CRISP2D

GEOTECHNICAL FINITE ELEMENT ANALYSIS SOFTWARE

EXAMPLES

%
Q Consortium

Prepared by
The CRISP Consortium Limited

WWW.mycrisp.com



Copyright © 1995 - 2006 The CRISP Consortium Ltd.

No warranty, expressed or implied is offered as to the accuracy of results from this program. The
program should not be used for design unless caution is exercised in interpreting the results, and
independent calculations are available to verify the general correctness of the results.

The CRISP Consortium Ltd. accepts no responsibility for the results of the program and will not be
deemed responsible for any liability arising from use of the program.



Contents

1.
Introduction
1.1 How To Use This GUIde.......cccveeveeviieeiiiieeeeeeeeeeee e
L.1.1 EXAMPIES wooveeieiieieeie e e
1.2 Using The Manuals .........cccoceiieieenieneieceseee e

One Dimensional Consolidation Test

2.1 INtrodUCHION ....coueiiiiiicce e
2.2 The Problem .......ccccoevivininininiiiiciecene e
2.3 Pre-Processing........ccocvevverieniieiieiesiiee et e
2.3.1  Starting The Project ........occevvevievieecienieeieneeieeeee
2.3.2  Defining Units .....ccccevveiieieeienieniceeee e
2.3.3  Creating The Finite Element Mesh................c..........
2.3.4 Defining A Material Zone..........ccccceververeicereenne
2.3.5 Assigning Element Properties..........ccccceeeeeerienenennne
2.3.6  Defining In Situ Stress Conditions .........c..ccoceevuereenne
2.3.7 Defining Increment Blocks.........cccoceeviiiiiinincnnnens
2.3.8 Defining Boundary Conditions............cccccvervveveennenne.
2.3.9  Defining Loads ........cceevvevrieierienieieeie e
2.3.10  Scale FacCtors.....ccceoererierinieninieeceeieee e
2.3.11 Running The Analysis ........cceecveveeriercierrerierieeeene
24 POSt-PrOCESSING ...eoveeiieeiieriieiieie ettt
2.4.1  Introduction .........ceceeveeieninienininenceeeceeceeene
2.4.2 Displacement PIots .........ccccoeveniiiiiiiniie e
2.4.3  Duration Graphs........cccecveveeeienieneeneee e
2.5 SUMMATY ..ttt
2.6 Things To Try NeXt.....occeeieieieieirere et

Undrained Triaxial Test

3.1 INtrodUCioN .....c.coviiiiiiiirieccce e
32 The Problem .......ccoooiiiiiieiee et
33 Pre ProcesSing ......ccceevevierieniieieeeeeeseeeee e
3.3.1 Starting The Project........cccoevveiirieiiiieieeeee e
332 Defining Units ....cccceeveerienienieenienienie e
3.3.3 Creating The Finite Element Mesh...............c.c........
3.34 Defining A Material Zone..........ccoceeverveeroiineeneennnnn.
3.3.5 Assigning Element Properties..........cccoccevevervenreennnnn.
3.3.6  Defining In Situ Stress Conditions ............ccceeveeenee.
3.3.7 Defining Increment Blocks...........ccevvvirriirveeniiennnnn,
3.3.8 Defining Boundary Conditions............cceeverveeuernnenne.
3.3.9  Defining Loads ........cccoecvevienieriieieeie e
3.3.10  Scale Factors.......ccccecueeeienieninieninenicecieesenieene
3.3.11 Running The Analysis ......cccecceererrerieriereeeeene
34 POSt PrOCESSING. .. .eeiveeiiiieeiieiieie e
3.4.1  Introduction .......ceceeceeeierieniereee e
3.4.2 Duration Graphs........c.cccceeveeveevieereeieeie s
3.4.3 Displacement PIots .......ccccocveeeviierieenciienieecieeeieeen
35 SUMMATY ettt

3.6 Things To Try NeXt....ccvecieierieiieiieieeieseeie e



Strip Footing On Gibson Soil 44

4.1 INEEOAUCLION ..ttt s ee 44
4.2 The PrODIEIN ...ttt 45
43 Pre-PrOCESSING ... .eiueitieiieiieiie ettt sttt ettt 46
4.3.1  Starting The Project .......ccuoiiiiiiiiiieieeee e 46
4.3.2 Creating A Mesh Using The Structured Mesh Generator ...................... 50
4.3.3 Defining In Situ Stresses Using The In Situ Stress Convertor............... 61
4.3.4 Defining Increment BIOCKS .........cccevvieriiiriieciiiieiieseec e 62
4.3.5 Defining Boundary Conditions ...........cceccuereerieesieriiesienrenieeieeieseenenns 63
4.3.6 Defining Loads .....ccccceevuieiiieiieieeieseeee e 65
4.3.7 Scaling The Displayed Load ATTOWS .......cccovevvieceerienieiieieeieeieseeenenn 68
4.3.8 Setting Up A Parent/Child Analysis ........ccccceveenieiinienieneeeeeeieee 69
4.3.9 Running The ANalysiS.......ccccceeierierirrieiieiiereene et 69
4.4 POSt PrOCESSING .. veeueieiieeiieiieie ettt ettt st se ettt e sneeseeens 72
441 INtrOAUCHION.....ccuiiitiiiieiieteeie ettt 72
4,42 Displacement PlOtS..........ccoevieiiriieiiiiiiiiie e 73
4.4.3  INStance Graphs.......cccovieiieieiiieiieeieeie ettt ettt sre e saaens 74
4.4.4  Duration GraphiS........cccceeevieciieiesieiiesieesie e seeseesseesseesesssesseesseesseensens 76
4.5 SUMIMATY ....eeeiieeiie ettt et e ettt e et e e tte s bbeeatesbaeesaesbseeseessaeensnenns 78
4.6 Things To TTY NEXE ...eeueeiiieierieneree ettt 78
Open and Braced Excavation 80
5.1 INEOAUCTION ..ottt 80
5.2 The PrODIEIM ...ttt 80
53 PrE-PrOCESSING ....cvvevieiieiieie ettt ettt ettt be e beesseesaesaeesseesseenns 81
5.3.1  Starting The Project .......cccvvevvieciirieiieiieneeie ettt 81
5.3.2  SavINg @ PrOJECt ...ccovieiieeieeiieiieiecie ettt 84
5.3.3 Creating A Mesh Using The Structured Mesh Generator...................... 84
5.3.4 Creating The Super Mesh ........cccevieiiiiiiniiinieieeeeeeeee e 84
5.3.5 Defining Material ZOones ..........ccceevvvevuerierienieniieeeeeeseesieeie e eae e e 90
5.3.6  Assigning Element Properties ...........cccoeoeeierienienenieiie e 92
5.3.7 Generating The Finite Element Mesh ............ccoccoooiiiiniiiiniiiie 92
5.3.8  Defining In Sittl StreSSES.....ueeverrieriieiieieeieeiiesieee e eee st 93
5.3.9 Defining Increment BIOCKS ........cccoviiiiiiiiniiniiiieececce 94
5.3.10  Setting Up The Construction SEqUENCE .........ccceevvereereeneeneereeneeneenn 95
5.3.11 Defining Boundary Conditions ..........c..cecceeuerienienennennenicneeneeenn 95
5.3.12  Running The AnalysiS........cccceeveerieiiierienieeiieieniesieereereeeeseesreese s 97
5.4 POSt-PrOCESSING.....c.viiiviitieiieiieie ettt ettt eeae st e re e beesbeesaesaeesaeenseenes 99
541 INrOAUCLION. ..c..iitiiiiitiiiieiieieeee ettt 99
5.4.2 Displacement PLOLS........cceeierieiirienie et 99
543  InStance Graphis.........cccoeceeeierienienieeiesie st e eee et eeeaeeeaeseeens 101
544  Saving the Project ........occveieiieiieieeie et 105
5.5 Pre-Processor - (Adding a retaining wall) .........coccoooiiiiiiiiiniiic e 105
5.5.1  Opening @ PrOJECt....c.eeceerueereerieeiierietteeeeeeeeeesteeteeteeseesseesseesseeaeenees 105
5.5.2  Defining a new Material Zone .........cccoocevererieieiienienieie e 105
5.5.3  Swapping lements. .........ccceeeeirieieieieie e 106
5.54  Running The ANalysis........cccceroeiiriririieiereese e 110
5.6 POSt-PIOCESSOT ....c.eeiiiiiiiiieieeececte ettt 112
5.7 SUMIMATY ....eeiiieeiie ettt ettt et e e tae e bt esbeeebeesbaeenseessbaesnseesnseeenseas 113
5.8 Things TO TTY NEXE....ieoiiiieiieieeiieie ettt e b e ssaesreesbeesseeneas 114
Centrifuge Test of an Embankment 115
6.1 INErOAUCLION ...ttt 115
6.2 The PrODICIN ...ttt 116
6.3 Pre-ProOCESSINE ... .eouiiiieiieiieie ettt st 116
6.3.1  Starting The Project .......cccovieriieriieiecie et 116
6.3.2 Creating A Mesh Using The Structured Mesh Generator .................... 118

