlund and Xing Fit

hr: 3000 kPa
Fredund SWiCC Fit:
Frediund Error: R2
Frediund Residual WWiC: [volumetric swater content)
Frediund AEW: kP&
Saturated Conditions
Saturation Suction: lilﬂ kPa
Saturated YA 0.000
Coefficient of Yolume Change, muw: O 1%kPa
Messages: Unable to find Frediund and Xing fit parameters

A saturated valumetric wwater content must first be calculated.

Apply Fit Graph SWCC, Graph Storage... Properties. ..

tteratian: [ Log Suction

9. Enter the fit parameters from the soil properties table.

10. Click OK to close the form.

11. Move to the Hydraulic Conductivity tab.

12. Enter the Saturated Hydraulic Conductivity value of 6.64E-04 m/day.

13. Select the Leong and Rahardjo unsaturated hydraulic conductivity option.

14. Press the button to the right of the Leong and Rahardjo option to open the Leong and Rahardjo
Estimation form.

15. Enter the Leong p value of 1.
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B Leong and Rahardje Estimation |
Leong p: | 1 pInfo. . |

Leong Predicte: [l

Leong Error: Exponerntial B2
k minitmuim: I 8.640E-05| miday

Apply b minimm; rd

Estitnate | Graph... | Propetties ...

16. Click OK to close the form.
17. Click OK to close the Soil Properties form.

3.9.3 Importing Geometry

Since the Ground region and its geometry were defined previously for the Initial SVFLUX Analysis, the Import
SVFLUX Geometry feature can be used to save time for this analysis.

1. Select Model > Import SVFLUX Geometry from the menu.

2. Press the Browse button and specify the path to the current SVFlux_Data_J.mdb database. The
tree view control will be filled with all the problems in the database.

Navigate to the ED_lInitial problem. (Tutorial — 2D — Steady-State — ED_Initial)

Click the Import button.

Say Yes to the warning message.

The Ground region, region shape, and world coordinate system settings will be imported.

Click OK to close the import form.

No g

3.9.4 Assign the Region Soil
The soil that was previously defined will need to be assigned to the Ground region that was just imported.

1. Select Model > Regions from the menu to open the Regions form.
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B Regions |

# | MName | on | Lock |[Sai | Shapes |
» e 7 = ED Transient =] 1

[ ey I Delete I howe Lp I fowve Dovwn I

—Boundary Condtion Graphics —_—

Soale |1 0% v Dizplay oK

2. Select the ED_Transient soil from the Soil drop-down.
3. Click OK to close the Regions form.

3.9.5 Specify Boundary Conditions

Now that the region and the problem geometry have been successfully imported, the next step is to specify the
boundary conditions. A zero flux condition is required at the ground surface beneath the cover while a suction
of 400 kPa exists at the bottom of the soil region. The suction values must be converted to head values for
SVFLUX entry. An evaporation rate of 10 mm/day is represented by the normal flux condition over the un-
covered ground surface. The steps for specifying the boundary conditions are thus:

1. Select the “Ground” region in the drawing space.
2. From the menu select Model > Boundaries. The boundary conditions form will open. By
default the first boundary segment will be given a Zero Flux condition.
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E3 Boundaries
() Region:  Region 1 Select Shape Index: | 953420215 = |
X hd Boundary Condition Expression or Data Units

Head Expr
G -3 Continue
12 -3 Zera Flux
12 u] Mormal Flux -0 m*3idayin
G o Zera Flux
u} 1] Zero Flux
Update Selected Segment Segment Length: G| m
1. Select Boundary Condition: |Head Expression - m
2. Provide: iv Expression: -4.3.787 Bluile! Egqustian. .. |
-ar - Expr Reference... |
- | [
3. Upclate I | | coptional

NOTE: boundary conditions defined at s point remain in effect urtil re-defined at a subzequent point

Hw

RBoOooo~NoO

= o

13.
14.
15.
16.

X

Tip!

17.

Select the point (0,-3) from the list.

From the Boundary Condition drop down select a Head Expression boundary condition. This
will cause the Expression box to be enabled.

In the Expression box enter a head of —43.787. (equal to a suction of 400 kPa)

Click the Update button to save the boundary condition to the list.

Select the point (12,-3) from the list.

From the Boundary Condition drop down select a Zero Flux boundary condition.

Click the Update button to save the boundary condition to the list.

Select the point (12,0) from the list.

From the Boundary Condition drop down select a Normal Flux boundary condition. This will
cause the Expression box to be enabled.

In the Expression box enter a flux of —0.01 m/day. (equal to an evaporation of 10 mm/day)
Click the Update button to save the boundary condition to the list.

Select the point (0,0) from the list.

From the Boundary Condition drop down select a Zero Flux boundary condition.

Click the Update button to save the boundary condition to the list.

The Continue boundary condition indicates that the previously defined boundary condition will
apply to the current boundary segment.

Click OK to return to the workspace.
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3.10 SPECIFY SVFLUX TRANSIENT ANALYSIS PLOTS

There are many plot types that can be specified to visualize the results of the model. A few contour and
elevation plots will be generated for this tutorial example problem.

1. Open the Plot Manager form by selecting Model > Plot Manager from the menu.

B Plot Manager
Type | Title | Variable | Region | | Start | Inc. | End -
a ﬁéﬂ({ PP Total u ] 0.5 3
ﬁé& Head Total h ] 0s 5
ﬁﬁ({ PP Day 3 u 3
:ld.. Surface Intial u 0
b Surtace Day 1 L 1
:ld.. Surface Day 3 u 3
‘ e } . ||
e Properties... | Set Al PLOTMONTOR... | Settings... |
2 = ]
@E|b‘|$| w|ﬁ| = ‘ "J| Delete | Set All Times. | custom..._ |
oK

2. The toolbar at the bottom left of the form contains a button for each plot type. Click on the
Contour button to begin adding the first contour plot. The Plot Properties form will open.

B3 Plot Properties E

Des=cription lTime ] Zoom ]

itl: [P total Cutput Options
[V PLOT (display and write ta file)
[ MOMTOR (display in solver)

i
1
|

Wariahle: |u

Restrict to Region: | j
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©OoN AW

10.

11.
12.
13.
14.
15.

16.
17.

18.
19.

20.

Enter the title pwp total.

Select u as the variable to plot from the drop-down.

Select the PLOT output option.

Move to the Time tab

Enter a Start Time of 0, a Time Increment of 0.5, and an End Time of 5 days.

Click OK to close the form and add the plot to the list.

Repeat these steps 2 — 8 to create the suggested contour plots listed below. (Note that the plots
are not required for problem solution, but are useful for visualization)

Click on the Elevation button to begin adding the first elevation plot. The Plot Properties form
will open.

Enter the title Surface Initial.

Select u as the variable to plot from the drop-down.

Select the PLOT output option.

Move to the Time tab

Enter a Start Time of 0.

Plat Time [day)
Start: I—EI
Increment: I—
End: I—

Move to the Range tab.
Enter the values — X1: 0, Y1: 0, X2: 12, Y2: 0.

Range

i 0 vl | oz |

xz | 12 ¥z | o zz |

Zenerate Elevstion Text File, Formst: [variable xv =]

Click OK to close the form and add the plot to the list.

Repeat these steps 10 — 18 to create the suggested elevation plots listed below. (Note that the
plots are not required for problem solution, but are useful for visualization)

Click OK to close the Plot Manager and return to the workspace.

Suggested Plots

Plot Type Title Variable Time Range
Start Inc End

Contour PWP Total u 0 0.5 5

Contour Head Total h 0 0.5 5

Contour PWP Day 3 u 3
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Elevation Surface Initial u 0 (0,0) to (12,0)
Elevation Surface Day 1 u 1 (0,0) to (12,0)
Elevation Surface Day 3 u 3 (0,0) to (12,0)
Elevation Surface Day 5 u 5 (0,0) to (12,0)
Elevation Depth Initial u 0 (6,0) to (6,-3)
Elevation Depth Day 1 u 1 (6,0) to (6,-3)
Elevation Depth Day 3 u 3 (6,0) to (6,-3)
Elevation Depth Day 5 u 5 (6,0) to (6,-3)

3.11 SPECIFY SVFLUX TRANSIENT ANALYSIS OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. Two will be generated for
this tutorial example problem: a transfer file of pore-water pressure for use in the SVSOLID Analysis, and a
plot to transfer the results to AcuMesh for advanced visualization. Note that the file HeadTransfer.trn is already
present. It is generated by default for every problem.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.

Type | File Mame | variahles | Region | Stat | e, | End | s
= | ﬁ Acumesh dat u bk Ky grack gracy ] 1 ]
x HeadTransfertrn h 1]
x PWETimn u 0 1 3
=
[hew Properties. | Set Alltite File. | Seftings | custom |
0| -9 @ Delete | Set All Times .. | Tecpiotmacra.. | o |

2. The toolbar at the bottom left of the form contains a button for each output file type. Click on
the Transfer button to begin adding an output file. The Output File Properties form will open.



SoilVision Systems Ltd. 2D: Edge Drop of a Flexible Impervious Cover Page 82 of 164

B2 Output File Properties ]
Descrigtion l T ]
n  File Name: [PvpT trn
Sariables: |u
“ariable List: Wariable “ariable Mame -
ud Initial Pore-Water Pressure
u Pare-ater Pressure
Lclitf u Difference
hid Initial Head
h Head ﬂ
Select Al Add Selection |
v witite File
3. Enter the title PWPT.
4.  Select the variable u in the variable list.
5. Press the Add Selection button.
6. Check the Write File box.
7. Click OK to close the form and add the output file to the list.
8. Repeat steps 2 — 7 to add the AcuMesh output file.
9. Click OK to close the Output Manager and return to the workspace.

3.12 ANALYZE THE TRANSIENT SVFLUX PROBLEM

The next step is to analyze the problem. Click the Analyze button located on the left of the workspace. This
action will write the descriptor file and open the SVFLUX solver. The solver will automatically begin solving
the problem and the Run Log form will open in SVFLUX.

When the solver has finished running press the Read File button on the Run Log form to record the run data.

3.13 SVFLUX TRANSIENT ANALYSIS RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVFLUX solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This
section will give a brief analysis for a few plots that were generated.

The output files requested (PWPT.trn, Head Transfer.trn, and AcuMesh.dat) will be located in the solution file
directory for the problem.



SoilVision Systems Ltd.

2D: Edge Drop of a Flexible Impervious Cover

Page 83 of 164

3.13.1 Pressure Contours

PWP Total

max -165.
-170.
-180.
-190.
-200.

oo g
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-310.
-320.
-330.
-340.
-350.
-360.
-370.
-380.
-390.
-400.
-400.
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The pore-water pressure contour plot above indicates increased suction near the un-covered ground surface due

to the evaporation in that area.
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3.13.2 Pore-water Pressure Elevation Profiles

Surface Day 3

-140.

-160.

-1a80.

-200.

-220.

-240.

