TOCHNOG PROFESSIONAL Tutorial manual
Version 10

Dennis Roddeman

January 27, 2012



Contents

[L_Conditions | 5

| — = 6

| — — .

[B.1 Mesh generation With Gidl . . . . . . . oo 7

B2 Inputde] . o o oo e 9

[3.2.1 Initialization part] . . ... ... 9

322 Data part. geometryofedgds . . . .. ... ... ... ... ... .. .. 9

[3.2.3 Data part, boundary conditions . . . . .. ... ... ... ... ... ..., 10

324 Datapart gravityl . . . . ... ... 11

[3.2.5 _Data part, material propertied . . . . .. ... ... 11

[3.2.6 Data part, prepare post-processidg . . . . . ... a 12

[3.2.7 Data part, apply gravity ime-steps. . . . . . . ... ... ... ... ... 12

[3.2.8 Data part, apply safety factor calculation time-steps . . . . ... ... ... 13

[3.2.9 Data part, include mesh generated with Gil . . . . . . . . . ... ... ... 14

[3.2.10 Data part, nal remarks for advanced users . . . . .. .. .. ........ 14

B3 Runcalculafion . . . . ..o oot 14

B4 Outputresultd . .. ... ... ... ... 15

[3.4.1 Determine safety factdr . . . . . ... ... ... 15

[3.4.2 Plot displacement history in Gnuplof . . . . . . . ... 15

B43 PlotresultsinGid . ... ........... ... ... ... 16
l4_Tutorial 2: non-saturated dam with seepage edge | 18

41 Mesh generation with Gidl . . . . . ... ... ... ... ... 18

B2 InpULIe] . o oo 18

421 nifialization part]. . . . ... ... 18

[4.2.2 Data part. geometryofedgds . . . ... ... ... ... ... ... 19

[4.2.3 Data part, some arithmetic expressions . . . . . ... ... ... ..... 20

424 Datapart gravityl . . . ... ... ... 20









1 Conditions

All conditions from the Tochnog Order form apply. See our internet page for the latest order form.



2 Basic information

The tutorials in this manual describe calculations in decrasing detail. The rst tutorial discusses
many aspects, whereas the following tutorials discuss lesspects. You can nd these tutorials on
your distribution CD in the directory tochnog/test/tutorial

Mesh preparation and post-processing is done with Gid 7.6 under Linux. Gid is copyrighted
by CIMNE, see http://www.gidhome.com. It is advised to lear n Gid rst.

The advanced user under Linux can also nd examples on how spé&c input commands are used
by grepping in the tochnog test input les in the tochnog/test/other directory, e.g. grep
control _timestep *.dat



3 Tutorial 1: slope safety factor analysis

This tutorial is taken from example 2 in [I]. The safety factor of a slope is calculated.
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Figure 1: Slope

Figure [0 shows the slope. The lower edge is completely xed, ereas at the left and right edge
free sliding in vertical direction is allowed.

3.1 Mesh generation with Gid

Although Tochnog contains some build in mesh generation, he for generality the external Pre-and
Postprocessor Gid is used. Start Gid and perform the followig steps.

Specify the Tochnog problem type in Gid

Data - Problem type - Tochnog

This takes care that Gid understands that you want to generake a mesh for Tochnog. Some
Tochnog speci ¢ input is now available, and once the mesh is gnerated it can be written in a le
in Tochnog speci ¢ format.

Create points, lines and a surface in Gid

Geometry - Create - Point

Create the points along the entire edge of the slope, thus (0), (60,0), (60,5), (40,5), (20,15) and
(0,15).

Zoom - Frame

Zoom to the total frame to see all points.

Geometry - Create - Straight Line

Use the points to create the straight lines along the entire dge.

Geometry - Create - Nurbs surface - By contour

Use the straight lines to create a surface. Figurg€]2 shows theurbs surface.

Assign a material to the surface

Data - Materials - Assign - Surfaces

Now assign to the surface a Tochnog element group (material) Select GROUP1 in the dialog,



Figure 2: Nurbs surface of slope

and set the group _type to -materi . Then select the surface withAssign Surfaces .

Generate a mesh with linear triangles

Mesh - Generate mesh

Gid uses as default element type for surfaces linear triangls, which are OK for the slope stability
analysis. Hence we don't need to change the element type, anthn go straight on to generate the
mesh: Setting the element size to 0.5 gives a ne mesh, good engh for an accurate solution.

ObebAe

Figure 3: Mesh of slope
Save gid data
File - Save As - mesh.gid
Save everything to the directory mesh.gid .

Write le with tochnog elements, nodes and element groups (naterials)

Calculate - Calculate

To really obtain the generated mesh in a le that can be used fo Tochnog, calculate the Tochnog
le. Please realize that this option in Gid only calculates the Tochnog input le for the mesh ,
and not does the FE calculation itself (solving equations, ..). In the directory mesh.gid you can
nd the le mesh.dat which contains element , element _group and node data.

The element data records contain the element number, the element name,dre-tria3 , and nally

the node numbers to which the element is connected. Thelement _group records contain for
each element the group number which contains material propies for the element. The node

records contain for each node the coordinates.



3.2 Input le

The input le always contains two parts. The initialization part essentially speci es which unknown
elds need to be solved. The data part speci es elements, noes, boundary conditions, etc.

3.2.1 Initialization part

echo -yes

number _of_space_dimensions 2
materi _velocity

materi _displacement

materi _stress

materi _strain _plasti

end _initia

The rst line echo -yes tells Tochnog that the input should be echoed when it is read. This is
convenient in locating errors in your input le: you can see y to which line the input le is read
before the error occurs. Useecho -no if you don't want to echo the input le.

The number _of_space_dimensions 2 species that the dimensionality of the calculation is 2D
(plane strain, plane stress, or axi-symmetric). Also 1 and 3are available in Tochnog (thus 1D and
3D).

The materi _velocity together with the materi _displacement takes care that the velocity and
displacement elds are present for solution. Since this is a2D calculation, only the x and y
components are present in the calculation.

Initialization of the stress eld is done with materi _stress. Please realism that all the 9 com-
ponents j of the 3D stress matrix are present in the calculation, since by example in plane
strain, displacements inx and y also lead to ,, However, the stress matrix is symmetric, so only
6 components need actually to be stored for the stress eld; e other components follow from
symmetry.

In this slope stability calculation an elasto-plastic material model will be used, and thus initial-
ization of the plastic strains materi _strain _plasti is needed.

After you have run the calculation you can always see in the d& record dof _label in the database
le, in this case tutorial _1.dbs, the component names of the initialized dof's (disx and -disy
for the displacementsmateri _displacement , etc.).

3.2.2 Data part, geometry of edges

start _de ne
bottom _edge geometry _line 1
end _de ne

start _de ne
right _edge geometry _line 2
end _de ne



start _de ne
left _edge geometry _line 3
end _de ne

We want to specify the edges at which boundary conditions arémposed later. Each edge will
be speci ed by ageometry _line data record, since the edges are straight lines. It is conveent
to de ne a name for each edge, so that later that name can be usewhen needed and the input
le remains more readable. Eachstart _.dene ... end_dene species a word, by example
bottom _edge which will be later substituted with its real meaning, by example geometry _line
1. Such de nes can be used for all kinds of input.

bottom _edge 0.0 0.0 60.0 0.0 0.01
left _edge 0.0 0.0 0.0 15.0 0.01
right _edge 60.0 0.0 60.0 5.0 0.01

The rst line bottom _edge 0.0 0.0 60.0 0.0 0.01 is read by Tochnog asgeometry _line 1
0.0 0.0 60.0 0.0 0.01 , so in fact geometry _line 1 is specied. The other two lines specify
geometry _line 2 and geometry _line 3. The 0:01 indicate the tolerance of the lines; all nodes
in the model with a distance not more than 001 are considered to be located on the geometrical
lines.

