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PREFACE

Examples contained in this part are designed:

e to illustrate some aspects of data preparation technique,
e to demonstrate program capabilities to deal with different real-live cases,
e to show most important aspects of post-processor usage.

Actions described during model generation are optimal ones, in the sense of minimizing user
effort, and to automate data generation process as much as possible.

All examples included in this chapter will be shortly described first, then all major steps
to create the model, compute and visualize results will be presented in form of video films
activated from the online manual.

For the theoretical background, see THEORETICAL MANUAL. For the systematic description
od data preparation technique, see DATA PREPARATION.

2D PROBLEMS
3D PROBLEMS

ZSoil®-3D-2PHASE v.2023
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A Preface

Chapter 1

2D PROBLEMS

CUT STABILITY ANALYSIS
HOW TO...
RUN AN AXISYMMETRIC PROBLEM WITH A DRIVEN EXTERNAL FORCE
RUN A CONSOLIDATION PROBLEM
SIMULATE AN EXCAVATION PROCEDURE
RUN A STEADY-STATE FLOW PROBLEM
SIMULATE A TUNNEL IN AN URBAN ENVIRONMENT
RUN THERMAL ANALYSIS FOLLOWED BY MECHANICAL ONE
SIMULATE DYNAMIC SOIL-STRUCTURE INTERACTION USING DRM METHOD

SIMULATE NAILING OF A VERTICAL CUT
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A Preface A A 2D problems

1.1 CUT STABILITY ANALYSIS

 Data file: tutorials/cut.inp

o Description of the problem

The objective of this lesson is to get familiar with the Z_SOIL environment, in particular
with the graphic object-oriented preprocessor and post-processor. In this tutorial a macro-
modeling approach, with semi-automatic meshing, will be used.

o Engineering draft

The geometry of a 4 meter-high cut is shown in the figure below.

——

8.0

MCEROR: 4%"

e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New in
main ZSoil® menu) set ©| Plane strain| to ON and select Deformation item from the
Problem type list. This way a single-phase, plane strain analysis is to be carried out.

Preselections

Iglgﬂ

Analysis type |Plane Strain |
Problem type |Deformum'on zl
Project preselection
[~ Frames only [” Structures only
[~ Dynamics I~ Pushover 9 |

I (" Show meaningful options only
@ Show all options (meaningful options in black. other in gray color)
(" Show all options (all in black color)

Project title IZsoiI example

Model
description "

Author IZACE

Company IZACE

Unitsystem  [My Units | Show | il
ok | cencel |

e Drivers

ZSoil®-3D-2PHASE v.2023 TU-6



A Preface A A 2D problems

In ZSoil® program drivers list contains an information what is to be computed by the
calculation module and in which order. In the geotechnical engineering to obtain correct
results all major steps like excavation, stage construction, modification of the boundary
conditions for solid and fluid must be taken into account and must reproduce all events as
in the reality.

To set up the list of drivers use menu Control/Analysis & drivers. From list of drivers
select Stability, from list Type select tan(¢) — c reduction algorithm, specify the initial
value of the safety factor, its final value and increment and accept the setting with button
(note that the default driver is always set to the Initial state and for that

reason it must be modified in our case).

In the considered case computation will start with the SF' factor equal to 1.0, then 1.05,
1.10 etc... until divergence occurs (loss of stability is detected) or final value of the safety
factor is achieved.

To learn on how to set up drivers list watch the video Set drivers

Fin. SF factor

Multiplier
2 0.05 Default 13.10 | ..

Nonl. solver settings | Dyn. anal. settings

B Settings. -
Version type Basic
Units STANDARD
kN-m~deg-day-C

B Analysis and problem type
Analysis type Plane Strain
Problem type Deformation
B Project description
Project title Zsoil example
Model description
Author ZACE
Company ZACE
B Associated preprocessed projects
Heat project
Humidity project —
Free field motion project
B Large displacements/rotations/strains
Large displacements/rotations False
Update coordinates during const.. False LI

Il_ Advanced

ZSoil®-3D-2PHASE v.2023
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A Preface A A 2D problems

e Materials

In this example a single material, described by the Mohr-Coulomb elastic-perfect plastic
model, is used. The material properties are given in the following table.

Material Model Data group Properties Unit Value
1 soil | Mohr-Coulomb | Elastic [kN/m?] | 40000
- 0.3
[kN/m3] | 19
° 30
° 0
kN/m?] | 16
Rankine cut-off | — OFF
Dilatancy cut-off | — OFF

Density
Non-linear

ORI m

To edit material properties use menu Assembly/Materials.

To learn on how to enter material data watch the video Edit materials .

e Summary of all data preparation steps (video films)

Create a new project

Create macro-model

Create meshes in subdomains
Create solid boundary conditions
Edit materials

Set drivers

Run computation

Visualize results

O ~NOOT A~ WwWwnN
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A Preface A A 2D problems

1.2 HOW TO RUN AN AXISYMMETRIC PROBLEM WITH A
DRIVEN EXTERNAL FORCE

o Data file: tutorials/foota.INP

e Description The typical case of a circular footing is considered in this example. Figure
1.1 illustrates the general configuration of the footing.

The conventional approach to the bearing capacity problem is to combine Rankine fields
with Prandtl fields to satisfy statically admissible failure zones. Different combinations of
these failure zones are possible leading to a plethora of possible solutions. To verify all
these solutions there is a need to show that a unique displacement field corresponds to the
stress field adopted in these solutions. This is almost impossible to achieve. ZSoil® on the
other hand uses an elegant scheme to find a solution that satisfies the requirements of the
plasticity theory with compatible displacements and stresses.

o Engineering draft

F
0.4m]
I5m
ilrnI 14m |
i
!
Figure 1.1: Axisymmetric footing problem
November 6, 2023 QuickHelp DataPrep Theory Benchmarks
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e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New in
main ZSoil® menu) set @’ Axisymmetry‘ to ON and select Deformation item from the

Problem type list. This way a single-phase, axisymmetric bearing capacity problem will
be carried out.

[ oo
Preselections
Versiontype  |Advanced < Q |

Analysis type Axisymmetry

o

Problem type IDeformation L,

[~ Fremes only [™ Structures only

[~ Dynamics [~ Pushover @
(" Show meaningful options only

@ Show all options (meaningful options in black other in gray color)

(" Show all options (all in black color)

Project preselection

Project title lZsoil example

\ Model

: description |
Author IZACE

Company IZACE

Unit system My Units Z Show Q |

e Drivers

To set up the list of drivers use menu Control/Analysis & drivers. From list of drivers
select Time dependent, from list Type select Driven load, specify the initial time value,
final time value, initial time step, time step multiplier and accept the setting with button

Modify | (note that the default driver is always set to the Initial state and for that
reason it must be modified in our case).

In the considered case computation will start at time ¢t = 1 [day] (here time is a fictitious
parameter), then the next time step will be ¢t = 2 [days]|, ¢ = 3 [days] etc. until divergence
occurs (limit loads is detected) or time ¢ = 30 [days] is achieved. As the Multiplier is
equal to 1.0 the time step is kept constant and in the considered case is equal to At = 1.0

[day].

To learn on how to set up drivers list watch the video Set drivers

Time start Time end Increment Multiplier Nonl.soNersmingsl Dyn. anal. settings
[day] |30 [day] |1 [day] |1 Default 1207 | ..

L] \

© Setting: =
Version Advanced I
Units STANDARD
kN-m~deg~day~C
E Analysis and problem type
Analysis type Axisymmetry

Problemtype Deformation
8 Project description
Projectiite Zsoil example
Model description
Author ZAcE
Company ZACE
B Associated preprocessed projects.
Heat project
Humidity project |
Free field motion project
B Large displacements/rotations/strains
Large displacemenisjrotations  False
Update coordinates during const.. False =~

I|7 Advanced

ok ] Coca |

ZS0il®-3D-2PHASE v.2023 TU-10
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e Materials

The two materials are used in this example, first for the subsoil and the second for the
concrete foundation. All the parameters are given in table below:

Material Model Data group | Properties Unit Value
1 soil Drucker-Prager | Elastic E [kN/m?] | 30000
v - 0.3
Density v [kN/m3] | 0
Non-linear | ¢ [°] 25
Y "] 0
C [kN/m?] | 15
Adjustment | — Intermediate
cut off ~ OFF
2 concrete Elastic Elastic E [kN/m?] | 30000000
v - 0.2
Density v [kN/m3] [ 0

To edit material properties use menu Assembly/Materials.

To learn on how to enter material data watch the video Edit materials .

e Load function

Load functions are used in ZSoil® program to describe variation (in time, real or fictitious)
of applied loads, imposed displacements, pressures, temperatures, humidities and also for
description of progressive unloading after excavation. In the considered case the evolution
of the vertical force is driven by the load time function number 1, labeled as vertical load
and specified in detailed way in the following figure.

Load functions
— Function definitic
Number |1 Name |veni|:al loading
Add | Modty | Deste |  copy |
Acceleration time histories toolbox |
Insert expression I
Function 1: vertical loading ;l
— Shift origin
[by vele = [5]

[~ Forinitial material
[™ Forfirstreplacement material

[~ Forsecond replacement material

Scalevalues byfactor |1

Value []

Time [s] IValue
0

30 3000

0 2 4 6 8 10 12 14 16 18 20 2 24 26 28 30 32
t[s]

mpot | Expon | Help | ok | cencel

To edit the load time function use menu Assembly/Load function.

To learn on how to enter load time function watch the video Edit load time function .

ZSoil®-3D-2PHASE v.2023 TU-11


https://www.zsoil.com/zsoil_manual/videos/tut2d-3/tut2d-3-materials/tut2d-3-materials_player.html
https://www.zsoil.com/zsoil_manual/videos/tut2d-3/tut2d-3-ltf/tut2d-3-ltf_player.html

A Preface A A 2D problems

e Summary of all data preparation steps (video films)

—_

Create a new project

Create macro-
model /mesh /loads/BC

Edit materials

Set drivers

Edit load time function

Run computation

Visualize results

N

~N o o B~ W
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1.3 HOW TO RUN A CONSOLIDATION PROBLEM

e File: CONSP2D.INP

e Description of the problem

The process of ground compression due to extrusion of water from the voids in a fine-
grained soil as a result of increased loading is known as " Primary Consolidation”. Asso-
ciated settlements are referred to as " Primary Consolidation Settlements”. After primary
consolidation has ended, soil compression and additional associated settlements continue
at a very slow rate, the result of plastic readjustment of soil grains due to progressive
breaking of clayed particles and their interparticle bonds. This phenomenon is known as
"Secondary Compression or Creep”, and their associated settlement are called " Secondary
settlements” .

ZSoil® simulates both of these physical processes using a multiphase algorithm described
in the "Theoretical Section” of the user manual. This algorithm follows the traditional
approach in soil mechanics with, however, some new numerical tools developed to accu-
rately simulate these natural processes. In the following example, the case of a symmetric
foundation is used to highlight the basic features of the consolidation problem, as shown
in the figure.

Consolidation analysis can be carried out exclusively in the mode Deformation+Flow to
be set in the initial preselection dialog box or later on through menu Control/Analysis
& drivers.

A

y
q=1 kN/m2 x LTF(t) Permeable boundary

p=0

12m
Impermeable boundaries
Figure 1.2: Axisymmetric consolidation problem
November 6, 2023 QuickHelp DataPrep Theory Benchmarks
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e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New
in main ZSoil® menu) set @’ Axisymmetry‘ to ON and select Deformation+Flow item
from the Problem type list. The predefined system of units for both data preparation
and visualization of results can be verified in menu Control/Units.

—
Preselections
Versiontype  |Advanced v (2) |
Analysis type Axisymmetry v
Problem type IDefurmation + Flow LI —-I

Project preselection
[~ Frames only [ Structures only

[~ Dynamics [~ Pushover

(" Show meaningful options only

(@ Show all options (meaningful options in black. other in gray color)
(" Show all options (all in black color)

o

Project title |Zsui| example

Model
| description

Author [eace

Company IZACE

Unitsystem  |[STANDARD v Show (2) |

e Drivers

To run the consolidatia

Time start Time end Multiplier Nonl. solver settings  Dyn. anal. settings
1 ‘ 01 Default
[day] |100 [day] |01 [day] | 1.05 Default
: |
B Settings Al
Version type Basic
Units ‘STANDARD
KN-m-deg-day-C
© Analysis and problem type
Analysis type Axisymmetry
Problem type Deformation + Flow
B Project description
Projecttile Zsoil example
Model description
Author ZACE
Company 2ZACE
B Associated preprocessed projects
Heatproject
Hur —
tions/strains.
Ui corinas aemgcons. Fas -
Gancel |
The role of the Initial state driver is to set the initial condition for the fluid pres-
sure and for the in situ effective stresses at time ¢ = 0. This driver in the mode

Deformation+Flow will enforce the two computational steps:

x Steady state fluid flow analysis which yields pressure distribution in the domain at time
= 0 (for the assumed pore water pressure boundary condition (p = 0) at the permeable
boundary)

» Standard initial state computation with a pressure field obtained from the steady state

This setting is equivalent to the uncoupled total stress analysis.

The second driver activates fully coupled consolidation analysis, driven by a vertical load
density ¢ evolving in time according to the load time function defined later on.

To learn on how to set up the drivers list watch the video Set drivers

ZS0il®-3D-2PHASE v.2023 TU-14
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o Materials
Material properties of the consolidating soil are given in the following table:

Material Model Data group | Properties Unit Value
1 soil | Mohr-Coulomb | Elastic E [kN/m?] | 30000
v - 0.3
Density Yb [kN/m?] | 16.52
vF [kN/m3] | 10
€o - 0.60
Non-linear | ¢ ° 25
v ° 0
C [kN/m?] | 5
Flow B [kN/m?] | 10%®
k.. [m/d] 0%
k, [m/d] 107*
a [1/m] 1
Sy - 0.0
K situ K - 0.6
K? - 0.6

In the considered case the assumed fluid boundary condition yields the full saturation state
of the medium. Therefore, parameters o and S, required for partially saturated medium,
are not meaningful here. By assuming £, = k, an isotropic Darcy flow conditions are

fulfilled and ¥ = 10 kPa is equivalent to the condition of quasi-incompressible fluid.
To edit material properties use menu Assembly/Materials.

To learn on how to enter material data watch the video Edit materials .

e Load function
The load time function associated with the unit distributed load ¢ = 1kN/m? describes
its evolution in time. At the initial state (¢ = 0) it must take value zero while later on it
grows until final value. In the considered case the evolution of the load is driven by the
load time function number 1, labeled as vertical load and specified in detailed way in the

following figure.

r C e
Load functions
—Funcion definitio
Number |1 Name |stiip load :?:
add | Modiy | Delete |  copy | 110
105
Acceleration time histories toolbox | 100
Insert expression I 95
90
Function 1: strip load ~] G Il
st origi W !I
[by velue =1 CC I Il
70
™ Forinitial material Ses !
™ Forfirst replacement material 8 & !
[~ For second replacement material I |
Sss |
Scale values byfactor |1 50 i
45
Time [day] ‘Value e I}
0 0 35 ]]
Ml10 10 z: i
il| 100 10 20 ’l
Il 15 |
I 10
I 05
00
0 2 30 0 s 60 8 0 100
t[day]
mpot | Bpot | Help Concel
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To edit the load time function use menu Assembly/Load function.

To learn on how to enter load time function watch the video Edit load time function .

e Generation of the model

The computational model is built in the following steps documented in form of video films.

1 Create a new project

2 Edit load time function

3 Create macro-model /mesh /loads and
boundary conditions

4 Edit materials

5 Set drivers

6 Run computation

7 Visualize results
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1.4 HOW TO RUN SHEET-PILE WALL PROBLEM

o Data file: tutorials/sheet-pile-wall.INP

e Description

Generation of a complex geotechnical model of installation of an anchored sheet pile wall,
followed then by an excavation is the goal of this tutorial. The geometry of the model
will evolve in time and some model components like wall, anchors or excavated soil layers
will appear or disappear according to the assumed scenario. The geometry of the model is

shown in the figure below.
12m 18m

Excavation zone-1

~
Anchors™ *
g
Excavation zone-2 Medium sand
~

Sequence of all steps is shown in the following table.