6.3.3 Creating The Super Mesh ..........cccovveviieiiieiieienieeceee e 119



6.3.4 Defining Material ZOneS..........ccevevereerieerieecieeienienieesieesesseseesseessesnnes 126

6.3.5 Assigning Element Properties..........ccoovvevuieviieiinienienieieeieeve e 129
6.3.6  Generating The Finite Element Mesh .........c.cccoooveviieiincinnienieeeieen, 130
6.3.7 Defining In Situ StreSSeS....cccviivirierieieeieeiereeie ettt 131
6.3.8  Defining Increment BIOCKS..........ccoecviriirieniiiiieiieeeeeeeee e 131
6.3.9  ResStricting OULPUL......cocuieiieiiiie ettt 133
6.3.10 Creating The Embankment .............ccccovieiiiiiniinienieeeeee e 134
6.3.11  Setting Up The Construction SEqUENCE ..........ccverveeeereeseenreereeneennnn 137
6.3.12  Assigning Element Properties...........cocceeereeereeieiieneenesece e 143
6.3.13  Defining Boundary Conditions............ccccereruererenenesieieieiesese e 146
6.3.14 Running The ANalySis .......cccoeceeiririeieieresese et 151
6.4 POSt-PIOCESSING ...vvevieiieiieiieiiiecieeie ettt et e steesaeebeenaesneesneesseenseenns 153
6.4.1  INrOAUCLION ...oouiiiiiniiiiiiieeies ettt 153
6.4.2  Displacement PIOS ........cccceveieiieiiierieieeeeeeeeeee et 153
6.4.3  InStance Graphs ........ccccceevieiieiiieiie et 155
6.4.4  Duration Graphs........cceceeeeeeieiiieiieniesie et eee et sere e sseeaeennes 157
6.4.5  Status PLOS ..oueeeeiieieieieee e 159
6.5 SUMIMATY ..ttt sb ettt e et e st esae e beeteeneeenseeneens 163
6.6 Things TO TTY NEXE...coueeieeiieieeiere ettt et 163
TUNNEL example 164
7.1 INErOAUCHION ...ttt 164
7.2 The Problem .......couiiiriiiiiiiieieece e 164
7.3 Setting up the MESH ....occvieiiiieieeee e 164
Retaining wall example 174
8.1 INErOAUCHION ...t 174
8.2 The Problem .......oovoiiiiiiieee e 174
8.3 Generating a Mesh with the Structured Mesh Generator..............ccccceecverevennenne. 175
8.4 Defining Material ZOomnes..........c.cccvervieiieciinienieieeie ettt 179
8.4.1 Assigning Element Properties..........ccoocvevieriiiciinienienieieee e 181
8.4.2 Generating the Finite Element Mesh ..........cccccovovevieiincieiienieeeeen, 181
8.4.3 Defining the elements for the concrete slab.............coccoeeiriineinnnne. 182
8.4.4 Defining the elements for the wall and prop........ccccoeceeeeiieneenennennn. 184
8.4.5 Assigning Element Properties for other material zones..............cc........ 184
8.4.6  Defining Boundary Conditions ..........cceceeeeieienienenesieeieeeeieeeee s 184
8.4.7 Defining INSITU SLIESSES ....vieuviruieriieieeierie ettt 185
8.4.8 Installing the Wall ..........cccoeviiriiiieiieiicieceeee e 185
8.4.9 Apply overburden pressure 10ad ..........coceveveviienieniiiciieieeeeeeees 185
8.4.10  Initial @XCAVALION ..ooverviiiiieieieieietesie et 186
8.4.11 Installing the CIEeSt PIOP......eeceereerreeriereerierierieeteereete e sree e eaeennes 186
8.4.12  ContiNUE €XCAVALION ....everereirierieeieeiteietentente et eee et eeete e see e saeas 187
8.4.13  Installing base SIab.........cceecuereerierieriieieriere e 188
8.4.14 Running The ANalysis ......cccecveeiiereeieiieeierieieeeee e 189
8.5 POSt PIrOCESSING ... .eetieiieieeie ettt ettt ettt et 189
8.5.1 Bending Moment plots..........cceceriiiieriinieieeeeeeeeeee e 190
8.5.2  Stress State PlOt......cc.eeecieeeiiieiiieeiie et 190
8.5.3  ANIMAtion PIOTS .....coveeviiiieiiieiieceeieete ettt 191
8.5.4 Setting up an animation SEQUENCE. .......cccuereereerreerieeniereeneeneeneeeieennens 191
8.5.5 Running an animation............cceeeveeveriereenueeriesieeseeseesseessessesseesseessens 192
8.5.6 Benefits of Animation PlOtS. ......ccecverieerirrierieiiene e 193

8.5.7  Things t0 Iy NEXL..ecoueerrieiieierieriiereeteetesteesteesseeeeseesseesseessessnesseessenns 193






8BHow To Use This Guide

INTRODUCTION n

1.1 How To Use This Guide

This volume is designed to introduce you to progressively more advanced features of CRISP2D by way of
a series of worked examples. Each example comprises a brief description of each of these stages followed
by step-by-step instructions as to how to complete every stage.

Each worked example introduces either new features or different ways of using existing features. By the
end of the last worked example you will have a good idea as to the use of every feature in CRISP2D.

It is assumed that you have a good knowledge of soil mechanics, that you have used Windows before and
that you know the standard terminology used to describe Windows artefacts.

Please Note: only examples 1 - 3 can be carried out using the evaluation version of CRISP2D and that
some of the features shown in the manual have been disabled.

1.1.1 Examples

The examples are intended to provide a source of guidance for the use of CRISP2D interface. It is
important to note that the examples are limited in size to allow the completion of the example in an
acceptable time. For more complex problems you should refer to the publications directory supplied with
CRISP2D. Five examples are included that cover simple lab tests to major engineering activities.

M Triaxial Test

B Oecdometer Test

B Analysis of a strip footing

| Construction of an embankment, and

B Construction of a retaining wall

1.2 Using The Manuals

Volume I contains detailed descriptions on how to use every feature in the interface to help you create
meshes, apply analysis conditions, run the analysis and post process the output. It also contains a chapter
that introduces you to Windows and the terminology you need to know to make the most efficient use of
these manuals.

Volume II contains a wealth of information detailing how you should go about setting up a finite element
analysis (FEA) including selecting the correct type of finite element, choosing a soil model, deriving
material parameters and setting in situ conditions to name but a few sections.

The Publications Directory is provided as a source of reference information so that you can see the
different ways in which CRISP has been used to model particular problems in the past.

Worked Examples 1
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ONE
DIMENSIONAL
CONSOLIDATION
TEST

2.1 Introduction

The subject of this example is a one-dimensional Terzaghi consolidation.
The estimated time is 30 - 45 minutes.

The following steps will be covered:

u Starting The Project

] Defining Units

u Creating The Finite Element Mesh
] Defining A Material Zone

] Assigning Element Properties

] Defining In Situ Stress Conditions
] Defining Increment Blocks

] Defining Boundary Conditions

] Defining Loads

u Scale Factors

] Running The Analysis

u Displacement Plots

u Duration Graphs

Worked Examples 2
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11BThe Problem

The Problem

The consolidation problem under consideration is illustrated in Figure 2-1. The finite element mesh that
will be used consists of 2 linear strain triangle (LST) elements.