Notice that we identify each geometry _line by a unique index; for the present geometry lines the
indices 1, 2 and 3 are used. In fact, most of the data in the inpu le uses an index, by example
element data records use an index which is the element numbenode data records use an index
which is the node number, etc.

3.2.3 Data part, boundary conditions

bounda _dof O -bottom _edge -disx -disy
bounda _dof 1 -left _edge -disx
bounda _dof 2 -right _edge -disx

The bounda _dof records are used to prescribe unknowns (dof's). On the bottm edge the dis-
placement in x-direction -disx and the displacement in y-direction -disy are suppressed, and on
the left edge and right edge the displacement in x-direction-disx is suppressed. The nice thing
about using geometries for boundary conditions is that thes remain valid, even if you change the
mesh (amount of elements, nodes).

First side remark: if we want to apply a non-zero displacementhen also the bounda _time records
should be speci ed; here however displacements on the edgare zero, and then thebounda _time
records are not needed.

Second side remark: if displacements are prescribed, veltes automatically are calculated by
Tochnog from the time derivative of the displacements. If yar would prescribe velocities with
-velx and -vely then displacements automatically follow from time integration of the velocities.
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Third side remark: a list of all unknown names like -disx etc. can be found atdof _label in the
users manual. Thedof _label is available in the database le after the calculation.

3.2.4 Data part, gravity

force _gravity 0.0 -10.
force _gravity _time 0.0 0.0 0.5 1.0 1.e20 1.0

The gravity components as speci ed inforce _gravity are 0 in x-directions, and 10:3 in y-
direction. The force _gravity _time species at time versus factor diagram; this is the factor wih
which the gravity is applied. It should be read as follows: attime 0:0 the factor is G0, at time 0:5
the factor is 1:0 and up to time 1:€20 the factor remains 10. Later in this tutorial, we will further

discuss this topic; so just go straight ahead with reading tke next input.

Please realize that all input in Tochnog does not have a sped dimension. The user just should
take care that he/she uses consistent units for the di erentinput data, but otherwise the units of
input data is not pre-de ned.

3.2.5 Data part, material properties

start _de ne
phi 0.349065
end _de ne
start _de ne
tanphi 0.3639
end _de ne

start _de ne
c 10.0
end _de ne

First we de ne the solil friction angle = 0:349065 in radians (so 20 degrees), and the cohesion
c=10:04%.

group _type 1 -materi

group _materi _-memory 1 -total _linear

group _materi _density 1 2.0

group _materi _elasti _young 1 1.e5

group _materi _elasti _poisson 1 0.3

group _materi _plasti _tension _direct 1 10.0

group _materi _plasti _mohr _coul _direct 1 phi ¢ 0.0

When we made the mesh with GID, all elements were assigned torgup 1. Here we de ne the
material properties of group 1. The group _type is set to -materi which means that material
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strains, stresses, etc. will be solved. Withgroup _materi _-memory set to -total _linear you
specify a classical geometrically linear (small deformatins) approximation for the soil; this is

su cient for almost all typical calculations. The soil dens ity is set to 2:102%‘9’ in the data record

group _materi _density . The Young's modulus and Poisson's ratio are .‘ES% and 0.3, as set in

the records group _materi _elasti -young and group _materi _elasti _poisson respectively. For
shear failure the Mohr-Coulomb yield surface is used; the reord group _materi _plasti _-mohr _coul _direct
speci es the friction angle , the cohesionc and zero dilatancy. To include tension failure (limita-

tion of tensile stress in soils), you explicitely need to intude group _materi _plasti _tension _direct

in the input le; here the maximum tensile stress is set to 100'%2.

change _dataitem 10 -group _materi _plasti _-mohr _coul _direct 1 0 -use
change _dataitem _time 10 0.0 tanphi 1.0 tanphi 2.0 0. 1.e20 0.0
change _dataitem _time _method 10 -tangent

change _dataitem 20 -group _materi _plasti _mohr _coul _direct 1 1 -use
change _dataitem _time 20 0.0 ¢ 1.0 ¢ 2.0 0.0 1.e20 0.0

The change _dataitem and change _dataitem _time records take care that the friction angle and
cohesion are lowered in the calculation, so that we nd the mnimum friction angle and cohesion
for stability. The ratio of the start values and the minimum v alues will de ne the safety factor.

The change _dataitem 10 record species for the group _materi _plasti _-mohr _coul _direct

record with index 1 (so group 1) and 'number 0'. With 'number 0' the rstvalue inthe group _materi _plasti _-mohr _coul
is meant, thus the friction angle. The diagram in change _dataitem _time 10 species that at

time 0:0 the friction angle is the prede ned word phi (thus 0:349065), at time 10 it is again the

prede ned word phi, at time 2:0 it is 0:0 and at time 1:0e20 it is 0:0. Between the speci ed time

points the value will be linearly interpolated. The -use species that the given values should

actually be used (as opposed to other options, see the usersamual).

Similarly the cohesion is varied in time with change _dataitem 20 and change _dataitem _time
20.

3.2.6 Data part, prepare post-processing

post _point 10 20.0 15.0

With post _point 10 a point in the domain is de ned, at which Tochnog will monitor dur-
ing the calculation solution elds. The solution eld at the point will be placed in the record
post _point _dof 10. Suchpost _point _dof record in turn can be used in several printing options.

3.2.7 Data part, apply gravity time-steps

control _timestep 10 1.e-1 1.0
control _print 10 -time _current -post _node _rhside _ratio

control _print _gid 20 -yes
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control _reset _dof 30 -disx -disy -eppXxx -eppxy -eppxz -eppyy -eppyz -eppzz

Time-steps are actually started with control _timestep 10 . There is oneimportant topic about
all control _* records that we need to discuss rst. Thesecontrol _* records also have an index,
here the indices are 10, 20 and 30. Speci cally focontrol _* records these indices are impor-
tant: these records will be performed in order of increasingndex. Here that means that the
records control _timestep 10 and control _print 10 are performed rst, after that the record
control _print _gid 20 is performed, and after that the recordcontrol _reset _dof 30 is performed.

The control _timestep 10 record tells Tochnog to take time-steps of size @ until a total time
increment of 1:0 is obtained. Thecontrol _print 10 record speci es that some data records need to
be printed, speci cally the currenttime -time _current and the accuracy ratio-post _node _rhside _ratio .
The accuracy ratio contains the maximum out-of-balance foce on a free node (that is a node with-
out prescribed displacement) divided by the maximum exterral force on a node with prescribed
displacement. Normally all printing during a calculation goes to the computer monitor (but the
advanced user can redirect printed output to a le).

Now look back at how we de ned the gravity in time. It was increased from 0.0 at time 0.0 to its
nal value of 10 at time 0.5. Thus, the time increment of 1.0 isenough for getting gravity imposed
(from time 0.0 to time 0.5), and also allows the equilibrium with full gravity to be established
accurately with additional time-steps (from time 0.5 to tim e 1.0).

The control _print _gid 20 record takes care that the results at the end of gravity are pmted in
the tochnog _avia.msh and tochnog _avia.res les. These can be post-processed with Gid.

Finally, to prepare the safety factor calculation itself, some results are set to 0.0 in order to be able
to distinguish clearly after the safety factor calculation between safety factor results (instability
results) and gravity results. To be speci c, the displacemat components -disx , -disy are set to
0.0 and the components of the plastic strainseppxx -eppxy -eppxz -eppyy -eppyz -eppzz

are set to 0.0.

