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1 Introduction

The Tutorid M anud serves a specid role in guiding the first time users of the SYSOLID software through a
typical example problem. The exampleis "typica" in the sensethat it is not too rigorous on one hand and not
too simple on the other hand.

TheTutorid M anud serves as a guide by: i) assisting the user with the input of data necessary to solve the
boundary vaue problem, ii) explaining the rdlevance of the solution from an engineering standpoint, and iii)
assistingwith the visudization of the computer output. An atempt has been madeto ascertain and respond to
questions most likely to be asked by first time users of SYSOLID.
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2 A Two-Dimensional Example Model

The following example introduces some of the features included in SYSOLID. The example problem sets up a
mode of a simple slope with two foundation loads applied. A water table is present. The purpose of this
modd is to determine the stress conditions in the slope due to applied loads and the magnitude of displacement
under each footing The modd dimensions and materia properties are provided below.

Project: Foundations
M odd: Tutoria2D
M inimum authorization required: STANDARD

Model Description and Geometry

A Materials
E Till, E = 5.00E+004(kPa), v = 0.4
Clay, E = 3 00E+003(kPa), v = 0.4
550 +
50.0 + Foating 1
450 +
i
0.0+
E 1 _
> 350 + i
3004 -
250 + B
200 £ g2
15.0 l f l f l f l l e
0 ] 20 30 40 50 60 70 77
X (m)
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
39 25 38
52 40 10 40
48 41 8 40
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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

M aterid Properties
M aterid 1: Till

Daatype= Linear Elastic

Young s M odulus, E = 50000 kPa
Poisson’s Ratio, n= 0.4

Initid Void Ratio,eo =1

Unit Weight, g= 21 kN/m3

Apply Vertica Body Load = checked

M aterid 2: Clay Shale

Daatype= Linear Elastic

Young s M odulus, E = 3000 kPa
Poisson’s Ratio, n = 0.4

Initid Void Ratio,eo =1

Unit Weight, g= 18.5 kN/m3

Apply Vertica Body Load = checked

2.1 Model Setup

In order to set up the model described in the preceding section, the following steps will be
required. The steps fall under the general categories of:

a Createmodd
b. Enter geometry

c.  Secify boundary conditions
d. Apply maerid properties
e Secify modd output

f. Runmodd

g Visudizeresults

a. Create Model
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Since FULL authorization is required for this tutorial, the user must perform the following steps to ensure full
authorization is activated:
1. Pluginthe USB security key,
2. GototheFile> Authorization dialog on the SYOFFICE M anager,
3. Software should display full authorization. If not, it means tha the security codes provided by
SoilVision Systems a the time of purchase have not yet been entered. Please see the
Authorization section of the SYOFFICE User's Manua for instructions on entering these

codes.

Thefollowing steps are required to create the mode:

1. Openthe SYOFFICE Manager diaog,

2. Cregteanew project cdled Tutorid by pressingthe New button next to thelist of projects,

3. Create a new modd called UserTutorid2D by pressing the New button next to the list of
modes. The new mode will be automaticaly added under the recently created Tutoriad project,

4. Sdect thefollowing

Application: SVSOLID
System: 2D

Type Seady-Sate
Units: M etric

The user should also set the World Coordinate System to ensure that the mode will fit in the drawing space.
The World Coordinate Sy stem settings can be set under the World Coor dinate System tab on the Create Mode
diaog

1. Accessthe World Coordinate Sy stem tab on the Create New Model diaog,

2. Enter the World Coordinates Sy stem coordinates shown below into the didog,

X - minimum: 0

y - minimum: 15
X - maximum: 77
Yy - maximum: 57

3. Click OK to closethedidog.

The workspace grid spacing needs to be set to ad in defining regon shapes. The geometry of the mode has
coordinates of aprecision of 1m. In order to effectively draw the geometry with this precision when using the
mouse, the grid spacing must be set to a maximum value of 1.

1. TheDisplay Options didog should open once the Create Mode didogis closed,
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2.
3.

Enter 1 for both the horizonta and verticd grid spacing,
Click OK to closethe didog.

Options must be selected here in order to specify awater table as the initid pore-water pressure conditions.
Drawing of thewater tableis explained later in this tutoria.

N o g kM w Dd P

Open the Sttings diadlog by selectingModd > Settings... in the workspace menu,
SHect "Consider PWP" as the Analysis option,

Press OK to closethe didog,

Open thelnitial Conditions dialog by selecting Mode > Initial Conditions > Settings...,
M oveto the Pore-Water Pressuretab,

Sdect "Draw Water Table" as the Initial PWP Option,

Click OK to closethe didog.

b. Enter Geometry (Model > Geometry)
A regon in SYSOLID forms the basic building block for amode. A region forms a geometric shape that define
the material boundaries.

The model beingused in this tutorid is divided into 2 regons, which are named Ground and Seam. To add the
necessary regons follow these steps:

1
2.

Open the Regions didog by selecting Modd > Geometry > Regions from the menu,

Change thefirst region name from Region 1 to Ground. To do this, highlight the name and ty pe
the new text,

Press the New button to add a second region,

Change the name of the second region to Seam,

Click OK to closethe didog.

The shapes that define each materid region will now be created. Note that when drawing a geometric shape,
information will be added to theregion that is current in the Regon Sdector. The Region Sdector is a the top
of theworkspace.

e Define the Ground
Theinstructions below explain the use of the mouseto cregte the ground region.

1

g M w DN

Sdect "Ground" as theregion by goingto Modd > Geometry > Regions..., and clickingon
"Ground",

Press OK to closethe didog,

Sdect Draw > Geometry > Polygon Region from the menu,

The cursor will now be changed to cross hairs,

M ove the cursor near to coordinates (5,41) in the drawing space. You can view the coordinates
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for the current position of the mousein the status bar at the bottom right of the screen,

6. Tosdect apoint as part of the desired region shape, l€ft click on the point,

7. Now movethe cursor near (5,38) and then left click on the point. A lineis now drawn from
coordinates (5,41) to (5,38),

8. Refer to the geometry table at the beginning of this tutoria and add the remaining points,

9. Toaddthelast point, move the cursor near the coordinate point (5,43) and right click snapping
the cursor to the point. Then double-click on the point to finish the shape. A line is now drawn
from (12,43) to (5,43) and the shapeis automatically completed in SYSOLID by drawing a line
from (5,43) back to the starting point, (5,41),

NOTE:

If xy geometry datais available in a spreadsheet, this data can be pasted directly into SVSolid as an
dternative to drawing points with the mouse. Open the Region Properties didog for aregion, click the
New Polygon button, and copy and paste the datainto the New Polygon Shape diaog

* Define the Seam
Theinstructions below explain the use of the mouseto creete the seam region.

10.
11.
12.
13.
14.

15.
16.

17.
18.

Sdect "Seam” as theregion by goingto Mode > Geometry > Regions..., and clickingon " Seam”,
Press OK to closethedidog,

SHect Draw > Geometry > Polygon Region from the menu,

The cursor will now be changed to cross hairs,

M ove the cursor near to coordinates (5,38) in the drawing space. You can view the coordinates
for the current position of the mousein the status bar just below the workspace,

To select the point as part of the desired region shape, l€ft click on the point,

Now move the cursor near to coordinates (8,37) and then left click on the point. A lineis now
drawn from coordinates (5,38) to (8,37),

Refer to the geometry table a the beginning of this tutoria and add the remaining points,

To add thelast, point, movethe cursor near the point (5,41) and right click snapping the cursor
the coordinate point. Double-click on the point to finish the shape. A lineis now drawn from
(6,41) to (5,41) and the shape is automaticaly completed in SYSOLID by drawing a line from
(5,41) back to the starting point, (5,38).

If the seam geometry has been entered correctly the shape should look as follows:
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* Define the Water Table
Theinstructions below explain the use of the mouseto cregte the water table region.

1. Sdect Draw > Initial Water Table from the menu,

2. Thecursor will now be changed to cross hairs,

3. Movethecursor near to coordinaes (5,39) in the drawing space. You can view the coordinates
for the current position of the mousein the status bar a the bottom right of the screen,

4. Tosdect apoint as part of the desired region shape, Ieft click on the point,

5. Now movethe cursor near (73,34) and then double click on the paint. A lineis now dravn from
coordinates (5,39) to (73,34).

When thewater tableis added, points will be added to it and any regons it intersects a the intersection points.
After dl the regon geometries have been entered, the diagram will appear as shown at the begnning of this
tutorid.

c. Specify Boundary Conditions (Model > Boundaries)

Boundary conditions must be applied to al regon points. The starting point for that particular boundary
condition is initiated a any boundary point on aregon geometry. The boundary condition will then extend
over subsequent line segments around the edge of the region. The direction for the application of the boundary
conditions is determined by theway the geometry was origindly entered. Boundary conditions remain in effect
around ageometry shapeuntil they arere-defined. The user may not define two different boundary conditions
over the same line segment.