;Q 100 KPa

l ! |

1000 mm
[omonnef
LR

1000 mm

»!
g

R

Figure 2-1:0ne Dimensional Terzaghi Consolidation

The one-dimensional consolidation of an axisymmetric sample is chosen to illustrate the use of
consolidation elements. Two linear strain triangles are used in the mesh.

Figure 2-1 shows the mesh and the boundary conditions. The vertical sides and bottom of the sample are
restrained and they are assumed to be smooth. The sample is initially unstressed, i.e. in situ stresses are
set to zero. The sample has a radius of 1000 mm and is 1000 mm in height. The top surface is loaded
with 100 kPa instantaneously. For computational purposes this load is applied over a small time period of
0.1 sec. The transient response during 20 secs after the load application is studied in the analysis. In the
first increment, the drainage conditions are applied. The load is applied in the second increment. The
third increment block consists of increments 3 to 9, whose time steps are 1, 1, 1, 1, 1, 5 and 10 secs
respectively.

It is recommended in consolidation analyses involving applied loads that the pore water pressure
boundary conditions be specified in a separate increment block to the loads. In this example, the total
pore water pressure is set to zero along the top of the sample in the first increment block and the load is
applied in the second increment block.

Pre-Processing

This section describes all of the stages that must be completed using the Pre-Processor in order to run the
finite element analysis. It is recommended that you save the Project regularly (by selecting Save
Project from the File menu).

Worked Examples 3
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2.3.1 Starting The Project

This section describes the basic processes that should be completed in advance of creating your mesh.
This involves entering data to set-up various run-time options for the finite element analysis and to
descriptively identify the Project. The base units are also verified.

The following procedure describes the initial setup of the Project.

On opening the CRISP2D Pre-Processor, select New Project... from the File menu. This displays the
Mesh Mode dialogue box.

Click on the Finite Mesh button. This exits the Mesh Mode dialogue box, sets you up in Finite Element
mode and opens the Project Setup dialogue box.

it ot R

" Domain Type i [ Element Type

£ Plane Strain " Cubic Strain Triangles Only

o Agizymmetic

" Iteration
&+ Maone

" Apply Out Of Balance Loads In Mest Increment
" MMR - Dizplacement Method

= FHE Dieplacement BParameters
Tolerance IU bl Iteration IU

" Large Deformation Considerations i [ Inzitu Gravity Lewvel

' Mone I.I— G

~ Update Coordinates

" Large Strain Formulation

Infa | | ak I [Earcel | Help |

Figure 2-2:Project Setup dialogue box

Click on the Axisymmetric option button and on All Other Elements to select the analysis type and
permissible element types, respectively.

The Project Setup should now look like Figure 2-2.

Click on the Info... button. This displays the Project Information dialogue box.

Worked Examples 4
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im. Project Information E |

File: M ame:
Drirectony;
Project Title IDne-dimensiDnal Terzaghi Conzolidation
Job Number |SC_oo0
CRISP Operatar  [MIE L rodes
0 elernents

CRISP Checker |G/
Date {21 August 1335

| ak I Cancel Help

Figure 2-3:Project Information dialogue box

Enter data as appropriate. The date is automatically entered but may be manually altered.

The Project Information dialogue box should now look similar to Figure 2-3. Click on OK to return to the
Project Setup dialogue box once you have finished.

Click on OK to exit.

2.3.2 Defining Units

At this point it is useful to ensure that the correct system of base units is being used. For this example,
kilonewtons, millimetres, seconds and degrees form the base units.

Step 1 In the Options menu, click on Units... to display the Units dialogue box.
U
" Base Unitz
Digtance: I Millirmetres j
Force: I Kilanewtons j
Tirmne; I Seconds j
Angle:; I Degrees j

ok I LCancel | Help I

Figure 2-4:Defining Base Units

Step 2 Use the list boxes to select the appropriate units for Distance, Force, Time and
Angle as shown in Figure 2-4. Click on OK to exit once you have finished.

2.3.3 Creating The Finite Element Mesh

Worked Examples 5
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The Project is now ready for you to define your finite element mesh. The quickest, most accurate way to
create a small, regular mesh is to use the Node List to define the vertices and then join them together to
form the finite elements.

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

Step 9

In the Mesh menu, click on Node List... to display the Node List dialogue box.

Click on the empty x co-ordinate cell and type ‘0’. Press the TAB key to move to
the y co-ordinate cell and enter ‘0’ here.

Press the TAB key again. This moves you into the x co-ordinate cell for the next
node. Enter an x value of ‘1000’ and a y value of ‘0’.

Using the TAB key to move between cells, enter a total of four nodes with co-
ordinates (0, 0), (1000, 0), (1000, 1000) and (0, 1000), as shown in Figure 2-5.

. Node List =] E3
Mode List Lnits in mm

Hode & Co-ord I ' Co-ord I;
1 0.000 [0.000
2 1000000 [0.000
3 1000000 1000.000
4 0.000 1000.000
5 v

ok LCancel Preview Help

Figure 2-5:Node List dialogue box

Click on OK to exit once you have finished.

The Graphics Window will now display the nodes you have created. To view
them at optimum scale select Full Page from the Zoom list box on the main
toolbar.

In the View menu, click on Node Numbers to switch on the display of node
numbers.

In the Mesh menu, click on Create Element. Using the left-hand mouse
button click on (or close to) node 1, node 2, node 3 and then node 1 again. Lines
will appear joining these nodes and creating an element. Repeat the process, this
time clicking in turn on nodes 3, 4, 1 and then 3 again.

When you click again on the first node, the element’s edges change colour to
indicate that the element is now closed (i.e. complete). When you start creating
the second element, the first element’s edges will again change colour- this time
to indicate that you have begun working on a new, separate element.

Worked Examples
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Tip Note that if you try to start creating the second element by clicking again
on node 1, you will actually un-create the first element.

This is because each time you click on a node you toggle its selected
status. This means that by trying to start the second element from the lead
node of the first element you are deselecting that node and making it no
longer form a vertex for the first element.

Step 10 Once the second element is created the Graphics Window will look something
like Figure 2-6. In the Edit menu, click on Commit Element Creation.

gSAEE CRISP Pre-Processor Terzaghi.scd - [Graphics Screen]

File Edit Select Yiew Mesh Increment Options Help

ClE[s[E] =3 @5 -
. 3

MO MODE SET 22 Julp 1938 14:23

Figure 2-6:The Finite Element Mesh

2.3.4 Defining A Material Zone

A Material Zone contains information about the soil model and associated soil parameters that are being
used to model particular regions of the mesh.

It is necessary to define the number of material zone(s) at this point in order to be able to allocate them

using the Element Properties dialogue box. As they are referenced by name, a meaningful title is also
given.

Having set up a zone, the soil model and parameters may be entered or changed at any time prior to the
analysis being run.

Step 1 In the Mesh menu, click on Material Properties... to display the Material
Properties dialogue box.

Worked Examples 7
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. Material Properties |
| Zone Properties Froperty | Y alue | Unitz ]
Material Zone Murber |1 'I Hew En 0.0 kN/mm® =
Delet E z
taterial Zone Mame il - ¥ 0.1 kN/mm
|F|emoulded clay r\rh R
20l Hpdk Ehh DD45E:5 ;<N.n" C
If—'«nisntropic Elastic j 0 . mm
Yw 1.0E-8 kM/mm?
SDII Eﬂﬂditiﬂn Thulk 0 kM/mm?
Il:ansalidatian j ky 01| mmisec
ky 07 rrndgec
[ Bdvanced =
Fieplaced By Material Zone
| 5] | o
At Increment Block ﬂl
I j | Ok I LCancel Help
Figure 2-7:Material Properties for Oedometer Test
Step 2 Enter the name “Remoulded clay” from the Soil Models list box. Elastic is
already shown, being the default.
Step 3 Enter the following soil parameters:
Property Value Units
Ey 0.01 kN/mm’
E, 0.01 kN/mm”
Vhh 0.1 -
Vyvh 0.1 -
Gy 4.545 E-2 KN/mm?
Ko/ Y 1.0 E-8 KN/mm®
Voulk 0 KN/mm®
ky 0.1 mm/s
ky 0.1 mm/s
Step 4 The Material Properties dialogue box should now look similar to Figure 2-3.
g g
Click on OK to exit once you have finished.
Tip In this example the soil properties are entered at this stage. If you prefer,

you can enter and change the values at any time prior to running the

analysis.