3.2.8 Data part, apply safety factor calculation time-steps

control _timestep 40 1.e-4 1.0

control _timestep _iterations _automatic 40 1.e-3 l.e-5 1.e-2
control _print 40 -time _current -post _node _rhside _ratio
control _print _history 40 -post _point _dof 10 -disy

control _print _gid 50 -yes

Look rst back at the material de nition where the friction a ngle and cohesion are lowered between
time 1 and time 2. We will now use time-steps to determine whee between time 1 and 2 the slope
becomes unstable. The recordsontrol _timestep 40 with control _timestep _iterations _automatic
40 together de ne automatic time-steps, which will be taken till instability occurs. The record
control _timestep de nes an initial timestep of 1.e-4 and total time increment of 1.0. The record
control _timestep _iterations _automatic species that the maximum allowed value of the er-
ror ratio -post _node _rhside _ratio is 1.e-3, the minimum allowed time-step size is 1.e-5 and the
maximum allowed time-step size is 1.e-2. Tochnog will decese the time-step size if that is needed
to keep the error ratio below 1.e-3. If that is not possible agmore, due to instability caused by
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low friction angle and cohesion, the calculation is terminded. Later we will discuss how, using
the current time of the terminated calculation, the safety factor can be calculated.

3.2.9 Data part, include mesh generated with Gid

include mesh.gid/mesh.dat

The include command allows you to include other les containing data reords in the current
input le. Here the mesh data as generated with Gid is include.

3.2.10 Data part, nal remarks for advanced users

solver _matrix _save -always

Default Tochnog will completely setup and decompose the syem matrix when it thinks the

matrix is changed. In the present calculation some materialdata is changed (the friction angle
and cohesion), and so Tochnog will setup and decompose the tgm matrix at all time-steps
between time 1.0 and 2.0. You can impose, however, that the nex will not be setup and

decomposed each time-step by usingolver _matrix _save -always ; then the decomposed matrix
is saved once, and used again at the next time-step. This carage considerable computing time.
This typically is useful for safety factor calculations, but otherwise should only be used with care.

target _item 10 -time _current 0 0
target _value 10 1.0 2.e-2

The recordstarget _item and target _value are a convenient method to check if critical results of
a calculation do change. Withtarget _item you specify which result should be checked, and with
target _value you specify the expected value maximum allowed deviation fsm the result. In case
the real value di ers more from the expected value, here 1.0then the maximum deviation, here

2.e-2, an error message is printed in the letochnog.log .

In this way you can make your own set of calculations which aré@mportant for your applications,
and check with each new tochnog release if results are stilike you expect them to be.

3.3 Run calculation

On Linux open a window, and type in the directory with the tuto rial 1 input le the command
tochnog tutorial _1. On Microsoft Windows open a DOS command prompt, and type in te
directory with the tutorial 1 input le the command tochnog.exe tutorial _1.

After the calculation is ready you will see the following extra les in the directory:

tutorial _1.dbs
This is the database after the calculation. It contains all information from the calculation
(input data, results, etc.).
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tutorial _1_avia.msh and tutorial _1_avia.res
Post-processing les which can be opened with Gid.

tochnog.log
Log le from Tochnog which lists the calculations that have been run.

post _point _dof _10_disy.his
History le with time versus y-displacement for the post _point 10 .

3.4 Output results
3.4.1 Determine safety factor

You will see that at time 1:32 the friction angle and cohesion have become such low thahe slope
becomes unstable. At that time the cohesion has decreasedoim 100¥Y to (1: 0:32) 100 =

m
6:8N.. The safety factor thus is 22 = 1:47.

3.4.2 Plot displacement history in Gnuplot

A history plot of the vertical displacement of the post _point inthe le "post _point _dof _10 _disy.his"
shows what is happening when the cohesion and friction anglare lowered in time between 1.0 and
2.0. Here we usésnuplot  as plotting program, but since the le "post _point _dof _10_disy.his"

is a simple ASCII text le you can use any program of your prefeence for plotting. With Gnuplot

do the following for getting a postscript result of the displacement history:

gnuplot

p "post _point _dof _10_disy.his" with lines
set term postscript

set output "post _point _dof _10_disy.ps"

replot

"postipolntidufiloid |§y. his"

-0.002

-0.004

-0.006

-0.008

-0.01 |

-0.012

-0.014

-0.016

-0.018

1 1.‘05 1‘.1 1.‘15 1‘.2 1.‘25 13
Figure 4: Vertical displacement of postpoint in time

Clearly nally the slope becomes unstable.
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3.4.3 Plot results in Gid

Open in Gid results

View - Postprocess
File - Open

tutorial _1_avia.msh
View - Zoom - In

In Gid you rst need to open the Gid results les as written by T ochnog, and then zoom in to get
the slope full in the gure.

Plot boundary conditions in Gid

View results - Display Vectors - materi bounda dof - All

Ahdhbdbiddhdidbddddddiibibadidd

Figure 5: Boundary conditions

Tochnog also writes information about boundary conditions external forces, etc. in the Gid post-
processing les. In the present example, you can look in Gid fithe boundary conditions with the
command as given above.

Plot gravity results

View results - Default Analysis/Step - time - 1.

View results - Contour Fill - materi stress - sigyy

Figure 6: Vertical stress
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These commands show how you obtain in Gid a contour lled plotof the vertical stress eld after
gravity is imposed (time 1.0).

Plot safety results

View results - Default Analysis/Step - time - 1.32
Windows - View Style - Style - All Lines

View results - Display Vectors - materi velocity - j materi velocity |

The velocity pro le at instability clearly shows how a circu lar segment slides away. It is evident
that the Mohr-Coulomb shear failure condition with reduced cohesion and friction angle causes
this instability.
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4 Tutorial 2: non-saturated dam with seepage edge

This tutorial shows how to perform a non-saturated ground ow analysis in a dam. Figure 7 shows
the dam.

55 65 ) 45

20

165

Figure 7: Dam

At the lower part of the right edge a water level of 20m is present, by example because of a
lake. The lower edge of the dam does not allow for inward or owtard ow of ground water, it is
non-permeable. The left edge is a seepage edge, it only allsvior outward water ow and not for
inward water ow.

4.1 Mesh generation with Gid

The mesh generation in Gid is very similar to tutorial 1, so it is not repeated here. We just remark
that the element size, as required in the GidMesh - Generate dialog should be set to 10 to get
a reasonably ne mesh.

Figure 8: Nurbs surface of dam

Figure 8 shows the Nurbs surface. Figure 9 shows the mesh.

4.2 Input le

4.2.1 Initialization part

echo -yes
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Figure 9: Mesh of dam

number _of_space_dimensions 2
ground ow _pressure

ground ow _saturation

ground ow _velocity

end _initia

The ground ow _pressure takes care that the hydraulic head eld becomes available oer the
entire domain. Initialization of the saturation rate is don e with ground ow _saturation . This
is needed since a non-saturated water model will be used. Isiconvenient to have the ground-
ow velocity vectors available for interpretation of the re sults, and thus we initialize ground-
ow _velocity .

4.2.2 Data part, geometry of edges

start _de ne
eps_geometry 1.e-1
end _de ne

start _de ne

left _edge geometry _line 10

end _de ne

left _.edge 0 0 55 30 eps _geometry

start _de ne
right _dry _edge geometry _line 20

end _de ne
right _dry _edge 135 20 120 30 eps _geometry

We de ne geometrical lines where later the water boundary caditions will be applied.
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4.2.3 Data part, some arithmetic expressions

start _arithmetic
rho 1.0

end _arithmetic
start _arithmetic
g -10.0

end _arithmetic
start _arithmetic
g_absolute 10.0
end _arithmetic

Here some parameters are speci ed withstart _arithmetic ... end _arithmetic . The advantage
of such arithmetic de nitions for oating point parameters (that is real values), is that these later
can be used with build in arithmetic operators in the Tochnoginput le reader to calculate new
parameters, which in turn can be used in the input le. Just read on, to see how this is used here.

4.2.4 Data part, gravity

force _gravity 0.0 g

The gravity components as speci ed inforce _gravity are 0 in x-directions, and 10:3 in y-
direction. Notice that the g as speci ed above with the arithmetic has been used here.