M ore information on boundary conditions can be found in Menu System > Modd Menu > Boundary
Conditions > 2D Boundary Conditions of the User's M anual.

The next step is to specify the boundary conditions. A load expression needs to be defined for each of the
footing locations on the ground region. The sides should be fixed in the X-direction. At the base the regon
should fixed in both the X and Y directions. The Seam regon is internal to the Ground region and will not need
to bedtered as far as boundary conditions are concerned. The steps in specifying the boundary conditions are
asfollows:

1. Sdect the Ground” region in the drawing space,
2. Sdect Modd > Boundaries > Boundary Conditions... from the menu. The Boundary Conditions
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didogwill open,

Sdect the coordinate point (5,41) from thelist on the Segment Boundary Conditions tab,
From the X Boundary Condition drop-down select a"Fixed Boundary Condition”,
From the Y Boundary Condition drop-down sdlect a"Free Boundary Condition",

o 0 M~ w

Enter the remaining Boundary Conditions found in the Boundary Condition Summary table
below,
7. Click the OK button to closethe didog.

NOTE:

The Fixed X Boundary Condition for the coordinate 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 a point (73,36) the Continue Boundary Condition is turned
off.

e 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 Y Load Constant = -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 Y Load Constant = -80
5 43 Fixed Free
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d. Apply Material Properties (Model > Materials)

The next step in definingthe mode is to enter the materia properties for the two materias that will be used in
the modd. This section provides instructions on cregting the "clay shade' materid. Repeat the process to add
the other materid.

1. OpentheMaterials didogby selecting Mode > Materials > Manager from the menu,

2. Click the New button to create amaterid,

3. Enter "Clay Shae' for the materia namein the didogthat appears and click OK
NOTE:

When anew materia is created, you can specify thedisplay color of the materia by using the Fill Color
box in the M ateria Properties menu. This materia color will be displayed for any regon that has a
materia assigned to it will display that materid's fill color.

© © N o g

11.
12.
13.
14.

15.

M oveto the Parameter s tab,

Enter the Yound s M odulus vaue of 3000 kPa,

Enter the Poisson’s Ratio vaue of 0.4,

M oveto thenitial Conditions tab,

Enter an initid Void Ratio vaueof 1,

M oveto the Body Load tab,

Sdect the Constant Unit Weight option,

Enter the Unit Weight as 18.5 kKN/mg,

Check the Apply Vertica Body Load box,

Press OK to closethe didog,

Repest these steps to create the "till" materid; refer to the data provided under the "A Two
Dimensiona Example M odd" section a the beginning of this tutoria,
Press OK to close the Materials Manager diaog.

Oncedl materia properties have been entered, we must apply the materias to the corresponding regons.

1

Open the Region Properties didog by selecting Model > Geometry > Region Properties from
the menu,

Sdect "Clay Shae' as the materid for the Seam regon,

Sdect "Till" as the materia for the Ground region,

Press the OK button to accept the changes and close the dialog.

e. Specify Model Output

Two levels of output may be specified: i) output (graphs, contour plots, fluxes, etc.) which are displayed
during model solution, and ii) output which is written to a standard finite eement file for viewing with
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ACUM ESH software. Output is specified in the following two diadogs in the software:

i) Plot M anager: Output display ed duringmodel solution.
if) Output M anager: Sandard finite eement files written out for visuaization in ACUMESH or for
inputting to other finite dement packages.

PLOT MANAGER (Model > Reporting > Plot Manager)

There are numerous graphical plots that can be specified to visudize the results of the modd. A few
typica gaphs will be generated for this tutorid example modd. These plots are the solution finite
eement mesh, horizonta and verticd, stress contours, and displacement vectors.

1. OpenthePlot Manager didogby sdectingModd > Reporting > Plot Manager ... from the

menu,
i
Plots | Paint | Areasvolume | Min/tax | Other |
7& Title: | ariable | Restriction | Solver Option |
ME Wertical Stress =y Dizplay and Sav
;: : Horizantal Strezs 3 Display and Sav...
’/;- Dizplacement Uy Display and Sav...
% Final Mesh Deformed Mesh Dizplay and Sav
% Geometry Initial Mesh Display and Sav...
—AddMew Plot ————————
(@l = | ’/; @l %l Copy.. | Delete Properties... Multiple Update...
Of[_Potsetings | sddefaits || Defaut Flo ok | cancal

2. Thetoolbar a the bottom left corner of the Plot Manager didog contains a button for each plot
type. Clicking to the Contour button will begin adding the first contour plot. The Properties
didogwill open,

Enter thetitle Vertical Stress,
4. Sdects asthevarigbleto plot from the drop-down,

5. Click OK to closethe didogand add the plot to thelist of requested graphica plots,
6. Repeat Seps2to5to crestetheplots as shown above,
7. Click OK to closethe Plot Manager and return to the workspace.

f. Run Model (Solve > Analyze)
The current model may berun by sdlectingthe Solve > Analyze menu option.

g. Visualize Results (window > AcuMesh)
The visua results for the current model may be examined by selecting the Window > ACUMESH menu option.
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2.2 Results and Discussion

After the computations for the model have been completed, the results will be displayed as a
series of thumbnail plots within the SVSOLID solver. Right-clicking the mouse on any
thumbnail plot and selecting "M aximize' will enlarge that particular graph. The following
sections will give a brief description of each plot that can be generated.

The ACUM ESH 2D visudization software can be used for improved graphics quality and a greater range of
plotting options. M ohr Circletype plots of the principle stresses can be generated for any selected node in the
finite dement mesh as shown below.

Stress Below Footing Midpoint - Node 300
i S A s A
s5.04-
41.2
2754

13.7

oa-

-13.7 -

Shear Stress (KPa)

-2T A4

e  Solution Mesh

“ o, ""

| V'Y;"
il

‘!.\‘ﬁ AT

R
g

SWATAYAT:
vavy

o

B g L :
SO I N AT A v
OO A AIAATAAAT T
A A T )
[ 17 LT
~S Ya¥i ¥awil

The M esh plot displays the finite-dement mesh generated by the solver. The mesh is automaticaly refined in
critica areas such as directly benesth the footings wherethereis agreater influence from the gpplied loads.

e Deformed Mesh
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The displacements in this plot have been magnified by 50 times. Note that the greatest displacement occurs
directly beneath the footings. Also the displacements in the clay seam are much grester than the surrounding
till dueto the differencesin Young s M odulus.

e Vertical Displacements

10 20 30 0 50 0 0 73
X(m)

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

e Displacement Vectors

W
e

\\\\ \
\\\\\\\\

\ LN \

><(m“iJ
Displacement Vectors show both the direction and the magnitude of the displacement at specific points in the
modd. Thelower Young s M odulus in the clay shale seam result in grester displacements than in the overlying

till. The maximum displacement of 0.16m (16mm) occurs beneeth Footing 1 where the load is greater and the
distanceto theclay seamis|less.
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3

A Three-Dimensional Example Model

The following example introduces you to three-dimensiona modeling using SYSOLID. The mode computes
the stress and displacement generated as aresult of placing pillar foundation on a sloping ground surface. The
circular pillar foundation has been placed a the mid-slope. The modd is modeled using two regons, three
surfaces, and two materids. The model dataand material properties are provided below. This modd is set up

to run with the Sudent Version of SYSOLID.

Project: Foundetions
M odd: Tutorid3D
M inimum authorization required: STANDARD

Model Description and Geometry

Circular Foundation on Slope

Pillar Foundation

Sope Pillar
X Y X Y
0 0 Center: 10 10
20 0
20 20 Radius: 2
0 20

Material Properties

M ateria 1: Till

DaaType Linear Elastic

Young s M odulus, E = 10,000 kPa

Poisson’s Ratio, v = 0.4
Initiad Void Ratio, e = 1

Constant Unit Weight, v, =21 KN/m?