Initial state (¢ = 0) Installation of sheet pile wall (¢t = 1)

Installation of first anchor (¢ = 2) Excavation of 1 sand layer (¢ = 3)

Installation of second anchor (¢ = 4) | Excavation of 2 sand layer (¢ = 5)
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e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New

in main Z_Soil menu) set ©|Plane strain| to ON and select Deformation item from

the Problem type list. The predefined system of units for both data preparation and

visualization of results can be verified in menu Control/U.
X

Preselections

Version type 6
Analysis type |Plune Strain LI
2]
Problem type |Defurmation L, —I
Project
[~ Frames only [~ Structures only
[~ Dynamics [~ Pushaver (7]

" Show meaningful options only
(@ Show all options (meaningful options in black, other in gray color)
" Show all options (all in black color)

Projecttitle IZsuiI example

Model
description

Author ZACE il

Company |2Ace
Unitsystem  [STANDARD > Show Q
coe

e Drivers

The whole computational process will consist of three drivers i.e. the Initial state
which will yield the initial stress distribution (including user defined coefficient of in situ
lateral pressure K, = 0.8 in clay layer), Time dependent/Driven load to analyze all
construction and excavation steps and at the end Stability (using ¢ — tan(¢) reduction
algorithm) will be carried to assess the global safety factor. The complete set of drivers is
given in the following figure.

Driver Type Ini. load factor Fin. load factor Increment Multiplier Nonl. solver settings | Dyn. anal. settings
Initial State 05 1 0.1 Default -
Time Dependent | Driven Load 0 [day] |6 [day] |1 [day] |1 Default
Stability tg(phi)-c 105 2 0.05 Default -
Project properties
B Settings. =
Version' type Basic I
Units STANDARD
KN-m-deg-day-C
B Analysis and problem type
Analysis type Plane Strain
Problem type Deformation
B Project description
Projectiile 2s0il example
Model description
Author ZACE
Company ZACE
B Associated preprocessed projects
Heatproject
Humidity project
Free field motion project |
B Large displacements/rotations/strains
Large displacementsjrotations  False
Update coordinates during const.. False L‘
Ir Advanced ok ] Concel Hep |

To learn on how to set up the drivers list watch the video Set drivers
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e Materials

Material properties for medium sand and clay layers are given in the following table:

Material Model Data group Properties Unit Value
1 Clay Mohr-Coulomb | Elastic E [kN/m?] | 30000
v - 0.32
Density Yp [kN/m3] | 18
7F [kN/m3] | 10
€ — 0.0
Non-linear o) [°] 20
v ] 0
C [kN/m?] | 15
Initial K state | K, - 0.8
K/, - 0.8
Inclination | — 0.0
angle
2 Sand Mohr-Coulomb | Elastic E [kN/m?] | 60000
v - 0.25
Density Yp [kN/m3] | 17.5
7 [kN/m3] | 10
€ - 0.0
Non-linear ¢ [°] 30
v ] 0
C [kN/m?] | 0.0
Initial K state | K/, - 0.5
K, = 05
Inclination | — 0.0
angle
3 Wall Elastic beam | Elastic E [kN/m?] | 210000000
v - 0.2
Density Unit weight | [kN/m?] | 0.0
Geometry Type - Values
Interval [m] 1.0
A [m] 11352 -10°°
A, [m?] 9162 - 101
A, [m?] 2162 - 101
4 Anchors | Truss Elastic E [kN/m?] | 300000000
Density Unit weight | [kN/m?] | 0.0
Geometry Interval [m] 4.0
Area [m?] 0.000829
5 Interface | Contact Non-linear ¢ [°] inherit*
v (] 0
C [kN/m?] | 0.0

Friction angle in the interface satisfies the condition: tan(¢™* /%) = 0.5 tan(¢*"). In
the considered case initial void ratio and fluid specific weight do not play any role.

To edit material properties use menu Assembly/Materials.
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To learn on how to enter material data watch the video Edit materials .
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¢ Existence function

Number Label tl t2 t 2 t1 2
[day] [day] [day] [day] [day] [day]
wall 1 INF
anchor-1row |2 INF
sand layer-1 _0 3
anchor-2 row _4 INF = |
sand layer-2 Q 5
interface 1 INF
interface-conti.. 0 1
anchor-1-pres...| 2 3
anchor-2-pres... 4 5 TR
| ! ' ' | -
| i

1 -wall
2 - anchor-1 row
3 - sand layer-1
4 -anchor-2 row
5 - sand layer-2
6 - interface
7 - interface-continuity
8 - anchor-1-prestress w
9 - anchor-2-prestress [T Time
0.0 1.0 20 30 4.0 5.0
Export | Import | Automatic generation | Help | ’TI Cancel |

Introduction of contact elements leads to discontinues mesh connectivity along the in-
terface. For that reason before the sheet-pile wall is installed, full compatibility of the
displacement field must be preserved in the interface. This effect can easily be achieved
during generation of interface elements, where contact is defined in dual mode (full conti-
nuity first and then real interface behavior). Both modes are controlled by the two existence
functions (in our case continuity is controlled by the existence function number 7 while real
contact behavior by function number 6). It is strongly recommended to apply a distinct
label to each existence function.

To edit existence functions use menu Assembly/Existence function.

To learn on how to enter existence functions watch the video Edit existence functions .

¢ Generation of the model

The computational model is built in the following steps and some of them are documented
in form of video films.

1 Create a new project
Edit materials

Edit existence functions
Edit construction lines
Generate macro-model
Set drivers

Run computation
Visualize results
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1.5 HOW TO RUN A STEADY-STATE FLOW PROBLEM

o Data file: tutorials/ssf.INP

e Description

Consider the embankment illustrated in figure below which is submitted to the following
flow conditions: a hydrostatic pressure distribution is applied along boundary AB and
defined through the pressure head value h(t), while a toe-drain is present at part DE. We
will analyze the two steady state solutions for h(t = 0d) = 3m and then h(t = 1d) = 2m
within a single run. Application of a varying in time pressure boundary condition, defined
through the pressure head h(t), and toe drain as well, require a special treatment realized
through the so-called seepage elements. These elements allow for an automatic switch
from pressure to the flux boundary condition (at the boundary AB, below the water table,
we need to set the pressure boundary condition assuming the hydrostatic pressure profile
while above a zero flux; in the toe drain in part where water flows to the drain we need to
enforce zero pressure while in the remaining part zero flux).

| 8m | 2m | 8m |
| | |
B C
v
1:2 1:2 4m
h() Toe drain

AI X I15m D, 3m IE

[ | |

¢ Project preselection
Preselections

o

Version type

Analysis type IPIane Strain ;l

e

Problem type IFlUW ;I

I~ Frames only [~ Structures only

[~ Dynamics [~ Pushover 9
(" Show meaningful options only

@ Show all options (meaningful options in black, other in gray color)

(" Show all options (all in black color)

Project preselectic

Project fitle IZsoiI example

Model
description

Author [zace

Company IZACE
Unitsystem  [STANDARD - Show (2] |
OK | Cancel |
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e Drivers

The whole computational process will consist of the two drivers i.e. the Initial state
and then Time dependent/Steady state. The fist driver will yield the steady state
solution at time ¢t = 0 for the pressure boundary condition assumed at that time while the

second one will yield again the steady state solution but at time t = 1d.
[orvers defition -

Type Ini. load factor Fin. load factor Multiplier Nonl. solver settings | Dyn. anal. settings
Initial State 05 1 ‘ 01 Default
Time Dependent | Steady State @yl |1 idayl |1 wayl |1 Default

B Settings =

Version type B: I

Units STANDARD

KkN-m-deg-day-C

© Analysis and problem type

Analysis type Plane Strain

Problem type Flow
B Project description

Projecttille Zsoil example

Model description

Author ZACE

Company ZACE
B Associated preprocessed projects

Heatproject

Humnidity project

Free field motion project |
B Large displacements/rotations/strains

Large displacements/rotaions  False

Update coordinates during const.. False L‘

| e Concl Hob

To learn on how to set up the drivers list watch the video Set drivers

e Materials

Material properties for soil are given in the following table:

Material | Model | Data group | Properties Unit Value

1 Soil | Elastic | Density YD [kN/m?] | 0
~F [kN/m?] | 10

€ - 0.0

Flow B [kN/m?3] | 10%®

k. [m/d] 10~*

k, [m/d] 1071

B [°] 0.0

a [m~1] 5.0

o - 0.0

In the considered case any solid material model can be used and the only meaningful
parameters to be set up are placed in groups Density and Flow. Initial void ratio e,,
fluid bulk modulus 5% are not meaningful for steady state analysis. As k, = k; the flow
orthotropy angle (3 is not meaningful either. The fictitious material (2) applied to seepage
surface elements is not specified here (the multiplier for, automatically estimated, penalty
parameter is equal to the default value 1.0).

To edit material properties use menu Assembly/Materials.

To learn on how to enter material data watch the video Edit materials .
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¢ Load time function

The evolution of the load time function associated with the pressure head boundary con-
dition is shown in the figure.

Nurber |1 Name [h=ho() = 1m * ()

add | medty | Detee | copy |

Acceleration ime histories faolbox |

Insert expression
Function [1 he=hotty = 1m 1ty
Shift origin
[l value =l
[ Forinitial material
I~ Forfirstreplacement material

[~ Forsecond replacement material
Scale values by factor |1

Time [day] Value
0 3
1 2

To learn on how to enter material data watch the video Edit load time function .

¢ Generation of the model

The computational model is built in the following steps and some of them are documented
in form of video films.

[y

Create a new project under name :
ssf.inp

Set drivers

Edit load time function

Edit materials

Create macro-model and mesh

Run computation

Visualize results

~NOoO kW
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1.6 HOW TO SIMULATE A TUNNEL IN AN URBAN ENVIRON-
MENT

o Data file: tutorials/tunnelzh.INP

e Description

This tutorial is devoted to the problem of tunneling in an urban environment. The engi-
neering draft is shown in the figure below.

| & Zurlipgensi: s 105
:: BT e Brs ™
B
::. e ___-aamrmi L
A
\i
.:\;_
-
N
[~

Sirleceiter
2N Shoder duin

M ppodit * W0t S len fu

To build the tunnel with the external radius 6.05m a small technological tunnel (with the
external radius 2.4m) is excavated first and concrete lining is constructed (thickness is
0.2m). Then the whole zone (with radius of 7.25m) around the main tunnel is frozen,

main tunnel is excavated and lining is constructed (with thickness of 0.7m). Once the
lining is installed freezing is stopped.
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The geometrical model with all dimensions is shown in the following figure.

A

i 28m | 12m 9.65rT 18.35m |
e _
o
ol l -
£ ! :
B R=6.05m —~ \U¥/" -~ ET
3 @R=2.4m 0 X
1 S I - l

R=7.25m |

5 L 5
o ; i o
™ ! ! [a0]

| 40m | 40m |

Sequence of events that will be considered in this example is shown in the following table.

Time [d]
0 1 2 3 4 5 6 7 8

infinity

Excavation in small tunnel zone

Dewatering of small tunnel zone
Installation of small tunnel lining
Freezing zone of main tunnel J—
Excavation of main tunnel zone P
Installation of main tunnel lining

Add seepage surface in main tunnel

~N o oA (W (N

It has to be emphasized that the problem is three-dimensional due to effect of excavation
front. In the example we take this into account assuming that just after excavation only
some part of the excavation forces is dissipated (30 % in the zone of small tunnel and
20 % in the zone of main tunnel) while the remaining part is progressively applied to
the installed linings. As far as freezing effect is considered we assume that the stiffness
modulus E \1a5r(i)%sogrom E = 40000 kPa (in situ value) up to £ =150000 kPa (this yields

40000
angle from ¢ = 38° up to ¢ = 45°. We assume the residual value for cohesion (c=1 kPa)
to simplify the data setting for evolution of this parameter in time. Progressive unloading
and variation of material properties in time are shown in the figure below.

Time [d]
0 1 [2 I3 Ja s 6 7 s
70%

a factor of = 3.75), cohesion varies from ¢ = 1 kPa to ¢=80 kPa and friction

infinity

0%

Dissipation of exc. forces in small tunnel

80%

0%

Dissipation of exc. forces in main tunnel

3.75
1.0 1.0
Amplification of E modulus in freezing zone
80.0
1.07 1.0
Amplification of cohesion in freezing zone
1.18
1.07 1.0
Amplification of friction angle in freez. zone
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e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New in
main Z_Soil menu) set @ Plane strain | to ON and select Deformation+Flow item from
the Problem type list. The predefined system of units for both data preparation and

visualization of resultg,_mn_bn_unu_ﬂnd_m_mnnu_f_‘anmj_LLLngiﬁ
Preselections

Version type

Analysis type IPlane Strain LI

Problem type IDefovmatiDn + Flow L] —,
Project preselectic
[~ Frames only [ Structures only
[~ Dynamics [~ Pushover 9

(" Show meaningful options only
@ Show all options (meaningful options in black. other in gray color)
(" Show all options (all in black color)

Projecttitie IZsoil example

Model
description

Author IZAOE \

Company IZAE
Unitsystem  [STANDARD v Show (7]
OK I Cancel I

e Existence functions

The sequence of excavation/construction events is controlled by the existence functions
shown in the figure below. All these existence functions are defined according to the

Existence. i

Active period 1 Active period 2 Active period 3
Number Label t 12 t1 2 t ©
[day] [day] [day] [day] [day] [day]

1
INF
INF

small tunnel zone

seepage surface in small tunnel

small tunnel lining

main tunnel zone 4
INF
INF

main tunnel lining

eepage suface n i tumnel

o v oln = o

1 - small tunnel zone [ ]

2 - seepage surface in small tunnel

3 - small tunnel lining I

5 - main tunnel zone

6 - main tunnel lining

7 - seepage surface in main mnnell l | | ‘ | ‘ ‘ | [ I | l

0.0 0 .0 0 4.0 5.0 6.0
Export Import Automatic generaion Help Cancel \
To learn on how to enter existence functions watch the video Edit existence functions .

¢ Load time function

The evolution of the load time functions related to the dissipation of excavation forces, but
also to describe the evolution of stiffness and strength parameters in time due to freezing
are shown in the following figures. Each load time function has its own distinct label given

ZSoil®-3D-2PHASE v.2023 TU-27


https://www.zsoil.com/zsoil_manual/videos/tut2d-8/tut2d-8-exf/tut2d-8-exf_player.html

A Preface A A 2D problems

Function definiti
Nurber [1 Name |unlffor small tunnel zene
add | medy | Delee | copy |

Acceleration time histories toolbox I

Insert expression

Function [1 unltfor small tunnel zone
Shift origin

|by value ] |IJ

[ Forinitial material

[™ Forfirstreplacement material

[~ For second replacement material

Scalevalues byfactor |1

Time [day] Value
07
07

0

Function definition
Number |2 Name |unlffor main tunnel zone

Add | Modty |  Delets | copy |

I Acceleration time histories toolbox I

[ Insert expression |
[ ain tunnel zone

Function

Shift origin
[y value

[~ Forinitial material
[~ Forfirstreplacement material
™ Forsecond replacement material

Scale values by factor |1

Time [day] Value
08
08

0

Function definition
Number [3 Newo l—E modus R —
add | medty | Delete | copy | ;
Acceleration time histories toolbox I
Insen expression I
E Sl

Function

Shift origin

[oy value ~|] [dey]

[ Forinitial material

[~ Forfirstreplacement material
[™ Forsecond replacement matericl

Scale values by factor |1

Time [day] Value
1

375
375
1

LTF = 3 Evolution of E' modulus multiplier in time (due to freezing)
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Load functions ﬁ
~Function definiti
Nurnber [4 Name [cohesion 95
Add | Modity | Delete |  copy | %
Acceleration time histories toolbox | 80
Insert expression I r.3
Function o / \\
- Shift origi 65
[by velue =1 [day] cu / \
[~ Forinitial material = 55 / \
I™ Forfirst replacement material 3 50
I For second replacement material ; 45
Scale values byfactor |1 40 // \\
Time [day] ‘Value *
30
| 3 n - / \
4 80 AL \
; 5 30 15
ls 1 10 / \
|/ \
30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
t [day]
| mpot | Expon | Helo | ok | cancel

LTF = 4 Evolution of cohesion ¢ multiplier in time (due to freezing)

r —_—
Load functions
i~ Function definitio
Number IS Name ll_rluinn angle 14
Add ] Modity ] Delste ] Copy | 13
Acceleration ime histories toolbox | 12
Insert expression I 11 e
Frcion [T -] | ol L
- Shitt orig
[y value ~|fo [day) :
[~ Forinitial material = 08
I Forfirstreplacement material ]
I For second replacement meterial s &
Scale values byfactor ~ [1 06
Time [day] ‘Value 0.5-
f 3 1
4 118 03
N
5 118
I 02
6 1
01

o0
730 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
t[day]

Import I Expornt | Help I OK I Cancel

LTF =5 Evolution of friction angle ¢ multiplier in time (due to freezing)
To learn on how to edit load time functions watch the video Edit load time function .

e Materials

Material properties for subsoil and tunnel linings are given in the following table:

Material Model Data group Properties Unit Value
1 Subsoil Mohr-Coulomb | Elastic E [kN/m?] | 40000
v - 0.25
Density D [kN/m?] | 18
~F [kN/m?] | 10
€o - 0.32
Flow ky = ky [m/day] | 0.0864
Sy - 0
o) 1/m] 5
Non-linear o) °] 38
v ] 10
C [kN/m?] | 1
Initial K, state | K, - 0.45
K,, - 0.45
Inclination | — 0.0
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angle
2 Subsoil Mohr-Coulomb | Elastic E [kN/m?] | 40000
v - 0.25
Density YD kN/m?] | 18
~E kN/m?] | 10
€o - 0.32
Non-linear o [°] 38
v ] 10
C [kN/m?] | 1
Initial Ko state | K, - 0.45
K,, - 0.45
Inclination | — 0.0
angle
3 Small tunnel | Elastic beam | Elastic E [kN/m?] | 25000000
v - 0.2
Density Unit weight | [kN/m3] | 24.0
Geometry Type - User defined
(rectangular)
Interval [m] 1.0
b m 1.0
h m 0.2
4 Main tunnel | Elastic beam | Elastic E [kN/m?] | 30000000
v - 0.2
Density Unit weight | [kN/m?] | 24.0
Geometry Type - User defined
(rectangular)
Interval [m] 1.0
b [m] 1.0
h [m] 0.7
5 Foundation Elastic beam | Elastic E [kN/m?] | 30000000
v - 0.2
Density Unit weight | [kN/m3] | 0.0
Geometry Type - User defined
(rectangular)
Interval m 1.0
b m 1.0
h [m] 1.0

It can be noticed that material number 2 is equivalent to material number 1, however
stiffness properties and strength parameters of material 2 will vary in time to simulate
freezing process.