4.2.5 Data part, groundwater

ground ow _density rho
ground ow _seepage_geometry O -left _edge

The groundwater density as specied in ground ow _density is 1:01021#. On the total left
edge there is air, so later we will prescribe in the boundary enditions that the pore pressure
is zero at the left edge. However, we also need to be sure thahé ux of water can only be
directed outward the dam at the left edge, and water cannot eter the dam at the left edge. This
is accomplished be using a seepage condition as speci ed ground ow _seepage_geometry ;
with such condition Tochnog will take care that water ux can only be outward, and not inward.

4.2.6 Data part, boundary conditions on edges

bounda _dof O -right _wet _edge -pres
bounda _time 0 -200.0

bounda _dof 1 -left _edge -total _pressure
bounda _time 1 0.0
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The bounda _dof records are used to prescribe conditions for the water preases. On the part of
the right edge below the water level a hydraulic headh of 2000 is prescribed (the word-pres
means hydraulic head). You can understand that is OK, by lookng at the equation for the total
pressure (pore pressure)

Pota = h ay

With density =1:0, gravity g= 100 we nd at y = 0:0 that the pore pressure is 2000, and
at y = 20:0 that the pore pressure is Q0.

On the total left edge we prescribe a zero pore pressure.

On the bottom edge we don't allow for any ground ow ux. In Toc hnog a zero normal ux is
imposed automatically if you don't specify anything, thus you don't see conditions at the bottom
edge in thebounda _* records.

4.2.7 Data part, material properties

start _arithmetic
pe 1.e-5 DIVIDE rho DIVIDE g _absolute
end _arithmetic

The saturated permeability is 10 5%. Look, however, at the de nition of the permeability for
the input le in the user's manual. A division by rho and g_absolute is needed; this is easily

accomplished withstart _arithmetic ... end _arithmetic , so that the input le remains readable.

group _type 1 -ground ow

group _porosity 1 0.5

group _ground ow _permeability 1 pe pe

group _ground ow _nonsaturated _vangenuchten 0 0.0 1. 2.49 -0.140 1.507

The group _type is set to -ground ow  which means that the ground ow storage equation will

solved in the elements. The porosity is set to b with group _porosity . For the saturated

permeability the pe as calculated in the start _arithmetic ... end_arithmetic is used. The
group _ground ow _nonsaturated _vangenuchten records species the Van-Genuchten law for
non-saturated groundwater properties.

4.2.8 Data part, prepare post-processing

post _calcul -ground ow  _pressure -total _pressure
post _node 0 -node _rhside -sum -left _edge

The post _calcul record takes care of calculating extra post-processing dat This calculated data
becomes available for printing or for plotting in Gid. See the user's manual for all possibilities of
post _calcul . Herepost _calcul is used to calculate the total pressure (=pore pressure); n@ember
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that primarily the hydraulic head is calculated in a ground ow analysis, so that the total pressure
is only available as extra post processing option.

The post _node records are a convenient method to determine in structural elculations forces
on prescribed displacement edges, or here in a ground ow callation the groundwater ux to
the environment. Using post _node 0 -node _rhside -sum -left _edge as shown here, causes the
right-hand-side to be summed over all nodes which are locatkin the geometry -left _edge. The
result will be placed in the recordpost _node _result , which can be printed during the calculation
or found in the database after the calculation. You nd in post _node _result the required ux
at the position consistent with the initialized groundwater pressure variable. Look indof _label
after the calculation: there you see that the rst variable is the hydraulic head -pres, and thus
you nd the groundwater ux also at the rst position in the post _node _result record.

4.2.9 Data part, apply linear time-steps

control _timestep 10 1. 1.

control _ground ow _nonsaturated _apply 10 -no

control _ground ow _seepage_apply 10 -no

control _print 10 -time _current -post _node _rhside _ratio

This nonsaturated dam calculation is highly nonlinear becaise of thegroup _ground ow _nonsaturated _vangenuchten
and the ground ow _seepage_geometry records. In order to get a solution a trick is commonly

applied to this kind of calculation: rst a linear solution i s established, and afterwards the full

nonlinear solution is searched iteratively with the linear solution as rst guess.

We obtain a linear calculation with the extra records control _ground ow _nonsaturated _apply

10 and control _ground ow _seepage_apply 10 . These records de-activate thegroup _ground ow _nonsaturated _val
and ground ow _seepage_geometry for the time-steps of control _timestep 10 . Notice that

we print the current time -time _current and the error ratio -post _node _rhside _ratio . The

error ratio is the ratio of the maximum out-of-balance ux at nodes without free hydraulic head

and the maximum ux at nodes with prescribed hydraulic head.

4.2.10 Data part, apply nonlinear time-steps

control _timestep 20 1. 100.
control _print 20 -time _current -post _node _rhside _ratio

After the linear solution was obtained with control _timestep 10 , the time-steps as speci ed in
control _timestep 20 are used to nd the nonlinear solution including non-saturation and the
seepage condition on the left edge.

4.2.11 Data part, include mesh generated with Gid

include mesh.gid/mesh.dat
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4.2.12 Data part, nal remarks for advanced users

target _item 1 -post _node _result 0 O
target _value 1 -1.45083e-05 1l.e-7

Here we check withtarget _item andtarget _value thatthe ux of ground ow to the left edge has
the expected value. In case a new Tochnog release would havebag, that will be automatically
detected by running this tutorial if the real value at runnin g the calculation diers from the
expected value as set intarget _item and target _value. When distributing a new release, we
take care that tutorial calculations, and also other calcultions, meet their expected values.

4.3 Run calculation

On Linux open a window, and type tochnog tutorial _2. On Microsoft Windows open a DOS
command prompt, and type tochnog.exe tutorial ~_2. After the calculation is ready you will see
the following les in the directory:

tutorial _2.dbs
This is the database after the calculation. It contains all information from the calculation
(input data, results, etc.).

tutorial _2_avia.msh and tutorial _2_avia.res
Post-processing les which can be opened with Gid.

tochnog.log
Log le from Tochnog which lists the calculations that have been run.

4.4 Output results
4.4.1 Value of the groundwater ux out of the left edge

After the calculation the post _node _result 0 record in the tutorial _2.dbs contains the ground-
water ux out of the left edge as rst value in the record. The value is -1.45e-05 where the minus
sign indicates that the ow goes outwards.

4.4.2 Plot results in Gid

Open the Gid post processing les in the usual way (see tutoml 1).

Plot the saturation in Gid

View results - Contour Fill - ground ow saturation

From gure 10 is is clear that the lower part of the dam is saturated, whereas above the phreatic

level the dam is non-saturated. In this calculation with group _ground ow _nonsaturated _vangenuchten
the phreatic level follows automatically as a result of the alculation; this is opposed to most
geotechnical calculations where there are only fully satusted zones below an a priori known
phreatic level which is speci ed in the input le.
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Figure 10: Groundwater saturation in dam

Plot the pore pressure in Gid

View results - Contour Fill - topres

Figure 11: Groundwater pore pressure in dam

Plot the ground ow velocity in Gid

View results - Vectors - ground ow velocity

The vectors of ground ow velocity in gure 12 clearly show that the ux exits the dam at a
relatively small part of the left edge. The highest node whee groundwater starts to exit the dam
is located at (6.98,3.81).
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Figure 12: Groundwater velocity in dam
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5 Tutorial 3: excavation with sheet pile, beam and contact
spring elements

This tutorial is taken from [2]. An experiment is done with a sheet pile near an excavation. The
following is done:

the sheet pile is completely inserted.

two excavations are done.

at point A the sheet pile is xed in x-direction (in the experi ment a horizontal strut is xed
to point A).

three more excavations are carried out
the vertical load at the top surface is applied.

point A of the sheet pile is moved to the left, to nd when the soil at the right of the
sheet-pile will become unstable.
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. YYVYVVYVYYVY -
..1 z v 1.25 materia 12 2
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Figure 13: Excavation with sheet pile
The dimension are given in gure 13. At the left side of the shet pile you see the ve excavations
levels. All excavations remain above the phreatic water legl, which you can see aty = 2:5.