Apply Verticad Body Load = checked

M aterid 2: Concrete
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DaaType Linear Elastic

Young s M odulus, E = 29,580,000 kPa
Poisson’s Retio, v = 0.2

Initid Void Ratio, e = 0

Constant Unit Weight, v, = 23.5 KN/m?
Apply Vertica Body Load = checked

3.1 Model Setup

In order to set up the model described in the preceding section, the following steps will be
required. The steps fall under the general categories of:

a Createmodd
b. Enter geometry
Secify boundary conditions

c
d. Apply materia properties

(0]

Foecify modd output
f. Runmodd

0 Visudizeresults

a. Create Model
Thefollowing steps arerequired to creste the modd:
1. Openthe SYOFFICE Manager diaog,
2. Pressthe Clear Filter button (if enabled),
3. Sdect theproject cdled UserTutorid fromthelist of projects,
4. Create a new modd cdled UserTutorid3D by pressing the New button next to the list of
models. The new model will be automatically added under the recently crested UserTutorid
project. Usefollowing settings when cresting anew mode!:

Application: SVSOLID
System: 3D

Type Seady-Sate
Units: M etric

The user should aso set the World Coordinate System to ensure that the mode will fit in the drawing space.
The World Coordinate Sy stem settings can be set under the World Coor dinate System tab on the Create Modd
diaog

1. Access the World Coordinate System tab on the Create Model didog,

2. Enter the World Coordinates Sy stem coordinates shown below into the diaog,
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X - minimum: 0
y - minimum: -5
Z - minimum: -5
X - maximum: 25
y - maximum: 25
Z - maximum: 10

3. Click OK to closethe didog.

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

1. TheView Options diaog should open once the Create Model dialogis closed,

2. Enter 1for both the horizonta and vertica spacing,

3. Click OK to closethedidog.

b. Enter Geometry (Model> Geometry)

A region in SYSOLID is the basic building block for a modd. A regon will have geometric shapes that define
its material boundaries.

This modd is divided into two regions, which are called the Sope and the Pillar. Each regon has one materia
specified asits materia properties. Theregons and materials can be combined using the following steps:
1. OpentheRegions didogby sdectingModd > Geometry > Regions... from the menu,
2. Changethefirst region namefrom R1 to Sope. This can be done by highlighting the name and
typing new text,
3. Pressthe New button to add a second region,
4. Changethe name of the second region to Pillar,

5. Click OK to closethe didog.

* Define the Slope region

1. Sdect "Sope" astheregon by goingto Modd > Geometry > Regions... and clickingon "Sope”,
2. Sdect Draw > Geometry > Region Polygon from the menu,

3. Thecursor will now be changed to cross hairs,

4. Movethecursor near (0,0) in the drawing space. The coordinates of the current position of the

mouse can be viewed on the status bar just below the workspace,

o

To select the point as part of the shapeleft click on the point,
6. Now movethe cursor near (20,0). Right click to snap the cursor to the exact point and then left
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click on the point. A lineis now drawn from (0,0) to (20,0),

7.  Now move the cursor near (20,20). Right click to snap the cursor to the exact point and then
left click on the point,
8. For thelast point (0,20), right click to snap the cursor to the point. Double-click on the point to
finish the shape. A lineis now drawn from (20,20) to (0,20) and the shape is automaticaly
finished by SVSOLID by drawingaline from (0,20) back to the starting point, (0,0),
NOTE:

If amistakeis madein creatingthe geometry, then select ashape with the mouse and select Edit > Déelete
from the menu. This will remove the entire shape from the regon. To edit the shape use the Region
Properties didog

NOTE:

If Xy geometry datais available in a spreadshest, this data can be pasted directly into SVSolid as an
dternative to drawing points with the mouse. Open the Region Properties didog for aregion, click the
New Polygon button, and copy and paste the datainto the New Polygon Shape dialog

e  Define the Pillar

9.

10.
11.
12.

13.
14.

Ensurethat “ Pillar” is current in the region sdlector,

Sdect Draw > Geometry > Region Circle from the menu,

The cursor will now be changed to cross hairs,

M ove the cursor near (10,10) in the drawing space. The coordinates of the current position the
mouse can be seen in the status bar just below the drawing space.

To select apoint as part of the shape, hold theleft click button on the point.

Dragthe cursor in aX or Y direction and relesse the left click button once the mouse is 2m away

fromtheinitid point. This will creste a2 meter radius for the circle.

NOTE:

At timesit may be difficult to snap to a grid point that is near aline defined for aregion. In this case,
turn, the object snap off by clickingon “OSNAP” in the status bar.

This modd consists of three surfaces with differing dimensions and gid densities. By default, every mode
initialy has two surfaces.

* Define Surface 1
This surfaceis dready present so the next step isto definethe grid lines.

1
2.

SHect "Surface 1" by goingto Modd > Geometry > Surfaces... and clickingon "Surface 1",
Click the Properties... button to open the Surface Properties didog,
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Sdect "Elevation Data' from the Definition Options drop-down,

SHect the Elevations tab and click the Define Gridlines... button to set up the gid for the
selected surface,

Therewill be default grid lines of 0 and 10 present. Click the Add Regular ... button to open the
Add Regular X gridlines dialog,

Enter -5 for Start, 5 for Increment Vaue, and 25 for End,

Click OK to add the gridlines and close the didog,

M ovetothe Y Grid Lines tab and repeat steps 4 to 6 for the Y gridlines,

Elevations must be specified for dl the grid points. Now that the "grid" has been set up:

9.

10.

Enter 0 in the Set Nulls field,
Click on the Set Nulls button and al the missing elevations will be set to 0.

e Define Surface 2
This surfaceis aready present. The extent of this grid are smaller than for Surface 1 and the grid is denser. The
Surface 2 grid dso has different densitiesin the X and Y directions.

11.
12.
13.

14.

15.
16.
17.
18.

19.
20.

Click theright arrow at thetop right of thedidogto changeto "Surface 2",

SHect "Elevation Daad' from the Definition Options drop-down,

Sdect the Elevations tab and click the Define Gridlines... button to set up the gid for the
selected surface,

Therewill bedefault grid lines of 0 and 10 present. Click the Add Regular button to open the
Add Regular X Gridlines didog,

Enter O for Sart, 2 for Increment Vaue, and 20 for End,

Click OK to add the gridlines and close the didog,

M ovetothe Y Grid Lines tab,

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

Enter O for Sart, 4 for Increment Vdue, and 20 for End,

Click OK to add the gridlines and close the didog,

Now that the grid has been set up, devations must be specified for dl the grid points:

21.
22.
23.

Enter 4 inthe St Nulls fidd,
Click the Set Nulls button and dl the missing eevations will be set to 4m,
Click OK to close the Surface Properties diaog,
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e Define Surface 3
Follow these steps to add the third surface to the modd.
24. Onthe Surfaces didog click the New button to open the Insert Surfaces didog,
25. Enter 1 asthe Number of New Surfaces,
26. Sdect to placethe new surface At The Top,
27. Sdect "Copy Grid" From An Existing Surface,
28. Sdect "Surface 2" from the drop-down,
29. Chooseto Excludethe élevations,
30. Press OK to add the surface,

Surface 3 and its grid has now been added. The next step is to provide the eevation values. The geometry will
be generated using the 3D Plane Interpolation method:

31. Sdect "Surface 3" in the Surface Sdlector,

32. Click the Properties... button to open the Surface Properties didog,

33. Sdect the"Elevation data' from the Surface Definitions Options drop-down and select the

Elevations tab to set up the devations for Surface 3.

34. Sdect point (0,0),

35. Enter aZ eevation of 6,

36. Sdect point (0,20),

37. Enter aZ devation of 6,

38. Sdect point (20,20),

39. Enter aZ devation of 10,

40. Pressthe 3D Plane Interpolation button and press the OK button to use the default values,

41. Press OK to closethe Surfaces didog,

42. Press OK to closethe Surface Properties didog.

c. Specify Boundary Conditions (Model > Boundaries)
M ore information on boundary conditions can be found in Menu System > Modd Menu > Boundary
Conditions in the User's M anud.

Now that dl of the regions, surfaces, and materids have been successfully defined, the next step is to specify
the boundary conditions on the regon shapes. The verticad boundaries of the slope will be fixed as will the
base. A load of 500 kPa can be applied to the top of the pillar. The steps for specifying the boundary
conditions are as follows:

e Slope Region
1. Maéakesureyour modd isbeingviewed in 2D. This option is available to the l&ft side of the
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workspace by clickingthe 2D button,

2. Sdect the"Sop€"' regon by goingto Modd > Geometry > Regions... and clickingon "Sope",

3. Sdect "Surface 1" by goingto Modd > Geometry > Surfaces and clickingon " Surface 1",

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

5. Sdect the Surface Boundary Conditions tab at thetop of the didog,

6. Fromthe X Boundary Condition drop-down select a"Fixed" Boundary Condition,

7. Fromthe YBoundary Condition drop-down select a"Fixed" Boundary Condition,

8. FromtheZ Boundary Condition drop-down select a"Fixed" Boundary Condition,

9. Sdect the Sdewall Boundary Conditions tab a thetop of the diaog,

10. Fromthe X Boundary Condition drop-down for thefirst point, select a"Fixed" Boundary
Condition,

11. Fromthe Y Boundary Condition drop-down for thefirst point, select a"Fixed" Boundary
Condition,

NOTE:

The Fixed boundary condition for the point (0,0) becomes the boundary condition for the following
sidewall segments that have a Continue boundary condition applied until a new boundary condition is
specified.