The fictitious material with number 6 applied to seepage surface elements is not specified
here (the multiplier for, automatically estimated, penalty parameter is equal to the default
value 1.0).

To edit material properties use menu Assembly/Materials.

To learn on how to enter material data watch the video Edit materials .
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e Material properties varying in time

Setting time dependent material properties can be made during editing of the material
data. Any load time function (but with meaningful values) can be associated with any
(if allowed) material parameter. To apply the load time function to the selected material
parameter select an option Load time function from combo-box Data mode (placed
always at the bottom of the material data dialog box). In the Load time function
mode one may press the Set button and to select the load time function from the list
of already defined load time functions. It is also possible to enter directly the load time
function ID (when it does not exist it is automatically created and added as a zero valued
function to the list of load time functions).

To learn on how to define material properties varying in time watch the video Define time
dependent material properties .

¢ Generation of the model

The computational model is built in the following steps and some of them are documented
in form of video films.

1 Create a new project under name :
tunnelzh.inp

Edit load time function

Edit existence functions

Edit materials

Create construction lines
Draw model skeleton

Create macro-model and mesh
Set drivers

Run computation

Visualize results

O© 00 ~NO 1~ Wi

—
o
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1.7 HEAT TRANSFER FOLLOWED BY MECHANICAL ANALY-
SIS

o Data file: tutorials/tunnelheat.INP, tutorials/tunnelmech.INP

e Description

A problem of thermal stresses induced by imposed temperatures on the external surface
of a tunnel lining is considered here. An engineering draft of the problem is shown in the
figure below.

9 T1(t)
© Vv
A B
© A B
~ 8
T8 AMBIENT
o TEMPERATURE Ta= 20 C
© FILL
o v / _[NAT-3 MAT-4
- IMAT2] 44 09 20 7.8 0.4
| | | | ||
‘ 12.1 ‘

The problem will be solved in two steps. In the first one we will perform thermal analysis
which will consist of the initial state computation (in the context of thermal analysis it is
equivalent to the steady state at time t = 0) followed then by a transient analysis driven
by varying in time temperatures T1 (t), T2 (t) and T3 (t). On the internal surface of the
tunnel we assume convective type of the boundary condition driven by a constant ambient
temperature equal to 20°.

Once the thermal project is completed we will run mechanical analysis, driven by imposed
strains evaluated from temperature fields resulting from thermal analysis. Solution of this
complex problem will consist of the two separate projects i.e. thermal one run first and
then a mechanical one run as second.

Both projects will be analyzed using the same mesh and all model components will be
generated in a single preprocessing session.

Remarks:

1. Meshes used in thermal analysis and mechanical one can be completely different and in
geometrical sense may even cover different domains. A projection of thermal solution on
the mesh used in the mechanical analysis will be carried out by the code automatically

2. Beam elements cannot be used in thermal analysis

3. Beam elements can be used in the mechanical analysis (replacing equivalent continuum
elements) but exclusively in the layered version (] Nonlinear | is set to ON ).

4. In the considered case the finite element model for both thermal and mechanical analyzes
will be unique; features typical for heat analysis like convective BC, imposed temperatures
will automatically be ignored in the mechanical project and features typical for mechanical
analysis like displacement BC, etc.. will be ignored in the thermal one.

November 6, 2023 QuickHelp DataPrep Theory Benchmarks
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e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New in
main Z_Soil menu) set ©| Plane strain| to ON and select Heat item from the Problem
type list. The predefined system of units for both data preparation and visualization of
results can be verified in menu Control/Units.

[~ Frames only
[~ Dynamics

—Project preselection

Preselections E
Versiontype [N o|
Analysis type IPIane Strain E]

®
Problem type |Heat ~| —,

[~ Structures only
[~ Pushover

(" Show meaningful options only
(® Show all options (meaningful options in black, other in gray color)
(" Show all options (all in black color)

Projecttitle

IZsoiI example

Model
description
i

Author IZACE
| Company IZACE
\ 0
Il Unitsystem  [Units 1 ~| Show Ql \

¢ Load time function

The load time functions associated with the imposed temperature BC's along edges A-B,
B-C, C-D are shown in the following figures.

' Load functios
—Function definitior
|| Number [1 Neme [Ti®)

Add | copy |

Acceleration ime histories tooloox |

S

Modiy |  Delete |

Insert expression |

[T -]

Function

Value ]
> S B RXIVSBLYL S

S B

Time [h] ‘ Value
0 20

8 35
12 35
20 20

o N s o ®

14 16 18 20

I
Cancel |I

bl 12
t[h]

L Import Export Help ok |
LTF;(t) Evolution of T1(t) = 1°C LT Fy(t)
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||| Number B Name [T20)
add | oty | Delele | copy |

Acceleration time histories toolbox

I Forsecond replacement material

Scale values byfactor ~ [1

Time [h]

LT F,(t) Evolution of Ty(t) = 1°C LT Fy(t)
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| Load ﬁmclions!
T

Add | modiy | Delete |

cony |

Acceleration time histories toolbox

Value []

Scale values by factor ~ [1

i [ value

20

Time
0

0 12 14
t[h]

16 18 20

Import Export Help Cancel

LT F;5(t) Evolution of T3(t) = 1°C LT F3(t)
Note that these load time function are meaningful only for thermal analysis.

To learn on how to edit load time functions watch the video Edit load time function .

e Materials

Material properties for subsoil, tunnel lining, fill, contact interface and convection surface
are summarized in the following table:

Material Model Data group Properties Unit Value
1 Tunnel lining Elastic Elastic E [kN/m?] 30000000
v - 0.2
Density b [kN/m?3] 24
vF [kN/m?3] 10
€ - 0.0
Heat cf=cp kJ/(m? K)] | 3000
)y ki/(mKh)] | 8.64
a [1/°C] 107°
Source - OFF
2 Tunnel lining Elastic Elastic E [kN/m?] 30000000
v - 0.2
Density YD kN/m3 24
VF kN /m? 10
€ - 0.0
Heat cc=cp |[kJ/(m>K)] | 3000
A [kJ/(m Kh)] | 8.64
a [1/°C] 107°
Source - OFF
3 Fill Mohr-Coulomb | Elastic E [kN/m?] 100000
v - 0.3
Density Yb [kN/m?] 20
vF [kN/m?3] 10
€ - 0.0
Non-linear o [°] 30
¥ "] 10
C [kN/m?] 0
Initial K, state | K, - 1.0
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K,. - 1.0
Heat cc=cp |[kJ/(m>K)] | 3000
A [kJ/(mKh)] | 8.64
« [1/°C] 107°
Source - OFF
4 Subsoil Mohr-Coulomb | Elastic E [kN/m?] 50000
v - 0.3
Density b kN /m?3 20
T kN /m? 10
€o - 0.0
Non-linear ¢ [°] 30
W "] 10
C [kN/m?] 0
Initial K, state | K,; - 0.5
K,. - 0.5
Heat cc=cp |[kJ/(m*K)] | 3000
A [kJ/(mKh)] | 8.64
a [1/°C] 107°
Source - OFF
5 Interface Contact Non-linear ¢ [°] 5
soil-lining
v "] 0
C [kN/m?] 0.0
6 Convection Convection | Heat h [kJ/(m? K h)] | 106

o Generation of the model for both thermal and mechanical analysis

The computational model is built in the following steps and some of them are documented
in form of video films.

1 Create a new project under name :
tunnelheat.inp

Edit load time function

Edit materials

Create skeleton model

Create macro-model

Create mesh

SO WwDN
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1.7.1 THERMAL ANALYSIS

The computational model to carry out both thermal and mechanical analysis was fully de-
scribed in section 1.7. In this section we will customize the model to run thermal analysis
exclusively. The only modification concerns setting of the list of drivers.

o Data file: tutorials/tunnelheat.INP

e Drivers

As in the preselection dialog box we have already set up the Problem Type to Heat the
only modification which is needed is the proper setting of the drivers set (shown in figure
below).

| Driver | Type Time start Time end Increment t | Multiplier Nonl. solver settings  Dyn. anal. settings

[ nitia State [H 1 | 01 Default o
Time Dependent | Transient 0 tday] |20 [dayl |01 [day] |1 Default 1303 [ ..

© Settings -
Version type Advanced
Units STANDARD
kN-m-deg-day-C
E Analysis and problem type
Analysis type Plane Srain
Problem type Heat
© Project description
Projecttitle Zsoil example:
Model descripion
Author ZAcE
Company ZACE
& Associated preprocessed projects
Heat project
Humidity project
Free field motion project —
B Large displacements/rotations/strains
Large displacements/rotations  False
Update coordinates during const.. False LI

Stage m
> Advencad [ Achss | sens: | Conce Holp

In this example we want to trace the evolution of temperatures in space and time due to
transient BC, hence the initial condition must be set up. Here before running transient
analysis we have declared an Initial state driver, equivalent to the steady state heat transfer
case solved at time t = 0. All nodal temperature BC are such that nodal temperatures at
time t=0 are equal to T=20°C and ambient temperature is also equal to T=20°C. Thus it
is obvious that at t=0 we have to obtain a uniform temperature T=20°C in whole domain
as the result of steady state analysis. NB. To assume another initial condition one may
use Initial temperature super-element.

e Customization of the model to carry out thermal analysis

The computational model is built in the following steps and some of them are documented
in form of video films.

1 Open project: tunnelheat.inp
2 Set drivers
3 Run computation
4 Visualize results
November 6, 2023 QuickHelp DataPrep Theory Benchmarks

ZSoil®-3D-2PHASE v.2023 TU-37


https://www.zsoil.com/zsoil_manual/videos/tut2d-9/tut2d-9-drivers-h/tut2d-9-drivers-h_player.html
https://www.zsoil.com/zsoil_manual/videos/tut2d-9/tut2d-9-results-h/tut2d-9-results-h_player.html

A Preface A A 2D problems A A A Heat transfer ...

1.7.2 MECHANICAL ANALYSIS (TUNNEL LINING MODELED
WITH CONTINUUM ELEMENTYS)

In this case the tunnel lining will be modeled with aid of special type continuum elements
(EAS elements with enhanced shear and bending representation) which belong to the group
of Continuum for structures. The only limitation when using these type of elements is
such that Elastic model can only be applied. Bending moment, shear and axial forces can
be recovered in the postprocessor.

The data set prepared under name tunnelheat.inp has to be saved under name tun-
nelmech.inp (without results saving).

o Data file: tutorials/tunnelmech.INP

¢ Project preselection

In the dialog box for project preselection (Control/Project preselection) switch from
Heat to Deformation Problem type. NB. Time unit cannot be changed (same unit must
be used as in the thermal analysis).

 re—
Preselections H
Version type © @ Project properties
Version type Advanced |-~
Units Units 1
X - kN-m-deg--h-C
BT IPIane Strain L.' & Analysis and problem type
- Q Analysis type Plane Strain
Problem type IDelormmlon LI Problem type Deformation
B Project description
Projectp [ Project title o Zsoil example
[~ Frames only [~ Stuctures only :":::: description ACE
I Dynamics [/ Pushover 2, Company ZACE ]
(" Show meaningful options onhy B Associated preprocessed projects
(8 Show all options (meaningful options in black. other in gray color) Heat project Di\v14_ztuser_vs: ...
" Show all options (all in black color) Humidity project 5]
- |[Heat nroiect
Project title IZsalI example
Model
description
ZACE
Auor | Here we declare
Company ZACE .
' | ! thermal solution to be
[ Ureovsem [T =1 sow © used in mechanical
bl
I ok | cencel | I analysis
.
e Drivers
Driver Type Ini. load factor Fin. load factor Increment Multiplier Nonl. solver settings | Dyn. anal. settings
Initial State 05 1 \ 01 Default 1303 | ..
Time Dependent | Driven Load o [day] |20 Idayl |01 (day] |1 Default 1303 | ..

Stage construction algorithm
[ Advanced acves | seings | ok ] Concal Help I
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To apply the thermal solution to the mechanical model we have to browse for tunnel-

heat.inp project in the

and Drivers.

Associated preprocessed projects |

]

in dialog Analysis

Customization steps to carry out mechanical analysis

The computational model is built in the following steps and some of them are documented
in form of video films. To see on how to recover M, N, T diagrams integrated from the
stress fields see the video on visualization of results.

(G2l OO O I

Open project: tunnelheat.inp

Save as: tunnelmech.inp

Set drivers and attach heat project
Run computation

Visualize results
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1.7.3 MECHANICAL ANALYSIS (TUNNEL LINING MODELED
WITH BEAMS)

In this case the tunnel lining will be modeled with aid of beam elements. The first requirement
is such that to handle spatial distribution of the temperature field the layered beam model
must be used (button must be switched ON in material definition for the
beam). The next requirement is such that the beam offset option must be used to shift the
centroid of the beam with respect to the master nodes (offset option). This setting can be
made during creation of the beam both at the macro-modeling or FE-model levels. The aim
of setting the offset is to position properly the cross section of the beam with respect to the
cross section designed by the continuum elements used in thermal project (see explanation
in the figure below).

h h/2 (offset)

Beam centroids

Lining zone in the thermal Lining zone in the mechanical
project (continuum elements) project (beam elements (layered))
must coincide with the excavation
contour

o Data file: tutorials/tunnelmech-b.INP

e Materials

Replacing continuum lining by a lining defined as a layered beam requires an additional
modification of the material data. We have to add a new material which will have number
1.

Material Model Data group | Properties Unit Value
7 Lining | Elastic beam | Elastic E [kN/m?] | 210000000
v - 0.2

Density Unit weight | [kN/m?] | 0.0
Geometry | Type - User defined

Interval [m] 1.0
Shape rectangular
b [m] 1.0
h [m] 0.4
v - 0.2

o Customization steps to carry out mechanical analysis
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Open project: tunnelmech.inp
Save as: tunnelmech-b.inp

Add new material for lining (beam)
Replace continuum by beams

Run computation

Visualize results

SO~ W N
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1.8 DYNAMIC SOIL-STRUCTURE INTERACTION USING DO-
MAIN REDUCTION METHOD (DRM)

e Data files:
tutorials/dynamics/SOIL-COLUMN.inp,
tutorials/dynamics/DRM-S-FF-SHL.inp,
tutorials/dynamics/FF-SHL.inp

e Description

A problem of dynamic concrete column-subsoil interaction is considered in this example.
To reduce the computational effort DRM method will be used and hence the computa-
tional model will consist of the two models, the background one and the reduced model.
The background model will be set up as a shear layer model (it is basically 1D model)
discretized using quadrilateral elements and periodic solid boundary conditions to tie de-
grees of freedom on the opposite vertical walls. The background model will be excited by
harmonic imposed displacement, with period of 7= 0.5 s, applied to the base. The draft
of the problem is shown in the figure below.