Especially notice point A at which the sheet pile after the seond excavation is supported, and
later is moved to the left.

5.1 Input le

5.1.1 Initialization part

echo -yes
number _of_space_dimensions 2
materi _velocity
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materi _displacement
materi _strain _plasti
materi _plasti _kappa
materi _stress
ground ow _pressure
beam _rotation

end _initia

Notice in the initialization part that we initialized materi _* for an elasto-plastic calculation,
together with ground ow _pressure for groundwater pressure analysis. Additionally for the
sheet pile we will use truss-beam elements, so that we also @ to initialize beam _rotation

5.1.2 Data part, tolerance on geometries

start _arithmetic
eps_geometry 1.e-5
end _arithmetic

For convenience we de neeps_geometry 1.e-5 , which will be used later as tolerance for geome-
tries.

5.1.3 Data part, beam geometries

start _de ne

beam _point geometry _point counter _a
end _de ne

start _de ne

beam _line geometry _line counter _a

end _de ne

start _de ne

beam _short _line geometry _line counter _a
end _de ne

beam _point 3.0 6.75 eps _geometry
beam _line 3.0 2.0 3.0 8.0 eps _geometry
beam _short _line 3.0 2.01 3.0 8.0 eps _geometry

The beam _point de nes the position of point A. With beam _line we de ne a geometrical line
completely along the sheet-pile, which will be used to autoratically generate truss-beam elements
and contact springs. Thebeam _line _short de nes a geometry line a bit shorter than the sheet-
pile; the purpose of this short line will become clear later.

The counter _a is a convenient way to give a unique index to each geometry, whout keeping tack
of used numbers for indices yourself. Initially thecounter _ais 0, and each time it is used it will be
automatically incremented with 1 by Tochnog. So herebeam _point geometry _point counter _a
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is be read asheam _point geometry _point O , beam _line geometry _line counter _ais read as
beam _line geometry _line 1, etc. Since we later only will refer to the de ned wordsbeam _point ,
beam _line, etc. those will be read asgeometry _point 0 , geometry _line 1, etc. at each
occurrence, and there is no need to know the speci ¢ indiceshat are used.

5.1.4 Data part, edge geometries

start _de ne

lower _edge geometry _line counter _a
end _de ne

start _de ne

right _edge geometry _line counter _a
end _de ne

start _de ne

left _edge geometry _line counter _a
end _de ne

start _de ne

upper _edge_load geometry _line counter _a
end _de ne

lower _edge 0.0 0.0 12.0 0.0 eps _geometry
right _edge 12.0 0.0 12.0 8.0 eps _geometry

left _edge 0.0 0.0 0.0 8.0 eps _geometry

upper _edge_load 4.0 8.0 8.0 8.0 eps _geometry

The edgeslower _edge, right _edge and left _edge will be used to impose boundary conditions.
The upper _edge_load will be used to impose the top load.

5.1.5 Data part, excavation geometries

start _de ne

excavation _0 geometry _quadrilateral counter _a
end _de ne

start _de ne

excavation _1 geometry _quadrilateral counter _a
end _de ne

start _de ne

excavation _2 geometry _quadrilateral counter _a
end _de ne

start _de ne

excavation _3 geometry _quadrilateral counter _a
end _de ne

start _de ne

excavation _4 geometry _quadrilateral counter _a
end _de ne

excavation _0 0.0 7.0 3.0 7.0 0.0 8.0 3.0 8.0 eps _geometry

excavation _1 0.0 6.25 3.0 6.25 0.0 8.0 3.0 8.0 eps _geometry
excavation _2 0.0 5.0 3.0 5.0 0.0 8.0 3.0 8.0 eps _geometry
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excavation _3 0.0 4.0 3.0 4.0 0.0 8.0 3.0 8.0 eps _geometry
excavation _4 0.0 3.0 3.0 3.0 0.0 8.0 3.0 8.0 eps _geometry

Here ve geometry _quadrilateral are de ned, which will be used for the excavations. Please
pay close attention how the coordinates of the quadrilaterés are speci ed; for excavation _0 the
rst coordinate is 0.0 7.0, the second coordinate is3.0 7.0, the third coordinate is 0.0 8.0 and
nally the fourth coordinate is 3.0 8.0. If you would specify these coordinates in another order
you get false results for the excavations.

5.1.6 Data part, material properties

start _de ne

s0il0 _group 0

end _de ne

group _type soil0 _group -materi -ground ow

group _materi _-memory soil0 _group -total _linear

group _materi _density _ground ow soil0 _group 1.937 1.702
group _materi _elasti _young soil0 _group 20.e3

group _materi _elasti _poisson soil0 _group 0.3

group _materi _plasti _tension _direct soil0 _group 1.0

group _materi _plasti _-mohr _coul soil0 _group 0.593 3.e0 0.105
group _ground ow _permeability soil0 _group 0.1 0.1

Later when generating elements we will assign elements beegny = 6 and y = 8 to group
0, and the elements belowy = 6 to group 1. Here, for convenience and clarity, we use a de-
ne of soil0 _group for 0, and a de ne of soill _group for 1. One data records is new: the
group _materi _density _ground ow is used to specify the wet and dry density; Tochnog will
automatically use the wet density ].'93710?“#;I<g if it detects that an element of the group is below
the phreatic level, whereas the dry density 17021°?T1L;"g will be used if the element is above the
phreatic level.

Side remark: for the group _ground ow _permeability we can use arbitrary values in this spe-
ci ¢ tutorial, since the calculated groundwater pore pressire here will not be in uenced by the
permeability value.

start _de ne

soill _group 1

end _de ne

group _type soill _group -materi -ground ow

group _materi _memory soill _group -total _linear

group _materi _density _ground ow soill _group 1.937 1.702
group _materi _elasti _young soill _group 30.e3

group _materi _elasti _poisson soill _group 0.3

group _materi _plasti _tension _direct soill _group 1.0

group _materi _plasti _mohr _coul soill _group 0.698 3.e0 0.209
group _ground ow _permeability soill _group 0.1 0.1

29



For group 1 we de ne asoill _group .

start _de ne

sheet _pile _group 2

end _de ne

group _type sheet _pile _group -truss _beam

group _beam _memory sheet _pile _group -total _linear
group _beam _inertia sheet _pile _group 2.085e-4 2.085e-4 1.
group _beam _young sheet _pile _group 9.87e6

group _beam _shear sheet _pile _group 9.87e6

group _truss _-memory sheet _pile _group -total _linear
group _truss _area sheet _pile _group 0.223

group _truss _young sheet _pile _group 9.87e6

Later truss-beam elements will be generated for the sheet [@, and these truss-beam elements
will be assigned to group 2. For this group 2 we de ne asheet _pile _group . The group _type

is set to -truss _beam, so that both truss forces and beam moments will be calculaté. Setting
-total _linear for group _beam _-memory indicates that small deformation theory needs to be
used for the beam moments and forces. The beam area moments iofertia and polar moment
of torsion are speci ed in group _beam _inertia ; in fact the polar moment of torsion can be a
dummy value since torsion is not relevant in this speci c catulation. The beam young mod-
ulus and shear modulus (for the torsion moment calculation)are specied in the data records
group _beam _young and group _beam _shear. Also for the truss force we apply small deforma-
tion theory, as set by -total _linear in group _truss _memory . The truss cross section area is
speci ed in group _truss _area, and the young modulus ingroup _truss _young .