12,

The plot above shows the pore-water pressure along the ground surface after 3 days of evaporation. There is a
high suction gradient within 1 meter of the outside edge of the cover and the suction change is uniform
elsewhere. In the plot below the pore-water pressure profile below the cover edge after 3 days of evaporation is
shown. The majority of the suction change occurs near the ground surface. When compared to the plots for 1

and 5 days of evaporation it can be seen that the suction change advances deeper with time.
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3.14 SVSOLID STRESS/DEFORMATION ANALYSIS

Now that the seepage component of the problem has been completed, a stress analysis must be defined using
SVSOLID. This analysis will use the initial pore-water pressure transfer file from the Initial SVFLUX Analysis
and the final pore-water pressure transfer file from the SVFLUX Transient Analysis. This stress analysis will
be run for 25 stages and the displacements calculated and output at each stage. These incremental
displacements will be summed to obtain the total movements using a summary file.

K Note that the operation of the SVSOLID software is similar to SVFLUX. Many of the following
steps will be the same.
Tip!

3.14.1 Adding an SVSOLID Project

The first step in defining a problem is to decide the project under which the problem is going to be organized.
If the project is not yet included you must add the project before proceeding with the problem. In this case, the
problem is placed under a project called Tutorial.

Follow these steps in order to add the project:
1. Select Model > Projects/Problems... from the menu to open the Projects / Problems form.

2. Click New Project... in the lower left of the form.
3. The Project Properties form is opened along with a prompt asking for a new ProjectID.

B Mew Project |

ey ProjectiD: [Tutorial

Cancel |

4. Type “Tutorial” as the new ProjectID and press OK.

The Project Properties form is where you information specific to each project is stored. This will include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.

K The ProjectlD is the only required information needed to define a project. The rest of the fields
are optional.
Tip!

The form is opened ready to accept information.
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B Project Properties |
Problems In Project: Project | client | Phone | Clisrt Address | Contractor | Project Engineer |
Project ID: | Tutorial |
Project Mame: |S‘¢'S|:|Iid Tutorial Manual Problems
Project Location: =askatoon, K Canada

Project Ztart Date: IJan 0172002
Project End Date: I.&ug A0r2003

Project Motes: The tutarial example problems are stored
under this project.

Edt ProjectD... |

It should be noted that once the project is defined it would be identified by the ProjectID throughout the rest of
the program. Also, SVSOLID does not allow you to specify two projects with the same ProjectID.

5. Fill out the form with the desired information.
6. To exit this form and return to Projects / Problems click OK. The project information is
automatically saved upon entry.
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3.14.2 Adding an SVSOLID Problem

E Projects / Problems [ x|

=% Tutarial — Selected Problem

..... T 2D PraojectiC: | |

TR isymimmetric Eraiect Name: | ]

______ D roject Matme:
Syatem: | |
FrotalemIC: | |
Cregtion Date: | |
Description:

Mewy Project...

Delete | Edit ProbiemiD. . open Mew Problem Farm K Cancel

Once a project has been created any number of problems may be stored in it.

When the Projects/Problems form is opened there will be a list of the projects that have been defined. In this
case there is only the Tutorial project. To add a problem:

1. Click on the plus sign and expand the project Tutorial.

2. This example will be modeled in two-dimensions so we must expand 2D by clicking the plus
sign beside “2D”

3. Click the New Problem button. The New Problem form will open.
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# Mew Problem
ProjectiCr:
Project Mame:

Swstem:

ProblemiC:
Creation Date:

Description;

]|

Tutarial

|S'\-"Sulid Tutarial Manual Problems

20

[ED_Davys

|Sep 042004

The stress file for analyzing the edae-drop of a slakb-
on-ground due to evaporation.

Cancel

4. Enter the ProblemID: ED_Day5. The description is optional.
5. Click the OK button to save the problem and close the New Problem form.
6. The new problem will automatically be opened in the workspace.

3.14.3 Opening the SVSOLID Problem

If the problem was just added it will already be open in the workspace. When returning to the problem follow
these steps to open it in the workspace:

Select ED_Day5.

N

Select Model > Projects/Problems from the menu.
Navigate back to the problem via Tutorial, 2D.

3.15 DEFINING THE SVSOLID PROBLEM

The following section provides instructions on how to begin defining the problem in the workspace.

3.15.1 Specify Settings

The problem may be opened by clicking the OK button or by double clicking on the ProblemID.

The first step in defining the problem is to specify the settings that will be used for the problem.
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—=ystem ———— [ Analysis — —Unitz
i*1 2D-Flane Strain i pleglect PP % nietric
) Axisymmetric O Conzider PYP . Imperial
o aD Length: ID
Stress: m

The Settings form will contain information about the current problem System, Analysis, Units, Initial
Conditions Settings, and more. The data for the problem is in metric so the units will remain metric. The initial
stress conditions, initial pore-water pressure conditions, and final pore-water pressure conditions

To open the Settings form select Model > Settings in the menu.

Select Consider PWP as the Analysis option.

Move to the Initial Stress/Strain tab.

Select K,-Loading as the Initial Stress Option. (A coefficient of earth pressure at rest, K, value
will be entered later on the Soil Properties form)

rwONPE

Intial Stress Option
& Mone & Tran=fer File [ irm) i+ Ho-Loading

Specify Ko values for each soil on the Soil Properties form.

K The K,-Loading option means that initial vertical stress will be a function soil unit weight and
elevation and the horizontal initial stresses will be equal to the initial vertical stress multiplied by
Tip! theK,value. To use this option the ground surface will be flat at an elevation of 0. A K, of 0.33
for a drying path will be used as suggested by Lytton (1997)

Move to the Initial Pore Water Pressure tab.

Select Transfer File (.TRN) as the Initial PWP Option.

Press the Browse button.

Then specify the path to the PWP.trn file output by the Initial SVFLUX Analysis.

o ~No o
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B Settings

 General | Infial Stress/Strain Intial Pore Wister Pressure ]Plnts | Monlinear Apprece. | Unsatursted Mode! |
Initizl PP Option
& Transfer File [ trm) C Grid setp.. |  Data. |
Table File ( thl)

~
" Draww Water Table
~

Constant FAAP | L kPa

File Path

COSVSWSWFluxhly _ProblemsiTutorial20Steady State'ED_nitial WP trn

Cleat

_ Geor |
Re-link

Suction

* Mo Maximum

" Constant Above Maximum kPa

" Zero Above Masximum

Solution Files Path... Ok

9. Move to the Unsaturated Model tab.

10. Select Transfer File (TRN) as the Final PWP Option.

11. Press the Browse button.

12. Then specify the path to the PWPT_6.trn file output by the SVFLUX Transient Analysis. (The
file corresponds to the pore-water pressure after 5 days of evaporation. The file counter
considers time 0 as _1, therefore _6 corresponds to day 5)

File Path

CASYSISYFIohy_ProblemsiTutarial 2D TransientED_Transient PRT
_Birn
Clear
Re-link

13. Click OK to close the form.
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3.15.2 Setting the Stages

The number of stages will control the incremental change in suction. The total change in suction is difference
between the initial and final suctions from the specified transfer files. The stages will be set to 25 for this
analysis, therefore, the incremental displacements will be calculated for each suction increment at each stage.
To set the stages to 25 follow these steps:

1. Access the FEM Options form by selecting Model > FEM Options from the menu.

Stage Controls

STAGES: [ =25
LIMUPDATE: [ &
REIMITISLIZE: r

2. Enter the 25 in the STAGES field.
3. Click Yes for the message.
4, Click OK to close the form.

3.15.3 Define Material Properties

B Soils Manager [ x| |

Soil Index | Soil Name | Model Type |
¥ | 54039 [ED: Soil [Unssturated ]
Mesy Sail Delete Zail Propetties ... Al Soils...

The next step in defining the problem is to enter the material properties for the soil that will be used in the
model. Refer to the Problem Overview section of this tutorial for the relevant soil properties.

&

1. Open the Soils form by selecting Model > Soils from the menu or click the soils button,
in the Tools toolbar.

2. Click the New Soil button to create a soil in the database. A unique Soil Index is generated that
is used to reference the soil in other SVSOLID forms.

3. Enter a Soil Name of ED Soil.
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4. Select Unsaturated as the Model Type

5. Select the new soil and click Properties to open the Soil Properties form.

B Soil Properties: Unsaturated

Sail Index: 546939

Cescription  Parameters lEIu:-d':.f Lo ] Shear Strencth ] Reference ]

Elzstic Parameters

Poisson's Ratio, nuw:

Coefficient of earth pressure at rest, Ko
Felate nu and Ko by [nu=kHod1+Kal):

“Yoid Ratio Parameters
Initial %oid Ratio, wra:
Swvelling Indesx, Cz:

Yalume Change Index with respect to
Matric Suction, Cim:

Graph Void Ratio |

0.400 Staged
0.330

015 Staged
o3 Staged

Stage Parameters.. |

6. Move to the Parameters tab.
7. Enter the Poisson’s Ratio value of 0.4.
8. Enter the K, value of 0.33.

& Note that the Poisson’s Ratio and K, are not related for this analysis. Be sure to leave the Relate
nu and K, by [nu=K,/(1+K,)] checkbox unchecked. The K, is used for determining initial

Tip! conditions while the Poisson’s Ratio is used in the general stress solution.

9. Enter the Initial Void Ratio value of 1.
10. Enter the C; value of 0.15.

11. Enter the C,, value of 0.13.

12. Move to the Body Load tab.

13. Enter the Y-Axis Body Load as —17.2 kN/m®.
14. Click OK to close the Soil Properties form.
15. Click OK to close the Soils Manager form.
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X For the Unsaturated soil model the void ratio is a function of the net mean stress as well as the
_ matric suction. Use the Graph Void Ratio button to view graphs of Void Ratio vs. Net Mean
Tip! Stressatagiven matric suction and of Void Ratio vs. Matric Suction for a given net mean stress.

3.15.4 Importing Geometry From SVFLUX

Since the Ground region and its geometry were defined previously for the Initial SVFLUX Analysis, the Import
SVFLUX Geometry feature can be used to save time for this analysis by importing the geometry from the
SVFLUX software.

Follow the steps in the section Defining the Transient SVFLUX Problem — Importing Geometry.

3.15.5 Assign the Region Soll

The soil that was previously defined will need to be assigned to the Ground region that was just imported.

1. Select Model > Regions from the menu to open the Regions form.

B Hegions |
# |Mame | on | Lock |Soi | Shapes |
j 1 Ground i ' ED Sai R
[y I Delete I fowe Lp fowe Dowen
—Boundary Condtion Graphics —
Soale W [ Dizplay

2. Select the ED Soil soil from the Soil drop-down.
3. Click OK to close the Regions form.

3.15.6 Specify Boundary Conditions

Now that all of the regions and the problem geometry have been successfully defined, the next step is to specify
the boundary conditions. The base of the problem will be fixed in both the X and Y directions. The left and
right boundaries will be fixed in the X-direction, but will be free to move in the Y-direction. The ground
surface is free to move in both directions. The steps for specifying the boundary conditions are thus:

1. Select the “Ground” region in the drawing space.
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2. From the menu select Model > Boundaries. The boundary conditions form will open.