10m
inf inf
30m

Ux(t)

<
<

n
»

The reduced (DRM) problem will be solved in two steps. In the first one we will perform
transient dynamic analysis of a shear layer that will consist of the initial state driver followed
then by a transient dynamic one, driven by harmonic excitation u,(t) applied to the base
(at depth of 30m) (FF-SHL.inp). Once the shear layer project is completed we will run
transient dynamic analysis of a reduced model (DRM-S-FF-SHL.inp) including the column,
driven by displacements, velocities and accelerations computed from the background model.
To compare results of the reduced and full size models an additional full size model will be
generated too (SOIL-COLUMN.inp).

e Materials

Material properties, common for all examples, defined for subsoil, concrete column and
viscous dampers are summarized in the following table:

Material Model | Data group Properties Unit Value
1 Subsolil Elastic | Elastic E [kN/m?] | 192000
v - 0.2
Density YD [kN/m3] | 19.61
F [kN/m3] | 10
€o - 0.0
November 6, 2023 QuickHelp DataPrep Theory Benchmarks
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2 Column Elastic | Elastic E [kN/m?] | 20000000
v - 0.2
Density v [kN/m?] | 24.52
Geometry Rectangular cross section | —
b m 1.0
h m 1.0
3 Viscous damper | — | Elastic E kN/m?] | 192000
v - 0.2
Density D kN/m3] | 19.61
~F kN/m3] | 10
€0 - 0.0
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1.8.1 FULL SIZE MODEL

To carry out the time history analysis of column-subsoil interaction, without additional ele-
ments cancelling waves reflections from rigid boundaries, a large computational model must
be generated. In the considered case 3600m long model was generated. It enables such an
analysis during first 5s of the excitation, performed with 2Hz frequency. In the following table
all major steps leading to the final model will be summarized.

Step 1: Open new project

Preselections
Version type () |
Analysis type IPIane Strain EI

Q
Problem type |Deformation | —,

Project preselection
[~ Frames only [ Structures only

[ Dynamics [~ Pushover g‘
¢ Show meaningful options only

(® Show all options (meaningful options in black. other in gray color)
(" Show all options (all in black color)

Project title IaniI example

description
Author [zace

Company IZACE
Unitsystem  [STANDARD | Show @ |
OK I Cancel |

Model I

1. Select Plane Strain

2. Set x ON

3. Accept these settings pressing button
4. File/Save As SOIL-COLUMN.inp
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Step 2: Create list of materials

( Materials li] ]

—Material definition
Add | Modify | Delete I
List of defined materials
Name [ Cont/Struct type [ Material formulation | [¥ Elastic Open |
=»1: No name Continuum Elastic
’ e [ Unitweights Open I
Number |'|| Name INO name
Continuum & structure type : Meterial formulation : [ Flow Open |
Continuum LI IEIaslic [~ Creep
Import material from database
Import material from Virtual Lab database [~ Initial Ko State
[~ Heat
™ Humidity
i' [
[~ Damping
' Add selected materialto detabsse | Import materials from *INP | I
Add selected material to Virtual Lab Import materials from Virtual Lab
database database
[ Advanced Help for current model | Help | Cancel OK |

1. Add new material in the main menu through Assembly/Materials for Continuum with
number 1 and use Elastic constitutive model

2. Add new material in the main menu through Assembly/Materials for Beams with number
2

3. Set properties for both materials according to the data specified in the main section for
this tutorial

NB. If you want to learn more on how to edit material properties watch video
Edit material properties
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Step 3: Create list of load time functions

Load functiof
—Function definitio
Number |1 Name [base excitation ; i ; 7 i 7 0 0 ;i 7 ; v N
N 11 B i
asd | modty | [[Deiele ]|  copy | 10 Y T T W
Acceleration time histaries toolbox | o i ) ” ” f n n |
~ | o7 I 1 e T
Insert expression 07 H : i B 4
N I A

Function 1: base excitation \ ~| 06
ift ori 05

[~ For second replacement material

Scale values by factor |1

Time [s] I\lalue
0 0
1 1.64083e-009 D 0
1.01 0.125333
1.02 0.24869 - .
8 i Expression |sm(1 2.56637062*)| |
1.05 0.587785
Step
Angle
De
o
©R°d Cancel

1. Open dialog box for editing load time functions through Assembly/Load functions

2. Add new function with index 1

3. Define this function through expression (press button

4. Set the angle unit to radians (set @ ON), set time range from t = 1..6 s, and in
the edit | Expression | | |type sin(12.56637062 «t) (period is equal to 7' = 0.5 s, hence

w=4r

NB. If you want to learn more on how to edit load time functions watch video
Edit load time functions
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Step 4: CAD drawing

Toolbar for construction axes

Z_Prep3D

i F o G255 E
j

Window | Assembly | Undo Edges\Faces sel. i r| Overlaid meshes
—_——— DOMAIN

FE Model
Macro Model

¢ Materiel

|7 Load function
Existence function

@ Points

@ Lines

[Data superelement

| [V omer Boreholes
Display color for: Initial mai;;lal
Hide objects whenp... False
Showwireframe (CT.. False
Temporary hiding of... False
Scalle factor 5
Aspectratio Y/X 1.000000
@ Functions and Materials
& FE Model
& Macro Model
Points 5
Lines 5

1. To speedup drawing of the model create construction axes using the toolbar in ribbon
group Draw; add characteristic X coordinates 0 and 300m, and Y coordinates 0, 30 and
40m

2. Draw rectangle 300m x 30m (between points 1, 2) using toolbar for rectangle drawing (in

ribbon group Draw); here we will plot only part of the model as aspect ratio is equal to
3600 o)
30
3. Draw line segment between 2 points (0,30)-(0,40) to be used later on for generation of

concrete column
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Step 5: Create subdomains (at macro-modeling level)

Beam geometry
e [Cocal Node 1 Node 2
€ Global x L —
« b v: fo v: [ m
v o v [o z: |0 2: o [m]
z o z o
X[m] X [m] Pa
[V obiects T i g [Edit» >
@ cont20 @ Points ﬁ gm’m 1-streplacementmat: [0 [EciL.> -
T points
Beam it >
@ ’3“” v w [ B ° <Edi.> =] 2D Membrane on objeciis)
% ow vi [o v [ ° <Edh.> =] Copy with rotetion
‘x 2 o z o Unloading function : o <Ecit.> - Copy with transletion
Axes
s
[Un] Select one Subdomain
Display colorfor: nitial material 4 |
Hide objects whenp... False Inzoom box
Showwireframe (CT... False Inzoom circle
Temporary hiding of .. False e
Scale factor 5
Aspect ratio Y/X 1.000000 -
i i —.
8 ;‘;:':,‘:"m aod Ma;e"a's Set parameters Toolbar Parameters ), C
[ FE Model —Materials
= Macro Model
Points 5 Initial material: ]1 < soil L' Create virtual mesh
Lines 5 - Virtual -> Real mesh
Continuum2D 1 I-streplecementmat: [0 [<Edit.> =1 Remove virtual mesh
Beam ! 2-nd replacement mat.: Iﬂ I(Edit...) | Remove real mesh
) Option Parametqrs
—Functions
Existence Function : |0 I(Edit...) L'
Load Function : [o [<Edit..> ~]

1. Create 2D continuum

Create beam subdomain

through
object(s) by picking the vertical line segment

subdomain through method Macro model/Subdomain/2D
continuum in contour by picking the point within the closed contour

. Apply proper material number (1) to the continuum subdomain using option Macro
model/Subdomain/Update/Parameters

method Macro model/Subdomain/Beam on

Apply proper material number (2) to the beam subdomain using option Macro
model/Subdomain/Update/Parameters
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Step 6: Create virtual meshes for subdomains (at macro-modeling level)

(v

Regression
N

[V] Adjust splitto existing meshed Subdomains

B split mesh
T Refine mesh

FE Model

Macra Model

Create...

Meshing parameters 2D continuum inside contour

2D continuum on contour
Mesh type: Beam on object(s)
(@ Sin d Truss on object(s)

Mapping template Split i 2D Mermbrane on abjeci(s)

F
- v Copy with rotation
Xo | ® Quadilateral Edge12 |10 | Copy with transletion
O Triangular ’1—|

[ Create viftual mesh ][ Close ]

Hoaes | Edgel-4 |19 Copy by symmery
[Un)/Outline...
Control points wf [Ur]Selectone Subdomain
Display colorfor: _ Inital material  + | [P 300.000000 30.000000 0000000 5] =
Hide objecis when p... False 0.000000 30000000 0.000000 In zoom box
Showwireframe (CT... False Removeall | |0.000000 0000000 0.000000 In zoom cirde
Temporary hiding of .. False - 300.000000 0.000000 0.000000 Insicle contour
Scale factor 5 Apply Delete.
Aspectratio Y/X 1.000000 A Delete
() Unstructured U;ﬂfh‘ﬂ;
rameters

= Functions and Materials Aproximate element size on the Define excavation front

Material 2 boundary (ml Reverse direction
B FE Model : Reverse X-exis

1

S Macro Model ®) Division of each subdomain segment

Points 5 -

Lines 5 (O Through morphing = —

Continuum 2D 1 Mapping template - Control nodes Remove virtual mesh

1

Beam

®) Quadilateral Remove real mesh

Triangular

— Pick nodes

Pick G. Points

[¥] Adjust splitto existing meshed Subdomains

Create virtual mesh ] I Close l

1. Create virtual structured mesh in continuum subdomain; wuse option Macro
model/Subdomain/Mesh/Create virtual mesh and click on the subdomain to activate
the dialog box (or use toolbar in ribbon menu Mesh)

2. Set number of elements along 1-2 and 1-4 edges

3. Create virtual structured mesh in beam subdomain; use option Macro
model/Subdomain/Mesh/Create virtual mesh and click on the subdomain to
activate the dialog box (toolbar in ribbon menu Mesh can be used as well)

4. Set number of elements for beam subdomain
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Step 7: Create whole continuum domain by copying 2D subdomain and create real mesh(at
macro-modeling level)

13 8
jad B - % Paran;etets m':]

Edges\Faces sel. Param.

Toolbar

Macro Model

e 20 continuum inside contour
|7 EE O R 20 continuum on contour
@ cont-20 @ roints Beam on object(s)
@ seen © Lnes Truss on object(s)
|7 oter 2D Membrane on object(s)
Grid H H - -
Xo Option in right menu<jEmz:
]
an A0 7 n]/Outline..
[0 goo [;JU:] Selectone Subdomain
Display color for: Initial material &
Hide objects when p... False ml In zo0m box
Showwireframe (CT... False In zo0m circle
Temporary hiding of . False — Inside contour
Scale factor 5 :
Aspectratio Y/X 1.000000 - K|
Update...
Parameters
Define excavation front

E Functions and Materials

Material 2 Reverse direction

@ FE Model

E Macro Model| Copy with translation Copy with translation
Points Direction Step Direction Step
Lines Nomalized " Total size @ One step size Normalized C Total size (@ One step size

g:::,:uum ® % il I1 Step size 300 [m] Xt Il Step size 300 [m]
v: o In Number of steps 6 Y. o IU Number of steps G
Regression 1 Regression

[~ Use normalized | oK I Cancel | [~ Use nomalized
L

Cancel

il

1. Copy selected 2D subdomain in right direction 5 times using option Macro
model/Subdomain/Copy with translation or toolbar in ribbon menu Edit

2. Copy selected 2D subdomain in left direction 6 times using option Macro
model/Subdomain/Copy with translation or toolbar in ribbon menu Edit

3. Select all subdomains (Macro model/Subdomain/Outline/all) and create real meshes
using option (Macro model/Subdomain/Mesh/Virtual—Real)
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Step 8: Create BC for beam (at FE level))

D =
™ >
—
BN Add - = ERER rET ]
: 000 -1 e - 4 || BN OB~ % | perameers| /¢ @ - 0 -
- - - - XY™ alv  alv - ﬂF - - -
OLID BC
FE Model
,7 Visibie oby... |— Hidden obj... - Macro Model
|7 Subdomains. |7 Elements. |7 obj...
@cont20  (@cont-20 @ Poiis =
@ seam @ Beam @ Lines Solid
=
v toges v omer Imposed value Load funcion Existance funcion L i "
@ Nodes Ko rg rufo m] [0 [<Edi> =~ P [Edi> =P [<Edit> ~]
€ Nooe number |3 axes v me - [Eaw> = :“
[ TR— A es
Displaycalmhr" Initial material - o [m/s°2] o <Edit.> > des
Hide objects whenp... False
Showvirefiame (CT... False Yy Tu fo il i [<Edit > =P [Edit > =l [<Edit > |
Temporary hiding of . False — v o [mfs] o <Edit> - "
Scale factor 5 = : on
[0 2 [0 =l i
Aspect ratio Y/X 1.000000 - oA (=) D fe-funcion
rFz vz o [m] o [«Edi.> =l p [<Edit.> = [<Edit> |
) Functions and Materials Cvz o [mfs] p Edi.> =
Material 2 Az o misg | I <Edit.> ~
B FE Model
Nodes 28826 — —
Coninwum2D 27000 [EpNICER (I N O JE2 ) C =T I [ Ol =T || .
Beam 10 mwvx 0 [dea/s] o <Edit.> - bm file
E Macro Model rax o eg/s’2) | [ [<Edr> |
Points 27 —
Lines 38 Cy Fur o [deg] o [€ait.> [ [<Edit> =P [<Edit> ~]
Confnuum2D 12 rw B e [P G =]
B 1 -
eam Far P e | B [Ed =
Fz ruzp [deg) o [<€di.> =l p [€dts =l [€Edr |
vz o [dea/s] o [<Edit.> ]
o ” o Edt. k3
node 4805: 0.0000000 / 30.0000000 / re | | _IE5yE) | [ =

fo Mesh info

Label [Noname

™ Inlocal base Define local base:

o | [ ]

1. Fix rotation at base of the beam using option FE model/Boundary conditions/Solid

BC/0n node and picking the nodal point
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Step 9: Create BC for the bottom boundary (at FE level))

%5%%5

Mesh Tools (‘Jwr\awd meshes

OLID BC
= FE Model
Imposadvalus Load function Existencs function Unloading funcion Mecro Model
- FE P i fm] 0 1: imposed disple =] [0 <Edit..> -] [o [<Edit> =]
2
v o [mfs] g <Edit.> > @
l7 Elements = n element node
@ cont20 I~ ax |n [m/s"2) o <Edit.> [~
- Add BC
Beam Fy Cu o [ml o <Edit.> =] [<Eci.> =1 P <EdiL.> ||| [r—
[Z]
On box
[V Nodes | rw @ [mfs) o <Edit.> - l -
[Un]/Outline..
@ Nodes I rar o [m/s"2] u <Edit.> - all
'x_"“‘ numoer - I Fz Fuzfp [m] 0 [Eai> =1 p [€ai> =P [Eai> | :m:: i :g::i
Display colorfor. Initial material - rvz o [mfs] [ lm Boxwith 2 Nodes
Hide objectswhenp... False I Cae | mea . [ =] In zoom box
Show wireframe (CT... False | In zoom circle
Temporary hiding of... False Inside contour
Seale factor 5 I rx Cu o _ ey | <o JE2 |8 C =T =l b [eEdit> 1|l with 10ad function
Aspectratio Y/X 1000000 ~ | Cw [ iwegls] | [0 <EdiL> =2 With existence function
| oax o dears’2) | [0 [cEar> =] With label
© Functions and Materials - Cy Fu [ [deg] o |<Eai.> =P [€ai> N [Eoi>
Material 2 I rw [ [deg/s] o [<Eait > =]
a8 :':;::de' o I rar [ ez | [ [<Eans k2|
Continuum2D 27000 | rz rufo eg) | i feeans = [ feas JE2 I o r= || Expont selected BC
Beam 10 | v P ez | P [Ear> =] Update BCfrom file
- ;c:ilid acun o 1 I raz earsa) | [0 [<Edits -]
— c e
Points. 27 | Lobel [Noname I Inlocal base Define local base Cancel
Lit 38
Conam®> 12 | [ LI
Beam 1
=l Selected nodes at the base

|
\—‘ Nodes (95/28526) 1A49 2510A255...