2.3.5 Assigning Element Properties

Every element in the mesh has two properties associated with it:

B Finite element type, and

Worked Examples
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| Material zone

These properties are assigned to finite elements in the following manner:

Step 1 In the Select menu, click on Domain Elements and select both elements by
clicking on them. Selected elements are indicated by a user defined colour fill.

Step 2 You can deselect elements by clicking on them again.
Step 3 In the Mesh menu, click on Element Properties... to display the Element
Properties dialogue box. Because the elements both have three sides, the

quadrilateral element options are unavailable.

im. Element Properties |

" 2D Element Types

Linear Strain Triangle [non Linear Strain Triangle
i~ consolidating) is {canzalidating]

[£ 5 Eoadnlatenal Aot [£ 50 Wuadrilaters]
i consalidating] i [comealidatng]

" Material Zone
I Remoulded clay j

"~ Layer

I Original j

| ok I Cancel | Help |

Figure 2-8:Defining Element Type and Zone

Step 4 Click on Linear Strain Triangle (consolidating).
Step 5 Select ‘Remoulded clay’ from the Material Zone list box.
Step 6 The Element Properties dialogue box should now look like Figure 2-8. Click on

OK to exit once you have finished.

2.3.6  Defining In Situ Stress Conditions

This allows you to define the initial state of stress experienced by the mesh. However, in this example all
in situ stresses are zero.

Step 1 In the Increment menu, click on Define In Situ Stress Conditions... to
display the In Situ Stress Setup dialogue box.

Worked Examples 9
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;Q 100 KPa

l ! l

1000 mm
[omonnef
LR

1000 mm

R

Figure 2-9:Zero In Situ Stresses

Step 2 Click on OK to exit. This records a zero in situ stress state.

2.3.7 Defining Increment Blocks

Increments are the units by which the finite element program advances the analysis. In each increment,
the effect of applied loads and boundary conditions are calculated and the accumulated strains and pore
water pressures are updated. Increments are grouped together in blocks which then model particular

events in the analysis.

This analysis requires three increment blocks. The first models the pore water pressure boundary
conditions. The second models the instantaneously applied load. The third simulates the dissipation of
excess pore pressures and the resulting consolidation using seven increments.

Step 1 In the Increment menu, click on Define Increment Block Parameters... to
display the Increment Block dialogue box.

Worked Examples 10



Increment Block Information

Ihcrement Blo

ck List

12BPre-Processing

Apply prap fix
Loading stag

]
&

Corsolidation stage

Insert i Dezcription of block:
| " Coreidatonsoee

Mew 1

Block Drefinition [ Load-Step / Time-Step Definition
Mumber of [ncrements: ¥ . [ ]
| Load-Step Option: Equal - 1|
Increment Murmber at End of Block: k| [ i : Define.. | | |
R | Time-5tep Option: User Defined
Time-Step for Block: 20 B0 |
Tl:ltEII T".ne at End Df BIDCk 2D2 T =To] PIDt |nc[ement ...............................................
Gravity Increment: 0 G _.againzt Time _againzt Gravity i

ok | Cancel | Help 1

Step 2

Step 3
Step 4
Step 5
Step 6

Step 7

Step 8

Define Load / Time-5teps

Figure 2-10:Increment Block dialogue box

A default block called ‘Increment Block (untitled)’ is automatically created
because no other blocks exist. Change the name to “Apply pwp fixity” in the
Description of Block text box.

Allocate a single increment and a time-step for the block of 0.1 seconds.

Click on New to create another increment block and call it “Loading stage”.

Allocate a single increment and a time-step for the block of 0.1 seconds.

Click on New to create another increment block and call it “Consolidation
stage”.

Assign seven increments and a time-step for the block of 20 seconds to this
block.

Click on the Define... button. This displays the Define Load/Time Steps
dialogue box.

- T U
1 J14.28571429 ]1.00000000 O Manual @ Equal

2 [14.28571423 1.00000000 Al at first CAl &t last

3 |14.28571429  1.00000000 C Eachdoubles () Each halves

4 |14.28571429  1.00000000 N

5 |14.28571429  1.00000000 @ Mocisi € Equal
ez swmow | SN, Qe

Figure 2-11:Defining Load and Time Steps
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Step 9 In the Time Step column enter 1 second into the first five increments, 5 into the
sixth and 10 into the seventh. This is the exact distribution of the 20 second total
time-step.

Step 10 The Define Load/Time Steps dialogue box should now look like Figure 2-11.
Click on OK to return to the Increment Block dialogue box, once you have
finished.

Step 11 Upon clicking OK, a prompt will appear because the time-steps do not equal
100%, asking if you require automatic smoothing. Select Yes and the values
will be multiplied by a common factor so that they total 100.

Step 12 Click on OK to exit the Increment Block dialogue box

2.3.8 Defining Boundary Conditions

Boundary conditions describe to the finite element analysis the ways in which the mesh is physically
restrained from moving and the drainage features whose effects must be accounted for. This is achieved
by applying fixities to edges and nodes in the mesh.

Once defined, fixities apply in all successive increment blocks. The Fixities dialogue box and the
Graphics Window (if View Fixities is toggled on) will only display any fixity that is applied during the
current increment block.

This example incorporates a pore water pressure fixity along the top edge. It is recommended that pore
pressure fixities not be applied in the same increment block as any loads are applied. According to this,
displacement fixities will be applied at the in situ stage, pore pressure fixities in the first increment block
and the load in the second block.

See Section 6.5 in the Technical Reference Guide for further details about applying pore pressure fixities

The following procedure defines the fixities:

Step 1 Ensure that ‘In situ’ is selected from the Increment Block list box on the main
toolbar.

Step 2 In the Select menu, click on Edges.

Step 3 Select the left-hand and right-hand (vertical) edges of the mesh by clicking on

them. Both of these edges will have zero X direction fixity, so they can be
defined simultaneously.

Step 4 In the Increment menu, click on Fixities... to display the Edge Fixity dialogue
box.
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Edge Fixity [Group] |

Fisity

% displacement

= Pore "Water Pressure

Mid W alue Interpolate |

Start Hode

IEI i ||:| mm
Finigh Mode

||:| T

‘ Ok I LCancel RBemove Relzaze Help

Step 5

Step 6

Step 7

Step 8

Step 9

Step 10

Step 11

Figure 2-12:Zero X Direction Fixities

Click on the X displacement option and type ‘0’ into the Start Node and
Finish Node text boxes. Now set the Mid Value fixity to zero by either
pressing the Interpolate button or by typing in ‘0’ directly.

The Edge Fixity dialogue box should now look like Figure 2-12. Click on OK
to exit once you have finished.

Click on Clear Selection in the Select menu to ensure that no edges are
selected (Select Edge remains active). Then select the bottom (horizontal) edge
of the mesh by clicking on it.

In the Increment menu, click on Fixities....
Click on the Y displacement option and define zero fixities, as above.

Click on OK to exit once you have finished and click on the bottom edge of the
mesh to de-select it.

The Graphics Window should now look similar to Figure 2-13. Note that the
display of fixity icons can be turned on and off by clicking on Fixities in the
View menu and that their size can be controlled in the Default Settings dialogue
box (accessed via the Options menu).
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gSAEE CRISP Pre-Processor Terzaghi.SCD - [Graphics Screen] -] x]

File Edit Select Wiew Mesh Increment Options Help

E Zonrm Sindow, iln st j

JAN

528,70 . B74.84 mm MO MODE SET 28 July 1998 12:23

Figure 2-13:Displacement Fixities (at the In Situ Stage)

Step 12 Select ‘Apply pwp fixity’ from the Increment Block list box on the main tool
bar.
Step 13 Click on Clear Selection in the Select menu to ensure that no edges are

selected and select the top (horizontal) edge of the mesh by clicking on it.
Step 14 In the Increment menu, click on Fixities....