The boundary conditions for the slope regon are to be the same for Layer 2 as for Layer 1. Therefore, the
Surface 1 sidewal boundary conditions can be copied to Surface 2:

12.
13.
14.
15.
16.

In the Boundary Conditions dialog ensure that Surface 1 is currently in the drop-down,
Press the Copy Boundary Conditions button to open the Copy Boundary Conditions didog,
SHect "Surface 2" from thelist,

Press OK and Yes to copy the boundary conditions,

Close the Boundary Conditions didog,

e Pillar Region

17.
18.
19.

20.

21.

Sdect the“Pillar” region in the region sdector,

SHect "Surface 3" in the surface sdlector,

From the menu sdlect Model > Boundaries > Boundary Conditions.... The Boundary Conditions
didogwill open and display the boundary conditions for Surface 3.

Sdect the Surface Boundary Conditions tab at thetop of the didog,

From the Z Boundary Condition drop-down select aLoad Constant boundary condition,
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22. Enter avaueof —500 in the constant field,
23. Click OK to closethedidog.

d. Apply Material Properties (Model > Materials)

The next step in defining the modd is to enter the materia properties for the two materias comprising the
model. The slope consists of a till materid and the pillar foundation is concrete. This section will provide
instructions on inputting datafor thetill material. Repeat the process to add the other materidl.

1. OpentheMaterials Manager didogby selectingModel > Materials > Manager ... from the
menu,

2. Click the"New..." button to creste amaterid,

NOTE:

When a"new" materid is created, you can specify the display color of the materia using the Fill Color
box on the M ateriad Properties menu. The color for the soil will be displayed for any region that has &
materia assigned.

Enter 'Till' for the materid name and Linear Elastic as dataty pe, then press OK,
The Material Properties diadlogwill automaticaly open,

M oveto the Parameters tab,

Enter a'Yound s M odulus vaue of 10000 kPa,

Enter aPoisson’s Ratio vaue of 0.4,

M oveto the Initid Parameters tab,

© o N o 0 M~ W

Enter theInitid Void Ratio vaueof 1,

10. Moveto the Body Load tab,

11. Choosethe Constant Unit Weight option

12. Enter the Unit Weight as 21 kKN/m3

13. Check the Apply Vertical Body Load checkbox

14. Press OK to closethedidog,

15. Repeat the above steps to input the properties for concrete. Refer to the data provided under
the"A Three-Dimensional Example M oddl" section a the beginning of this tutorid,

16. Press OK to closethe Materials Manager diaog.

NOTE:
The negetive sign for the body load indicates that the vertical body load will act in adownward direction.

Each regon will cut through al thelayersin a modd creating a separate “ block” in each layer. Each block can
be assigned amaterid or left as void. A void areais assumed to be an air space. In this modd, al “blocks” will
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be assigned amateria.

1. Sdect “Sopé€’ inthe Region Sdector,

N

SHect Modd > Materials > Material Layers... from the menu to open the Material Layers
diaog,

Sdect the"Till" materid from the drop-down for Layer 2,

Sdect the"Till" materia from the drop-down for Layer 1,

Closethe didogusingthe OK button,

Click theright arrow at thetop right of the didogto changeto the"Pillar" region,

Sdect the"Concrete" materia from the drop-down for Layer 2,

Sdect the"Till" materia from the drop-down for Layer 1,

© o N o 00 M~ W

Closethe didogusingthe OK button.

e. Specify Model Output

Two levels of output may be specified: i) output (graphs, contour plots, fluxes, etc.) which are displayed
during model solution, and ii) output which is written to a standard finite eement file for viewing with
ACUM ESH software. Output is specified in the following two diadogs in the software:

i) Plot M anager: Output displayed duringmodel solution.
ii) Output M anager: Sandard finite element files written out for visuaization in ACUMESH or for
inputting to other finite dement packages.

PLOT MANAGER (Model > Reporting > Plot Manager)

There are numerous ty pes of plots that can be specified to visudize the computed results from the mode.
A few plots will be generated for this tutorial example modd including a plot showing vertica stress
contours, the deformed mesh, and displacement vectors.

1. Open the Plot Manager didog by selecting Model > Reporting > Plot Manager... from the

menu,
il
Plats | FPoint | Areafolume | Minb ax | Other |
7& Title | Y ariable | Restriction | Projection | Saolver Option |
N=  Wertical Stress 52 Y =10 Dizplay and Sav...
b7t Displt uw ¥ =10 Display and Sav...
'7; Displ2 v =10 Dizplay and Sav...
% Defarmed Mesh Deformed Mesh Dizplay and Sav...
#Z Mesh wbdy i zebdy Y =10 Dizplay and Sav...
Add MewPlot ———————————
(‘5' M | %l @ % Copy.. | Delete Properties... Multiple Update...
@|[_Fotsetings.. | AddDefauts | Defaut Pl oK Cancel
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2. Thetoolbar a the bottom left corner of the didog contains abutton for each plot type. Click on
the Contour button to begin adding thefirst contour plot. The Plot Properties diadlogwill open,
Enter thetitle Vertica Stress,

SHect s, asthevariableto plot from the drop-down for the contour plot of the vertical stress,

M oveto the Projection tab,

Sdect "Plane’ as the Projection Option,

Sdect Yfrom the Coordinate Direction drop-down,

© N o g ~ w

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

9. Click OK to closethedidogand add the plot to thelist,

10. Repeat steps 2 to 9 to createthe plots shown in the following screen-shot above,

11. Click OK to closethePlot M anager and return to the workspace.

f. Run Model (Solve > Analyze)

Themode is now ready for the anaysis to be performed. Sdect Solve > Analyze from the menu. This action
will write a descriptor file and open the SYSOLID solver. The solver will automaticaly begn solving the
modd.

g. Visualize Results (Window > AcuMesh)
Theresults for the current model may be visudized by sdectingthe Open ACUM ESH: Window > ACUMESH
menu option.

3.2 Results and Discussion

After the computations are complete, the results will be displayed using the dialog of
thumbnail plots within the SVSOLID solver. It is possible to right-click the mouse and select
the "M aximiz€' to enlarge any of the thumbnail plots. This section will give a brief description
of each plot that was generated.

When the computations associated with the anadly sis are complete, it is possible to aso visudize output plots
using ACUM ESH. In order to view plotsin ACUM ESH, sdect Window > ACUMESH from the menu.

e Stress Contours
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sy (kPa)

Thestress state generated by the load on the pillar can be examined usingthe ACUM ESH software. The
effects of both vertical load and skin friction can be observed.

* Displacement Contours

(v+v0)

-0.007976
-0.0057

-0.003423
-0.001147

The above figure shows the displacement vectors in the direction of movement. The magnitude of the
displacement at specific points in the mode is dso shown. The pillar displaces 0.07m (7.0mm) due to the 500
kPaload.
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4 2D: Edge Drop of a Flexible Impervious Cover

This example simulates the modeling of water infiltration into amaterid and the subsequent ground movements
that arelikely to occur. A 2D Edge Drop simulation is performed for a Flexible Impervious Cover.

4.1 Model 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 that are commonly considered; namely the Edge Drop of a slab
caused by shrinking of the material due to evaporation (i.e., increase in soil suction) and
Edge Lift of a slab caused by swelling due to infiltration (i.e., decrease in soil suction). This
tutorial model will consider the Edge Drop scenario.

Model Description and Geometry
A 12m wide flexible impervious cover in 2D is considered. Snce the cover is symmetrica the portion to the
right of the centerlinewill be modeled. A materid regon 3m deep and 12m wideis used.

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

0 —
£ |fo— Flux=0 —7" 0
=Ar Flux=0 —
5 | &
0
o “ | L o}
3 30 s Constant suction = 400 kPa
| 77%7 | | | 7A7 |
0 3 6 9 12

Distance from centre of cover or slab, m

Material Properties

Seepages Material Properties Values
Coefficient of permesbility at saturation, K, 1x10-8 m/s
Volumetric water content at saturation, gs 0.45
Parameters for SWCC (Fredlund & Xing, 1994) and a = 300 kPa
permesability function (Leongand Rahardjo, 1997) n=15
m=1
h .= 3000 kPa
Sat. Suction = 0.1 kPa
p=1
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Stress Material Properties Values
Totd Unit Weight, uwt 17.2 KN/m2
\Void Ratio at 1 kPanet mean stress and 1 kPasuction, eo |1

Swelling Index, Cs 0.15
Swelling Index, Cm 0.13
Poisson's Ratio, nu 0.4
Coefficient of earth pressure at rest, Ko 0.33

Solution Outline

The manual iteration method involves a number of steps to arrive a the fina displacements. These example
models are included in the SYFLUX and SYSOLID modd files for reference under the Project Name of
SabOnGround. TheM oddl Nameisindicated in parentheses.