1. Select all nodes at the bottom boundary of the 2D domain

2. Fix UY and UX dofs; in addition set value of the imposed displacement amplitude
along x direction to 1.0 and associate with it the load time function number 1; use FE
model/Boundary conditions/Solid BC/On node option to make this setup
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Step 10: Create periodic BC for left and right vertical walls (at FE level))

ey —)

f B Show exnationjeonsirucion siers [N == ==
5 2% | EY) Posiion Mockjpcd 1060 (D =) TR L)
Windows || Assemoly| | Undo |[| Orino | viewxy | 000 -l T e - ¢ || BL G B | sclect Unselert Lists c 0@~ Tooks |[ayero -]

s i = xR o &

Window | Assembly | “Undo View Edges\Faces sel. Global selection toals.

OMAIN

FE Model
Macro Model

Deta super slement

PERIODIC BC Toolbar for auxilairy planes b

v- - | Selected nodes

e R on the left wall

@ soms -
Display colorfor Inial material j

Hide objects whenp.. False
Showwieframe (CT... False
Temporary hiding of .. False

© Functions and Materials
1

| Master nodes (M) Symmetry plane at x=0 Slave nodes (S)

Links

Existence function
™ Ux p e =]
Fuy [ feaws =]
ri e =]
[ - [eas =]
R = —
R e =
™ Pressure [ =
I Temperstwe [0 [€at> =]
™ Humiciity lu_ Ihl

Label  [Noname

4

4

Kl

<

<

<

<

4

cwen_|

1. Create an auxiliary plane at =0 with normal oriented towards x axis (option in ribbon
menu Draw)

2. Select all nodes, except those at the base, at the left wall

3. Generate periodic boundary condition u,; = wug (option FE model/Boundary
Conditions/Periodic BC/Nodes and Plane) to tie all degrees of freedom on both
vertical boundaries (note that in this specific case there is no need to define standard dis-
placement BC on vertical mesh walls and then to excavate them); to define these BC pick
plane;
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Step 11: Setup drivers

Time start i Multiplier

Nonl. solver settings  Dyn. anal. settings

Initial State

Default

Dynamics X 1

Default

Default

1. Add Initial state driver to generate the in situ stress state

2. Add Transient dynamics driver from time 1..6 s to perform dynamic time history analysis

NB. Drivers can be set both in the main ZSoil®menu and
Assembly/Drivers in the preprocessing stage.

in the

ribbon menu
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Step 12: Setup transient dynamics driver

Dynamics settings

Settings label
Default [ Ak ][ Deste |
Element mass matrices Filtering masses

Act
@Lumped D .NE o

Active directions

* i z
In local base Define local base

Rayleigh damping factors C= alphal* M + betal * K
w0 Lo ]

Fo 0 (5]

[ Ewaluate damping coefficients from imposed values

Algorithm
Caontrol parameters

OImpIicitNewmark (displacement) Solid Fluid

o

03 o |-u.3

(@) HHT (displacemeant) B o
v ]

Include inertial term in Darcy law

[ 0]4 ] l Cancel l l Help

1. Use HHT integration scheme with default integration coefficients (main ZSoil®menu
Control/Dynamics)

ZSoil®-3D-2PHASE v.2023 TU-55




A Preface A A 2D problems A A A DRM: background model ...

1.8.2 BACKGROUND MODEL

Background model is needed to carry out the time history analysis with aid of Domain
Reduction Method. In the considered case we will make a simple model of shear layer with
one column of Q4 elements and periodic BC on both vertical walls. Size of the model along
x axis will be equal to 3600m although it would be enough to make it as long as the length
of the DRM model described in the next subsection. This simplified model will be subject to
harmonic excitation with frequency 2Hz in the same way as the full-size model.To carry out
the time history analysis of column-subsoil interaction, without additional elements cancelling
waves reflections from rigid boundaries, a large computational model must be generated. In
the considered case 3600m long model was generated. It enables such an analysis during first
5s of the excitation, performed with 2Hz frequency. In the following table all major steps
leading to the final model will be summarized.
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Step 1: Open new project

Preselections

Version type

Analysis type |Plane Strain EI

Problem type IDefurmntion LI e

Project preselection
[~ Frames only [ Structures only

[v' Dynamics [~ Pushover £’
(" Show meaningful options only

@ Show all options (meaningful options in black, other in gray color)
(" Show all options (all in black color)

Projecttitie IZso'rI example

Model
description

Author IZA'CJE

Unitsystem  [STANDARD ~| Show Ol
ok | concel |

1. Select Plane Strain

2. Set & Dynamics| ON

3. Accept these settings pressing button
4, File/Save As FF-SHL.inp
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Step 2: Import list of materials, load time functions, drivers, control settings from SOIL-
COLUMN.inp file

Import data settings

Data Set for Import * OK
Materials v Cancel
Existence functions [_

Load functions v Select all
Drivers |7 Unselect all
Control settings |7

Dynamic settings

Pushover settings

/|| Linear equation solver

Gravity setups

Seismic input

Contact algorithm

Results content

Finite elements

-

A A R R A I [

NB: Selected data items will be replaced by the existing
ones

1. To reuse the material data, load time functions, drivers defined in the full size model (SOIL—
COLUMN.inp) we can use option File/Import data from another *.inp file

2. The second material, for the concrete column, is not needed, but its presence in the data
is not meaningful

ZSoil®-3D-2PHASE v.2023 TU-58




A Preface A A 2D problems A A A DRM: background model ...

Step 3: CAD drawing

1. To speedup drawing of the model create construction lines using the toolbar, or top menu
Settings/Construction lines; add characteristic X coordinates -1800, 0 and 1800,
and Y coordinates 0 and 30

2. Draw a rectangle (3600m x 30m) from x = —1800m to z = 1800m and y = 0 to
y = 30m; in this case, due to huge aspect ratio of the model, it is recommended to enter
coordinates of the vertices directly through the dialog box rather then to draw it; note that
the horizontal size of this model can be reduced up to dimension of the reduced model
(100m), presented in the next subsection

NB. Drawing of the domain contours can be made directly by mouse but also by setting
coordinates of the endpoint in the dialog box; coordinates of the endpoint can be defined
as absolute coordinates or as relative ones (in this case put © character before X, Y, Z
coordinates)

Step 4: Create 2D continuum subdomain

1. In the same way as for the full size project create one 2D subdomain, make virtual split 1
% 15 (1 element along the length) and then convert it to the real mesh ( see this operation
for full size project generation)

NB. Length of this model has to be longer or equal to the length of the DRM model

Step 5: Create boundary conditions at the bottom boundary

1. Fix UY and UX dofs; in addition set value of the imposed displacement amplitude
along x direction to 1.0 and associate with it the load time function number 1; use FE
model/Boundary conditions/Solid BC/On node option to make this setup; this op-
eration is exactly the same as for full size model ( see this operation for full size project
generation)

Step 6: Create periodic BC for left and right vertical walls (at FE level))

1. Generate periodic boundary condition uy = wug (option FE model/Boundary
Conditions/Periodic BC) to tie all degrees of freedom on both vertical boundaries;
this operation is exactly the same as the one described for the full size model ( see this
operation for full size project generation)

November 6, 2023 QuickHelp DataPrep Theory Benchmarks
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1.8.3 DRM REDUCED MODEL

The reduced model will consist of a small part of subsoil adjacent to the concrete column
plus the associated background model that was already solved. The DRM mdels can be
constructed in several ways. The two possible cases are shown in figures below. In this
tutorial we will use the first scheme as it is much simpler (both are practically equivalent).
As the model is symmetric we can replace standard horizontal fixities on the two vertical
mesh walls by periodic BC. However, in more complicated cases we may need to assume the
standard box-shape type BC to solve the initial state and later on, when dynamic driver is
activated, will have to remove them. Hence in the considered case the initial state will be
solved first with box type BC, then horizontal fixities will be released (but reactions will be
kept) and reduced model, with free field motion imported from the simplified background
model, will be carried out.

Initial state

Transient dynamics .
viscous dampers

T
i

= Boundary layer
LI LI LTI L

External layer

T
i
1
1

L LT
TTTTT
i
I111]
Ux=Uy=

| 100m
{ I

t
1
0

Case 1: exterior/boundary layers placed at the bottom and along vertical walls

Initial state
2]
Transient dynamics .
H viscous dampers
== T IIIIII-IIIIIII
i T
IS anEanEnnEn!
Boundary layer
e
Boundary layer
11111111111111
T
IIEEENENEERE RN
IS EENEENEEN]
JENSEBERNERRENI |

Ux=Uy=0 Ux=Uy=0

} 100m %

Case 2: exterior/boundary layers placed only along vertical walls
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Step 1: Open new project

Preselections

Version type

Analysis type |Plane Strain EI

Problem type IDefurmntion LI e

Project preselection
[~ Frames only [ Structures only

[v' Dynamics [~ Pushover £’
(" Show meaningful options only

@ Show all options (meaningful options in black, other in gray color)
(" Show all options (all in black color)

Projecttitie IZso'rI example

Model
description

Author IZA'CJE

Unitsystem  [STANDARD ~| Show Ol
ok | concel |

1. Select Plane Strain

2. Set & Dynamics| ON

3. Accept these settings pressing button
4, File/Save As DRM-S-FF-SHL.inp
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Step 2: Import materials, dynamic control from SOIL-COLUMN.inp file

Import data settings

Data Set for Import “ OK
Materials Cancel
Existence functions

Load functions Selectall
Drivers Unselect all

Control settings

Dynamic settings

Pushover settings

Linear equation solver

Gravity setups

Seismic input

Contact algorithm

Results content

Finite elements

-—

I_l_l_|_l_l_l_|ET|_|_|7ﬂ

NB: Selected data items will be replaced by the existing
ones

1. Import materials and dynamic settings from the full size model (SOIL-COLUMN.inp)
through main ZSoil®menu option File/Import data from another *.inp file

2. Add new material for viscous dampers Assembly/Materials/Add material and set the
flag I Inherit properties from adjacent continuum ‘ to ON; this way each damper will
inherit its mechanical and flow properties from the adjacent continuum element
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Step 3: Create list of existence functions

_Existenoefuncti X|
Active period 1 Active period 2 Active period 3
Number Label t1 12 t1 t2 t 2
Is] [s] [s] [s] [s] [s)
BC-horizontal |0 1
Damper 1 INF
|
|
|
|
1 - BC-horizontal
coamper | | | [ [ [ [ T [ [ | [ [ [ [ | [ [ [ | |
g 0.0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Export Import Automatic generation Help Cancel

1. Open dialog box for editing existence functions through Assembly/Existence
functions in main ZSoil®window or in the preprocessor

2. Add new function with index 1 and label BC Horizontal

3. Define this function as active in the period < 0..1 >; this function will be associated, later
on, with the horizontal BC at vertical walls

4. Add new function with index 2 and label Damper

5. Define this function as active in the period (1..00); this function will be associated, later
on, with the viscous dampers

NB. If you want to learn more on how to edit existence functions watch video
Edit existence functions
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Step 4: Create list of load time functions

Load functions
—Function definition
Murnber |2 Name [BC-horizontal unloading

Add | Modty | Deete |  cCopy |

Acceleration time histories toolbox |

Insent expression I

Function 2: BCunloading =]
— Shift origin
[by vaive [ [s]

[~ Forinitial material
[~ Forfirst replacement material

[T For second replacement material

Scalevalues by factor |1

Time [s] ‘ Value
0 1
100 1

Open dialog box for editing load time functions through Assembly/Load functions in
main ZSoil®window or in the preprocessor

2. Add new function with index 2
3. Assume that the time origin of this function is shifted by value 1.0

4. Edit this function and set three points (LT Fy(t = 0) = 1, LT F5(t = 100) = 1); this
function will be used as an unloading function for horizontal reactions at vertical walls
when running dynamic driver (reaction forces will not be dissipated)

NB. If you want to learn more on how to edit load time functions watch video
Edit load time functions
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Step 5: CAD drawing

| s . . . . . . . . . . . . . . - Jeomholes

@ o 1 0 .
@ oes ‘ T-1um
Displaycolorfor.  inial matenal = ——
Hide objectswhen p... Falsi
Show wireframe (CT.. False
Temporary hiding of . False
Scale factor 5 N - | -
Rpactrato VpC 1000000 5
@ Functions and Materials 3 0 m
& FE Model . . . | . . .
) Macro Model
Points 6
Lines 3

1. To speedup drawing of the model create construction lines using the toolbar, or top menu
Settings/Construction lines; add characteristic X coordinates -50, 0 and 50, and Y
coordinates 0, 30 and 40m

2. Draw a rectangle (100m x 30m) from z = —50m to z = 50m and y = 0 to y = 30m

3. Draw vertical line at x = 0 from y = 30 to y = 40 m

Step 6: Create 2D continuum subdomain

1. In the same way as for the full size project create 2D subdomain, make virtual split 50 x
15 (50 elements along the length)

2. Create beam subdomain with virtual split 10
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Step 7: Create viscous dampers

e ] =2 = s B 55555
it Param. Draw

Mesh | Tools | Overlaid meshes

00 T500

500

Toolbar for edges selection

@ cont20 @ ponts
@ seam Dires
IV Other
Qo
Daxes
Display colorfor: Initial material =
Hide objects whenp.. False
Show wiefame (CT... False
Temporary hiding of . False |
Scale factor s "
Aspectratio Y/X. 1000000 5 id
& Functions and Matenals.
Material 2
s Fhn Sy,
& Macro Model o
Poinis s
?:"::“'" = : Existerce Funcion: |2 [2 Demper ~
|00
Lobel [Noname OK. Cancal
000000 / 0.0000000 / 0.0000000

0000000 / 0.0000000 /0.0000000

1. Select vertical external edges of 2D subdomain and create viscous dampers using option
Macro model/Viscous dampers/Create/On subdomain edge(s)

2. Set material No 3 and existence function No 2 for dampers

Step 8: Convert virtual to real mesh

1. Select all subdomains (Macro model/Subdomain/Outline/all or toolbar from ribbon
menu Global selection tools/Select all)

2. Convert virtual meshes to real ones (Macro model/Subdomain/Mesh/Virtual to real
or ribbon menu toolbar Mesh/Virtual to real)
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Step 9: Create DRM exterior domain

LJI - Z Prep3D

T500 TorvoomAns

FE Model

Lo : Selected row of elements - e i

Create..
Extarior domain on elemeni(s)
Boundary domain an alement(s’|

@ ronis
Y™ ™
Doomer |V other
V ovotes Do
Doces @ reme
3K tode umber
[V Locrases 8

Displaycolorfor.  Intalmaterial

Hide objectswhenp... False

Shownwirefiame (CT.. False

Temporary hiding of .. False

Scale factor 5

Aspectrato Y/X 1000000 -

Boundary domein

£ Functions and Materials
Existence 1

Material 3
E) FE Model
Nodes. 826
Coninuum2D 750
Beams 10

£ Macro Model |

EXTERIOR DOMAIN

Lines 3
Confnuwm2D 1
Beams 1

[rode 4: -50.0000000 / 9.0000000 / 0.0000000

000

1. Select single row of elements that form the external layer and set the exterior DRM domain
there; use FE model/DRM domains/Create/Exterior domain on element(s) option
to make this setup

Step 10: Create DRM boundary layer

Tools | Overlaid meshes

'500

Selected row of elements
[ o

Existence
Material

) FE Model
Nodes.
Continuum 20
Beams

E) Macro Model
Paints
Lines
Conlinuum 2D
Beams

& Functions and Materials

1
3

826
70
10
6

6

1

1

Ocxn  |Grn [Un)/Outline.
@ seen @ tnes Elements in exterior domain
Gowper [ o0 Elemants in boundary domein
7 vosm [ @ o Delete.
Exterior domain
D Qs Boundary domain
€ tooe vumber
[V Locsases -
Displaycolorfor.  mialmaterial =
Hide objectswhenp_ False
Showwireframe (CT... Faise
Temporary hiding of .. False
Scale factor 5
Aspectratio YX 1000000

BOUNDARY LAYER

4 | Nodes (150/826) 53101 104A152 155A767..  Conbnuum 20 (74/750) 52A99 102A702P50 149A7...
/! 000