Step 15 Click on the Pore Water Pressure option. This will activate the pore
pressure fixity group of options.

Edge Fixity 4
iy e
¥ displacement ™ Incremerital
% digplacement " Absolute
' Pore 'Water Pressure &+ Total
i Interpolat i
Start Node kid * alue Interpaolate
|0 kM/mm? 0 kM /rim 2
Finizh Mode
o kM rmm ®
ok | Cancel Remove Releaze Help

Figure 2-14:Applying A Pore Pressure Fixity

Step 16 Click on the Total option and enter zeroes into the Start Node, Finish Node
and Mid Value text boxes.
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Step 17 Click on OK to exit. This concludes the application of boundary conditions.

2.3.9 Defining Loads

A load is applied to the top edge of the mesh during the second increment block, but with a very small
time increment so that the effect is one of instantaneous application.

As with fixities, once defined loads apply in all successive increment blocks. The Loads dialogue box and
the Graphics Window (if View Loads is toggled on) will only display any load that is applied during the
current increment block.

Step 1 Select ‘Loading stage’ from the Increment Block list box on the main toolbar.

Step 2 Click on Clear Selection in the Select menu to ensure no edges are selected.

Step 3 Select the top (horizontal) edge of the mesh by clicking on it.

Step 4 In the Increment menu, click on Loads... to display the Edge Load dialogue
box.

Step 5 The applied loading is to be 100 kN/m?, so enter a value of 0.0001 kN/mm? into

the Normal Start node and Normal Finish node text boxes. Click on
Interpolate and the Normal Mid Value will automatically be entered as
0.0001 kN/mm®. Alternatively the value can be entered manually.

Step 6 The Edge Load dialogue box should look like Figure 2-15. Click on OK to exit
once you have finished.

. Edge Load 4 |

Start Mode Mid Y alue
Marmal oom kMdmm®  Mormal 00001 kM friirn ®
Shear ||:| kM A 2 Shear ||:| kM A
Finizh Mode
Marmal oo kM drnim 2
Shear ||:| kM i 2

‘ ] | LCancel Remove Help

Figure 2-15:Loading the Top Edge

2.3.10 Scale Factors

Loads are displayed on the Graphics Window as arrows whose length is proportional to the size of the
load. In order to optimise the display of these arrows, a scaling factor can be specified that will increase
or decrease the length of every load arrow in the mesh by the same proportion.

Customising the display of loads in this way takes three forms- Shear load scale, Normal load scale and
Offset (the distance between the arrow head and the edge or node to which it applies).

This dialogue box also controls the display of text (node numbers, element numbers, etc.) and icons (such
as those used to represent fixities). The displayed size of these can be controlled by changing the scale
factor values in the Text and Icons section.
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Values of 10 and 1 (as

Step 1 In the Options menu, click on Default Settings... to display the Defaults
dialogue box.
. Defaults
Load / Save | Zoom | General | Scale Fau:h:urs\j
T ——— I
Shear  [0001 I 0
lcons 11
Maomal  |0.002
“Sip Elemert Offsst——
Offset |1 10 %
(8] 4 LCancel | Help
Figure 2-16:Setting Scale Factors
Step 2 Click on the Scale Factors tab.
Step 3 Enter values of 0.002 in the Normal text box and 0.1 in the Offset text box.
Step 4 If your fixity icons do not look anything like those shown in Figure 2-13, try
changing the size by altering the basic display size.
shown in Figure 2-17) were used to produce Figure 2-13.
Step 5 The Defaults dialogue box should look like Figure 2-17. Click on OK to exit

once you have finished.

Figure 2-17.

gSAEE CRISP Pre-Processor Terzaghi.scd - [Graphics Screen]
File Edit Select View Mesh |ncrement Options Help

m 1In it

oo Window Jid

= 5]

The Graphics Window should look similar to

[ [5]x]

Figure 2-17:Loading Applied to the Top of the Sample
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2.3.11 Running The Analysis

The Project should now be saved. This concludes the pre processing for this particular problem so all that
remains is for you to run the finite element analysis program.

Step 1 In the File menu, click on Run Analysis... to run the finite element analysis.
This displays the Run Analysis dialogue box.

i, Bun Analysis |

" Run Type
Exit |
Help
() Batch File —l

I Erawze,.. |

" After Analysiz

[ Pause between steps

[ Auto Clean Up

Create CRISF Files Mow Bun Analysiz Mow

Figure 2-18:The Run Analysis dialogue box

Step 2 Click on Create CRISP Files Now. This will write two files with the
extension .GPR and .MPD to disk. These files contain the input data required by
the finite element analysis program. If any errors in the analysis data are
encountered, you will be informed of the problem by a message.

Step 3 Provided no errors were encountered, click on Run Analysis Now. This will
envoke the CRISP analysis engine modules (geometry program and main
program).

Step 4 When the analysis is finished, you will be returned to Windows and the output

from the analysis is converted into a Microsoft Access 2.0 database. A
percentage bar informs you as to how long you have left to wait.

Step 5 You can load your results directly into the Post-Processor by clicking on the
Post-Processor button in the Analysis Docker dialogue box.

2.4 Post-Processing

The Post-Processor contains a set of features that allow you to look at the output from your analysis.
In this section you will be introduced to the following features:

[ ] Displacement Plots

u Duration Graphs (using nodes and integration points)

2.4.1 Introduction
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If you entered the Post-Processor directly from running the analysis, your Project will already be loaded.
However you may also enter the Post-Processor by double-clicking on its icon in the CRISP2D program
group in Windows’ Program Manager. In this case, you should select Open Project... from the File menu
and, provided the analysis has been successfully run, you will be able to post process the output from your
analysis.

The example assumes that you have successfully loaded the one dimensional consolidation Project into
the Post-Processor.

2.4.2 Displacement Plots

Displacement plots are drawn directly onto the Graphics Windows. They provide a representation of how
the mesh has deformed at any stage in the analysis. You can view either vector displacements or the
deformed mesh at any specified magnification.

Step 1 In the Plots menu, click on Displacement Plots... to display the
Displacement Plot dialogue box.

Dizplacement Plot |

Dizplacement Mame

IFinaI deformed mesh j Hew |

" Available Plotz
Cl ectar @ Deformed Mesh
" lncrements
Start Finizh
® Abzaolute
93 =1 |93 "
C Incremental I 3] J I & J

kM agnification Factar

1 ‘ Ok I LCancel I Help I

Figure 2-19:Displacement Plot dialogue box

Step 2 Click on the New button to create your plot and change the title to ‘Final
deformed mesh’.

Step 3 Select the Deformed Mesh option.
Step 4 Ensure that Absolute is selected and that the Start increment is 9.
Step 5 Enter a Magnification Factor of 10. The Displacement Plot dialogue box should

look similar to Figure 2-19.

Step 6 Click on OK to exit once you have finished. The plot will be displayed on the
Graphics Window similar to Figure 2-20.
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'{v’ SAGE CRISF Post-Processor Terzaghi.scp - [Graphics Screen]

File Edit Select Wiew Plots Animation DOptions  Window Help

iZoomEentre :_| |Eonsolidationstage __'_j :v’

| 23July 1998 15:03 | GRID

Figure 2-20:Deformed Mesh After Full Consolidation

Tip Displacement plots look clearer if you select good line styles and colours.
To change the line styles, select Line Styles... from the Options menu. To
change the line colours, select Line Colours... from the options menu.

2.4.3 Duration Graphs

Duration graphs allow you to investigate the variation of output from individual integration points or
nodes over the course of a specified range of increments.

Up to 10 data sets (each one representing a different integration point or node) can be viewed on the same
graph, but for this example a single node will be used.