5.1.7 Data part, boundary conditions

bounda _dof O -lower _edge -vely

bounda _dof 1 -right _edge -velx

bounda _dof 2 -left _edge -velx

bounda _dof 3 -beam _point -velx

bounda _time 3 2.0 0. 5.0 0. 5.000001 -0.005 1.e8 -0.005
bounda _dof 4 -all -rotx -roty

In this calculation it is more convenient to prescribe velodgties (instead of prescribing displace-
ments), since in the experiment the velocity of point A has ben prescribed. Thebounda _dof O,

bounda _dof 1 and bounda _dof 2 specify conditions equal to the slope calculation of tutoral

1. The bounda _dof 3 needs more explanation. It species the velocity of point A d the sheet
pile in time. Up to time 2.0, so during the rst two excavation s, point A is not prescribed. Then

at time 2.0 it is xed till time 5.0, so till the end of the loadi ng at the top. Then after time 5.0

point A gets a prescribed velocity of 0:005%, so to the left. The bounda _dof 4 suppresses two
beam rotations which are not relevant in this 2D calculation; only the -rotz is relevant since it
corresponds with in-plane 2D bending of the beam.

There is one subtle butimportant remark to be made. We impose the boundary condition for
point A at the de ned beam _point , so in fact at a geometry _point (see the previous de nition
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of beam _point ). This will only work correctly if at that point in space ther e really is a nite
elements and their nodes. If on that point in space there is naode, no condition will be applied
at all. This remark holds for all kind of data where you use gemetries, e.g. loads on edges,
post-processing on geometries, etc.; in the end, such dataillvonly be applied on nite element
nodes, so these nodes should be located on the correct loaats.

5.1.8 Data part, distributed force load on top

force _edge 0 0.0 -10.0
force _edge _geometry O -upper _edge _load
force _edge _time 0 3.0 0.0 4.0 1.0 1.e8 1.0

The force _edge 0 records speci es a distributed edge force of 10:0‘%2 in y-direction (so in fact

in negative y-direction). This force will be applied to the element edges which are part of the

-upper _edge_load as specied in force _edge_geometry 0 . Since this force is only applied in

the experiment after time 3:0, we need theforce _edge_time 0 data records which contains a time

versus multiplication factor diagram. Using this force _edge_time diagram, before time 30 the

load is 00, between time 30 and time 4:0 the load increases from @ to 10:0%, and it remains
10:.04%- after time 4:0.

5.1.9 Data part, gravity

force _gravity 0. -9.81

The gravity acceleration is 9:81'“?2, and is present directly from the start of the calculation. We
do this because later we will directly set initial elds for t he groundwater pressure and material
stresses at the start of the calculation with control _dof _reset records, so that the gravity makes
equilibrium with the pressure and stresses.

5.1.10 Data part, groundwater properties

ground ow _density 1.0
ground ow _phreatic _level 0.0 2.5 15.0 2.5

The groundwater density is ].'Olor?]—ogkg. The level of groundwater is constant between X = 0:0m ,
y =2:5m) and (x = 15:0m , y = 2:5m).

5.1.11 Data part, post processing and printing

post _point 0 3.0 6.75

post _node 0 -node _rhside -sum -beam _point
post _calcul -ground ow  _pressure -total _pressure
print _gid _contact _spring2 1
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To obtain exactly at point A information about the solved sol utions elds (displacements, stresses,
etc), we specifypost _point 0 at 3.0 6.75. Tochnog will then automatically nd out where in the
FE mesh this post point is located, and calculates there the clution eld by interpolating results
from the speci c element in which the post point is located. These results will be placed in the
record post _point _dof, which in turn is available in the database after the calculdion, or can be
printed with control _print or control _print _data _versus _data during the calculation.

The post _node 0 record sums thenode _rhside record on all nodes present in the geometry
beam _point , so in this case we directly get thenode _rhside record at the node located at point
A. The node _rhside contains for nodes with prescribed velocity (or displacemet) the external
reaction force on the prescribed node (for the positions intie node _rhside record that matches
the velocity unknowns, so position 0 and 1 in this calculation, seedof _label in the database after
the calculation). The result for post _node 0 will be placed in the record post _node _result 0 ,
which again can be viewed in the database after the calculabin or printed during the calculation.

Similar to the dam calculation in tutorial 2 we need a post _calcul -ground ow _pressure -
total _pressure .

Finally, with print _gid _contact _spring2 1 we require that Gid plots the contact springs as one-
node elements, even if they are in the calculation really twenode elements; this is done because
Gid draws two-node elements with their length, and since thelength of the contact springs is 0
the contact springs would become invisible when drawn with o nodes.

5.1.12 Data part, generate mesh with Tochnog

control _mesh _macro 10 -rectangle soill _group 7 25
control _mesh _macro _parameters 10 1.5 3.0 3.0 6.0
control _-mesh _macro _element 10 -quad4

control _mesh _macro 20 -rectangle soil0 _group 7 9
control _mesh _macro _parameters 20 1.5 7.0 3.0 2.0
control _mesh _macro _element 20 -quad4

control _mesh _merge 30 -yes
control _mesh _merge _macro _generate 30 10 20

Tochnog has some build in mesh generation possibilities wtih are convenient for relatively easy
meshes. If the mesh is complex, Gid works better.

With control _mesh _macro 10 , control _mesh _macro _parameters 10 and control _mesh_macro _element
we specify that a rectangular mesh should be generated, witlguad4 elements and the elements

should be assigned to group 1. The rectangle has middle poirix = 1:5,y = 3:0), width 3:0 and

height 6:0; the number of nodes in width direction, sox-direction, is 7 and the number of nodes

in height direction, so y-direction, is 25. Similar, the records with index 20 generte a second
rectangular mesh. These 10 and 20 records together generattege left part of the mesh, that is all

quad4 elements to the left of the sheet pile.

The two rectangular meshes each have nodes at a common lige= 6 :0, so in fact there are duplicate
nodes at this line. Thecontrol _mesh _merge 20 takes care that these duplicate nodes are merged,
so that at the common line the meshes connect to the same nodesnd solution eld like velocities,
displacement and water pressure are continuous. Wittcontrol _mesh _merge _-macro _generate
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20 we ensure that the meshes as speci ed with the macro's with idex 10 and 20 are merged.

control _mesh _macro 40 -rectangle soill _group 28 25
control _mesh _macro _parameters 40 7.5 3.0 9.0 6.0
control _mesh _macro _element 40 -quad4

control _mesh _macro 50 -rectangle soil0 _group 28 9
control _mesh _macro _parameters 50 7.5 7.0 9.0 2.0
control _mesh _macro _element 50 -quad4

control _mesh _merge 60 -yes
control _mesh _merge _macro _generate 60 40 50

With the macro's with indices 40 and 50 rectangular meshes a generated to the right of the sheet
pile. Again we merge the top and bottom mesh at the common lineat y = 6:0.

control _mesh _merge 70 -yes
control _mesh _merge _macro _generate 70 10 40
control _mesh _merge _not 70 -beam _short _line

Up to now we only merged rectangular meshes along = 6:0, so at their common horizontal line.

Here we merge the left and right meshes at their common line ahg x = 3:0. However, to allow

for slip along the sheet pile, we do not want to merge nodes ailm the location of the sheet pile,
so that slip and di erent displacements at the sheet pile remains possible. Thus the merging with
index 70, is not done at the sheet pile, by includingcontrol _-mesh _merge _not 70 . In fact we

use a geometrical line a bit shorter than the actual length ofthe sheet pile. The reason for this is
that the nodes at the end of the sheet-pile can either be condered to be part of the sheet-pile,
or part of the soil underneath the sheet-pile. We prefer to casider these nodes the be part of the
soil underneath the sheet-pile, and so prefer to merge thessodes.

control _mesh _generate _truss _beam 80 sheet _pile _group -beam _line
control _mesh _generate _truss _beam _loose 80 -yes
control _mesh _generate _truss _beam _macro 80 10 20

control _mesh _generate _contact _spring 90 contact _spring _group -beam _line
control _mesh _generate _contact _spring _element 90 -quad4 -truss _beam

With the previous macro and merge records we have generatequad4 elements for the soil.
Here with the control _mesh _generate _truss _beam 80 record we generate the truss-beam el-
ements for the sheet-pile line, and should be assigned to thgroup sheet _pile group .. The
control _mesh _generate _truss _beam _loose 80 record tells Tochnog that the generated truss-
beam elements should not be xed to the existing nodes of thejuad4 elements, but should get
their own new nodes; this will allow for slip between the sheepile truss _beam nodes and the
guad4 soil element nodes. Thecontrol _mesh _generate _truss _-beam _macro 80 record tells
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Tochnog that only truss elements should be placed near nodeshich have been generated from a
macro with index 10 or 20 (if we would not do this, then twice too much truss-beam elements).