1. Select single row of elements that form the boundary layer and set the boundary DRM do-
main there; use FE model/DRM domains/Create/Boundary domain on element(s)
option to make this setup
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Step 11: Create boundary conditions at the bottom boundary

12
BN |Add - =] FREER C2 223
Windows || Assembly ortho | Viewxy | 000~ (I T1 5~ 3| || B Ok B ~| select Unselect Lists Parameters |/ ¢ @ ~ & -|| Spiit || Tools ||[Laver0 B
- - - - ~ v v v | X - -
T50 - b T
v Visibie o] i " A =
Visibile obi.|_ Hidden obi.. Imposed value Loedfunciion i Unloading function
[ Hements |V Ob; Fx o [m] jo [<Edit.> =] [<€dit.> =l p <Edit..> v
lements 1
©cont.2p  Koin..| Cw o [m/s] o [<Edit..> =
@Beam Dines rax - wea | [es o]
@oamper Vot
VNodes  @Gria F8 ru o [ o [Eait> =P [€ait> =P [Eait> ~] [Un)/Outine.
2"“-4 R | rw [ e | P Eat> = N .
Node numb...
1 rar o w7 | [Edit.> - between 4Nodes
¥ 6c Boxwith 2 Nodes
Ksoid | |- rz muz im i e =l T S e = Inzoom bax
- Inzoom circle
Displaycolorfor.  Inital material & ve T e | =] |
Hide objects whenp... False D el £ |5l Insice contour
Showwireframe (CT... False Caz o [m/s"2] o [<Edit > ~
Temporary hiding of .. False
Scale factor 5 §
Aspectratio Y/X 1.000000 = rx Fux o [deg] o [<€dit.> =l p [<Edit.> =] [<€dit.> =]
rw o [deg/s] o [<Edit..> ~
© Functions and Materials rax o [deg/s"2) o [<Edit.> ~ Bl Ferameters
Load time 2 Scale
Existence 2 SO [deg] o [<Edit.> =P [<Edit.> =l [<Edit.> = Exportselected BC
=] r:;"::m : Fv B eg/e] | I <Edit.> ~ Updete BCfrom file
Nodes 826 o Car o [deg/s"2] 0 [<Edit.> ~ .
Coninwum2D 750 = - -
Beams ‘0 rz ruf weg) | [Edit> = [ [€d A e =l
SolidBCs 8 v [ ez | P [Edit.> ~
Periodic BCs 1 ~ G =
& Macro Model Az |0 [deg/s”2) | |0 [<Edit..>
Points. 7 L) .
tiss 6 Label [Noname I inlocalbsse __ Deireloceibese | | concel | I

1. Fix UY and UX dofs at bottom nodes; note that in this specific case, nodes at the base
belong to the exterior domain, therefore for the rigid base model the relative motion is
exactly zero in all these points (in exterior domain we seek for the relative/residual motion
during calculations);
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Step 12: Create horizontal fixities for vertical walls (at FE level)

12
|* & ~ Add E =] It &2 2% 2
‘Windows || Assembly| ortho | Viewxy | 000 <[l T1 &+ | |[[I¥ B @ B | select Unselect Lists Parameters [/ ¢ © = & ||| Spit | Tools |[Layer0 -
- - - - ~ Ay av v ||&f X v | v
50 50
v Visibie obj..] _Hidden obj.. -
v Imposed value Load function Existence function Unloading function
Jv [Eilements v |Obj.{ FR Mrw o ] o [di> =i 1:8C =R [2:unloading ofhe =
©cont-20  Kpoin.
[ ©@Bem  @uines| Cw o [m/s] o [<Edit.> =
©pamper [V 0.. rax o ms2 | o [<Edit> -
v Dari
e [t TN o I O ==y | I =T ] ] T —
‘X Node numb.. v o m/s) o [Eait> < between 2Nodes
v - = between 4 Nodes
5 8C rar o [m/s°2] o [<Edit.> ~ Boxwith 2Nodes
Solid - Inzoom box
iy — — = = Fz Fu g m] o [<€di> =P [<€dit> = [<Edic> | n 200m circle:
Hide objects when p... False j rvz o [m/s] o Edito> — m; :n':::‘;w
Showwirefiame (CT... False = I Tl | ° "
Temporary hiding of... False =] /2] <Edit.> With existence function
Scale factor 5
| Aspectratio /X 1,000000 - rx Cw [deg] o [<Edics> =[P [Eaic> =] p [<Eait> =]
w fo [deg/s] o [<€dit> 2|
& Functions and Materials rax P oo | o T
Load time 1 Scale
Existence 1 Cy Cuw P [deg] o = = [ [€as =1 [ [<Edi> | aﬁ;ﬁ‘:;:ﬁl’i
ems > O O | ) = E—
Nodes 826 Q ra o fdeaieay | IO [<Edit.> -
Continuum 2D 750
Beams 0 rz rcufp [deg] [o [<€Edi> = [<€aic> =l [ [<Eait> =
SoidBCs. 51 v I e | P [Edit> ~
Periodic BCs 1
I 0 2 | o S |
- el Az [deg/s™2] [<Edit.>
Points 7 -
Lines 6 Label [Noneme I Inlocal base Defnelocalbase | cancsl | [ ok
node 1: 500000000 300000000 0.0000000
node 415: 2.0000000 0.0000000 0.0000000

1. Select all nodes, except those at the base, at the left and right mesh wall

2. Generate boundary condition (option FE model/Boundary Conditions/Solid BC)
u, = 0 with the existence function No 1 and unloading function No 2; this way the
horizontal fixities will be active during initial state computation and nonactive during dy-
namic analysis; the unloading function helps to replace fixities by reactions that preserve
static equilibrium prior running dynamic driver
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Step 13: Setup drivers and plug the free field motion project

‘Settings.
Versiontype.

Bese

e STanoARD
--dog-s-C

TS
Hoayssype PaneSwain
Provempe Detoraton

B Project description ks
Projcte Zxonsaanple [ ——| |
Vocedescpion 2
= - se | 1 1 o T Detat o Sofoe reemens
Company 2ZACE Dynamics. Driven Load 1 @ e 8_foo1 (O B Default. Default =

B Associated preprocessed projects. J ‘ ‘ ‘ ‘ ‘
Heatproject rmation
Humidity project
Free field mofion project DAV15_zusentin BENCH\T... — H

e e Drivers hate model
Loge displacomensioatons  Falss 3
Update coordinates during constr... False ~|

n
imentation
fopments
s syntax

Browse for free field motion project .

I~ Advanced

o ] coen | bew

1. Create same list of drivers as for the full size model (see definition for the full size model)

2. Browse for the input file of the background model

Step 14: Setup transient dynamics driver

1. Use same settings for the dynamic driver as in the full size model (see definition for the
full size model)
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Step 15: Results

Top of beam (y=40m)

10

M A AN =
THYYURVY

5

Full model

Ux [m]

t[s]

1. Open project for full model
2. Select top node of the concrete column

3. Open postprocessor and use option Graph. option/Nodal time history to plot evo-
lution of u,(t) of the selected node

4. Save the time history in the *.csv format
5. Open project with reduced model
6. Select top node of the concrete column

7. Open postprocessor and use option Graph. option/Nodal time history to plot evo-
lution of u,(t) of the selected node

8. Save the time history in the *.csv format

9. Use Excel application (or similar) to plot both results
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1.9 NAILING OF VERTICAL CUT

o Data file: tutorials/NAIL2Da.inp

e Description

A problem of nailing of a vertical cut is considered in this example. Contrary to some
simple limit equilibrium methods finite element model requires a multi-step excavation and
nail installation procedure to eliminate spurious forces in nails and potential numerical
divergence problems. The draft of the problem is shown in the figure below.

120 ft 120 ft

o=

:::::::::::::::::::::::%::%W

S| [Saw aae:dfa&;zg:::::::g::x
IZIIIZIIIIZIIIZIIIZIII}I\

1 8 \

£

<t

e Materials

Material properties defined for subsoil, concrete facing, nails and nail interface are summa-
rized in the following table:

Material Model Data group Properties Unit Value
1 Subsoil | Mohr-Coulomb | Elastic E [Ibf/ft?] | 2088650
v - 0.3
Unit weights Yp [Ibf/ft3] | 120
yF [Ibf/ft3] | 63.7
€o - 0.0
Nonlinear c [Ibf/ft?] | 100
¢ [°] 32
W § 0
Initial State K, | K,, - 0.5
K,. - 0.5
2 Facing Beams Elastic E [Ibf/ft?] | 417729000
v - 0.2
Unit weights v [Ibf/ft3] | O
Geometry Rectangular | —
b [ft] 1.0
November 6, 2023 QuickHelp DataPrep Theory Benchmarks
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h [ft] 0.5
3 Interface | Nail interface | Elastic k,, mult. - 0.1
% mult. - 1.0
Nonlinear Diameter D [ft] 0.333
o [Ibf /2] | 7200
4 Nail Beams Elastic E [Ibf/ft?] | 4177290000
v - 0.2
Unit weights v [Ibf/ft3] | O
Geometry Circular —
Diameter [ft] 0.083
Interval.. [ft] 5

Step 1: Open new project

YWersion type ’Elasic

Analysis type ’Plane Strain

Froblem type [Defurmation

Froject preselection
["]Frames
O

() Show meaningful options only

| structures anly
[ Pushaover

anly

(@) Show all options (meaningful options in black, other in gray color

() Show all options (all in black color

Project

todel

Authar

Cornpary

LUnit system STANDARD

'] Shaw

Language English v |

oK

| |

Cancel

1. Select Plane Strain

2. Accept these settings pressing button

3. File/Save As NAIL2Da.inp
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Step 2: Create list of materials

-

d

. % [v Unitweights
Add/update X
Number I'i Name [subsoil

Continuum & structure type : Material formulation : | Flow
Continuum EI IMohr-Ooqumb [~ Creep

Import material from database [¥" Non linear

Import material from Virtual Lab database |~ Initial Ko State

| Heat

Materials
—Material definition
Add | Modify | Delete | Editmedarial in Vitwal Lab I
List of defined materials
Name [ Cont/Struct.type | Meterial formulation || Elestc Open
= 1: subsoil Continuum Mohr-Coulomb _I

Open I

Open |
Open |

I~ Humidity
w [~ Stability
|~ Damping
' Add selected material o datebase | Importmaterials from*INP |
Add selected material to Virtual Lab Import materials from Virtual Lab
database database
[V Advanced Help for current model | Help | Cancel OK

1. Add new material (subsoil) No 1 in the main menu through Assembly/Materials for

Continuum and use Mohr-Coulomb constitutive model

2. Add new material (concrete facing) No 2 in the main menu through Assembly/Materials

for Beams

3. Add new material (nail interface) No 3 in the main menu through Assembly/Materials

for Nail interface

4. Add new material (steel nails) No 4 in the main menu through Assembly/Materials for

Beams

5. Set properties for all materials according to the data specified in the main section for this

tutorial

NB. If you want to learn more on how to edit material properties watch video

Edit material properties
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Step 3: Create list of existence functions for excavation of subsoil layers

Existence function il

Active period 1 Active period 2 Active period 3
t 7] 1 7] t 7]
1T o~ subsoil layer 1|0 1

Number Label

.

Existence function definnian x|

Template EXF number _

Update EXF label

Start 1-st EXF with number

Increment EXF counter by

Mo of generation steps

Fortime-1 Fortime-2

Time increment in period - 1 [ 1.000000

Cancel

1 - subsoil layer 1
0.0 0.1 0.2 03 04 0.3 0. 0.7 0.8 09 Lo

Export Import Automatic generation Help | DK I Cance|

Time

1. Open dialog box for editing existence functions through Assembly/Existence
functions

2. Add new function with index 1 and label it as subsoil layer

3. Define this function as active in the period < 0..1 >; this function will be associated, later
on, with the first excavated subsoil layer

4. Press button ‘Automatic generation |, set ON the flag

Xl Update existence function...| set |Start existence f..[ ]| to 1, set

Increment of existence f..| || to 1, set |[Timeincrement| || to 1 and

Number of steps| || to 7; this way additional 7 existence functions will be

generated

NB. If you want to learn more on how to edit existence functions watch video
Edit existence functions
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Step 4: Create list of existence functions for nails and facing segments

x|
Number Label Active period 1 Active period 2 Active period 3
ol 12 t 2 ju 173
1 subsoil layer 1 0 1
2 subsoil layer 2 0 2
3 subsoil layer 3 0 3
4 subsoil layer 4 0 4
5 subsoil layer 5 0 5
6 subsoil layer & 0 6
7 subsoil layer 7 0 7
g subsoil layer & 0 8
M nails layer 1 INF

Existence function detun=~n

Template EXF number

Update EXF label

Start 1-st EXF with number

Increment EXF counter by

Mo of generation steps

Time increment in period - 1

Fortime-1 Fortime-2

Cancel

11 - nails layer

0.0 1.0

2.0

Export Import Automatic generation Help | QK I Cancel |

30 40 7.0 5.0

1. Open dialog box for
functions

editing existence functions through Assembly/Existence

2. Add new function with index 11 and label it as nails layer

3. Define this function as active in the period < 1..00 >; this function will be associated,
later on, with the first layer of nails

4. Press button ‘Automatic generation | set ON the flag

Xl Update existence function...

, set |Start existence f..[ ]| to 11, set

Increment of existence f.. |

]

to 1, set |Timeincrement| || to 1 and

Number of steps | |

generated

to 7;

this way additional 7 existence functions will be

NB. If you want to learn more on how to edit existence functions watch video

Edit existence functions
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Step 5: CAD drawing

0 120 240

-40
Rotation parameters

Center of ratation

w120 [ [t ] —=—~=80

Y |25 ]

Angle/Step _
Raotation angle ;|15 ’ [deq] ] e

Cancel

1. To speedup drawing of the model create construction lines using the toolbar, or top menu
Settings/Construction lines; add characteristic X coordinates 0,120,240, and Y co-
ordinates -80, -40 and 0

2. Draw a rectangular part (240 ft x 80 ft) of the domain using toolbar for line drawing
3. Draw line segment between 2 points (0,-40)-(240,-40) (accept intersection)
4. Draw line segment between 2 points (120,-40)-(120,0) (accept intersection)
5. Draw line segment between 2 points (120,-2.5)-(150,-2.5) (do not accept intersection)

6. Rotate last drawn line segment (Macro model/Objects/Update/Rotate) around the
point (120,-2.5) by angle -15°; this object will be used later on for generation of the first
layer of nails

NB. Drawing of the domain contours can be made directly by mouse but also by setting
coordinates of the endpoint in the dialog box; coordinates of the endpoint can be defined
as absolute coordinates or as relative ones (in this case put @ character before X, Y, Z
coordinates)
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Step 6: Create subdomains (at macro-modeling level)

1. Create three 2D continuum subdomains through method Macro model/Subdomain/2D
continuum in contour by picking the point within the closed contour

2. Apply proper material number (1) to the continuum subdomain using option Macro
model/Subdomain/Update/Parameters

3. Create beam subdomain through method Macro model/Subdomain/Beam on
object(s) by picking the vertical line segment

4. Apply proper material number (2) to the beam subdomain using option Macro
model/Subdomain/Update/Parameters
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Step 7: Create virtual meshes for subsoil and facing subdomains (at macro-modeling level)

Meshing parameters E“:.@

Mesh tvpe
(@) Structured

Mapping termplate Split Regression
(®) Quadilateral Edge1-2 |24 1

2 1 () Triangular Edge1-4 |8 1

Contral points
Pick 120.000000 0.000000 0.000000
0.000000 0.000000 0.000000

0.000000 -40.000000  0.000000
120.000000 -40.000000 0.000000

Apply

4 (O Unstructured

Aproximate elerment size on the
AR pr T mw
Division of each subdaomain segment l:l

(O Through morphing
Mapping termplate  Control nodes

Cluadilateral

Triangular

Pick nodes

Pick G. Points

~ [V] Adjust splitto existing meshed Subdomains

Create virtual mesh | ’ Close

1. Create virtual structured mesh in continuum subdomains; wuse option Macro
model/Subdomain/Mesh/Create virtual mesh and click on the subdomain to activate
the dialog box

2. Set number of elements along 1-2 and 1-4 edges; for top continuum subdomains use split
24 x 8 and for the bottom one 48 x 8

3. Create virtual structured mesh in beam subdomain; use option Macro
model/Subdomain/Mesh/Create virtual mesh and click on the subdomain to
activate the dialog box