B3 Boundary Conditions
[y Region:  Ground Select Shape Index: | 613531854 = |
Segment lF‘u:uint |

Point Boundary Condition Y
X Y Direction X hi
0 -3 Condition; Fixed - |Fixed -
Expression:
-] -3 Condition: Cartinue = |Continue -
Expression:
12 -3 Condition: Cartinue - |Free -
Expressian:
12 ] Condition: Frees = |Continue -
Expression:
- 1] Condition: Cartinue = |Continue -5
Expressian:
» 0 0 Condition: Fixed = |Continue - j
Segment Length: iom
: Mote: boundary conditions defined at & poirt remain in effect
Expression Reference. . | until re-defined at & subsequent point.

3. Select the point (0,-3) from the list on the Segment tab.

4. From the X Boundary Condition drop down select a Fixed boundary condition.
5. From the Y Boundary Condition drop down select a Fixed boundary condition.
6. Select the point (12,-3) from the list.

7. From the Y Boundary Condition drop down select a Free boundary condition.
8.  Select the point (12,0) from the list.

9. From the X Boundary Condition drop down select a Free boundary condition.
10. Select the last point (0,0) from the list.

11. From the X Boundary Condition drop down select a Fixed boundary condition.
12. Click the OK button to close the form.

K The Fixed X boundary condition for the point (0,-3) becomes the boundary condition for the
following line segments that have a Continue boundary condition until a new boundary condition
Tip! isspecified. By specifying a Free condition at point (12,0) the Continue is turned off and the Free
condition established.

Boundary Condition Summary

X Y X Boundary Condition|Y Boundary Condition
-3 Fixed Fixed
-3 Continue Continue

12 -3 Continue Free
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12 0 Free Continue
Continue Continue
Fixed Continue

3.16 SPECIFY SVSOLID PLOTS

There are many plot types that can be specified to visualize the results of the model. A few will be generated
for this tutorial example problem including a plot of the solution mesh, stress contours, and displacement
vectors. Plots are not required for problem solution, but no results can be seen without them. Define at least 1
plot form the Suggested Plots table below.

B Plot Manager
Type | Title: | Varizhle | Description | Region | ﬂ
ﬁﬁ({ Suction suct_ave suction
5@_{ Mean Stress i1 mean stress
ILL Wert Disp Depth W y-dizplacemernt
b{_ “ert Disp Ground v y-dizplacement
i_>> Displacement [FRY wy dizplacement
=] F‘E:f Final Mesh Deformed Mesh -
-
e i Properties... | Set A PLOTMONTOR... | Seftings... |
o ;
@Elb‘lgl -ﬂ-l ﬁl il dl Delete | Custam... |
ok

Refer to the section Specify SVFLUX Transient Analysis Plots earlier in this tutorial for instructions on adding
plots.

Suggested Plots

Plot Type Title Variable Range
Contour Vertical Stress sy

Contour Horizontal Stress SX

Contour Pore-water Pressure uw

Contour Suction suct_ave

Contour Mean Stress i1

Contour Void Ratio vr

Contour Young's Modulus E

Contour H Modulus Hms

Contour Vertical Displacement v
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Vector Displacement u,v

Mesh Final Mesh Deformed Mesh

Elevation  Vert Disp Depth v (6,0) to (6,-3)
Elevation Vert Disp Ground v (0,0) to (12,0)

3.17 ANALYZE THE SVSOLID PROBLEM

The next step is to analyze the problem. Click the Analyze button located at the left in the workspace. This
action will write the descriptor files and open the SVSOLID solver. The solver will automatically begin
solving the problem and the Run Log form will open in SVSOLID. There are 3 .pde files that will be created:

1. Tutorial ED_Day5 BATCH.pde
2. Tutorial_ED_Day5.pde
3. Tutorial_ED_Day5 Summary.pde

The Batch file will call the other 2 files in sequence and they will be solved automatically. When the solver has
finished running:

1. Press OK for the Batch Done message.
2. Click the Read File button on the Run Log in SVSOLID form to record the run data.

While the problem is running, the results will be displayed in the form of thumbnail plots within
the SVSOLID solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail
Tip! plots.

3.18 SVSOLID RESULTS

To view the SVSOLID results once the problem has finished select Analyze > View Results from the
SVSOLID menu. The results will be displayed in the form of thumbnail plots within the SVSOLID solver.
Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This section will give a brief
analysis for some plots that were generated.
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3.18.1 Solution Mesh

The Mesh plot displays the finite-element mesh generated by the solver. The mesh is automatically refined in
critical areas such as near the ground surface where there is a greater void ratio change. The displacements in
this plot are magnified by 50 times.
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3.18.2 Vertical Stress Contours

Vertical Stress
max 0.09

2 I 0.00
: - -0.50
. -1.00

-3.50
-4.00
-4.50
-5.00
-5.50
-6.00
-6.50
-7.00
-7.50
-8.00
-8.50
-9.00
-9.50
-9.51

)
]
j
e
T
gmc“o ol = e =

A negative or tensile vertical stress develops most significantly near the uncovered ground surface.
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3.18.3 Suction Contours

Suction

ax 400.
400.
390.
380.
370,

SnERB

B : 320.
310.
300.
290.
280.
270.
260.
230,
240.
230.
220.
210.
200.
190.
180.
170.
163.

E BoTe pue e DR T e S o

The contour plot of suction indicates the development of higher suction at the uncovered boundary due to
evaporation.
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3.18.4 Displacement Vectors

Displacement

6.50
6.00
5.50
5.00
4.50
4.00
3.50
3.00
2.50

7.00
Wi 150
LELCRERSES i 1.00
0.50
0.00

I\H

e

HEPE R e

] T | Scale = E-4

Displacement Vectors show both the direction and the magnitude of the displacement at specific points in the
problem. Settlement is greatest under the un-covered ground surface.

3.19 SVSOLID SUMMARY FILE RESULTS

The SVSOLID Summary file will generate the same plots as the regular SVSOLID analysis that apply to the
displacement variables. Only in this case the plots will be the summation of the results from each stage.
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3.19.1 Vertical Displacement Contours
) I . . I . . I I F
Vertical Displacement
nax 0.02
: 0.00
9 i 020
k- -1.20
i -1.40
0 i -1.60
he -1.80
g -2.00
£ -2.20
- et -2.40
d: -2.60
o -2.80
. b -3.00
a- -3.20
min -3.20
Scale = E-2

The vertical displacement contours plot shows a maximum settlement of 32mm at the top right corner of the

soil region.
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3.19.2 Vertical Displacement at Ground Surface

e-2

a
.22 —

-2.4

-2.6

Vert Disp Ground

-2.8

-32

The above plot shows vertical displacement along the length of the ground surface. Differential settlements
took place at the edge of the cover. About 10mm of settlement has occurred after 5 days of evaporation.
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3.19.3 Vertical Displacement Below Cover Edge

L

e-3
0.
-5,
-10. =)
=
o
k¥
]
[~
.4
a
€ -15.
w
=
-20.
-25.
3 2.5 2 1.5 1 0.5 0
Y

The above plot shows vertical displacement below the edge of the cover. Most of the settlement took place near
the ground surface where the change in matric suction is largest and the where the soil has a low elastic
modulus.

3.20 PROBLEM CONCLUSION

The 2D Edge Drop of a Flexible Impervious Cover tutorial problem is now complete.
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4 3D: EDGE DROP OF A FLEXIBLE IMPERVIOUS COVER

41 PROBLEM OVERVIEW

The following example will provide a step by step guide to modeling slab movement using a manual iteration
technique involving the SVFLUX and SVSOLID software packages. There are two main scenarios to consider;
the Edge Drop of a slab caused by shrinking of the soil due to evaporation (increase in soil suction) and Edge
Lift of a slab caused by swelling due to infiltration (decrease in soil suction). This tutorial problem will consider
the Edge Drop scenario.

This problem is the problem, Slab Movement — A Two-Dimensional Example Problem presented earlier in the
manual extended into three dimensions.

e Geometry and Boundary Conditions
A 12-m long flexible impervious cover is considered. Since the cover is symmetrical the portion to the
right of the centerline will be modeled. A soil region 3m deep and 12m long is used. The problem is 1m
wide in the X-direction. The following view is a two-dimensional slice through the problem.

_ Specified suction
Flexible cover or concrete slab ,— 4, boundary flux

0 _
£ |fo— Fux=0 7 4y
o1r Flux =0 —
*% %

2 -
a) o 5

_ﬂc e Constant suction = 400 kPa
3 | 774;7 | | | #%7 |
0 3 6 9 12

Distance from centre of cover or slab, m
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e Soil Properties

Seepage Soil Properties Values
Coefficient of permeability at saturation, Ky 1x10® m/s
Volumetric water content at saturation, 0 0.45

Parameters for SWCC (Fredlund & Xing, 1994) 5 - 300 kPa
and permeability function (Leong and Rahardjo,

1997) n=15
m=1
hr = 3000 kPa
Sat. Suction = 0.1 kPa
p=1
Stress Soil Properties Values
Total Unit Weight, v, 17.2 kN/m*
Initial Void Ratio, e, 1
Swelling Index, Cs 0.15
Swelling Index, C,, 0.13
Poisson's Ratio, s 0.4
Coefficient of earth pressure at rest, K, 0.33

e Solution Outline
This manual iteration method involves a number of steps to arrive at the final displacements. These
example problems are included in the SVFLUX and SVSOLID databases for reference under the
ProjectID of Tutorial. The ProblemID is indicated in the parentheses.

1. Initial SVFLUX seepage analysis (ED3D_Initial)
2. SVFLUX transient seepage analysis (ED3D_Transient)
3. SVSOLID stress/deformation analysis (ED3D_Day5)

4.2 INITIAL SVFLUX SEEPAGE ANALYSIS SETUP

The purpose of the initial SVFLUX seepage analysis is to get an initial head profile to use as initial conditions
for the SVFLUX transient seepage and to get an initial pore-water pressure profile to use as initial conditions
for the SVSOLID stress/deformation analyses.

4.2.1 Adding an SVFLUX Project

The first step in defining this problem is to decide the project under which the problem is going to be
organized. If the project is not yet included you must add the project before proceeding with the problem. In
this case, the problem is placed under a project called Tutorial.

Follow these steps in order to add the project:

1. Select Model > Projects/Problems... from the menu to open the Projects / Problems form.



SoilVision Systems Ltd. 3D: Edge Drop of a Flexible Impervious Cover Page 107 of 164

2. Click New Project... in the lower left of the form.
3. The Project Properties form is opened along with a prompt asking for a new ProjectID.

B Mew Project

ey ProjectiD: [Tutarial

Cancel |

4. Type “Tutorial” as the new ProjectID and press OK.

The Project Properties form is where information specific to each project is stored. This will include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.

K The ProjectlD is the only required information needed to define a project. The rest of the fields
are optional.
Tip!

The form is opened ready to accept information.