Two Duration graphs will be produced here:

u Vertical Displacement plotted against Time, for the top left node

u Total Pore Pressure plotted against Time, for two integration points

Vertical Displacement vs Time

Displacement in this example is purely in the vertical direction (as confirmed by the Displacement Plot
produced earlier). Therefore, the amount of vertical displacement experienced by the top edge can be
plotted on a graph drawn from either one of the nodes along the top edge.

The following procedure describes how to create a graph plotting the movements of the top, left-hand
node:

Step 1 In the Select menu, click on Nodes and then on Clear Selection. Select the
node at the top left corner of the mesh by clicking on or close to it.
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In the Plots menu, click on Duration Graphs... to display the Duration Graphs

dialogue box.

" Graph Mame

IDeerction of loaded edge

¥|

Current Selection Hew Delete I
I Increment R ange
Start Finizh
|1[1] "Il_ Critic:al State Linas IS[S] vI [ Critical State Lines
|
¥ Az Data

ITime [Modal walug]

T Az Data

[
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[

Strezz Path Graphs

e |
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Figure 2-21:Duration Graph dialogue box

Click on the New button to create your graph and change the title to “Deflection
of loaded edge”.

Ensure that the Increment Range starts at 1 and finishes at 9.

Select ‘Time’ as X Axis data and ‘Vertical displacement’ as Y Axis data. The
Duration Graph dialogue box should now look similar to Figure 2-21.

Click on OK to exit once you have finished. The graph will be displayed with a
configuration that depends upon your default settings. It should look similar to
Figure 2-22.

If the graph does not look very similar, you can change the settings (axis labels,
titles and legend) in the Graph Configuration dialogue box. This can either be
accessed from the Options menu, or by double clicking on the graph itself. This
graph has no legend, no grid lines, 11 X axis divisions, 10 Y axis divisions, X
axis minima and maxima of 0 and 22, Y axis minima and maxima of -0.01 and 0.
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'{9 SAGE CRISP Post-Processor Terzaghi_scp - [Deflection of Loaded Edge] HEE
@ File Edit Select “iew Plotz Animation Optionz  Window Help i |ﬁ||i|

IZoom Centre j IIn gitu j ‘
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Figure 2-22:Graph Showing Vertical Deflection of the Sample

Total Pore Pressure vs Time

The following procedure describes how to create a plot showing the dissipation of pore pressure with time
for two points in the mesh. These points are the centroids of the two elements and are respectively 1/3 in
and 2/3 up, and 2/3 in and 1/3 up from the bottom left-hand corner.

The graph is plotted according to the following procedure:

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6
Step 7

Step 8

To reactivate the Graphics Window, click on Cascade or on Tile
Horizontally in the Window menu. These options allow you to switch between
the Graphics Window and any graphs that are on display.

In the Select menu, click on Integration Points. This will automatically
action Integration Points in the View menu so that they appear on screen.

Select the integration point at the centre of each element.

In the Plots menu, click on Duration Graphs... to display the Duration Graphs
dialogue box.

Click on the New button to create your graph and change the title to
“Dissipation of Pore Pressure”.

Ensure that the Increment Range starts at 1 and finishes at 9.
Select ‘Time’ as X Axis data and ‘Total Pore Pressure’ as Y Axis data.

Click on OK to exit once you have finished. The graph displayed should look
similar to Figure 2-23.
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14BSummary

This graph is configured with a legend, no grid lines, 11 X axis divisions, 6 Y
axis divisions, X axis minima and maxima of 0 and 22, Y axis minima and
maxima of 0 and 120.

'{9 SAGE CRISP Fost-Proceszzor Terzaghi.scp - [Dizsipation of Pore Pressure]
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Figure 2-23:Graph Showing the Dissipation of Total Pore Pressure

Note that the Vyui value of the soil was set to zero in this analysis so that the in situ stresses could be set to
zero. This allows the dissipation of pore pressure to be illustrated much clearer. It is only very rarely that
the in situ stresses are set to zero.

2.5 Summary

By the end of this example you will have made use of the following features:

Units

The Node List

Creating finite elements

Material zones

In situ stresses

Increment blocks

Displacement and pore water pressure fixities
Loads

Load scale factors

Displacement plots
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[ | Duration graphs

2.6 Things To Try Next

] Try using more increments (with smaller time-steps) to more accurately capture
the sample’s behaviour at the beginning of consolidation.

] Try creating a mesh with 8 elements to see how mesh geometry affects the
results.
] Try using cubic strain triangles to see how the use of a higher order element

influences the results.

u Try using non consolidation elements and drained material values to see if the
drained condition is the same as the long term consolidation condition.
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3.1

3.2

16BIntroduction

UNDRAINED

Introduction

This example is designed to introduce you to one of the family of critical state soil models, namely the
Cam clay model. The example does not aspire to impart you with a knowledge of critical state soil
mechanics, so it is recommended that it only be attempted if you are already familiar with critical state
theory. The subject of the example is a strain controlled, undrained triaxial test.

The following steps will be covered:

] Starting The Project

] Defining Units

u Creating The Finite Element Mesh
] Defining A Material Zone

] Assigning Element Properties

] Defining In Situ Stress Conditions
u Defining Increment Blocks

] Defining Boundary Conditions

] Defining Loads

] Scale Factors

] Running The Analysis

The Problem

The triaxial problem under consideration is illustrated in Figure 2-1. Because of consideration of
symmetry only a quarter section needs to be considered for this analysis. The finite element mesh that
will be used consists of 2 linear strain triangle elements. Cubic strain triangles are recommended for
axisymmetric problems, but for this simple example their use is not required.

See the Technical Reference Guide for further information about choosing the right type of finite element
for your problem.
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Figure 3-1:Triaxial Test Cell

The soil sample is isotropically consolidated to 200 kPa and then isotropically unloaded to a mean normal
stress of 150 kPa. A standard undrained compression test is then carried out. The Cam clay parameters
selected for the soil are as follows:

A =030 k = 0.05 M= 1.0
e = 2.953 v =03

As this is an undrained analysis, the bulk modulus of water is required to complete the data on material

properties.
, , (1+e)-p’
Effective bulk modulus of soil (K’) =
K
K — (1+1.5517)-150
0.05
K’ = 7655 kPa

For undrained analyses the bulk modulus of water approximately 100 K’ (7.655 x 10° kPa). In the
analysis presented here a value of 5.0 x 10° kPa was used.
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More than 50 load increments are recommended for an finite element analysis which simulates a triaxial
test. For the purposes of this example however, only six load increments will be used.

A strain controlled test is considered here with 0.5% axial strain in each increment, leading to a total axial
strain of 3%. The left-hand edge is restricted to move vertically and the top and bottom edges are
restricted to move horizontally. The top edge is displaced vertically downwards to simulate a strain
controlled test.

The results of the analysis are plotted in q - €,, u - &,, and q - p’ space

. These are compared with the theoretical and also with an analysis using a large number of increments.
These differences between theory and predictions are due to the large increment size which was used
solely for illustrative purposes. During the second increment the yield ratio (YR) is on average about
1.12, i.e. the yield locus has grown in size by 12%. Stricter control on YR is recommended so that the
change in size of the yield locus is not more than 3% (i.e. YR 1.03 when hardening or 0.97 when
softening). The results emphasise the importance in selecting the size of load increment: as shown here
large load increments may lead to erroneous results.

3.3 Pre Processing

This section describes all of the stages that must be completed using the Pre-Processor in order that the
analysis can be run. It is recommended that you save the Project regularly.

3.3.1 Starting The Project

This section describes the basic processes that should be completed in advance of creating your mesh.
This involves entering data to set-up various run-time options for the finite element analysis and to
descriptively identify the Project. The base units are also verified.

The following procedure describes the initial set-up of the Project.

Step 1 On opening the CRISP2D Pre-Processor, click on New Project... in the File
menu. This displays the Mesh Mode dialogue box.

Step 2 Click on the Finite Mesh button. This exits the Mesh dialogue box, sets you
up in Finite Element mode and opens the Project Setup dialogue box.

Step 3 In the Domain Type section, click on the AXiSsymmetry option button and click
on All Other Elements in the Element Type section.