4. Set number of elements for beam subdomain (if option X| Adjust .. |is ON then setting split
parameter is not needed as it will be inherited from the adjacent continuum subdomain)
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Step 8: Create nail layers (at macro-modeling level)

Nail parameters

Bearmn director

(@ By vectors () By points
= 0258619 w-0.258819
v, |D9E54258 - |0.9655258

MNode 1 MNode 2

X

: 120 % [148877774|

=

|
25 | v: [0zedsn |
|

]
=

z: |o |

Create nail-soil interface

Mail head linking
|:| Link nail head with Link

Farameters

Mail material : q |

Mail-zoil interface material : 3 ”31 interface v

Existence function : [11 [[11: nails Iayer 1 v
Split

(®) Murnber of segments 5
(O segment length [1]
O Automatic

Eliminate segments shorter than

(]

Rl

oK I ’ Cancel

1. Create Nail on the picked graphical object using method Macro model/Nail/Create/0On
object(s) (one may select it first)

2. Edit properties of the nail by using method Macro model/Nail/Update/Parameters; in
the dialog box set flag IZI\ Create nail-soil interface\ to ON; apply material No 4 to the
nail core and material No 3 to the nail interface; assume split value to 6 (to avoid force
oscillations, mesh for the nail should be similar to the one used for subsoil)

Remarks

e Linking of nail heads with the facing has to be made at the FE model level, once
the real mesh is generated

e Distance between nails in z direction is setup at the material data (material No 4) for nails

(beams) in the dit field | Interval between beams [ |
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Step 9: Copy nail layers (at macro-modeling level)

Wi
>

Copy with translation

Direction Step
MNormalized () Total size (®) One step size

e ‘EI | |Ij ‘ Step size 5 l [ft] l

v | | 1 ‘ Mumber of steps 7l
— Regression _

|:|Use natmalized I oK

| cancel |

1. Select created nail and copy it downwards via Macro model/Nail/Create/Copy with
translation seven times with step 5 ft (do not accept the intersection with the existing
graphical objects)

2. Apply proper existence function to each nail layer one by one (use option Macro
model/Nail/Update/Parameters)
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Step 10: Set existence functions for excavated subsoil layers (at macro level))

%\ hodify selectad parameter(s)

Label Start numbering from function
Existence Function ‘SUbSD” layers ‘ ‘1 H1 subsoil layer 1 b
O I

3 Direction of modification
C O 4 Modify parameters alang Oedgei-2  @kd -

Forevery layers of elements in the selected direction
[Reverse dirsction
Modify selected parameter(s) for adjacent Interface elements

Label Start numbering from function
O I
O I )
hodify selected parameter(s) for adjacent Seepage elements

Label Start numbering from function
m [ I |
Modify selected parameter(s) for adjacent Convection elements

Label Start numbering from function
O I
O I
Create Seepage elements on frontfaces of each excavation step
[create l:l
Create Convection elements on front faces of each excawvation step
[ craate l:l

{ OK 1 [ Cancel

1. Run method Macro model/Subdomain/Update/Define excavation front to set up
existence functions for subsequent layers to be excavated

2. In the dialog box for the excavation front activate flag | Existence function| | | set

the label subsoil layers, select first defined existence function (No 1) that will be applied
to first row of excavated elements from the top, activate option © Edge 1-4| that in-
dicates the direction of excavation front propagation and set value 1 to the edit field

For every .... layers of elements... [ ]

3. The above setting will enforce application of existence function No 1 to the first top row
of elements in the real mesh, No 2 to the second one etc...

Remarks

e Existence functions for each excavated subsoil layer can be set up at the FE model level
once the real mesh is generated

e Existence functions for each excavated subsoil layer could be also set up at the Macro
model level but in this case we would need to create 8 subdomains in the considered zone
instead of 1
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Step 11: Set existence functions for constructed facing layers (at macro level))

A

1

} Automatic modification of parameters

kodify selected parameters)

Lakel Start numbering from function
Existence Function : ‘facing layers | |'|1 112 nails layer 1
[ | .
Direction of modification
hodify parameters along (@) edge 1-2

For every layers of elements in the selected direction

[ |Reverse direction

(0] \ l Cancel

1. Run method Macro model/Subdomain/Update/Define excavation front to set up
existence functions for subsequent facing layers that are to be constructed

2. In the dialog box for the excavation front activate flag | Existence function | | |, set the

label nails layers, select first defined existence function for nails (No 11) that will be applied
to first row of facing elements from the top, activate option and set value 1 to the edit

field |For every .... layers of elements... [ ]

3. The above setting will enforce application of existence function No 11 to the first top row
of facing elements (beams) in the real mesh, No 12 to the second one etc...

Remarks

e Existence functions for each constructed facing layer can also be set up at the FE model
level once the real mesh is generated

e Existence functions for each constructed facing layer could also be set up at the Macro
model level but in this case we would need to create 8 subdomains in the considered zone
instead of 1
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Step 16: Create real mesh and set solid BC

1. Select all subdomains (Ctrl-A  from keyboard or through menu Macro
model/Subdomain/Outline/all and convert virtual meshes to the real ones through
Macro model/Subdomain/Mesh/Virtual—Real mesh

2. Switch to FE model menu

3. Generate standard box-type solid BC through FE model/Boundary conditions/Solid
BC/Create/0On box
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Step 17: Setup drivers
Drivers definition
Driver |Type Ini. load factor | Fin. load factor Increment | Multiplier Nonl. solver settings | Dyn. anal. settings
Initial State 0.5000 1.0000 0.1000 Default 10.08
Time Dependent | Driven Load 1.0000 [s] I 9.0000 [s] 1.0000 [s] I 1.0000 BFGS -
Stability tg(phi)-c 1.0500 2.5000 0.0500 Default 1008 | ...
-

Cancel Help

I~ Advanced

1. Add Initial state driver to generate the in situ stress state

2. Add Time dependent/Driven load driver from time 1..9 s to perform stage construction

algorithm

3. Add Stability/tan(¢) — c driver with SF,=1.05...2.50 with step 0.05
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Step 18: Results (failure mode)
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1. Open postprocessor and set the reference time step (¢ =9, SF =1.66) (use option Graph.
option/Time/Select reference time step to perform this operation) to visualize in-

cemental deformation that helps to identify the failure mode

Use option Maps to plot color contours of incremental displacement amplitudes

Use keys PgUp or PgDn to increase or decrease the scale for deformed configuration
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Step 19: Results (forces in nails)
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1. Open postprocessor
2. Use option MNT for beams/.... to plot force diagrams in nails
3. Use option Settings to switch to ploting of axial forces instead of bending moment

4. Use keys PgUp or PgDn to increase or decrease the scale for diagrams
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Chapter 2

3D PROBLEMS

CONCRETE BOX CONTAINER

DRAINING OF A CONCRETE DAM

REINFORCED SOIL ABUTMENT

FOUNDATION RAFT STRENGTHENED BY PILES

TU-89



A Preface A A 3D problems

2.1 CONCRETE BOX CONTAINER

o Data file: tutorials/box-container.INP

e Description

This example concerns modeling of an excavation followed then by a construction of a
reinforced concrete shell container. Geometry of the model is shown in the following
figure. Due to the symmetry with respect to the X-Y plane only half of the model will be
analyzed.

| - | e |
__l ! l
B
A A =X o [ i
DR o B-B section
Y e 1
7 M
. 1L
Y Z v
| 10 I 4 |2| 4 | 4 - } '
4 X
12

A-A section

After the excavation a two chamber container is built, trial water pressure loading, induced
first in the left and then in the right chamber, is applied, and finally space between the
external container walls and excavation is filled by the soil.
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e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New
in main Z_Soil menu) set @ to ON and select Deformation item from the Problem

type list. The predefined system of units for both data preparation and visualization of
results can be verified in menu Control/Units.

Preselections

Version type <

Analysis type |3p ~|

&&ﬂ

Problem type |Deformation L,

Projecty lectic
[~ Frames only [ Structures only

[~ Dynamics [~ Pushover

(" Show meaningful options only

@ Show all options (meaningful options in black other in gray color)
(" Show all options (all in black color)

o

Projecttille IZsoil example

description

Model |

Author IZAOE

Company IZAOE |
Unitsystem  [STANDARD v Show | (2] !
OK I Cancel I l

e Drivers

The whole computational process will consist of the two drivers i.e. the Initial state
and then Time dependent/Driven load. The fist driver will yield the in situ stress
state at time ¢t = 0 while the second one allows to trace all excavation/construction steps
including trial loading.

T | ——
Driver |Typ= Ini. load factor | Fin. load factor ‘ Increment |Mulu'plier Nonl. solver settings
Initial State 0.5000 1.0000 0.1000 Default
'[[ |Time Dependent | Driven Load 0 [day] | 7.0000 [day] | 1.0000 [day] | 1.0000 Default
E|

[~ Advanced

To learn on how to set up the drivers list watch the video Set drivers
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e Existence functions

The sequence of excavation/construction events is controlled by the existence functions
shown in the figure below. All these existence functions are defined according to the
sequence of events specified earlier in the description of the problem.

Active period 1 Active period 2 Active period 3
Number Label t t2 t1 2 t 2
[day] [day] [day] [day] [day] [day]
zone of container [} 1
zone of fill 0 1 6 INF i
concrete container 2 INF
fill-container interface 6 INF
continuity interface 0 1 ;
il
h
i
h
N
i
I
i
h
i
1 - zone of container
I —— l
2 - zone of fill f
3 - concrete container
4 - fil-container interface
5 - continuity interface [T T T ] Time
0.0 1.0 20 3.0 4.0 5.0 6.0
Export Import Automatic generation Help Cancel I

To learn on how to enter existence functions watch the video Edit existence functions .

e Load time function

The load time functions associated with the trial loading (defined as a pressure via fluid
head), first in the left, and then in the right chambers, are shown in the following figures.

—Function definiti
Number |1 Name |Fluid presure in left chamber a6 T |
Add | Modty | Delets |  copy | 44
42
Acceleration time histories toolbox 40
e — | A -
|| Function 1: Fluid presure in loft chamber ~| ;: R
| - shift origi 32 / \\
| Joyvalue ~1[ Hel ||| 30 T
M| I Forinitial material e / N |
M| ™ Forfirstreplacement mateial 2 5 f \
M| ™ Forsecond replacement meteriel ; B ! A
|| Scalevalues byfactor 1 20
s
Timel[day] [Value o / A
. / i
0 0 14
| / \
3 0 10 : // \
(i 4 08 ;
| 5 0 06 // \\ i
B I ALt ARSI SUES SS) ' (S
02 [ \
00
00 05 10 15 20 25 30 35 40 45 50 !
t[day]
Import I Export | Help Cancel
= = =

LTF;(t) Evolution of the pressure head in the left chamber
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unction defi
|| Nurnber I2 Name [Fluid presure in right chamber

Add | Modity Delete | Copy | a4
&

Time [day] ‘ Value

1.
= \
o o / \\
: )\

4 0
5 4 \
6 0 o / \ I
02 / }
00

00 05 10 15 20 25 30 35 40 45 50 55 60 65 ||y

t [day]

i Import | Expont | Help I oK I Cancel

= J

LTF,(t) Evolution of the pressure head in the right chamber
To learn on how to edit load time functions watch the video Edit load time function .

¢ Materials

Material properties for subsoil, concrete container, fill and contact interface are summarized
in the following table:

Material Model Data group Properties Unit Value
1 Concrete | Elastic shell | Elastic E [kN/m?] | 30000000
v - 0.2
Density ¥ [kN/m?3] | 24
2 Subsoil | Mohr-Coulomb | Elastic E [kN/m?] | 60000
v - 0.32
Density YD [kN/m?] | 20
vF [kN/m?] | 10
€ - 0.0
Non-linear [0) ° 20
v ° 0
C [kN/m?] | 15
Initial state K, | K, . - 0.7
K,, - 0.7
3 Fill Mohr-Coulomb | Elastic E [kN/m?] | 60000
v - 0.32
Density b kN/m3] | 20
¥ kN/m3] | 10
€ - 0.0
Non-linear o) [°] 20
Y [°] 0
C kN/m?] | 15
4 Interface Contact Non-linear 0] ° 5
v ] 0
C kN/m?] | 0.0
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NB. Thickness of the concrete container is assumed to be 0.2m and is defined in the

Preprocessor.

¢ Modelling process of filling

In this example a simplest model of filling is applied. This process is modeled here in single
time step. In the real applications it is recommended to do it in few steps and to apply
simultaneously initial stresses in newly built layers. This way we can model any technology
of filling. To avoid generation of several fill layers in macro-model one can make it at the

FE-model level.

¢ Generation of the model

The computational model is built in the following steps and some of them are documented

in form of video films.

1 Create a new project under name :

box-container.inp

Edit existence functions
Edit load time function
Edit materials

Edit drivers

Create macro-model
Create virtual meshes
Create loads

O© 00 ~NO 1~ WD

ditions
10 Run computation
11 Visualize results

Create real mesh and boundary con-
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2.2 DRAINING CONCRETE DAM

o Data file: tutorials/drain.INP

e Description

A 3D transient flow analysis in a concrete dam is considered in this tutorial. The dam is
drained by equally spaced vertical holes (r = 0.1m). Due to the periodicity of the system
the computational model is built for a single representative segment with thickness equal to
one half of the distance between the drains. The upstream water elevation varies according
to the assumed load time function. The engineering draft is given in the following figure.

=0.01 [m/d], r=0.1
e,=0.05

y 6.0°

e

The following results are sought:
» pressure field (free surface evolution, in particular)

x velocity field
x time histories of the outflow through the drainage and downstream face to assess the

efficiency of the system

QuickHelp DataPrep Theory Benchmarks
TU-95



A Preface A A 3D problems

e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New in
main Z_Soil menu) set @ to ON and select Flow item from the Problem type list.
The predefined system of units for both data preparation and visualization of results can
be verified in menu Control/Units.

Analysis type [SD v]

Problem type [Flow -

Project preselection
Frames aonly Structures anly

Dynamics FPushover

() Show meaningful options anly

I@liShow all options (meaningful aptions in black, other in gra; colot

() Show all options all in black colar)
Project

Model

Author

|| Company
Unit system STANDARD - Shawe
Language  |English [ ok [ caneal |

e Drivers

The whole computational process will consist of the two drivers i.e. the Initial state
and then Time dependent/Transient. The fist driver will yield the initial condition for
the pore pressure at time ¢ = 0 (the Initial state for Flow problem is equivalent to the
steady state solution at time ¢ = 0). The second driver is needed to trace the evolution
of the pressure and velocity fields due to variable pressure boundary conditions applied to
the upstream dam face.

Driver Type Ini. load factor Fin. load factor ment iplit Nonl. solver settings | Dyn. anal. settings
Initial State 0.5 1 01 Default 12.08 -
Time Dependent | Transient 0 [day] |100 [day] |2 [day] |1 Default 12.08
Time Dependent | Transient 100 [day] | 200 [day) |5 [day] |1 Default 12.08 -
Time Dependent | Transient 200 [day] | 220 [day] |2 [day] |1 Default 12.08 .
Time Dependent | Transient 220 [day] |300 [day] |2 [day]l |1 Default 12.08 =
Time Dependent | Transient 300 [day] |400 [day] |5 [day] |1 Default 12.08 =
= Seftings A
Version type Basic
Units STANDARD
kN-m~-deg-day-C
B Analysis and problem type
Analysis type 3D
Problem type Flow
B Project description
Project title Zsoil example
Model description
Author ZACE
Company ZACE
g = =
Heat project
Humidity project
Free field motion project =
B Large displacements/rotations/strains Concol | Hep |
Large displacements/frotations False
Update coordinates during constr... False j
f

To learn on how to set up the drivers list watch the video Set drivers
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e Materials

Material properties for concrete are given in the following table:

Material Model | Data group | Properties Unit Value
1 Concrete | Elastic | Density YD [kN/m3] | 0
vF [kN/m?] | 10

€, - 0.05

Flow B kN/m?] | 10°®

k., m/d] 1072

ku [m/d] 1072

k., [m/d] 1072

a [m™1] 0.5

o - 0.2

In the considered case any solid material model can be used and the only meaningful
parameters to be set up are placed in groups Density and Flow. Initial void ratio e,
and fluid bulk modulus B are meaningful parameters for transient analysis. The fictitious
material (2) applied to seepage surface elements is not specified here (the multiplier for,
automatically estimated, penalty parameter is equal to the default value 1.0).