1. Initid SVFLUX segpage andysis (Shrink_Initid),

2. SVFLUX transient seepage analysis (Shrink_Transient),
3. SVSOLID stress/deformation anaysis (Shrink_Day5 UCS3).

4.2 Initial SVFLUX Seepage Analysis

The purpose of theinitid SYFLUX seepage andysisisto get aninitia head profile to use as initia conditions
for the SYFLUX transient seepage and to get an initial pore-water pressure profile to use as initial conditions
for the SYSOLID stress/deformation analy ses.

Project: SabOnGround
M odel: Shrink_Initia
M inimum authorization required: STUDENT

421 Model Setup

In order to set up the model described in the preceding section, the following steps will be
required. The steps fall under the general categories of:

a Createmodd
b. Enter geometry
Secify boundary conditions

C.
d. Apply materia properties

(0]

Foecify modd output
f. Runmodd

g Visudizeresults

a. Create Model
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Thefollowing steps are required to create the mode:

1. Openthe SYOFFICE Manager diaog,

2. Pressthe Clear Filter button (if enabled),

3. Sdect theproject cdled UserTutorid fromthelist of projects,

4. Creasteanew modd cdled UserED _Initia by pressing the New SVFlux button above the list of
models. The new model will be automatically added under the recently created UserTutorid
project,

5. Sdect thefollowing:

Application: SVFLUX
System: 2D

Type Seady-Sate
Units: M etric
TimeUnits: Seconds

The user should also set the World Coordinate System to ensure that the mode will fit in the drawing space.
The World Coordinate Sy stem settings can be set under the World Coor dinate System tab on the Create Mode
didog

1. Access the World Coordinate System tab on the Create New Model didog,

2. Enter the World Coordinates Sy stem coordinates shown below into the didog,

X - minimum: -5
y - minimum: -8
X - maximum: 17
y - maximum; 5

3. Click OK to closethedidog.

b. Enter Geometry (Model>Geometry)

The shapethat defines the materia region will now be created. Note that when drawing geometric shapes the
region that is current in theregion selector is the region the geometry will be added. The Regon Sdector is at
thetop of theworkspace.

Region Geometry

X Y
0 -3
6 -3
12 -3
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The ground shape can be drawn using the mouse or the data points can be pasted into the Region Properties
diaog
1. OpentheRegions didogby seecting Mode > Geometry > Regions from the menu,
2. Changethefirst region name from R1 to Ground. This can be done by highlighting the name and
typing new text,
Sdect Draw > Geometry > Polygon Region from the menu,
4. Thecursor will now be changed to cross hairs. M ove the cursor near (0,-3) in the drawing space.
You can view the coordinates for the current position of the mouse in the status bar just below
the drawing space,
5. Tosdect thepoint as part of the shapeleft click on the point,
6. Now movethe cursor near (6,-3) and then Ieft click on the point. A lineis now drawn from (O,-
3) to (6,-3),
7. Refer tothe geometry table above and add the remaining points,
8. Toaddthelast point, movethe cursor near the point (0,0) and right-click snappingthe cursor to
the point. Double-click on the point to finish the shape. A lineis now drawn from (6,0) to (0,0)
and the shapeis automaticaly completed by SYSOLID with aline from (0,0) back to the start
point, (0,-3).

If the geometry has been entered correctly the shape should look as follows:

NOTE:

If a mistake was made during the input of the coordinate points for a shape, sdect a shape with the
mouse and select Edit > Delete from the menu. This will remove the entire shape from theregon. To edit
the shape, use the Region Properties diaog.

c. Specify Boundary Conditions (Model > Boundaries)

Boundary conditions must be applied for al regon points. Once a boundary condition is applied for a
boundary point, it defines the starting point for that particular boundary condition. The boundary condition
will then extend over subsequent line segments around the edge of the region in the direction in which the
region shapewas orignally entered. Boundary conditions remain in effect around a shape until re-defined. The
user may not definetwo different boundary conditions over the same line segment.
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M ore information on boundary conditions can be found in Menu System > Modd Menu > Boundary
Conditions > 2D Boundary Conditions in your User's M anud.

Now that the modd geometry has been successfully defined, the next step is to specify the boundary
conditions. A suction of 20 kPa is required a the ground surface while a suction of 400 kPa exists a the
bottom of the materia region. The suction values must be converted to head values for the SYFLUX computer
program. The steps for specifyingthe boundary conditions arethus:

1. Sdect the“ Ground” region in the drawing space,

2. Fromthe menu sdect Modd > Boundaries > Boundary Conditions. The Boundary Conditions
didogwill open. By default the first boundary segment will be given aNo BC condition,
Sdect the point (0,-3) fromthelist,

4. FromtheBoundary Condition drop-down sdlect a"Head Constant” Boundary Condition. This
will cause the Constant box to be enabled,

5. IntheConstant box enter ahead of —43.787,

6. Sdect thepoint (12,-3) fromthelist,

7. Fromthe Boundary Condition drop-down select a"Zero Flux' Boundary Condition,

8. Sdect thepoint (12,0) from thelist,

9. FromtheBoundary Condition drop-down sdect a"Head Constant™ Boundary Condition. This
will cause the Constant box to be enabled,

10. Inthe Constant box enter ahead of —2.039,

11. Sdect thepoint (0,0) fromthelist,

12. Fromthe Boundary Condition drop-down select a"Zero Flux' Boundary Condition,

13. Click OK to savetheinput Boundary Conditions and return to the workspace.

NOTE:

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

d. Apply Material Properties (Model > Materials)
Thenext step in definingthe modd is to enter the M ateria Properties for the materia that will be used in the

modd.

A W NP

Open the Materials didog by sdectingModd > Materials > Manager from the menu,
Click the New Material button to create amaterial,
Namethe new materid ED_Initid,

Sdect the"New M aerid" and click Properties to open the Material Properties diaog,

NOTE:
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When anew materia is created, you can specify the display color of the materia usingthe Fill Color box
on the M ateria Properties menu. Any regon that has amaterid assigned will display thefill color.

5. Moveto the Hydraulic Conductivity tab,
6. Refer tothedataprovided a the beginning of this tutorid. Enter the kg, value of 1.000E-08 m/s

Once dl materid properties have been entered, we must apply the material to the regon.

1. Sdect the"Ground" regon in the drawing space with the mouse,
2. Right-click with the mouse,
3. Sdect Apply Material > ED_|nitial.

e. Specify Model Output

Two levels of output may be specified: i) output (graphs, contour plots, fluxes, etc.) which are displayed
during model solution, and ii) output which is written to a standard finite element file for viewing with
ACUM ESH software. Output is specified in the following two diadogs in the software:

i) Plot M anager: Output displayed duringmode solution.
ii) Output M anager: Sandard finite eement files written out for visudization in ACUMESH or for
inputtingto other finite dement packages.

PLOT MANAGER (Model > Reporting > Plot Manager)
The next step is to specify the plots which will be generated by the finite eement solver. Both the graphs
displayed by the FlexPDE solver as well as the output generated for the subsequent analy ses must be
specified.

1. Open the Plot Manager didog by selecting Model > Reporting > Plot Manager... from the

menu,
2. Thedefault plots will be present,
3. Specify any other plots of interest,

4. Click OK to closethe Plot Manager and return to the workspace,

OUTPUT MANAGER
Two output files will be generated for this tutorial example modd: afile of pore-water pressures, and a
file of heads.
5. Openthe Output Manager dialogby selectingMode > Reporting > Output Manager ... from the
menu,
6. Thetoolbar a the bottom left corner of the didog contains a button for each output file type.
Click on the SYFLUX button to add the head output file.
7. Click onthe SYSOLID button to add the pore-water pressure output file,
8. Click OK to closethe Output M anager and return to the workspace.
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f. Run Model (Solve > Analyze)

The next step is to solve the example problem or andyze the modd. Sdect Solve > Analyze from the menu.
This action will write the descriptor file and open the SYFLUX solver. The solver will automaticaly begn
solving the mode!.

g. Visualize Results (window > AcuMesh)
Theresults for the current model may be visuaized by sdectingthe Open ACUM ESH: Window > ACUMESH
menu option.

422 Results and Discussion

After the solution to the SYFLUX modé is complete, the results will be displayed in the diaog of thumbnail
plots within the SVFLUX solver. Right-click the mouse and select "M aximize' to enlarge any of the thumbnail
plots. The output files requested (ED_Initid_SvVSolidPWPInput.trn and ED_Initiad_SVFlux.trn) will be
located in the solution file directory for the modd.
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The contour plot of pore-water pressure above indicaes —20 kPa a the ground surface and a decrease with
depth to —400 kPaat the bottom. Notethat apore-water pressure of -20 kPa corresponds to a metric suction
of 20 kPaand apore-water pressure of -400 kPa corresponds to ametric suction of 400 kPa

4.3 SVFLUX Transient Seepage Analysis

The SVFLUX transient seepage andysis will use the initia head transfer file to represent initia conditions.
This step will output apore-water pressuretransfer (.trn) filefor the SYSOLID stress/deformation anaysis.