Step 4 Enter an in situ gravity level of 1 G.

Step 5 The dialogue box should now look like Figure 3-2. Click on OK to exit once
you have finished.
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Figure 3-2:Project Setup dialogue box

Step 6 Click on the Info... button. This displays the Project Information dialogue box.
i, Project Information |
File: M ame:
Directony:
Project Title |Undlained Tnaxial Test
Job Mumber [1992.364
CRISF Dperator IJJ [ nudes
0 elements

CRISF Checker  |EDM
Date |21 August 1998

| gk I Cancel Help

Figure 3-3:Project Information dialogue box

Step 7 Enter data as appropriate. The date is automatically entered but may be
manually altered.

Step 8 The Project Information dialogue box should look similar to Figure 3-3. Click
on OK to return to the Project Setup dialogue box once you have finished.

Step 9 Click on OK to exit.

3.3.2 Defining Units

At this point it is useful to ensure that the correct system of base units is being used.

Step 1 In the Options menu, click on Units... to display the Units dialogue box.
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“Base Units
Distance:  |Metres H
Force: | Kilonewtons =l
Time.  |Seconds -]
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1].4 I LCancel | Help I

Figure 3-4:Defining Base Units

Use the list boxes to select the appropriate units for Distance, Force, Time and
Angle as shown in Figure 3-4.

Click on OK to exit once you have finished.

3.3.3 Creating The Finite Element Mesh

The Project is now ready for you to define your finite element mesh. The quickest, most accurate way to
create a regular mesh is to first use the Node List to define the vertices, which can then be easily linked to

form the mesh elements.

Step 1

Step 2

Step 3

In the Mesh menu, click on Node List... and enter four nodes with co-ordinates
(0,0),(1,0),(1l,1)and (0, 1) into the Node List dialogue box, as shown in
Figure 3-5.

. Node List _ O] ]
[ Made List Units in m

Mode I ¥ Co-ord | v Co-ord l;
1 0.000 0.000
2 1.000 0.000
3 1.000 1.000
4 0.000 1.000
5 -

Ok I Cancel | PBreview | Help |

Figure 3-5:Node List dialogue box

Click on OK to exit once you have finished.

The Graphics Window now displays the nodes you have created. To view them
at optimum scale, select ‘Full Page’ from the ZOoOm list box on the main
toolbar.
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Step 4 In the View menu, click on Node Numbers to switch on the display of node
numbers.
Step 5 In the Mesh menu, click on Create Domain Element. Using the left-hand

mouse button click on (or close to) node 1, node 2, node 3 and then node 1
again. Lines will appear joining these nodes and creating an element. Repeat
the process clicking in turn on nodes 3, 4, 1 and then 3 again. As you start
creating the second element, the first will change colour (the colours are
definable in the Colours dialogue box, which is accessed via the options menu).

Tip Note that if you try to start creating the second element by clicking again
on node 1, you will actually un-create the first element.

This is because each time you click on a node you toggle its selected
status. This means that by trying to start the second element from the lead
node of the first element you are deselecting that node and making it no
longer form a vertex for the first element.

Step 6 Once the second element is created, in the Edit menu, click on Commit
Elements. This fixes the newly created elements, confirming that they are
correctly created, the Graphics Window will look something like Figure 3-6.

QSAEE CRISP Pie-Processor Triaxial gcd - [Graphics Screen]

File Edit Select “iew desh |ncrement Options Help

m |NoZoam =l Jin siu |
T ]

E ELEMEMT 22 July 19381

Figure 3-6:The Finite Element Mesh

3.3.4 Defining A Material Zone

A Material Zone contains information about the soil model and associated soil parameters that are being
used to model particular regions of the mesh.

It is necessary to define the number of material zone(s) at this point in order to be able to allocate them
using the Element Properties dialogue box. As they are referenced by name, a meaningful title is also
given.
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Having set up a zone, the soil model and parameters may be entered or changed at any time prior to the
analysis being run.

Step 1 In the Mesh menu, click on Material Properties... to display the Material
Properties dialogue box.

. Material Properties E

| Zone Propertiez f Property I alue I I rits I
Material Zone Mumber |1 'I Ll K 0.05 - =
Delete .
b aterial Zone Mame __I A 5 9D5§
e .
|Dverconso|idated kanlin clay cs . :
Soil Model : 03 LN.I" :
IDriginaI Carn Clay j 0.3 "
Soil Condition Ky 5.0ES|kM/m 3
IUndrained j ¥ hbulk 20 kN#m*
" Advanced =

Replaced By Material Zone
| 5 e
At Increment Block Paste |

I j ‘ ok I Cancel Help

Figure 3-7:Material Properties for Undrained Triaxial Test

Step 2 Enter the name “Overconsolidated Kaolin Clay” and select ‘Cam clay’ from the
Soil Models list box.

Step 3 Enter the following soil parameter values:
Property Value Units
K 0.05 None
A 0.3 None
e 2.953 None
M 1.0 None
Gorv'’ 0.3 None
K. /Y. 5.0E05 kN/m’
3
You 20 kN/m
ky 0 m/s
ky 0 m/s
Step 4 The Material Properties dialogue box should now look like Figure 3-7. Click on

OK to exit once you have finished. Note that k, and k, are not required for an
undrained analysis.

Tip It is not necessary to define permeability values for analyses which do not
have consolidation elements.
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3.3.5 Assigning Element Properties

Every element in the mesh has two properties associated with it:

[ | Finite element type, and
] Material zone

These properties are assigned to finite elements in the following manner:
Step 1 In the Select menu, click on Domain Element and select both elements by

clicking on them.

Step 2 In the mesh menu, click on Element Properties... to display the Element
Properties dialogue box. Because the elements have the same number of sides,
their properties can be defined simultaneously.

. Element Properties | %] |

" 2D Element Types

Linear Strain Triangle [hon Linear Strain Triangle
iw ;a:cunsu:ulidating] i [conszalidating]
L& Muadilateral s (ot |E & Huadrilatenal
i eatsal At it [ErarsalidatE]
" Matenal Zone
IDverchsnIidated k.aolin clay j
" Layer

I Original j

‘ (] I Cancel | Help |

Figure 3-8:Defining Element Type and Zone

Step 3 As the selected elements have 3 sides, their Element Type is automatically fixed
as Linear Strain Triangle. Select the (non consolidating) option.

Step 4 Select ‘Overconsolidated Kaolin Clay’ from the Material Types list box. If you
have been following the example this will be the only option in the list.

Step 5 The Element Properties dialogue box should now look like Figure 3-8. Click on
OK to exit once you have finished.

3.3.6 Defining In Situ Stress Conditions

This allows you to define the initial state of stress experienced by the mesh. Although the Stress
Conversion Parameters dialogue box provides a means of automatically calculating in situ stresses, we
already know the values in this case.

Step 1 In the Increment menu, click on Define In Situ Stress Conditions... to
display the In Situ Stress Setup dialogue box.
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Height U.:-::-: U;,I_I.J 0.22 ¥y PP u Pl
[ri] [kM /] (kM [kM/m ] [kMAm ] (kM ®] (kM [kM/m?]
11 150 150 150 1] 1] 1] <60
2 |0 150 170 150 ] ] ] LN
Plot [ | [ [ [ L L
b ok | Cancel Flot
Figure 3-9:In Situ Stress dialogue box
Step 2 Enter the values as shown below in Figure 3-9.
Step 3 Click on OK to exit once you have finished.

3.3.7 Defining Increment Blocks

Increments are the units by which the finite element program advances the analysis. In each increment,
the effect of applied load and boundary conditions is calculated and the accumulated strains and pore

water pressures are updated.

events in the analysis.

This analysis requires only one increment block.

displacement. The block comprises 6 increments.

Step 1

Increment Block Information

Increments are grouped together in blocks which then model particular

This models the application of a prescribed

In the Increment menu, click on Define Increment Block Parameters... to
display the Increment Block Information dialogue box.