B Project Properties
Problems In Project: Project ]cuerrt | Phore | client Address | Contractor | Project Enginesr |
Project D Tutorial
Project Mame: |SVFqu tutorialz
Project Location: Saskatoon, SK Canada

Project Start Date: Jan 01,2003
Project End Date: Jan 0202003

Project Motes: The tutorial example problems are stored
under this project.

Eclt ProjectiD... |

It should be noted that once the project is defined it would be identified by the ProjectID throughout the rest of
the program. Also, SVFLUX does not allow you to specify two projects with the same ProjectID.

5. Fill out the form with the desired information.
6. To exit this form and return to Projects / Problems click OK. The project information is
automatically saved upon entry.
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4.3 ADDING THE INITIAL SVFLUX PROBLEM

Once a project has been created any number of problems may be stored in it.

E Projects / Problems [x]

[=]- "% Tutorial — Selected Problem
E- N 2D ProjectiD: [ |
B+ "% Plan Eroiect Narme | |
- "% Awizymmetric roySCt Mamet
% 3D System: | |
T Steady-State - | |
. Transient yRE
ProblemiC: | |
Creation Date: | |
Description:
ey Project.... I | {lere Probilem... %J
Delete | Edit Problemp.. Open Mew Problem form Ok Cancel

When the Projects/Problems form is opened there will be a list of the projects that have been defined. In this
case there is only the Tutorial project. To add a problem:

1. Click on the plus sign and expand the project Tutorial.

2. This example will be modeled in three-dimensions and is steady-state so we must expand 3D by
clicking the plus sign beside “3D”

3. Select Steady-State.

4. Click the New Problem button. The New Problem form will open.
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Projectil: Tutarial

Project Mame: |

E3 Mew Problem |
|
|
|
|

System: |3D
Type: |Stead3-' State
ProblemiC: IEDSD_In'rtiaI

Creation Date: | Sep 26/2004 |

Description; Initial seepage conditions for the EDID Transient
problem. Tutorial Example - 30: Edge Lift of a Flexible
Imperyious Cover.

Cancel

5. Enter the ProblemID: ED3D_lInitial. The description is optional.
6. Click the OK button to save the problem and close the New Problem form.
7. The new problem will automatically be opened in the workspace.

4.3.1 Opening the Initial SVFLUX Problem

If the problem was just added it will already be open in the workspace. When returning to the problem follow
these steps to open it in the workspace:

Select Model > Projects/Problems from the menu.

Navigate back to the problem via Tutorial, 3D, Steady-State.

Select ED3D_lInitial.

The problem may be opened by clicking the OK button or by double clicking on the ProblemID
in the tree control.

N

44 DEFINING THE INITIAL SVFLUX PROBLEM

The following section provides instructions on how to begin defining the problem in the workspace.

4.4.1 Setting the Workspace

Before entering any problem geometry it is best to set the World Coordinate System to ensure that the problem
will fit in the drawing space.
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1. Access the World Coordinate System form by either of two ways. Click on the button: or
select View > WCS. The button is located in the view toolbar to the left of the drawing space.

B World Coordinate System |
—warld Coordinate System - — CAD Winc oy
— Bottom Lett — Bottom Lett
8 -6.000 & -2.000 5 -6.0000 ¥ | -2.000
adl
— Upper Right —Upper Right
_+ |
% | 7000 15.000 H: 7000 v | 15000
— Region Geometry Extents | — Surface Grid Extents
— hinimum — hlinirmum
¥ 0000 v | 0.000] H: oooa v | 0.000
il
— hdaimuim — Maximum
X 0000 v | 0.000] X 10000 v | 10.000
— Global Coordinate Cffset
X oooo| v | 0.000 Set Offset...
*4)l coordinate-relsted data will be adjusted by thiz offset on animport or paste operation. Adjusting this of fset
once data is entered will result in & problem-wide adjustment.

2. Enter the world coordinate system coordinates as shown above.
3. Also set the CAD Window (drawing space) coordinates.
4. Click OK to close the form.
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4.4.2 Define Material Properties

Zoil Index

| Sail Mame |USCE Texture [ksat (mis)

638139

r Suppress Warning Messages

ED Initizl 1 .00E-08 Mewy Zoil I
Impott Zoil... I
Celete Sail I

Properties. .. I

The next step in defining the problem is to enter the material properties for the soil that will be used in the

model.

&

Open the Soils form by selecting Model > Soils from the menu or click the soils button,

in the Tools toolbar.

Click the New Soil button to create a soil in the database. A unique Soillndex is generated that is
used to reference the soil in other SVFLUX forms.

Double-click on the new soil to open the Soil Properties form.
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E3 Soil Properties

Dezcription lHydraulic Conductivity ] ST l Yolume-hiass Parameters l Sink/Source ]

Soil Index: B35138
Sail Mame: [EC: Initial
USCS Texture: | j

Soil Description; |

Geologic Description: |

Miotes: Thiz =soil will define the region for the edge-drop
initial conditions analysis

Stage Parameters...

4.  Enter the information above into the appropriate fields on the Description tab
5. Move to the Hydraulic Conductivity tab.

Saturated Hydraulic Conductivity

kzat: 1.000E-03  mi= Staged

6. Refer to the data provided at the beginning of this tutorial. Enter the ks, value of 1.000E-08 m/s

4.4.3 Define 3D Surfaces

This problem consists of two surfaces of different dimensions and grid densities. By default every problem
initially has 2 surfaces.

o Define Surface 1
This surface is already present so the next step is to define the grid lines.

1. Select Surface 1 in the Surface Selector.

2. Click the Surface Grid Setup button, ﬁ
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B3 Surface Grid Setup |

£= Surface 1

¥ Grid Lines | Grid Lines |

q

0 Add Regular... |

0.2

0.4 Add Irregular... |

0.5

05 Ecit... |
I

Tatal Grid Points: 12

Copy Surface Grid... | Ok I

There will be default grid lines of 0 and 10 present. Click the Add Regular button to open the
Add Regular X Gridlines form.

Enter O for Start, 0.2 for Increment Value, and 1 for End.

Click Add to add the gridlines and close the form.

Select 10 from the list.

Press Delete.

Move to the Y Grid Lines tab

There will be default grid lines of 0 and 10 present. Click the Add Regular button to open the
Add Regular Y Gridlines form.

Enter O for Start, 0.5 for Increment Value, and 12 for End.

Click Add to add the gridlines and close the form.

Click OK to close the Surface Grid Setup form.

Now that the grid has been set up, elevations must be specified for all the grid points:

13.

14.
15.
16.

Select Surface 1 in the Surface Selector.

Click the Elevations button, “rla to open the Elevations form.

Enter -3 in the Set Nulls To field.

Click the button to the left of the Set Nulls To field and all the missing elevations will be set to -
3.
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17. Click OK to close the Elevations form.

o Define Surface 2
This surface is already present so the next step is to define the grid lines.

1. Select Surface 2 in the Surface Selector.

2. Click the Surface Grid Setup button, m
3. Click Copy Surface Grid to open the Surface Grid Setup form.

B Copy Surface Grid |

Current Surface: | Surface 2|

—iopy From Surface

Surfaces with Grics: [Surface 1 |

Elevations

. Exclude

= Inelude
Off=et Elevations By:

Select Surface 1 as the Copy From Surface.
Check Include Elevations.

Enter 3 m in the Offset Elevations By field.
Click OK to copy the surface and close the form.

No M

X To view one of the surface grids just created, press the Surfaces button to the left of the Surface

Selector to open the Surfaces form. Then check the Grid box for the desired surface.
Tip!

4.4.4 Adding Regions

A region in SVFLUX is the basic building block for a model. A region represents both a physical portion of
soil being modeled and a visualization area in the SVFLUX CAD workspace. A region will have a set of
geometric shapes that define its soil boundaries. Also, other modeling objects including features, flux sections,
water tables, text, and line art are defined on any given region.

This problem will be divided into 2 regions, which are named Slab and Ground. Each region will have the soil
previously defined specified as its soil properties. To add the necessary regions follow these steps:

03
1. Open the regions form by clicking the Regions button, at the top of the workspace.
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akrwn

BRegons |

# | MName | on | Lock |a
1 Main 7 =
2 River v =

=

[ ey I hlave Ll |

Delete I hove Dowwn |

Change the first region name from Region 1 to Ground. Highlight the name and type new text.
Press the New button to add a second region.

Change the name of the second region to River.

Click OK to close the form.

4.45 Defining Region Geometry Shapes

The shapes that define each region will now be created. Note that when drawing geometry shapes the region
that is current in the region selector is the region the geometry will be added to. The Region Selector is at
the top of the workspace.

Region Geometry

Ground wilah
A i A hi
0 ] 1 1
1] 12 1 5]
1 12 1 G
1 B 1 1]

o Define the Ground Region
The instructions below explain the use of the command line to create the ground shape. Alternately, the
ground shape could be drawn with the mouse or the data pasted into the Region Properties form.

1.

w

Ensure that “Ground” is current in the region selector.

Click on the Draw Polygon Region Shape button,
The command line will be set to Start Point and the cursor focus will be in the command line.
Type 0,6 and press the Enter key on the keyboard.
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o ~No o,

Type 0,12 and press Enter.

Type 1,12 and press Enter.

Type 1,6 and press Enter.

Type f and press Enter to complete the region shape.

e Define the Slab Region
In the instructions for drawing the Main shape the command line was used. These instructions will explain
how to enter the points directly into the Region Properties form.

1.

SarwWN

7.

Ensure that “Slab” is current in the region selector.

Click on the Region Properties button, .

Press the Paste Data button to open the Paste Geometry Data form.

Enter the region points as shown above.

Check the Generate Closing Point box.

Click OK to add the points (Respond Yes to the message) and return to the Region Properties
form.

Click OK to close the Region Properties form.

If the geometry been entered correctly the shapes should look like the following:

o—0

Tip!

Select a shape with the mouse and press the Delete button, =~ if a mistake was made entering

the coordinate points for a shape. This will remove the entire shape from the region. To edit the

shape use the Region Properties form.

4.4.6 Specifying a Soil by Region and Layer

Each region will cut through all the layers in a problem creating a separate “block” on each layer. Each block
can be assigned a soil or be left as void. A void area is essentially air space. In this problem all “blocks” will be
assigned a soil.

1.
2.

Select “Ground” in the Region Selector.

=

Press the Region Soils button, at the top of the workspace to open the Region Soils form.
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B2 Region Soilz |
Redion: |Gru:uund |
Bound By | Layer | Soil |
» Surface 2
- 1 [ED Initiz [= |

Select the ED Initial soil from the drop-down for Layer 1.
Close the form using the OK button.
Select “Slab” in the Region Selector.

Press the Region Soils button, = at the top of the workspace to open the Region Soils form.
Select the ED Initial soil from the drop-down for Layer 1.
Close the form using the OK button.