Project: SabOnGround
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M odel: Shrink_Transient
M inimum authorization required: STANDARD

43.1 Model Setup

In order to set up the model described in the preceding section, the following steps will be
required. The steps fall under the general categories of:

a Createmodd
b. Enter geometry

Secify boundary conditions
Secify mode output

Run model

-~ o o o

Visudlizeresults

a. Create Model
Thefollowing steps are required to create the modd:
1. Openthe SYOFFICE Manager diaog,
2. Pressthe Clear Filter button (if enabled),
3.  Sdect theproject cdled UserTutorid fromthelist of projects,
4. Cresteanew SVFlux modd cdled User ED_Transient by pressing the New button next to the
list of models. The new mode will be automaticdly added under the recently created
UserTutoria project,
5. Sdect thefollowing:

Application: SVFLUX
System: 2D
Type Transient
Units: M etric
Time Units: Days

6. Movetothe Timetab on the Create New Mode didog,

7. S the Sart Time as 0, the Initid Increment and M aximum Increment as 1 day, and the End
Timeas 5 days,

8. Click OK to closethe Create New Model diaog.

The next step is to definetheinitia conditions for the moddl.

1. Openthelnitial Conditions dialog, select Initial Conditions > Settings in the workspace menu,
2. Choosethe SVFLUX option,
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3.

4.

Click the Browse button for the Initid SVFLUX File Path and specify the path to the
ED_Initia_SVFlux.trn file generated by the ED_lnitia modd,
Click OK to closethe Initial Conditions dialog.

b. Enter Geometry
Since the Ground region and its geometry were defined previously for the Initid SYFLUX Anaysis, the
Import SYFLUX Geometry feature can be used to savetimefor this anaysis.

o g ~ w NP

Sdect Modd > Import Geometry > From Existing Modd from the menu,

Sdect the UserT utoria Project,

Sdect the ED_|nitid modd,

Click the Import button,

Click Yes to the warning messages,

The Ground region, regon shape, material properties, and World Coordinate System settings
will beimported.

c. Specify Boundary Conditions (Model > Boundaries)

Now that the region and the modd geometry have been successfully imported, the next step is to specify the
boundary conditions. A zero flux condition is required a the ground surface beneath the cover while a suction
of 400 kPa exists a the bottom of the materia region. The suction vaues must be converted to head vaues for
the SYFLUX solver. An evaporation rate of 10 mm/day is represented by the normal flux condition over the
uncovered ground surface. The steps for specifyingthe boundary conditions are as follows:

1
2.

e

© o N o O

10.
11.
12.

Sdect the* Ground” regon in the drawing space.

From the menu, select Model > Boundaries > Boundary Conditions.... The boundary conditions
didogwill open. By default thefirst boundary segment will be given aZero Flux condition,
Sdect thepoint (0,-3) from thellist,

From the Boundary Condition drop-down sdlect a "Head Constant” Boundary Condition. This
will cause the Constant box to be enabled,

In the Constant box enter ahead of —43.787. This head valueis equd to asuction of 400 kPa,
Sdect thepoint (12,-3) from thelist,

From the Boundary Condition drop-down sdlect a”Zero Flux* Boundary Condition,

Sdect thepoint (12,0) fromthelist,

From the Boundary Condition drop-down sdect a "Norma Flux Constant” Boundary
Condition. This will cause the Constant box to be enabled,

In the Constant box enter aflux of —0.01 m/day . (equal to an evaporation of 10 mm/day),

Sdect thepoint (6,0) from thelist,

From the Boundary Condition drop-down select a"Zero Flux' Boundary Condition,
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NOTE:
The Continue boundary condition indicates that the previously defined boundary condition will apply
to the current boundary segment.

13.

Click OK to return to the workspace.

d. Specify Model Output

Two levels of output may be specified: i) output (graphs, contour plots, fluxes, etc.) which are displayed
during model solution, and ii) output which is written to a standard finite element file for viewing with
ACUM ESH software. Output is specified in the following two diadogs in the software:

i) Plot M anager: Outpuit displayed duringmode solution.
ii) Output M anager: Sandard finite eement files written out for visudization in ACUMESH or for

inputting to other finite dement packages.

PLOT MANAGER (Model > Reporting > Plot Manager)
There are numerous ty pes of plot that can be specified to visuaize the results of the modd.

1
2.

o g M W

10.
11.
12.
13.

14.

Open the Plot Manager didogby sdectingModd > Plot Manager ... from the menu,
Thetoolbar a the bottom left corner of the didog contains abutton for each plot type. Click on
the Contour button to begn addingthefirst contour plot. The Plot Properties didogwill open,

Enter thetitle PWP total,

Sdect "uw" asthevariableto plot from the drop-down,

Click OK to closethe didogand add the plot to thelist,

Repeat these steps 2 to 8 to creste the suggested contour plots listed below. (Note tha the
plots are not required for modd solution, but are useful for visuaization),

Click on the Elevation button to begin adding the first eevation plot. The Plot Properties diadog
will open,

Enter thetitle Surface Initidl,

Sdect "uw" asthevariableto plot from the drop-down,

M oveto the Rangetab,

Enter thevaues— X1: 0, Y1: 0, X2: 12, Y2: 0,

Click OK to closethe didogand add the plot to thelist,

Repeat these steps 10 to 16 to create the suggested elevation plots listed beow. (Note that the
plots are not required for modd solution, but are useful for visualization),

Click OK to closethe Plot M anager and return to the workspace.

Suggested Plots
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Plot Type Title Variable Time Range
Start Inc End

Contour PWP Totd uw 0 0.5 5

Contour Head Totd h 0 0.5 5

Contour PWP Day 3 uw 3

Elevation Surface Initid uw 0 (0,0 to (12,0
Elevation SurfaceDay 1 uw 1 (0,0 to (12,0
Elevation Surface Day 3 uw 3 (0,0 to (12,0
Elevation Surface Day 5 uw 5 (0,0) to (12,0
Elevation Depth Initid uw 0 (6,0) to (6,-3)
Elevation DepthDay 1 uw 1 (6,0) to (6,-3)
Elevation Depth Day 3 uw 3 (6,0) to (6,-3)
Elevation Depth Day 5 uw 5 (6,0) to (6,-3)

OUTPUT MANAGER (Model > Reporting > Output Manager)
Two output files will be generated for this tutoriad example modd: atransfer file of pore-water pressures,
and an ACUM EH filefor usein the ACUM ESH visudization software, which his generated by default.

1. OpentheOutput Manager didog by selectingModed > Reporting > Output Manager ... from the
menu,

2. Thetoolbar a the bottom left corner of the didog contains a button for each output file type.
Click on the SYSOLID button to add the pore-water pressure output file,
3. Click OK to closethe Output Manager and return to the workspace.

e. Run Model (Solve > Analyze)

The next step is to solve the example problem or anadyze the modd. Sdect Solve > Analyze from the menu.
This action will write the descriptor file and open the SYFLUX solver. The solver will automaticaly begn
solving the modd.

f. Visualize Results (window > AcuMesh)

Theresults for the current model may be visudized by selectingthe Open ACUM ESH: Window > ACUMESH
menu option.

4.3.2 Results and Discussion

After themodd has finished solving, the results will be displayed in the didog of thumbnail plots within the
SVFLUX solver. Right-click the mouse and sdect "M aximize' to enlarge any of the thumbnail plots. This
section will gve abrief andysis for afew plots that were generated. The output files requested will be located
in the solution file directory for the moddl.
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The pore-water pressure contour plot above indicates increased suction near the uncovered ground surface due

evaporation from the area outside the flexible slab.
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-220

-240
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X

The plot above shows the pore-water pressure dongthe ground surface after 3 day s of evgporation. There is a
high suction gradient within 1 meter of the outside edge of the cover and the suction change is uniform
esawhere. Inthe plot below the pore-water pressure profile below the cover edge after 3 days of evaporation
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is shown. The mgjority 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.

T

N

-200

-250.

Depth Day 3

-300.

-350.

-400.

4.4  SVSOLID Stress/Deformation Analysis

Now that the seepage component of the model has been completed, a stress anadysis must be defined using
SVSOLID. This andysis will use the initiad pore-water pressure transfer file from the Initid SVFLUX
Andysis and the find pore-water pressure transfer file from the SYFLUX Transient Anaysis. This stress
andysis will berun for 10 steps and the displacements calculated and output a each step. These incrementa
displacements will be summed to obtain the total movements using the summary solution file.

Project: SabOnGround

M odd: Shrink_Day5 UCS3

M inimum authorization required: STANDARD
NOTE:
The operation of the SYSOLID softwareis similar to SYFLUX. M any of the following steps will be the
same.