Contact springs betweentruss _beam nodes and quad4 nodes are generated with thecon-
trol _mesh _generate _contact _spring 90 records.

Figures 14 shows the generated mesh, and 15 gives a schemadiawing how the truss _beam

elements are connected to thejuad4 elements. The detail drawing with the springs in gure 15 is
really only for clarity; in reality the nodes of the truss _beam elements and thequad4 elements
have the same position in space, but that would not give a veryclear drawing.

Figure 14: Mesh with quadrilateral elements, trussbeam and contact springs

Figure 15: Model of slip at beam with springs

5.1.13 Data part, set gravity stresses

control _reset _dof 100 -pres
control _reset value _constant 100 -24.525

control _reset _dof 101 -sigyy
control _reset _value _multi _linear 101 0.0 -114.825 2.5 -91.85 8.0 0.0

control _reset _dof 102 -sigxx -sigzz

control _reset _value _-multi _linear 102 0.0 -49.21071429 2.5 -39.36428571 8.0
0.0
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control _print _gid 120 -separate _index

The control _reset _dof 100 and control _reset _value _constant 100 records together set a
constant hydraulic head of 24.525 consistent with the phreatic level at y = 2:5m. The con-
trol _reset _dof 102 and control _reset _value _multi _linear 1012 records together set the multi-
linear gravity eld for the stresses.

Figure 16: Gravity vertical stress eld sigyy

Plot 16 shows the vertical stress, as plotted with Gid.

5.1.14 Data part, apply excavation time-steps

control _timestep 200 1.e-2 1.0

control _print 200 -time _current -post _node _rhside _ratio
control _mesh _delete _geometry 200 -excavation _0
control _mesh _delete _geometry _element 200 -quad4

control _print _data _versus _data 210 -time _current 0 O
-post _point _dof 0 -disx
-post _node _result 0 -velx

control _print _gid 220 -separate _index

We discuss here how the rst excavation can be done in Tochngghe other excavations are done
quite similar, and you can nd them in the input le tochnog/test/tutorial/tutorial _3.dat .

The control _timestep 200 records speci es that time steps of size & 2s should be taken until a
time increment of 1:0s has been done. This increment value of:Ds is arbitrary, since we do not use
mass inertia in the calculation and so time is only a pseudo lading variable to specify the sequence
of events in time. With control _print 200 we ask for printing of the current time in the calcula-
tion, and also the error ratio (see tutorial 1 for a discussim on the error ratio, or otherwise see the
users manual). The-post _point _dof 0 -disx denotes that from all -post _point _dof records the
one with index 0 should be used, and from that record the rst value should be taken (numbering

35



inside records starts of 0 in Tochnog). The-time _current 0 O is a bit tricky: since there is
only one -time _current record you need to specify a dummy O for the index, and the secad O
denotes again the rst value in the record, so in fact the curent time. Now the rst excavation

area as speci ed by the geometry quadrilateralexcavation _0 is actually excavated by the record
control _mesh _delete _geometry 200 ; record control _mesh _delete _geometry _element takes
care that only quad4 soil elements will be excavated, we don't want to excavate tk truss _beam

elements (which are also located in the geometry quadrilatel).

control _reset _dof 330 -disx -disy

In the experiment the reported displacements are relative ¢ the deformations after the second
excavation. In the calculation this is obtained by the control _reset _dof record, which sets the
displacements to null after the second excavation.

5.1.15 Data part, apply load time-steps

control _timestep 700 1.e-2 1.0

control _print 700 -time _current -post _node _rhside _ratio -post _node _result -
post _point _dof

control _print _data _versus _data 700 -time _current 0 O -post _point _dof O -disx
-post _node _result 0 -velx

control _print _gid 720 -separate _index

Loading time steps of size & 1s are taken till a time increment of 1:0s is reached.

The control _print _data _versus _data record is a convenient method to obtain from the calcu-
lation a text le containing several columns of information, from whatever data records that you
like. Here it is used to get columns with the current time in the calculation, the x-displacement
at point A and the reaction force at point A.

When the loading steps are ready, we print Gid plotting les with control _print _gid 720 .

5.1.16 Data part, apply velocity point A time-steps

control _timestep 700 5.e-2 1.

control _print 700 -time _current -post _node _rhside _ratio -post _node _result -
post _point _dof

control _print _data _versus _data 700 -time _current 0 O -post _point _dof 0 -disx
-post _node _result 0 -velx

control _print _gid 720 -separate _index

5.1.17 Data part, print pressure on beam

control _print _dof _line 900 -yes
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control _print _dof _line _coordinates 900 3.01 2.0 3.01 8.0
control _print _dof _line _n 900 10

control _print _dof _line 910 -yes
control _print _dof _line _coordinates 910 2.99 2.0 2.99 8.0
control _print _dof _line _n 910 10

To obtain X-Y graphs of the pressure of the soil on the left sig@ and right side of the sheet-pile,
the control _print _dof _line _* data records are used.

With index 900, printing of all solution elds is demanded, for the line starting at point ( x =
3:01y =2:0) and ending at (x = 3:01y = 8:0), so that is a line just to the right of the sheet-pile.
The solution elds are printed at 10 points along that line. T he elds are printed in text les, by
example, velx.900 , ..., sigxx.900 , etc.

Similar with index 910 the solution elds will be printed alo ng a line just to the left side of the
sheet-pile.

5.2 Run calculation

On Linux open a window, and type tochnog tutorial _3. On Microsoft Windows open a DOS
command prompt, and type tochnog.exe tutorial  _3.

See also tutorial 1 for the type of les that you can nd after t he calculation.

5.3 Output results

Figure 17: Material displacement mesh
View results - Display Vectors - materi displacement

In the post processor of Gid look at the displacements at the red of the calculation. Especially
notice that at sheet pile you see two displacements vectorspne is a vector of the sheet-pile
displacement, and the other is the vector of the soil displaement near the sheet-pile. The sheet-
pile refuges to be compressed (because it is very sti ), so # sheet-pile displacement vector is
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nearly horizontal. The soil slips over the sheet-pile, so tke displacement vector of the soil points
also downwards.

Figure 18: Deformed mesh

Windows - View Results - Main Mesh - Deformed - Materi Mesh Defo rm

It is in Gid also possible to draw the deformed FE mesh. In gure 18 we used a factor of 20 to
get a clear view of the deformations.

Windows - View Results - Main Mesh - Original

Set the mesh back to original to draw the undeformed mesh agai

Figure 19: Material e ective plastic strain, kappa
View Results - Contour Fill - Materi plasti kappa

The e ective plastic strain shows the Mohr-Coulomb shear falure line, caused by moving the
sheet-pile at point A to the left, see 19.