PNO Gsw

4.4.7 Specify Boundary Conditions

Now that all of the regions, surfaces, and the soils have been successfully defined, the next step is to specify the
boundary conditions on the region shapes. A suction of 20 kPa is required at the ground surface while a suction
of 400 kPa exists at the bottom of the soil region. The suction values must be converted to head values for
SVFLUX entry.
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Ground Region Boundary Conditions

A Y Boundary Condition
0 G Lero Flux
0 12 Continue
1 12 Continue
1 G Mo BC
Surface 1 Head Expression = -43.787
Surface 2 Head Expression = -2.0349

Slab Region Boundary Conditions

Boundary Condition

Zero Flux

fo BiC

Zero Flux

—"'—"'DD:}C
O (m (W |o |==

Continue

Surface 1

Head Expression = -43.787

Surface 2

Head Expreszion = -2.039

The steps for specifying the boundary conditions are thus:

1. Select the “Ground” region in the region selector.

2. Select “Surface 1” in the surface selector.

3. From the menu select Model > Boundaries. The boundary conditions form will open and
display the boundary conditions for the ground region on Surface 1. These boundary conditions
will extend from Surface 1 to Surface 2 over Layer 1. By default the first boundary segment will
be given a No BC condition.
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B Boundanes
Liocation
[ Region: Ground =y Surface Surtace 1
Segment Boundary Conditions | Surface Boundary Conditions l
LS ki Boundaty Condition Expression or Data Unit=
] 12 Cartinue
1 12 Continue
1 g Mo BC
Update Selected Segment Segment Length: G| m
1. Select Boundary Condition: |Zer|:| Flux j
2. Provide: O |
-ar - Expr Beference. .. |
- | Bl
| | (optioral)
Copy To Surface... | Motes... | Ok

P P2 O0o~NOo O~

[
gkl owi

16.
17.
18.

Select the point (0,6) from the list.

From the Boundary Condition drop down select a Zero Flux boundary condition.

Click the Update button to save the boundary condition to the list.

Select the point (1,6) from the list.

From the Boundary Condition drop down select a No BC boundary condition.

Click the Update button to save the boundary condition to the list.

Move the Surface Boundary Conditions tab.

From the Boundary Condition drop down select a Head Expression boundary condition. This
will cause the Head Expression box to be enabled.

In the Head Expression box enter a head of —43.787.

Select Surface 2 from the drop down box.

Move the Surface Boundary Conditions tab.

From the Boundary Condition drop down select a Head Expression boundary condition. This
will cause the Head Expression box to be enabled.

In the Head Expression box enter a head of —2.039.

Click the OK button to close the Boundaries form.

Repeat these steps to add the boundary conditions for the Slab region indicated in the above
table.
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X The Continue boundary condition indicates that the previously defined boundary condition will
apply to the current boundary segment.
Tip!

4.5 SPECIFY INITIAL SVFLUX ANALYSIS PLOTS

There are many plot types that can be specified to visualize the results of the model. 2 contour plots of pore-
water pressure and a contour plot of head will be generated for this example.

1. Open the Plot Manager form by selecting Model > Plot Manager from the menu.

Type | Title | “ariahle | Region | Projection | -
a 5@_({ PR S u H=05
fl PP BV u W=5
5@_"\5 Head NS h =05
— [emar
Properties.. | Set Al PLOTMONTOR... | Seftings... |
R = ,
@_'lhglﬁ\l |ﬁ| ﬂl dl Delete | Custom... |
Ok

2. The toolbar at the bottom left of the form contains a button for each plot type. Click on the
Contour button to begin adding the first contour plot. The Plot Properties form will open.

— Projection Option
& Plane: Coordinate Direction: m Coordinate: I—IIIS
© Surface: SUrEEE] ;l
™ Equation: Equation of plat surface; |
3. Enter the title PWP NS.
4. Select u as the variable to plot from the drop-down.
5. Select the PLOT output option.
6. Move to the Projection tab.
7.  Select Plane Projection option.
8. Select X from the Coordinate Direction drop-down.
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9. Enter 0.5 in the Coordinate field. This will generate a 2D slice at X = 0.5m on which the pore-
water pressure contours will be plotted.

10. Click OK to close the Plot Properties form and add the plot to the list.

11. Repeat these steps to create the plots shown in the screenshot above.

12. Click OK to close the Plot Manager and return to the workspace.

46 SPECIFY INITIAL SVFLUX ANALYSIS OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. Two transfer files will be
generated for this tutorial example problem: a transfer file of pore-water pressure, and a transfer file of heads.
Note that the file HeadTransfer.trn is already present. It is generated by default for every problem.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.

B OQutput Manager E3
Type |File Mame |'\-"ariables | Region | -
x HeadTranzfer trn h
a  x PWPim u
— Rlewr
Properties... | Set All'Wiite File... Settings... Custom.. |
s L
ol-ee — .

2. The toolbar at the bottom left of the form contains a button for each output file type. Click on
the Transfer button to begin adding the output file. The Output File Properties form will open.
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B2 Output File Properties ]
De=cription l
x File Mame: |F"I.-“-.I'F' trm
Sariables: |u
“ariable List: Wariable “ariable Mame -
u Pare-WWater Pressure
h Head
ki * Hydraulic Conductivity
by Y Hydraulic Conductivity
gradx * Gradient ﬂ
Select Al Add Selection |
v witite File
3. Enter the title PWP.
4.  Select the variable u in the variable list.
5. Press the Add Selection button.
6. Check the Write File box.
7. Click OK to close the form and add the output file to the list.
8. Click OK to close the Output Manager and return to the workspace.

4.7 ANALYZE THE INITIAL SVFLUX PROBLEM

The next step is to analyze the problem. Click the Analyze button located on the left of the workspace. This
action will write the descriptor file and open the SVFLUX solver. The solver will automatically begin solving
the problem and the Run Log form will open in SVFLUX.

When the solver has finished running press the Read File button on the Run Log form to record the run data.

4.8 INITIAL SVFLUX ANALYSIS RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVFLUX solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots.

The output files requested (PWP.trn and HeadTransfer.trn) will be located in the solution file directory for the
problem.
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PWP NS

1 3 on X=0.5
o | max 20,0
: o 20,0
o -40.0
] L 60.0
0 — F o me 160,
I 180,
] = : Lk 200,
N E : C. 220,
| ! T 0 -240.
- = h: -260.
- 2 — o 280.
5] S 300,
. 320,
| L4 340,
. 360,
b 380,
: S 400,
in 400,

6 L
B T T T T T T T T T T T T T
I 3 f. 9 12
Y

The contour plot of pore-water pressure above indicates —20 kPa at the ground surface and a decrease with
depth to —400 kPa at the bottom.
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49 SVFLUX TRANSIENT SEEPAGE ANALYSIS SETUP

The SVFLUX transient seepage analysis will use the initial head transfer file as initial conditions. This step will
output a pore-water pressure transfer (.trn) file for the SVSOLID stress/deformation analysis.

4.9.1 Adding the SVFLUX Transient Problem

A project was created previously (Tutorial) and the SVFLUX transient problem can be stored under it. When

the Projects/Problems form is opened there will be a list of the projects that have been defined. To add the
problem:

Click on the plus sign and expand the project Tutorial.

Expand 3D by clicking the plus sign beside “3D”

Select Transient.

Click the New Problem button. The New Problem form will open.

Eal i

B New Problem |

ProjectiD: Tutarisl

Project Mame: |

System: |3D
Type: |Transient
FrobilemiD: [ED3D_Transient

Creation Date:  |Sep 25/2004

De=cription: 3-Dimensional modeling of seepage and stress
procezzes benesth a floor zlab. - Tutorial Example

A Tm wvide slab is being examined for the edge-drop
scenario caused by evaporation. The evaporation
rate iz 10 mmJday.

Cancel

5.  Enter the ProblemID: ED3D_Transient. The description is optional.
6. Click the OK button to save the problem and close the New Problem form.
7. The new problem will automatically be opened in the workspace.

4.9.2 Opening the Transient SVFLUX Problem

If the problem was just added it will already be open in the workspace. When returning to the problem refer to
the steps in the section Opening the Initial SVFLUX Problem to open it in the workspace.
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4.10 DEFINING THE TRANSIENT SVFLUX PROBLEM

The following section provides instructions on how to begin defining the transient seepage problem in the
workspace.

4.10.1 Specify Settings

The first step in defining the problem is to specify the settings that will be used for the problem. To open the
Settings form select Model > Settings in the workspace menu.

E3 Settings

l Time ] Initial Conditions ] Tranzient Formulation ]

System Unit=
* oM {+ Metric
Plzn " Imperial
Axisymmetric Titme: ey T
3D Length: m
Force: kR
Type Pressure: kP=
SHEEEH-EiEE Conductivity: tmfday
*! Tranzient

The above choices are
read only. Problem choices
are =et wwhen a new
problem is created.

Zolution Files Path... [8]34

The Settings form will contain information about the current problem System, Type, Units, and Transient
Settings.

Select Metric Units.

The problem is defined in terms of days. Select day from the drop-down control.
Move to the Time tab.

Set the Start Time as 0, the Time Increment as 1, and the End Time as 5 days.
Move to the Initial Conditions tab.

arwnE
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File Path

OData_lbly ProblemsiTutorialEZDnSteady State EDSD_DayS'HeadTran Browse... I
sfer trn

Clear |

Re-link |

6. Click the Browse button and specify the path to the HeadTransfer.trn file generated by the
ED3D_Initial problem.
7. Click OK to close the Settings form.

4.10.2 Define Material Properties

SolIndex. [ Soil Mame |USCE Texture [ksat (miday)

29253 ED Transient g.64E-04 Mewy Zoil I
Impott Zoil... I
Celete Sail I

Properties. .. I

r Suppress Warning Messages

The next step in defining the problem is to enter the material properties for the soil that will be used in the
model.

1. Open the Soils form by selecting Model > Soils from the menu or click the soils button,
in the Tools toolbar.

2. Click the New Soil button to create a soil in the database. A unique Soil Index is generated that
is used to reference the soil in other SVFLUX forms.

3. Double-click on the new soil to open the Soil Properties form.
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E3 Soil Properties

Dezcription lHydraulic Conductivity ] ST l Yolume-hiass Parameters l Yapour Diffusion ] SinkfSource l

Soil Index: 292531
Sail Mame: [EC Transient
USCS Texture: | j

Soil Description; |

Geologic Description: |

Miotes: Thiz =0il hasz the properties required for the
tranzient analysis of the edge-drop tutorial
example.

4.  Enter the information above into the appropriate fields on the Description tab. (The suggested
name is ED Transient, but both the name and notes are optional)

Move to the SWCC tab.

6. Refer to soil properties table in the problem overview section of this manual. Enter the
Saturated VWC value of 0.45.

Select the Fredlund and Xing Fit as the SWCC option.

8.  Press the button to the right of the Fredlund & Xing Fit option to open the form below.

o

~
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B Fredlund and Xing Fit

hr: 3000 kPa
Fredund SWiCC Fit:
Frediund Error: R2
Frediund Residual WWiC: [volumetric swater content)
Frediund AEW: kP&
Saturated Conditions
Saturation Suction: lilﬂ kPa
Saturated YA 0.000
Coefficient of Yolume Change, muw: O 1%kPa
Messages: Unable to find Frediund and Xing fit parameters

A saturated valumetric wwater content must first be calculated.