To edit material properties use menu Assembly/Materials.

To learn on how to enter material data watch the video Edit materials .

¢ Load time functions

The load time function associated with the water elevation on the upstream face of the
dam (defined as a pressure BC via fluid head) is shown in the following figure.

Load ion ‘ X

inction definitio!
Number |1 Name IwTiaralevnﬁun 2 = = 5 - - - " 7 7 |
20 | i L :

add | | Modty |  Delete | copy |

Accaleration time histories toolbox |

Insert expression

Funetion 1: water elevation

|||||

=]o
™ Forinitial material
[ Forfirstreplacement material
™ For second replacement material

Scale values byfactor |1

Time [day] Value
0 0

100 18
200 18
220 12
300 12

To learn on how to edit load time functions watch the video Edit load time function .
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¢ Generation of the model

The computational model is built in the following steps and some of them are documented

in form of video films.
1 Create a new project under name :

box-container.inp

Edit load time function
Edit materials

Create construction axes
Create macro-model
Create boundary conditions
Create virtual /real meshes
Run computation

Visualize results

O© 00 ~NO 1~ WD
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2.3 REINFORCED SOIL ABUTMENT

o Data file: tutorials/rfslope.INP

e Description

Safety analysis of a geotextile reinforced abutment is the aim of this tutorial. Five geotextile
layers are modeled with aid of membrane elements using an anisotropic membrane model.
The interface between geotextile and soil is modeled with aid of interface contact elements
governed by the Colulomb’s friction law. The abutment is loaded by the body loads and
two concentrated forces applied to the concrete footing located at the crest. In this tutorial
we will show on how to generate model evolving in time to take the effect of construction
stage into account. The abutment will be constructed in six steps. Five steps are needed
to build the abutment and in the sixth one the concrete slab will be added.

The engineering draft of the problem is given in the figure below.
Fy:-SOOkN

continuum

interface \
membrane Ne

ﬁ interface / \
continuum

The following aspects are of the interest in this example:

x Deformation of the whole structure under strip load
x Stress state in geo-grid membranes and interfaces

x Global safety factor of the structure

Remark:

Due to the symmetry of the problem only half of the model will be generated.

QuickHelp DataPrep Theory Benchmarks
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e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New

in main Z_Soil menu) set @ to ON and select Deformation item from the Problem
type list. The predefined system of units for both data preparation and visualization of
results can be verified in menu Control/Units.

Analysis type lSD v]

Problem type |Deformatian -

Project preselection

[ |Frames only [] structures anly =
[ Dynamics [ Pushover
(7)) Show meaningful options anly
(@) Show all options {maaningful options in black, ather in gray color
() Show all options {all in black colar)
Project
Madel
Author
I Company
I Unit system STANDARD - Shiow
English e [ OK } l Cancel

e Drivers

The whole computational process will consist of the two drivers i.e. the Initial state
and then Time dependent/Driven load. The fist driver will yield the in situ stress
state at time ¢t = 0 while the second one allows to trace all excavation/construction steps
including trial loading.

A special incremental procedure to handle construction stage analysis is enabled by setting
the option X Stage construction algorithm ‘ to ON. All construction steps will be solved
in 3 increments corresponding to the 50%, 75% and 100% of the dead weight load of a new
layer. In addition each newly added layer in the first time step (through all increments)
behaves as incompressible material (by an internal setting v = 0.49999). In the next
time step an original value of the Poisson’s ratio is used. This incremental treatment of

construction stage analysis can be setup by clicking the button |Settings| next to the
&\ Stage construction algorithm‘ checkbox. The corresponding settings are shown in

the following figure.
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Driver Type Ini. SF factor Fin. SF factor Increment Multiplier Nonl. solver settings  Dyn. anal. settings
Initial State 1 1 1 Default =
Time Dependent | Driven Load 0 [day] |7 [day] |1 [day] |1 Default -
Time Dependent | Driven Load 7 [day] |8 [day] | 015 [Gay] |1 Default =
Stability tg(phi)-c 105 17 005 Default =
Stability tg(phi)-c 17 3 005 Default =
B Settings -
Version type Advanced
Units STANDARD
kN-m-deg-day-C
B Analysis and problem type
Analysis type 3D
Problem type Deformation
B Project description
Projecttile Zsoil example
Model description
Author ZACE
Company ZACE
B Associated preprocessed projects
Heatproject
Stage construction algorithm Humidity project
) i Free field motion project —
¥ Advanced [ ¥ Acivals Setnge_| Tt = . : oK Concel Help
Large di ! False
Update coordinates during constr... False =

I | ]

The external load defined at the FE element model level as a pair of the two external nodal
forces is applied in 7 steps as indicated in the definition of the third driver.

To learn on how to set up the drivers list watch the video Set drivers
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e Existence functions

The sequence of excavation/construction events is controlled by the existence functions
shown in the figure below. All these existence functions are defined according to the
sequence of events specified earlier in the description of the problem. In this tutorial we
will show on how to generate existence functions in an automatic manner.

Existence function x|
Number Label Active period 1 Active period 2 Active period 3.
1 12 1 2 “ 1]
1 1 INF
2 2 INF
3 3 INF
4 4 INF
5 5 INF
concrete slab 6 INF
1 - abutment-construction 1 ‘
T T T T T T T T T T T T T
2 - abutment-construction 2 ‘
T T T T T T T T T T T T
3 - abutment-construction 3 ‘
T T T T T T T T
4 - abutr It 4 ‘
5 - abutment-construction 5 ‘ ‘ |
5 concrete slab LT T T T T 1T =3
0.0 1.0 20 30 40 5.0 60
Export | Impart | Autormatic generation | Help | 0K I Cancel |

To learn on how to enter existence functions in an automatic manner watch the video Edit
existence functions .

¢ Load time function

The load time function associated with the vertical concentrated forces applied to the
concrete slab is shown in the figure.

Function definitior
Number [1 Name ﬁﬂiw load S —

Add | wodty | Deteie | copy |

Acceleration time histories toolbox I

Insent expression

Function [1: vertical load
‘Shift origin

[oy value =l
[~ Forinitial material

[ Forfirstreplacement material

[~ Forsecond replacement material

Scalevalues by factor |1

Time [day] Value
0 0

7 0

8 800
9 800

Import Export I Help | Cancel |

To learn on how to edit load time functions watch the video Edit load time function .
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e Materials

Material properties for subsoil, soil used to construct the abutment, geotextiles, contact
interface and concrete slab are given in the following table:

Material Model Data group Properties Unit Value
1 Subsoil Mohr-Coulomb | Elastic E [kN/m?] | 80000
v - 0.32
Density Yb [kN/m3] | 19
7 [kN/m3] | 10
€0 - 0.0
Non-linear ¢ [°] 20
v "] 0
C [kN/m?] | 30
Initial K, state | K, - 0.6
K, - 0.6
2 Geotextile | Anisotropic Elastic Ky [kN/m] | 600
membrane
Ky, - 200
Ky - 0
Density 0% [kN/m?] | 0.0
Geometry Direction | — 0/0/1
Non-linear fra [kN/m] | 15.0
fiy [kN/m] | 5.0
fey [kN/m] | 0.1
3 Interface | Contact Non-linear o) [°] 20
W [] 0
C [kN/m?] | 10.0
4 Soil abut. | Mohr-Coulomb | Elastic E [kN/m?] | 110000
v - 0.32
Density Yp [kN/m?3] | 18.5
7 [kN/m3] | 10
€ - 0.0
Non-linear ¢ [°] 30
W ] 0
C [kN/m?] | 15
4  Concrete | Elastic Elastic E [kN/m?] | 30000000
footing
v - 0.2
Density Yp [kN/m3] | 24.0
7F [kN/m3] | 10
€o - 0.0

In the considered case initial void ratio and fluid specific weight do not play any role.

To edit material properties use menu Assembly/Materials.

To learn on how to enter material data watch the video Edit materials .

QuickHelp DataPrep Theory Benchmarks
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¢ Generation of the model

The computational model is built in the following steps and some of them are documented
in form of video films.

1 Create a new project under name :
RSslope.inp

Edit existence functions

Edit load time function

Edit materials

Edit drivers

Create construction axes

Create macro-model

Create virtual mesh

Create real mesh, boundary condi-
tions and nodal loads

10 Run computation

11 Visualize results
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https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-exf/tut3d-3-exf_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-ltf/tut3d-3-ltf_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-materials/tut3d-3-materials_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-drivers/tut3d-3-drivers_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-constr-axes/tut3d-3-constr-axes_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-macro-model/tut3d-3-macro-model_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-virtual-mesh/tut3d-3-virtual-mesh_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-real-mesh-bc-loads/tut3d-3-real-mesh-bc-loads_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-real-mesh-bc-loads/tut3d-3-real-mesh-bc-loads_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-3/tut3d-3-results/tut3d-3-results_player.html
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2.4 FOUNDATION RAFT STRENGTHENED BY PILES

o Data file: tutorials/foundation-raft.INP

e Description

This example concerns modeling of 1.8m thick large foundation raft strengthened at some
part by a large number of bored piles. Geometry of the model is shown in the following
figure. Due to the dual symmetry only one quarter of the model will be analyzed. In the
central part of the raft the averaged uniform loading (g1 = 200 kN/m?) is higher than
in the remaining part (¢ = 120 kN/m?) and therefore larger differential settlements are
foreseen at that part. To cancel excessive settlements in that part a set of 12m long bored
piles of diameter ¢ = 80cm, placed in the grid 6m x 6m, is designed. Foundation raft will
be placed at depth of 5m.

100
1 \ D
70 g2=120 kN/m2
30 q1=p00! X
| kKN/m2 | ]
70
1 5 -
100
100 | 70 |30/ 30| 70 | 100
| | 7 | |
y 1t x#
5 | \l I/
12 il
33

QuickHelp DataPrep Theory Benchmarks
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e Project preselection

In the dialog box for project preselection (it appears automatically for option File/New
in main Z_Soil menu) set © 3D | to ON and select Deformation item from the Problem
type list. The predefined system of units for both data preparation and visualization of

results can be verified in menu Control/Units.

|
Analysis type [SD ']
Problem type \:Deiormation vl

Froject preselection

[T Structures anly

e Drivers

|| Frames onky
[ Dynamics [T Pughover

() Show meaningful options anly
(@) Show all options (meaningful options in black, other in gray colar
() Show all options (all in black color)

Project

Model

Author

Caompary

Unit systern STANDARD - Show
Longuoge  |English o[ ok ][ cance

The whole computational process will consist of three drivers i.e. the Initial state
and then two Time dependent/Driven load drivers. The fist driver will yield the in situ
stress state at time ¢ = 0, the second will allow to trace all excavation/construction steps
and the last one is designed to control loading of the raft.

Driver

Ini. load factor Fin. load factor Multiplier Nonl. solver settings [ Dyn. anal. settings

Initial State

Default ~

Time Dependent

[day] Default .

Time Dependent

[day] | 0. Default =

To learn on how to set up the drivers list watch the video Set drivers
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e Existence functions

The sequence of excavation/construction events is controlled by the existence functions
shown in the figure below. All these existence functions are defined according to the

sequence of events specified earlier in the description of the problem.

Existence function x|
Number Label Active period 1 Active period 2 Active period 3
1 [] tl 2 tl 2
soil to be excavated 0 1
piles 2 INF
raft 3 INF
1 - soil to be excavated
2-piles ]
3-raft }
00 10 20 30
Export | Import | Automatic generation | Help | oK. | Cancel |

To learn on how to enter existence functions watch the video Edit existence functions .

¢ Load time function

The load time functions associated with the raft loading (defined as a uniform loading) in

both zones, are shown in the following figures.

r—Function definition

Number |1 Name |q1

Add | Mody | Delete |

Cupyl

Accsleration time histories toolbox

Insert exprassion

Function 1: gl

— Shift origi

[ovvaue =R
[ Forinitial material

™ Forfirstreplacement material

[ Forsecond raterial

Scale values by factor |1

Time [day] Value

0 0

3 1]

5 200

LTF;(t) Evolution of the load ¢1
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Function definitiol
Number [2

Name [q2
Add | wodiy | copy |
Acceleration ime histories toolbox |
Insert expression |
Funion

Shitt origi

Delete |

[y value
[ Forinitial material

[~ Forfirstreplacement material
[~ Forsecond replacement material

Scale values by factor

I

Time [day]

Value

0

0

120

e Materials

LTF;(t) Evolution of the load ¢2
To learn on how to edit load time functions watch the video Edit load time function .

Material properties for subsoil, concrete foundation raft, pile and pile tip interfaces are

summarized in the following table:

Material Model Data group Properties Unit Value
1 Subsoil Mohr-Coulomb | Elastic E [kN/m?] | 60000
v - 0.32
Density YD kN/m3] | 20
F kN/m3] | 10
€ - 0.0
Non-linear o) [°] 25
¥ "] 0
C kN/m?] | 15
Initial state K, | K,, -] 0.7
Koz [_] 0.7
2 Raft Elastic shell | Elastic E [kN/m?] | 30000000
v - 0.2
Density v [kN/m3] | 24
3 Pile interface | Pile interface | Non-linear o) [°] 20.46
¥ "] 0
C [kN/m?] | 12
4 Pile tip int. Pile tip int. | Non-linear Q@ [kN/m?] | 0.0
qe [kN/m?] | 2850
5 Pile Beams Elastic E [kN/m?] | 30000000
v - 0.2
Density Y kN/m?] | 0
Geometry Diameter | [m] 0.8
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NB. Thickness of the concrete container is assumed to be 1.8m and is defined in the
preprocessor.

¢ Generation of the model

The computational model is built in the following steps and some of them are documented
in form of video films.

1 Create a new project under name :
foundation-raft.inp

Edit materials

Edit existence functions

Edit load time function

Edit drivers

Create construction axes

Create macro-model

Create raft loading

Create real mesh and boundary con-
ditions

10 Link pile heads with raft

11 Run computation

12 Visualize results
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https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-materials/tut3d-4-materials_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-exf/tut3d-4-exf_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-ltf/tut3d-4-ltf_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-drivers/tut3d-4-drivers_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-constr-lines/tut3d-4-constr-lines_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-macro-model/tut3d-4-macro-model_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-raft-loading/tut3d-4-raft-loading_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-real-mesh-bc/tut3d-4-real-mesh-bc_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-real-mesh-bc/tut3d-4-real-mesh-bc_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-link-pileheads/tut3d-4-link-pileheads_player.html
https://www.zsoil.com/zsoil_manual/videos/tut3d-4/tut3d-4-results/tut3d-4-results_player.html
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Index

Axisymmetry
analysis and drivers, TU: 9

Beams, TU: 17
create/outline/update/delete subdomain
2D, TU: 25
orientation 2D, TU: 25

Consolidation, TU: 13
Contact
macromodel, TU: 17, TU: 89, TU: 99,
TU: 105

Dynamics
control parameters, TU: 42
Domain Reduction Method (DRM), TU:
42
driver, TU: 42

Excavation/Stage construction
show steps in preprocessor, TU: 25, TU:
89, TU: 99, TU: 105

Flow
analysis, TU: 22, TU: 95
fluid head boundary condition, TU: 22,

TU: 95

initial state driver, TU: 95
material data, TU: 22, TU: 95
pressure boundary condition, TU: 22
steady state driver, TU: 22

Heat
analysis, TU: 32
initial conditions, TU: 32
initial state driver, TU: 32
material properties, TU: 32
thermal strains, TU: 32
transient driver, TU: 32

Macromodeling

Nails, TU: 72

Piles, TU: 105
Materials for beam elements

linear elastic model, TU: 17
Materials for continuum elements
Drucker-Prager model, TU: 9
Mohr-Coulomb model, TU: 5, TU: 13
Materials for nail interface elements, TU:

72

Materials for pile interface elements, TU:
105

Materials for pile tip interface elements, TU:
105

Membrane 3D macromodel
Subdomain generation, TU: 99
Membranes, TU: 99

Seepage 3D macromodel
Subdomain generation, TU: 95
Shell 1L
Thickness, TU: 89, TU: 105
Shell 1L macromodel
Extrusion, TU: 89, TU: 105
Virtual mesh, TU: 89, TU: 105
Shell elements with one layer of nodes, TU:
89, TU: 105
Single phase
driven load driver, TU: 9
stability driver, TU: 5, TU: 99
Stability, TU: 5
driver, TU: 5
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