441 Model Setup

In order to set up the model described in the preceding section, the following steps will be
required. The steps fall under the general categories of:

a  Create modd
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Enter geometry

Secify initid conditions
Foecify boundary conditions
Apply materia properties
Foecify find conditions
Soecify modd output

Run mode!

Visudizeresults

a. Create Model
Thefollowing steps are required to create the mode:

1.
2.
3.

Open the SYOFFICE Manager didog,

SHect theproject caled UserTutoria from thelist of projects,

Create anew SVSolid model called User_ED_Day5 by pressingthe SVSolid button aboveto the
list of models. The new modd will be automaticaly added under the UserTutoria project. Use
the settings shown in the screen capture below when creating anew modd,

SHect thefollowing:

Application: SVSOLID
Sy stem: 2D
Units: M etric

b. Enter Geometry (Model > Geometry)

Snce the Ground regon and its geometry were defined previously for the Initid SYFLUX Anaysis, the
Import SVFLUX Geometry feature can be used to savetimefor this andysis by importing the geometry from
the SYFLUX software. Follow the steps in the section Defining the Transient SVFLUX M odel — Importing

Geometry .

c. Specify Initial Conditions (Model > Initial Conditions)
The next step in definingthe mode is to specify the settings that will be used for the modd. The initid stress
conditions, initid pore-water pressure conditions, and final pore-water pressure conditions will be defined:

1
2
3.
4

To open the Settings dialog select Model > Settings... in the menu,

Sdect "Consider PWP" as the Anayssis option,

Click OK to closethedidog,

To open the Initial Conditions didog, select Model > Initial Conditions > Settings from the
menu,

M oveto the Sress/Strain tab,
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6. Sdect K -Loading as the Initiad Stress Option. (A coefficient of earth pressure at rest, K  value

will be entered later on the Material Properties didog),

NOTE:

The K -Loading option means tha initia vertica stress will be a function materia unit weight and
elevation and the horizontal initial stresses will be equal to theinitia vertica stress multiplied by the K |
vaue. A K vaueof 0.33 for adrying path will be used as suggested by Lytton (1997).

7. Moveto the Pore Water Pressuretab,

8. Sdect Transfer File (TRN) as the Initia PWP Option,

9. PresstheBrowse button,

10. Then specify the path to the PWP.trn file output by the Initial SYFLUX Analysis,
11. Click OK to closethedidog.

d. Specify Boundary Conditions (Model > Boundaries)

Now that dl of the regions and the modd geometry have been successfully defined, the next step is to specify
the boundary conditions. The base of the modd will befixed 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
freeto movein both directions. The steps for specifying the boundary conditions are as follows:

1. Toopenthe boundary conditions didog select Model > Boundaries > Boundary Conditions....
from the menu,

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

From the X Boundary Condition drop-down select a"Fixed" boundary condition,

Fromthe Y Boundary Condition drop-down select a"Fixed" boundary condition,

SHect thepoint (12,-3) fromthelist,

From the Y Boundary Condition drop-down sdlect a"Free" boundary condition,

Sdect thepoint (12,0) fromthelist,

From the X Boundary Condition drop-down select a"Free" boundary condition,

Sdect thelast point (0,0) fromthelist,

© ®© N o g~ W DN
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From the X Boundary Condition drop-down select a"Fixed" boundary condition,
. Click the OK button to close the diaog.

[EEY
[N

NOTE:

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 is specified. By
specifyingaFree condition a point (12,0) the Continueis turned off and the Free condition established.

Boundary Condition Summary
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X Y X Boundary Condition | Y Boundary Condition
0 -3 Fixed Fixed

6 -3 Continue Continue

12 -3 Continue Free

12 0 Free Continue

6 0 Continue Continue

0 0 Fixed Continue

e. Apply Material Properties (Model > Materials)
The next step in definingthe model isto enter the materid properties for the materid that will be used in the
modd. Refer to the M odel Overview section of this tutorid for the relevant materid properties.

Open the Materials didogby sdectingMode > Materials > Manager ... from the menu,
Click the New Material button to creste amateria,

Enter aMaterial Name of ED M aterid,

Sdect "Gitirana 2" astheDataTypeand click OK to create the new materid,

The Material Properties diadlogwill automaticaly open,

M oveto the Parameters tab,

Enter the Poisson’s Ratio vaue of 0.4,

Enter the C_ vaue of 0.15,
Enter the C_ vaueof 0.13,

© N o g~ W Dd P
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NOTE:

The Poisson’s Ratio and K ;| are considered as independent variables in this analysis. Be sure to leave the
Relate nu and K by [nu=K /(1+K )] checkbox unchecked. The K is used for determining initia
conditions while the Poisson’ s Ratio is used in the generdl stress versus deformation andysis.

11. Enter the Void Ratio at 1 kPa Suction and 1kPa Net M ean Sress vaue of 1 on the Initid
Conditions tab,
12. Enter theK valueof 0.33,

13. Moveto the Body Load tab,

14. Enter aconstant Unit Weight of 17.2 kKN/m*

15. Click OK to closethe Material Properties didog,
16. Click OK to closethe Materials Manager didog.

NOTE:

For the Unsaturated material mode the void retio 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 versus Net M ean Stress
at agven matric suction and of Void Ratio versus M atric Suction for agiven net mean stress.
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The materid that was previously defined will need to be assigned to the Ground region that was just imported.

1. Sdect Modd > Geometry > Regions from the menu to open the Regions diaog,
2. Sdect the"ED M aterid" fromthe M aerid drop-down,
3. Click OK to close the Regions didog.

f. Specify Final Conditions
Oncethe materid properties have been applied, thefind conditions should be applied.

1. ToopentheFinal Conditions diaog, select Modd > Final Conditions... from the menu,

2. Sdect "Transfer File' (TRN) as the Fina PWP Option,

3. PresstheBrowse button,

4. Then specify the path to the PWPT_5.trn file output by the SYFLUX Transient Analysis.
(Thefile corresponds to the pore-water pressure after 5 day s of evaporation,

Enter 10 in the stepsfidd,

6. Click OK to closethedidog.

o

The number of steps will control the incrementd change in suction. The totd change in suction is equal equa
to the difference between theinitial and final suctions from the specified transfer files. The steps will be set to
10 for this andysis. Therefore, the incrementa displacements will be caculated for each suction increment at
each step.

g. Specify Model Output

Two levels of output may be specified: i) output (graphs, contour plots, fluxes, etc.) which are displayed
during model solution, and ii) output which is written to a standard finite dement file for viewing with
ACUM ESH software. Output is specified in the following two didogs in the software:

i) Plot M anager: Output displayed during mode solution.
ii) Output M anager: Sandard finite eement files written out for visudization in ACUMESH or for
inputting to other finite dement packages.

PLOT MANAGER (Model > Reporting > Plot Manager)

There are numerous ty pes of plots that can be specified to visudize the results of the mode. A few will
be generated for this tutoria example modd including a plot of the solution mesh, stress contours, and
displacement vectors. Plots are not required for model solution, but no results can be seen without them.
The default plots will be present. Define any other desired plots from the Suggested Plots table below.
The default AcuM esh output filewill be generated automaticaly .

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

Suggested Plots
| Plot Type | Title | Variable | Range




solLvision sysTems, LTkD: Edge Drop of a Flexible Impervious Cover 44 of 58

Contour Verticd Stress sy+sy0
Contour Horizonta Sress sx+sy0
Contour Pore-water Pressure uw
Contour Suction suct_ave
Contour M ean Stress il
Contour Void Ratio vr
Contour Youngs M odulus E
Contour H M odulus Hms
Contour Vertica Displacement v+v0
Vector Displacement u+u0,v+v0
M esh Fina M esh Deformed M esh
Elevation Vert Disp Depth v+v0 (6,0) to (6,-3)
Elevation Vert Disp Ground v+v0 (0,0) to (12,0

h. Run Model (Solve > Analyze)
The next step is to andyze the modd. Sdect Solve > Analyze from the menu. This action will write the
solution files and open the SYSOLID solver. The solver will automaticdly begn solving the primary solution
files. Thereare 12 .pdefiles that will be creeted:

1. User_ED Day5 BATCH.pde (opened and run),

2. User_ED_Day5 stagel.pdetoUser ED_Day5 stagelO.pde (will not be opened),

3. User ED_Day5 Summary.pde (opened),

When the solver has finished running:

4. Movetotheopen User_ED Day5 Summary.pdefile,

5. Click Controls > Run Script from the FlexPDE solver menu to run the summary solution file.

NOTE:
While the model is running, the results will be displayed in the didog of thumbnail plots within the
SVSOLID solver. Right-click the mouse and select "M aximize' to enlarge any of the thumbnail plots.

i. Visualize Results (window > AcuMesh)
Theresults for the current model may be visudized by selectingthe Open ACUM ESH: Window > ACUMESH
menu option.
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4.4.2 Results and Discussion
The results will be displayed in the diaog of thumbnail plots within the SYSOLID solver. Right-click the
mouse and select "M aximize" to enlarge any of the thumbnail plots. This section will gve a brief analysis for

some plots that were generated.
T

TheM esh plot displays thefinite-element mesh generated by the solver. The mesh is automaticaly 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.



solLvision sysTems, LTRD: Edge Drop of a Flexible Impervious Cover 46

of

58

The contour plot of suction indicates the development of higher suction at the uncovered boundary dueto

evaporation.
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Displacement Vectors show the direction and the magnitude of the displacement a specific points in the

Displacement
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modd. Settlement dueto shrinkageis thelargest is greatest under the uncovered ground surface.
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Vert Disp Ground

The above plot shows the vertica displacement dongthe length of the ground surface. The largest differentia
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settlements took place near the edge of the cover. About 10mm of settlement occurred after 5 days of
evgporation from the ground surface.