Apply Fit Graph SWCC, Graph Storage... Properties. ..

tteratian: [ Log Suction

9. Enter the fit parameters from the soil properties table.

10. Click OK to close the form.

11. Move to the Hydraulic Conductivity tab.

12. Enter the Saturated Hydraulic Conductivity value of 6.64E-04 m/day.

13. Select the Leong and Rahardjo unsaturated hydraulic conductivity option.

14. Press the button to the right of the Leong and Rahardjo option to open the Leong and Rahardjo
Estimation form.

15. Enter the Leong p value of 1.
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B Leong and Rahardje Estimation |
Leong p: | 1 pInfo. . |

Leong Predicte: [l

Leong Error: Exponerntial B2
k minitmuim: I 8.640E-05| miday

Apply b minimm; rd

Estitnate | Graph... | Propetties ...

16. Click OK to close the form.
17. Click OK to close the Soil Properties form.

4.10.3 Importing Geometry

Since the regions and geometry for the Ground and Slab were defined previously for the Initial SVFLUX
Analysis, the Import SVFLUX Geometry feature can be used to save time for this analysis.

1. Select Model > Import SVFLUX Geometry from the menu.

2. Press the Browse button and specify the path to the current SVFlux_Data_J.mdb database. The
tree view control will be filled with all the problems in the database.

Navigate to the ED3D_Initial problem. (Tutorial — 2D — Steady-State — ED3D_initial)

Click the Import button.

Say Yes to the warning message.

The surfaces, surface grids, regions, region shapes, and world coordinate system settings will be
imported.

7. Click OK to close the import form.

o0 kw

4.10.4 Specifying a Soil by Region and Layer

The soil that was previously defined will now be assigned to each region-layer block.

1. Select “Ground” in the Region Selector.

=

2. Press the Region Soils button, at the top of the workspace to open the Region Soils form.
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B3 Region Soils |
Region: Ground |
Bound By | Layer | Soil |
» Surface 2
Surface 1 1 [ED Transient |

Select the ED Transient soil from the drop-down for Layer 1.
Close the form using the OK button.
Select “Slab” in the Region Selector.

Press the Region Soils button, = at the top of the workspace to open the Region Soils form.
Select the ED Transient soil from the drop-down for Layer 1.
Close the form using the OK button.

PNO oA w

4.10.5 Specify Boundary Conditions

Now that the region and the problem geometry have been successfully imported, the next step is to specify the
boundary conditions. A zero flux condition is required at the ground surface beneath the cover while a suction
of 400 kPa exists at the bottom of the soil region. The suction values must be converted to head values for
SVFLUX entry. An evaporation rate of 10 mm/day is represented by the normal flux condition over the
uncovered ground surface.
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Ground Region Boundary Conditions

A il Boundary Condition
0 5 Lero Flux
0 12 Continue
1 12 Continue
1 E Mo BC
Surface 1 Head Expression = -43.787
Surface 2 Mormal Flux = -0.01

Slab Region Boundary Conditions

Boundary Condition

Lera Flux

Mo BC

Zero Flux

—'*—'*l:ll:l}{
[ T s T e O O

Continue

Surface 1

Head Expression = -43.787

Surface 2

Lera Flux

The steps for specifying the boundary conditions are thus:

1. Select the “Ground” region in the region selector.

2. Select “Surface 1” in the surface selector.

3. From the menu select Model > Boundaries. The boundary conditions form will open and
display the boundary conditions for the ground region on Surface 1. These boundary conditions
will extend from Surface 1 to Surface 2 over Layer 1. By default the first boundary segment will
be given a No BC condition.
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B Boundanes
Liocation
[ Region: Ground =y Surface Surtace 1
Segment Boundary Conditions | Surface Boundary Conditions l
LS ki Boundaty Condition Expression or Data Unit=
] 12 Cartinue
1 12 Continue
1 g Mo BC
Update Selected Segment Segment Length: G| m
1. Select Boundary Condition: |Zer|:| Flux j
2. Provide: O |
-ar - Expr Beference. .. |
- | Bl
| | (optioral)
Copy To Surface... | Motes... | Ok

[ R 2O~ 0N
agkrwpdd PO T

=
~No

N
®

Select the point (0,6) from the list.

From the Boundary Condition drop down select a Zero Flux boundary condition.

Click the Update button to save the boundary condition to the list.

Select the point (1,6) from the list.

From the Boundary Condition drop down select a No BC boundary condition.

Click the Update button to save the boundary condition to the list.

Move the Surface Boundary Conditions tab.

From the Boundary Condition drop down select a Head Expression boundary condition. This
will cause the Expression box to be enabled.

In the Expression box enter a head of —43.787.

Select Surface 2 from the drop down box.

Move the Surface Boundary Conditions tab.

From the Boundary Condition drop down select a Normal Flux boundary condition. This will
cause the Expression box to be enabled.

In the Expression box enter a flux of —0.01.

Click the OK button to close the Boundaries form.

Repeat these steps to add the boundary conditions for the Slab region indicated in the above
table. (Be sure to enter a Zero Flux condition for Surface 2)
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X The Continue boundary condition indicates that the previously defined boundary condition will
apply to the current boundary segment.
Tip!

411 SPECIFY SVFLUX TRANSIENT ANALYSIS PLOTS

There are many plot types that can be specified to visualize the results of the model. A few contour and
elevation plots, as well as a history plot will be generated for this tutorial example problem.

1. Open the Plot Manager form by selecting Model > Plot Manager from the menu.

B Plot Manager E3
Type | Title | Variable | Region | Projection | Start | Inc. | End b
@ &l PR WS u H=05 0 0s 5
il Head NS u X=05 0 ns 5
o PP BV u Y =5 0 0s 5
EEL PP Surface Days u ]
by PP Depth Days u g
A s e 0 1 5
-
— Mesw
Properties... | Set Al PLOTMONTOR... | Seftings... |
B |2 P
8 b |2 | | B | S|
0 Delete | Sat Al Times . | Custom_ |
o

2. The toolbar at the bottom left of the form contains a button for each plot type. Click on the
Contour button to begin adding the first contour plot. The Plot Properties form will open.
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B Plot Manager E2
Type | Title | Variable | Region | Projection | Start | Inc. | End b
@ &l PR WS u H=05 0 0s 5
Bl Head NS u X=05 0 ns 5
o PP BV u Y =5 0 0s 5
EEL PP Surface Days u ]
by PP Depth Days u g
A s e 0 1 5
-
— MeEsn
Properties... | Set Al PLOTMONTOR... | Seftings... |
B |2 P
8 b |2 | | B | S|
0 Delete | Sat Al Times . | Custom_ |
o

Enter the title PWP NS.

Select u as the variable to plot from the drop-down.

Select the PLOT output option.

Move to the Time tab

Enter a Start Time of 0, a Time Increment of 0.5, and an End Time of 5 days.

Click OK to close the form and add the plot to the list.

Repeat steps 2 — 8 to create the suggested contour plots listed below. (Note that the plots are not
required for problem solution, but are useful for visualization)

©ooN O~ W

10. Click on the Elevation button to begin adding the first elevation plot. The Plot Properties form
will open.

11. Enter the title PWP Surface Day5.

12. Select u as the variable to plot from the drop-down.

13. Select the PLOT output option.

14. Move to the Time tab

15. Enter a Start Time of 5.

—Plot Time (day)

Start: I a
Increment: I
End: I

16. Move to the Range tab.
17. Enter the values — X1: 0.5, Y1: 0, Z1: 0, X2: 0.5, Y2: 12, Z2: 0.
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18.
19.

20.
21.
22.
23.
24.
25.

26.
217.

Fange
LAE TEIRE o It | 0
¥z | 05 vz | 12 1z | 0

Click OK to close the form and add the plot to the list.
Repeat these steps 10 — 18 to create the suggested elevation plots listed below. (Note that the
plots are not required for problem solution, but are useful for visualization)

Click on the History button to begin adding the history plot. The Plot Properties form will open.

Enter the title VWC.

Select vwc as the variable to plot from the drop-down.
Select the PLOT output option.

Move to the Points tab

Enter points as shown below.

X Y Fa
Y 0.5 B 0
05 B 0s
05 B 1
05 B 2

Click OK to close the form and add the plot to the list.
Click OK to close the Plot Manager and return to the workspace.

Suggested Plots

sSuggested Plois
Plot Type Title Variahle Time Projection/Range/
Start Inc | End or Points
Contour  PWP NS u a 05 A =05
Contour  Head N3 h 0 05 5 #=0.5
Contour  PWP EW u 0 05 5 Y=k
Elevation PWPF Surface Dayh u 5 DA500Yto 05120
Elevation PWP Depth Days u 5 0560 ta056-3)
History Y yC (056807
0.5505)
D561

neE2
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412 SPECIFY SVFLUX TRANSIENT ANALYSIS OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. Two will be generated for
this tutorial example problem: a transfer file of pore-water pressure for use in the SVSOLID Analysis, and a

plot to transfer the results to AcuMesh for advanced visualization. Note that the file HeadTransfer.trn is already
present. It is generated by default for every problem.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.

Type |File Mame |\-"ariables | Region | Start | Inc. | End |:
a3 ﬁ Acumteshingput dat u bk by kz grade grady gradz v ] 1 5
x HeadTransfer trn h ]
x PWRETimn u 1] 1 3
3
e Properties. | Set All'tite File. | Seftings | custom |
Q_*Jﬂl@l Delete | Set &l Times.. | TecplotMacra . | oK |

2. The toolbar at the bottom left of the form contains a button for each output file type. Click on
the Transfer button to begin adding an output file. The Output File Properties form will open.
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B2 Output File Properties ]
Descrigtion l T ]
n  File Name: [PvpT trn
Sariables: |u
“ariable List: Wariable “ariable Mame -
ud Initial Pore-Water Pressure
u Pare-ater Pressure
Lclitf u Difference
hid Initial Head
h Head ﬂ
Select Al Add Selection |
v witite File
3. Enter the title PWPT.
4.  Select the variable u in the variable list.
5. Press the Add Selection button.
6. Check the Write File box.
7. Click OK to close the form and add the output file to the list.
8. Repeat steps 2 — 7 to add the AcuMesh output file.
9. Click OK to close the Output Manager and return to the workspace.

413 ANALYZE THE TRANSIENT SVFLUX PROBLEM

The next step is to analyze the problem. Click the Analyze button located on the left of the workspace. This
action will write the descriptor file and open the SVFLUX solver. The solver will automatically begin solving
the problem and the Run Log form will open in SVFLUX.

When the solver has finished running press the Read File button on the Run Log form to record the run data.

4.14 SVFLUX TRANSIENT ANALYSIS RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVFLUX solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This
section will give a brief analysis for a few plots that were generated.