View Results - Line Diagram - Scalar - beam force moment 5
Using a line diagram in Gid, the beam moment can be displayedsee gure 20. You need to

selectbeam force moment 5 , since these values represent the moment around the-axis in the
element _beam _force _moment record, see the users manual.
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Figure 20: Beam bending moment

"5|§xx.900" hslng 3:2 '
"sigxx.910" using 3:2

Figure 21: Pressure on sheet pile, left and right
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gnuplot

p "sigxx.900" using 2:3 with linespoints, "sigxx.910" usin g 2:3 with linespoints
set term postscript

set output "post  _line _dof _sigxx.ps"

replot

With Gnuplot an X-Y graph of the soil pressures on the sheet-pile is obtaed, see gure 21.
The second and third column from the sigxx.900 and sigyy.910 need to be used since those
contain the y coordinate and the xx stress. Notice the increase of the pressure near the end of
the sheet-pile. As an exercise you can try to run the calculdgbn with more elements, to see how
much results for the pressure on the sheet-pile change with aner mesh.
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6 Tutorial 4: excavation with sheet pile, isoparametric and
interface elements

6.1 Input le

In this tutorial we show the same analysis as in tutorial 3. Hawvever, in stead oftruss _beam
elements we will usequad4 isoparametric elements to model the sheet pile. And in steadf
contact _spring2 elements we will usequad4 interface elements to model the slip between sheet
pile and soil.

We will not repeat all the details of the analysis, only the dierences with tutorial 3 will be
highlighted.

6.1.1 Initialization part

echo -yes

number _of_space_dimensions 2
materi _velocity

materi _displacement

materi _strain _plasti

materi _plasti _kappa

materi _stress

ground ow _pressure

end _initia

Please notice that we did not initialize beam _rotation , since will be not use truss beam elements
in this tutorial.

6.1.2 Data part, using linear test calculations

We included the de nition of test _calculation , which we either set to true or false. Then
using start _if test _calculation ... end_if we can perform a fast linear test calculation when
test _calculation is set to true . In this way, it is easy to test whether the excavations, go wé
under linear elastic conditions (no plasticity, etc.), and check if linear elastic displacements, stresses
etc. are plausible. Once the linear elastic calculation is eri ed, the test _calculation can be set
to false and the full non-linear calculation can be done. You are enaaraged to follow the same
strategy.

start _de ne

test _calculation false

end _de ne

start _if test _calculation
linear _calculation _apply -yes
end _if
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6.1.3 Data part, geometries

Since we will not use truss beams, the beam geometries in theath part do not need to be de ned.
Only the edge geometries and excavation geometries are deeul.

6.1.4 Data part, material properties

The material properties for the soil are the same as in tutoral 3.

For the sheet pile we will use isoparametricquad4 elements with a large ctive thickness. As
density we simply take the soil density, we is OK since most ofhe ctive thickness in reality will
actually consist of soil. The young modulus we tted in such way that the bending behavior of
the isoparametric quad4 elements is the same as that of thdruss _.beam elements of tutorial
3 (in fact, we have simply put a force at the bottom of the quad4 elements andtruss _beam
elements, and tuned the young modulus of thequad4 elements such that the same displacement
was obtained with both models).

start _de ne

sheet _pile _group 2

end _de ne

group _type sheet _pile _group -materi

group _materi _-memory sheet _pile _group -total _linear
group _materi _density sheet _pile _group 1.702

group _materi _elasti _young sheet _pile _group 5.9874e6

For the slip between soil and sheet pile we will use interfacelements. The sti ness of interface
elements should be taken high enough, so that the deformatits in the interface elements are
relatively small. On the other hand, the sti ness of interface elements should not be too large,
because that would lead to a bad conditioned matrix and numeical problems. The interfaces
are not allowed to transfer tension stresses, and slip frigbnal forces are restricted by a Mohr-
Coulomb law; the friction angle of the Mohr-Coulomb law is taken such that tan(phiinerface ) =
0:5 tan(phisei)-

start _de ne

interface _group 3

end _de ne

group _type interface _group -materi

group _interface interface _group -yes

group _interface _materi _memory interface _group -total _linear

group _interface _materi _elasti _sti ness interface _group 10.e10 5.e10

group _interface _materi _plasti _mohr _coul _direct interface _group 0.4636 1. 0.
group _interface _materi _plasti _tension interface _group -no

For convergence of the calculation, it is required to use a qgte small interface sti ness.
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6.1.5 Data part, generate mesh with Tochnog

The commands for mesh generation are as follows:

control _mesh _macro 10 -rectangle soill _group 7 9
control _mesh _macro _parameters 10 1.5 1.0 3.0 2.0
control _mesh _macro _element 10 -quad4

control _mesh _macro 20 -rectangle soill _group 7 17
control _mesh _macro _parameters 20 1.5 4.0 3.0 4.0
control _mesh _macro _element 20 -quad4

control _-mesh _macro 30 -rectangle soil0 _group 7 9
control _mesh _macro _parameters 30 1.5 7.0 3.0 2.0
control _mesh _macro _element 30 -quad4

control _mesh _macro 40 -rectangle soill _group 2 9
control _mesh _macro _parameters 40 3.05 1.0 0.1 2.0
control _mesh _macro _element 40 -quad4

control _mesh _macro 50 -rectangle sheet _pile _group 2 17
control _mesh _macro _parameters 50 3.05 4.0 0.1 4.0
control _mesh _macro _element 50 -quad4

control _mesh _macro 60 -rectangle sheet _pile _group 2 9
control _mesh _macro _parameters 60 3.05 7. 0.1 2.0
control _mesh _macro _element 60 -quad4

control _mesh _macro 70 -rectangle soill _group 28 9
control _mesh _macro _parameters 70 7.55 1.0 8.9 2.0
control _mesh _macro _element 70 -quad4

control _mesh _macro 80 -rectangle soill _group 28 17
control _mesh _macro _parameters 80 7.55 4.0 8.9 4.0
control _mesh _macro _element 80 -quad4

control _mesh _macro 90 -rectangle soil0 _group 28 9
control _mesh _macro _parameters 90 7.55 7.0 8.9 2.0
control _-mesh _macro _element 90 -quad4

control _mesh _merge 95 -yes

control _mesh _generate _interface 96 interface _group soil0 _group sheet _pile _group
control _mesh _generate _interface 97 interface _group soill _group sheet _pile _group

The generation of the sheet pile group is new (see control irek 50 and 60); it generatesquad4
isoparametric elements which model the sheet pile. Furtherlook how simple the interfaces between
the sheet pile group and soil group are generated (see contrimdex 96 and 97); it generatesquad4
interface elements which model the sliding between soil andheet pile.

Figure 22 shows the generated mesh.
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Figure 22: Mesh with soil elements (green,black), sheet plelements (blue), and interface elements
(purple)

6.1.6 Data part, post processing and printing

In this tutorial we use isoparametric quad4 elements to model the sheet pile. Isoparametric
elements primarily calculate stresses, so that forces and aments are not directly available. To get
the forces and moments in the sheet pile, a post calculatiorsineeded. The followingpost _calcul
commands perform this calculation:

post _calcul -ground ow  _pressure -total _pressure -materi _stress -force
post _calcul _materi _stress _force _element _group sheet _pile _group
post _calcul _materi _stress _force _reference _point 100 4.

The post _calcul -materi _stress -force tells Tochnog that is should calculate forces and mo-
ments from initially calculated stresses. The group for whch this should be done is speci ed by
post _calcul _materi _stress _force _element _group sheet _pile _group . Finally, it is needed to
specify a reference point for drawing plots in GID, so that paitive and negative vectors for forces
and moments are drawn in a unigue manner.

6.1.7 Data part, timesteps

Timesteps are much the same as in the previous tutorial. We ne take special action, however,
in case thetest _calculation is set to true . In that case simply a timestep of size 1 is taken for

44



imposing gravity and excavations. In this way a linear test @lculation can be performed very fast,
and you can check if linear results are plausible. The lines &ow show how this is done:

start _de ne

dtime 2.e-4

end _de ne

start _if test _calculation

control _timestep 700 1. 1.0
end _if

start _if _not test _calculation
control _timestep 700 dtime 1.0
end _if _not

The remaining part of the input le equals that of tutorial 3.

6.2 Run calculation

See tutorial 3.

6.3 Output results

View Results - Display Vectors - momsig

Using a display vector in Gid, the beam moment can be displayg, see gure 23. You need to
selectmomsig , which is generated by thepost _calcul commands.
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Figure 23: Beam bending moment
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