T
&3

Vert Disp Depth

The above plot shows verticd displacement below the edge of the cover. The plot shows that most of the
settlement took place near the ground surface where the change in matric suction was the largest and the where

the materia has alow dastic modulus.
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6. L

The vertical displacement contours plot shows a maximum settlement of 32mm & the top

right corner of the
materia regon. The 2D Edge Drop of aFlexible Impervious Cover tutorial mode is now complete.
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5 Tunnel Excavation

This modd demonstrates how to set up a stress/deformation model where a circular tunnd is excavated. The
Ko-Loading option is used for initia conditions and the Excavation boundary condition is used for the tunnel.

The purpose of this model is to determine the stress conditions in the soil due to the excavation. The mode
dimensions and materid properties are provided below. The effect of 2 different Ko vaues will be examined.
This tutorid model can be set up considering either Ko setting, dl other settings are the same.

Project: Tunnels
M odd: TunnelExcavation_K oPoisson, TunnelExcavation_KoHigh
M inimum authorization required: STANDARD

Model Description and Geometry

Material Boundary Conditions
[] M2 LinearElastic E = 1.00E+004(kPa) v=02 L R1 (0.0 Fixed
> R1 {400,0)  Fixed/Free
B R1 {0,200)  Fixed/Free
R1 {200, 170) Excavation
200 +
(1)
L
150 +
E 100 44 al
> 1
s0+
+ o
L o E— o BE— e i B e I
-100 50 100 150 200 250 300 350 400
X(m)
Material Properties
Material 1: M1 (model TunnelExcavation_KoHigh)

Young’s Modulus, E = 10000 kPa

Poisson’s Ratio, n = 0.3

Coefficient of Earth Pressure at Rest, Ko = 5
Initial Void Ratio, e, = 1.2

Unit Weight, g = 20 kN/m3

Material 2: M2 (model TunnelExcavation_KoPoisson)
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Young'’s Modulus, E = 10000 kPa

Poisson’s Ratio, n = 0.3

Coefficient of Earth Pressure at Rest, Ko = n/(1-n) = 0.428715
Initial Void Ratio, e, = 1.2

Unit Weight, g = 20 kN/m3

5.1 Model Setup

In order to set up the model described in the preceding section, the following steps will be
required. The steps fall under the general categories of:

a Crestemodd
b. Enter geometry

Foecify initid conditions
Secify boundary conditions

Apply materid properties

- o a o

Foecify modd output

Run modd

- @

Visudizeresults

a. Create Model
Thefollowing steps arerequired to create the modd:

1. Openthe SYOFFICE Manager diaog,

2. Sdect aproject fromthelist of projects,

3. Createanew modd called TunnelTutoria by pressingthe New button,
4. Sdect thefollowing

Application: SVSOLID
System: 2D

Type Seady-Sate
Units: M etric

The user should also set the World Coordinate System to ensure that the mode will fit in the drawing space.
The World Coordinate Sy stem settings can be set under the World Coor dinate System tab on the Create Mode
dialog

1. Accessthe World Coordinate Sy stem tab on the Create New Model diaog,

2. Enter the World Coordinates Sy stem coordinates shown below into the didog,

X - minimum: -10
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y - minimum: -10
X - maximum: 400
y - maximum: 200

Click OK to closethe didog,
Click OK to closethe Display Options didog.

b. Enter Geometry (Model > Geometry)
A region in SYSOLID forms the basic building block for amodel. A region forms a geometric shape that define
the material boundaries.

The modd being used in this tutorid has a singe regon with 2 shapes. To add the necessary shapes follow

these steps:

© N o g b~ W DN P

Sdect Modd > Geometry > Region Properties,

Press the New Poly gon button,

Enter the coordinates (0,0), (400,0), (400,200), and (0,200)

Click OK to closethedidog,

Press the New Circle button,

Enter X =200, Y = 170, and Circle Radius = 10,

Click OK to closethe didog (Click Yes to the confirmation message),
Click OK to closethe Region Properties diaog.

c. Specify Initial Conditions (Model > Initial Conditions)
TheKo-Loadinginitid condition option will be used in this model to determine an initial stress profile.

1

From the menu, select Modd > Initial Conditions > Settings. The Initial Conditions diaog will
open,

SHect the Ko-loading option,

Click OK to return to the workspace.

d. Specify Boundary Conditions (Model > Boundaries)

Thenext step is to specify the boundary conditions. The sides should be fixed in the X-direction. At the base
the regon should fixed in both the X and Y directions. An Excavation boundary condition will be applied to the
circular shaperepresentingthe tunnel. The steps in specifying the boundary conditions using the Right-Click
menu are as follows:

1
2.
3.

Sdect the“ left side’ segment in the CAD drawing space with the mouse,
Right-Click on the mouse,
Sdect X Axis > Fixed from theright-click menu,
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Sdect the“right side” segment in the CAD drawing space with the mouse,
Right-Click on the mouse,

Sdect X Axis > Fixed from the right-click menu,

Sdect the* base’ segment in the CAD drawing space with the mouse,
Right-Click on the mouse,

Sdect All > Fixed from theright-click menu,

© o N o 0 A

10. Sdect the“circle” segment in the drawing space with the mouse,

11. Right-Click on the mouse,

12. Sdect Boundary Conditions from the right-click menu. The Boundary Conditions dialog will
open,

13. Sdect Excavation from the Boundary Condition sdlector,

14. Click the OK button to closethe didog

e. Apply Material Properties (Model > Materials)
The next step in definingthe model isto enter the materiad properties for the materid that will be used in the

model.
1. OpentheMaterials didloghby selecting Mode > Materials > Manager from the menu,
2. Click the New button to creste amateria,
3.  Enter "M 1" for the materia namein the didlogthat appears. The default materid typeis Linear
Elastic,

NOTE:

When anew materia is crested, you can specify thedisplay color of the materia by using the Fill Color
box in the M ateria Properties menu. This materiad color will be displayed for any regon that has a
materia assigned to it will display that materid's fill color.

The Material Properties didogwill open,

M oveto the Parameters tab,

Enter the Young s M odulus vaue of 10000 kPa,
Enter the Poisson’s Retio vaue of 0.3,

M oveto theInitial Parameter tab,

© ©®© N o g M

Enter alnitid Void Ratio value of 1.2,
10. Sdect the Rdaenu and Ko checkbox. Click Yes to the message,

NOTE:

To define the Tunne Excavation_KoHigh model, do not select the Relate nu and Ko checkbox and enter 5
in the Ko box.
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11. Press OK to closethe Materials Manager didog.

Oncedl materia properties have been entered, we must apply the material to the regon.

1. Sdect theregon in the drawing space with the mouse,
2. Right-click with the mouse,
3. Sdect Apply Material > M1.

f. Specify Model Output (Model > Reporting)
A number of relevant output plots will be generated by default. For instructions on customizing the output
plots seethe Users M anua or other Tutorid examples.

g. Run Model (Solve > Analyze)
The current model may berun by selecting the Solve > Analyze menu option.

h. Visualize Results (window > AcuMesh)
Thevisud results for the current model may be examined by selecting the Window > ACUMESH menu option.

52 Results and Discussion

After the computations for the model have been completed, the results will be displayed as a
series of thumbnail plots within the SVSOLID solver. Right-clicking the mouse on any
thumbnail plot and selecting "M aximize" will enlarge that particular graph.

The model TunnelExcavation_KoPoisson, where the ko value is equivalent to the poisson's
ratio results in a vertical compression of the tunnel, while in contrast the
TunnelExcavation_KoHigh model, where the kO=5 results in a horizontal compression of the
tunnel.

The ACUM ESH 2D visudization software can be used for improved graphics quality and a greater range of
plotting options.

e Deformed Mesh TunnelExcavation_KoHigh
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