The output files requested (PWPT.trn, HeadTransfer.trn, and AcuMeshInput.dat) will be located in the solution
file directory for the problem.
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4.14.1 Pressure Contours

PWP NS
on X=0.5

2oy om

Em Se fe e DR TE B 0T

-1635.
-170.
-180.
-190.
-200.

-230.
-260.
-270.
-280.
-200.
-300.
-310.
-320.
-330.
-340.
-350.
-360.
-370.
-380.
-390.
-400.
-400.

The pore-water pressure contour plot above indicates increased suction near the uncovered ground surface due

to the evaporation in that area.



SoilVision Systems Ltd. 3D: Edge Drop of a Flexible Impervious Cover Page 139 of 164

4.14.2 Pore-water Pressure Elevation Profiles

-180.

-210.

-240.

PWP Surface Day3

=270,

-500.

The plot above shows the pore-water pressure along the ground surface after 5 days of evaporation. There is a
high suction gradient within 1 meter of the outside edge of the cover and the suction change is uniform
elsewhere. In the plot below the pore-water pressure profile below the cover edge after 5 days of evaporation is
shown. The majority of the suction change occurs near the ground surface.
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PWP Depth Day5

-210.

-240.

-270.

-300.

-330.

-360.

-390.

-0.5
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415 SVSOLID STRESS/DEFORMATION ANALYSIS

Now that the seepage component of the problem has been completed, a stress analysis must be defined using
SVSOLID. This analysis will use the initial pore-water pressure transfer file from the Initial SVFLUX Analysis
and the final pore-water pressure transfer file from the SVFLUX Transient Analysis. This stress analysis will
be run for 25 stages and the displacements calculated and output at each stage. These incremental
displacements will be summed to obtain the total movements using a summary file.

K Note that the operation of the SVSOLID software is similar to SVFLUX. Many of the following
steps will be the same.
Tip!

4.15.1 Adding an SVSOLID Project

The first step in defining a problem is to decide the project under which the problem is going to be organized.
If the project is not yet included you must add the project before proceeding with the problem. In this case, the
problem is placed under a project called Tutorial.

Follow these steps in order to add the project:
1. Select Model > Projects/Problems... from the menu to open the Projects / Problems form.

2. Click New Project... in the lower left of the form.
3. The Project Properties form is opened along with a prompt asking for a new ProjectID.

B Mew Project |

ey ProjectiD: [Tutorial

Cancel |

4. Type “Tutorial” as the new ProjectID and press OK.

The Project Properties form is where you information specific to each project is stored. This will include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.

K The Project ID is the only required information needed to define a project. The rest of the fields
are optional.
Tip!

The form is opened ready to accept information.
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B Project Properties |
Problems In Project: Project | client | Phone | Clisrt Address | Contractor | Project Engineer |
Project ID: | Tutorial |
Project Mame: |S‘¢'S|:|Iid Tutorial Manual Problems
Project Location: =askatoon, K Canada

Project Ztart Date: IJan 0172002
Project End Date: I.&ug A0r2003

Project Motes: The tutarial example problems are stored
under this project.

Ediit ProjectiD...

It should be noted that once the project is defined it will be identified by the ProjectID throughout the rest of
the program. Also, SVSOLID does not allow the specification of two projects with the same ProjectID.

5. Fill out the form with the desired information.
6. To exit this form and return to Projects / Problems click OK. The project information is
automatically saved upon entry.
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4.15.2 Adding an SVSOLID Problem

E Projects / Problems [ x|

=% Tutarial — Selected Problem
D ProjectiCy
e TN Aisymmnetric .
— Project Mame:
...... w30
System:
ProblemiC:
Cregtion Date:
Description:
Mewy Project...
1
Delete I Edit ProblemiC »pan ew Prablem Form

Cancel

Once a project has been created any number of problems may be stored in it.

When the Projects/Problems form is opened there will be a list of the projects that have been defined. In this
case there is only the Tutorial project. To add a problem:

1. Click on the plus sign and expand the project Tutorial.
2. This example will be modeled in three-dimensions so we must expand 3D by clicking the plus

sign beside “3D”

3. Click the New Problem button. The New Problem form will open.
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H Mew Problem
ProjectiCr:
Project Mame:

Swstem:

ProblemiC:
Creation Date:

Description;

]|

Tutarial

|S'\-"Sulid Tutarial Manual Problems

50

[ED3D_Days

|Sep 282004

S-Dimensional modeling of seepage and stress
processes benesth a floor slab. - Tutorial Example

A 1m wide slab iz being examined far the edge-drop
scenaria caused by evaporation, The evaporation
rate iz 10 mmifday.

Cancel

4, Enter the ProblemID:

ED3D_Day5. The description is optional.

5. Click the OK button to save the problem and close the New Problem form.
6. The new problem will automatically be opened in the workspace.

4.15.3 Opening the SVSOLID Problem

If the problem was just added it will already be open in the workspace. When returning to the problem follow
these steps to open it in the workspace:

Select ED3D_Day5.

el S o

Select Model > Projects/Problems from the menu.
Navigate back to the problem via Tutorial, 3D.

4.16 DEFINING THE SVSOLID PROBLEM

The following section provides instructions on how to begin defining the problem in the workspace.

4.16.1 Specify Settings

The problem may opened by clicking the OK button or by double clicking on the ProblemID.

The first step in defining the problem is to specify the settings that will be used for the problem.
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—=ystem ———— [ Analysis — —Unitz
i*1 2D-Flane Strain i pleglect PP % nietric
) Axisymmetric O Conzider PYP . Imperial
o aD Length: ID
Stress: m

The Settings form will contain information about the current problem System, Analysis, Units, Initial
Conditions Settings, and more. The data for the problem is in metric so the units will remain metric. The initial
stress conditions, initial pore-water pressure conditions, and final pore-water pressure conditions

To open the Settings form select Model > Settings in the menu.

Select Consider PWP as the Analysis option.

Move to the Initial Stress/Strain tab.

Select Ko-Loading as the Initial Stress Option. (A coefficient of earth pressure at rest, Ko value
will be entered later on the Soil Properties form)

rwONPE

Intial Stress Option
& Mone & Tran=fer File [ irm) i+ Ho-Loading

Specify Ko values for each soil on the Soil Properties form.

K The Ko-Loading option means that initial vertical stress will be a function soil unit weight and
elevation and the horizontal initial stresses will be equal to the initial vertical stress multiplied by
Tip! theKo value. To use this option the ground surface will be flat at an elevation of 0. A Ko of 0.33
for a drying path will be used as suggested by Lytton (1997)

Move to the Initial Pore Water Pressure tab.

Select Transfer File (.TRN) as the Initial PWP Option.

Press the Browse button.

Then specify the path to the PWP.trn file output by the Initial SVFLUX Analysis.

o ~No o
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B Settings
General | Initial Stress/Strain  Initial Pore Water Pressure ]Plnts | Monlinear Apprece. | Unsatursted Mode! |
Initizl PP Option
& Transfer File ( trn) = Grid ‘ |
" Tahle File ( 1kl
" Draww Water Table
- Constant FAAP | L kPa
File Path
COSV Sy _Problems\Tutorial30Steady State \ED30_Initial PP trn Browese. ..
Cleat
Re-link
(s
" kPa
~
Solution Files Path... Ok

9. Move to the Unsaturated Model tab.

10. Select Transfer File (TRN) as the Final PWP Option.

11. Press the Browse button.

12. Then specify the path to the PWPT_6.trn file output by the SVFLUX Transient Analysis. (The
file corresponds to the pore-water pressure after 5 days of evaporation. The file counter
considers time 0 as _1, therefore _6 corresponds to day 5)

File Path

O \Data Jhdy_ProblemsiToutorialtSDtTransient'EDSD_Transient™MMPT_B. Brovese. ..

trm
Clear
Re-link

13. Click OK to close the form.
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4.16.2 Setting the Stages and Error Limit

The number of stages will control the incremental change in suction. The total change in suction is difference
between the initial and final suctions from the specified transfer files. The stages will be set to 5 for this
analysis, therefore, the incremental displacements will be calculated for each suction increment at each stage.
The error limit for the solver will be set to 0.01 to speed up the solution in this case.

To set the stages and error limit follow these steps:

1. Access the FEM Options form by selecting Model > FEM Options from the menu.

Stage Controls

STAGES: [ &

LIMUPDATE: [ &
r

REIMITIALIZE:

Enter the 5 in the STAGES field.
Click Yes for the message.
Enter 0.01 in the ERRLIM field.
Click OK to close the form.

g wn

4.16.3 Define Material Properties

B Soils Manager [ x| |

Soil Index | Soil Name | Model Type |
P | a3s494 |ED: Soil 30 [Unssturated ]
Mesy Sail Delete Zail Propetties ... Al Soils...

The next step in defining the problem is to enter the material properties for the soil that will be used in the
model. Refer to the Problem Overview section of this tutorial for the relevant soil properties.

1. Open the Soils form by selecting Model > Soils from the menu or click the soils button,
in the Tools toolbar.
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2. Click the New Soil button to create a soil in the database. A unique Soil Index is generated that
is used to reference the soil in other SVSOLID forms.

Enter a Soil Name of ED Soil 3D.

Select Unsaturated as the Model Type

5. Select the new soil and click Properties to open the Soil Properties form.

Hw

E3 Soil Properties: Unzaturated
Soil Indez: S4E939

Cescription  Parameters lEIu:ud'g.f Loz ] Shear Strencth ] Reference ]

Elzstic Parameters

Pois=zon's Ratio, nu: 0.400 Staged
Coefficient of earth prezsure at rest, Ko 0330

Relate nu and Ko by [nu=Fod1+Kal): |

“ioid Ratio Parameters
Imitial “/oid Ratia, wro: 1.00
Swvelling Index, C=: 015 Staged

Yalume Change Index with respect to 013 Staged
hatric Suction, Cm:

Graph Vaoid Ratio |

Stage Parameters... |

6. Move to the Parameters tab.
7. Enter the Poisson’s Ratio value of 0.4.
8. Enter the Ko value of 0.33.

K Note that the Poisson’s Ratio and Ko are not related for this analysis. Be sure to leave the Relate
h nu and Ko by [nu=Ko/(1+Ko)] checkbox unchecked. The Ko is used for determining initial
Tip! conditions while the Poisson’s Ratio is used in the general stress solution.

9. Enter the Initial Void Ratio value of 1.

10. Enter the Cs value of 0.15.

11. Enter the Cm value of 0.13.

12. Move to the Body Load tab.

13. Enter the Z-Axis Body Load as —17.2 kN/m®.
14. Click OK to close the Soil Properties form.
15. Click OK to close the Soils Manager form.



SoilVision Systems Ltd. 3D: Edge Drop of a Flexible Impervious Cover Page 149 of 164

X For the Unsaturated soil model the void ratio is a function of the net mean stress as well as the
_ matric suction. Use the Graph Void Ratio button to view graphs of Void Ratio vs. Net Mean
Tip! Stressatagiven matric suction and of Void Ratio vs. Matric Suction for a given net mean stress.

4.16.4 Importing Geometry From SVFLUX

Since the Ground and Slab regions and their geometry were defined previously for the Initial SVFLUX
Analysis, the Import SVFLUX Geometry feature can be used to save time for this analysis by importing the
geometry from the SVFLUX software.

Follow the steps in the section Defining the Transient SVFLUX Problem — Importing Geometry.

4.16.5 Specifying a Soil by Region and Layer

The soil that was previously defined will now be assigned to each region-layer block.

1. Select “Ground” in the Region Selector.

2. Press the Region Soils button, = at the top of the workspace to open the Region Soils form.
B3 Region Soils |
Redion: |Gru:uund |
Bound By | Layer | Soil |
g ce——

Select the ED Soil soil from the drop-down for Layer 1.
Close the form using the OK button.
Select “Slab” in the Region Selector.

=

o gakrw

Press the Region Soils button, at the top of the workspace to open the Region Soils form.
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7.  Select the ED Soil soil from the drop-down for Layer 1.
8. Close the form using the OK button.

4.16.6 Specify Boundary Conditions

Now that all of the regions and the problem geometry have been successfully defined, the next step is to specify
the boundary conditions. The base of the problem will be fixed in all directions. The left and right vertical
boundaries will be fixed in the X-direction, but will be free to move in the Y-direction. The top and bottom
vertical boundaries will be fixed in the Y-direction, but will be free to move in the X-direction. The ground
surface is free to move in all directions. The steps for specifying the boundary conditions are thus:

1. Select the “Ground” region in the region selector and “Surface 1” in the surface selector.
2. From the menu select Model > Boundaries. The boundary conditions form will open.

B Boundary Conditions
— Location ———— Surface Boundary Condition
[ Regian: Dir: ® ¥ z
|Grnund | Cond: |Fixed + [Fixed + [Fixed -
i= Surface: Expr:

—Segment Boundary Conditions

Paoint Boundary Condition =
X ki Dir: X Y Fi
a 5] Cand: |Fixed - |Free - [Free -
Expr:
1] 12 Cand. [Free = |Fixed ~ IContinue -
Expr:
1 12 Cond: |Fixed - |Free » IContinue -
Expr;
[ 3 1 E cond: [Free - |Continue - [Continue -
Expr:
=

Segment Length: 1 m

Copy To Surface... | Motes... | Expr Reference... |

In the Surface Boundary Condition section, Select Fixed for the X, Y, and Z directions.
Select the point (0,6) from the list in the Segment Boundary Conditions section.

From the X Boundary Condition drop down select a Fixed boundary condition.

From the Y Boundary Condition drop down select a Free boundary condition.

Select the point (0,12) from the list and set X as Free and Y as Fixed.

Select the point (1,12) from the list and set X as Fixed and Y as Free.

Select the last point (0,12) from the list and set X as Free.

©ooNO AW
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10. From the X Boundary Condition drop down select a Fixed boundary condition.
11. Click the OK button to close the form.

12. Repeat the above steps for the Slab region. (Refer to the table below)

X

Tip!

Boundary Condition Summ

Ground Region

The Continue boundary condition means that the current segment takes on the boundary condition
of the previous segment.

- Y # Boundary Condition | ¥ Boundary Condition | £ Boundary Condition
] =] Fixed Free Free
] 12 Free Fixed Continue
1 12 Fixed Free Continue
1 =] Free Continue Cantinue
Surface 1 Fixed Fixed Fixed
Surface 2 Mone Mone Mone
Slab Region
3 Y | % Boundary Condition | ¥ Boundary Condition | £ Boundary Condition
] ] Fixed Free Free
] E Free Continue Continue
1 =] Fixed Continue Continue
1 ] Free Fixed Continue
Surface 1 Fixed Fixed Fixed
Surface 2 Mone Mone Mone

417 SPECIFY SVSOLID PLOTS

There are many plot types that can be specified to visualize the results of the model. A few will be generated
for this tutorial example problem including a plot of the solution mesh, stress contours, and displacement
vectors. Plots are not required for problem solution, but no results can be seen without them. Define at least 1
plot form the Suggested Plots table below.

Page 151 of 164
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B Plot Manager E2

Type | Title | Wariahle | Description | Region | Projection -
a &l Wert Stress NS =z z-zfress H=05
@_QE Wettical Stress BA =70 inttial z-stress ¥ =5
@ﬁ({ Suction KNS suct_ave suction ¥=05
ﬁéﬁ({ Woid Ratio WS W “Woid Ratio ®=05
@ﬁ({ wert Disp NS iy z-dizplacement K=05
:ld.. “ert Disp Surface NS w z-dizplacement
hew Properties... | Set Al PLOTMONTOR... | Seftings... |
I = r
@Elh‘|$| ﬁl ﬁl ﬂl dl Delete | Custom... |
[9]24

Refer to the section Specify SVFLUX Transient Analysis Plots earlier in this tutorial for instructions on adding
plots.

Sugzested Plois

Plot Type Title Variahle Projection Range
Contaur et Stress NS SZ =05

Contaur “ertical Stress EWY ¥4 =k

Contaour Suction NS suct_ave #=0.5

Contour “oid Ratio N3 A #=0.5

Contaur et Disp NS e #=05

Elevation  “er Disp Surface NS y 0a00)to D512,
Elevation  “ert Disp Depth y 05B01to (D56 -3
Elevation  “%uoid Ratio Depth yr 0.5601t0 (0563
“ector Disp M5 W #=0.5

Mesh Final Mesh Y Deformed Mesh =05

418 SPECIFY SVSOLID ANALYSIS OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. A plot to transfer the
results to AcuMesh for advanced visualization of displacements will be created in this example.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.
2. The toolbar at the bottom left of the form contains a button for each output file type. Click on
the AcuMesh button to begin adding an output file. The Output File Properties form will open.
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£ Output File Properties

De=cription l
File Mame: [ED3D_Days_AcuMesh dat
Sariables: |u,v,w
“ariable List:
zx0 initial x-stress ﬂ
Select Al | | |
[ wite File
(818
3. Enter the title ED3D_Day5_AcuMesh.
4.  Select the displacement variable u, v, and w in the variable list.
5. Press the Add Selection button.
6. Check the write File box.
7. Click OK to close the form and add the output file to the list.
8. Click OK to close the Output Manager and return to the workspace.

K Add other variables of interest to the AcuMesh file if desired.
Tip!

419 ANALYZE THE SVSOLID PROBLEM

The next step is to analyze the problem. Click the Analyze button located at the left in the workspace. This
action will write the descriptor files and open the SVSOLID solver. The solver will automatically begin
solving the problem and the Run Log form will open in SVSOLID. There are 3 .pde files that will be created:

1. Tutorial ED3D_Day5 BATCH.pde
2. Tutorial_ED3D_Day5.pde
3. Tutorial_ED3D_Day5_Summary.pde

The Batch file will call the other 2 files in sequence and they will be solved automatically. When the solver has
finished running:

1. Press OK for the Batch Done message.
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2. Click the Read File button on the Run Log in SVSOLID form to record the run data.

k Note that the solution time for this example is approximately 15 minutes on a Pentium 4 computer

with 1GB of RAM. Solution times will vary depending on the computer used.
Tip!

420 SVSOLID RESULTS

To view the SVSOLID results once the problem has finished select Analyze > View Results from the
SVSOLID menu. The results will be displayed in the form of thumbnail plots within the SVSOLID solver.
Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This section will give a brief
analysis for some plots that were generated.

While the problem is running, the results will be displayed in the form of thumbnail plots within
the SVSOLID solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail
Tip! plots.

4.20.1 Vertical Stress Contours

Vert Stress NS
F on X=0.5

£ -4.00
. -5.00

d -6.00

e -7.00

= b -8.00
— a -9.00

min 9.57

A negative or tensile vertical stress develops most significantly near the uncovered ground surface.
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4.20.2 Suction Contours

Suction NS
1 3 on X=0.5
N | max 400.
: b 390.
. 300.
] L4 270.
. 240.
b 210.
0- _ - — -, 180.
b_)_/ — ] min 163.
—a
[\ W
- d_'—'_\_'_\_ F
=
3 | h -
-, -
a T T T T T T T T T T T T T a
0 3 f. 9 12
Y

The contour plot of suction indicates the development of higher suction at the uncovered boundary due to
evaporation.



SoilVision Systems Ltd. 3D: Edge Drop of a Flexible Impervious Cover Page 156 of 164

4.20.3 Displacement Vectors

Disp NS
on X=0.5

7.50

o
6.50

_ L — 6.00
— 5.50
5.00

4.50
4.00

3.50
I S o | 3%

2.50
2.00
1.50
e D T T 1.00
B N N N SRS SR B 0330
0.00

Scale = E-4

Displacement Vectors show both the direction and the magnitude of the displacement at specific points in the
problem. Settlement is greatest under the uncovered ground surface.

421 SVSOLID SUMMARY FILE RESULTS

The SVSOLID Summary file will generate the same plots as the regular SVSOLID analysis that apply to the
displacement variables. Only in this case the plots will be the summation of the results from each stage.
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4.21.1 Vertical Displacement Contours

Vert Disp NS
1 3 on X=0.5
5 L max 0.01
g: 0.00
d: -1.50
i L c: -2.00
b: -2.50
a: -3.00
0.+ T ———h= B min -3.08
1 F Scale =E-2

The vertical displacement contours plot shows a maximum settlement of 31mm at the top right corner of the
soil region.
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4.21.2 Vertical Displacement at Ground Surface

e-2

a
.22 —

-2.4

-2.6

Vert Disp Ground

-2.8

-32

The above plot shows vertical displacement along the length of the ground surface. Differential settlements
took place at the edge of the cover. About 10mm of settlement has occurred after 5 days of evaporation.
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4.21.3 Vertical Displacement Below Cover Edge

e-3 K 1 T R B | T B T R | T R B | T R | T R B | 1

-10.

-15.

Vert Disp Depth

-20.

-25.

The above plot shows vertical displacement below the edge of the cover. Most of the settlement took place near
the ground surface where the change in matric suction is largest and the where the soil has a low elastic
modulus.

422 CONTOUR DISPLACEMENTS IN ACUMESH

The AcuMesh visualization software can be used to view advanced plots in 3D. To view contours of vertical
displacement in 3-dimensions follow these steps:

1. Select Solve > Send to AcuMesh from the SVSOLID menu.
2. The AcuMesh software will open and display the 3D mesh for the problem.
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Select Plot > Mesh to open the Format Mesh form.
Uncheck the box for Region 1.

Click OK to close the Format Mesh form.

Select Plot > Contours to open the Format Contours form.
Check the Region 1 box

Choose (w+w0) from the Variable drop-down.

Click OK to close the Format Contours form.

©oND AW



SoilVision Systems Ltd. 3D: Edge Drop of a Flexible Impervious Cover Page 161 of 164

(w+wi)

-0.009132
-0.007884
-0.006636
-0.005388
-0.00414
-0.002863
-0.001645
-0.0003971

4.23 PROBLEM CONCLUSION

The 3D Edge Drop of a Flexible Impervious Cover tutorial problem is now complete.
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