Increment Block List

Insert I Description of block:

..againgt Gravity

Hew 1

Block Definition [ Load-Step / Time-Step Definition

i 3
MHumber af lncremets: i L oecelop Hplion: Eaual
Increment Mumber at End of Block: & e :

s | Time-Step Option: Equal

Tirme-Step for Block: 1 sEC |
Tatal Time at End of Block: 1 SEC [ Plat Increment..
Grawity [ncrement: ] G ..againzt Time

0ok

I Cancel |

Help

Figure 3-10:Increment Block dialogue box
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Step 2 A default block called ‘Increment Block (untitled)’ is automatically created
because no other blocks exist. Change the name to “Triaxial Loading” in the
Description of Block text box.

Tip As mentioned in Section [12-2, 6 increments are insufficient for the
problem being analysed. If you prefer, you may enter 50 increments here,
but the penalty is that the finite element analysis will take longer to run.

Step 3 Click on the Define... button. This displays the Define Load/Time Steps
dialogue box.

Define Load / Time-5teps |

Load Step Time Step |~ [
1_|1EEGEEEEE? | 16 BEEEAEST O Manual @ Equal
2 |1EEEEEEEEF 1E.EEEEEEE7 O &l at first O All at last
3 |1665666667  16.GREEEEGT () Eachdoubles () Each halves
4 |16 EBEEEEEET 16.BEEEEEET - Time Options
et ey 5] QMo ©Fad
B . - xf () Eachdoubles () Each halves
0k I Cancel | Help
Figure 3-11:Defining Load and Time Steps
Step 4 Select Equal in the Load Options group box. The Define Load/Time Steps
dialogue box should now look like Figure 3-11. Click on OK to return to the
Increment Block Information dialogue box, once you have finished.
Step 5 Click on OK to exit.

3.3.8 Defining Boundary Conditions

Boundary conditions describe to the finite element analysis, the ways in which the mesh is physically
restrained from moving. This is achieved by applying fixities to edges and nodes in the mesh.

Once defined, fixities apply in all successive increment blocks. The Fixities dialogue box and the
Graphics Window (if View Fixities is toggled on) will only display any fixity that is applied during the
current increment block.

For this example, boundary conditions need to be applied to both the in situ stage and to the triaxial
loading stage.

The following procedure defines the fixities for the in situ stage.

Step 1 Ensure that ‘In situ’ is selected from the increment block list box on the main
toolbar.

Step 2 In the Select menu, click on Edges.

Step 3 Select the bottom (horizontal) edge of the mesh by clicking on it.

Step 4 In the Increment menu, click on Fixities... to display the Edge Fixity (Group)
dialogue box.
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Step 5

Step 6

18BPre Processing

Click on the Y displacement fixity option and type “0” into the Start Node
and Finish Node text boxes. Now set the mid-side fixity to zero by either
pressing the Interpolate button or by typing in “0” directly.

The Edge Fixity dialogue box should look like Figure 3-12. Click on OK to exit
once you have finished.

Edae Fisity 1 |

ity

¥ & Y displacemnent

i displacement

= Pare "W ater Pressure

Start Mode Mid V/alue
o 1 D :
Finigh Mode
Jo m
Be Lancel Remove Fielease Help

Step 7

Step 8

Step 9

Step 10

Figure 3-12:Zero Y displacement Fixities

In the Select menu, click on Clear Selection to ensure that no edges remain
selected (Select Edge is still active). Then select the left-hand (vertical) edge of
the mesh by clicking on it.

In the Increment menu, click on Fixities... and define the fixity as before except
as zero X displacement fixities rather than zero Y displacement fixities.

Click on OK to exit once you have finished and click on the left-hand edge of
the mesh to de-select it.

The Graphics Window should now look similar to Figure 3-13.
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gSAGE CRISP Pie-Processor Triaxial. scd - [Graphics Screen]

File Edit Select Yiew Mesh Increment Options Help

m iNoZoom T ilnsilu
Fil

2 (g [

[ 17 07m [ SELECT EDGE 22Juy 19981606 |50

Figure 3-13:Displacement Fixities at the In Situ Stage

In this example the only fixity that alters during the test is the top edge, which undergoes a prescribed
displacement of -0.03m. The following procedure defines this fixity in the triaxial loading stage.

Step 11 Select ‘Triaxial Loading’ from the increment block list box on the main toolbar.
Step 12 Select the top (horizontal) edge of the mesh by clicking on it.
Step 13 In the Increment menu, click on Fixities... to display the Edge Fixity dialogue

box.

% dizplacement
¥ (& Y displacement

T Pore Water Pressure

id % alue

Start Mode

-0.03 m

Finizsh Mode

.03 m

[-0.02 m

Ok j Cancel I Bemaove Feleaze Help

Figure 3-14:Defining a Displacement

Step 14 Click on the Y displacement fixity option and enter the value “-0.03” into the
Start Node and Finish Node text boxes. Pressing the Interpolate button
automatically enters the Mid Value as -0.03.

manually.

Alternatively you can enter it
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The Edge Fixity dialogue box should now look like Figure 3-14. Click on OK
to exit once you have finished.

3.3.9 Defining Loads

A load is applied to the right-hand edge of the mesh to simulate the cell pressure. As with fixities, once
defined loads apply in all successive increment blocks. The Loads dialogue box and the Graphics
Window (if View Loads is toggled on) will only display any load that is applied during the current

increment block.

Step 1 Select ‘In situ’ from the increment block list box on the main toolbar.

Step 2 In the Select menu, click on Clear Selection to ensure no edges are selected.

Step 3 Select the right-hand (vertical) edge of the mesh and the top (horizontal) edge by
clicking on them.

Step 4 In the Increment menu, click on Loads... to display the Edge Load dialogue
box.

Step 5 Enter a value of 150 kN/m” in the Normal Start node and Normal Finish
node text boxes. Click on the Interpolate button and the Mid Value will
automatically be entered as 150 kN/m”. Alternatively the value can be entered
manually.

Step 6 The Edge Load dialogue box should now look like Figure 3-15. Click on OK to
exit once you have finished.

i, Edge Load [Group] |
Start Mode kid ¥ alue
Marmal kM A 2 MHormnal 150 kM A ®
Shear Ig kM A 2 Shear ||:| kM A ®
Finish Mode
Marmal |1 0 kM A ®
Shear ID kM Am ®
‘ ok | Cancel Remaove Help

Figure 3-15:Defining a Triaxial Cell Pressure

3.3.10 Scale Factors

Loads are displayed on the Graphics Window as arrows whose length is proportional to the size of the
load. In order to optimise the display of these arrows, a scaling factor can be specified that will increase
or decrease the length of every load arrow in the mesh by the same proportion.

Customising the display of loads in this way takes three forms - Shear load scale, Normal load scale
and Offset from the line to which the loads apply.

Step 1

In the Options menu, click on Default Settings... to display the Defaults
dialogue box.
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. Defaults
Load / Save | Zoom | General |Scale Facturﬁ
g s ~Text and leans——————

Shear |01 Tet 10
lcons j‘l n
Mormal  |0.001

“Slip Element Offset =

Offset |01 N

0k Cancel | Help

Figure 3-16:The Defaults dialogue box

Step 2 Click on the Scale Factors tab.
Step 3 Enter a value of 0.001 in the Normal text box.
Step 4 The Defaults dialogue box should look like Figure 3-16. Click on OK to exit

once you have finished.

Step 5 In the View menu, click on Loads (a tick will appear to the left of the item
when it is selected).

Step 6 The Graphics Window should now look similar to Figure 3-17.

gSAEE CRISP Fre-Processor Triaxial gscd - [Graphics Screen]
File Edit Select “iew Mesh Increment Options Help

m - ilnsitu Li

AN

NO MODE SET 22 July 13358 16:31

Figure 3-17:Loads and Fixities at In Situ Stage
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3.3.11 Running The Analysis

You should save the Project now. This concludes the pre processing for this particular problem so all that
remains is for you to run the finite element analysis program.

Step 1 In the File menu, click on Run Analysis... to run the finite element analysis.
This displays the Run Analysis dialogue box.

i, Bun Analysis |

" Run Type
Exit |

I Batch File
I Erawze,.. |
" After Analysiz
[ Pause between steps
[ Auto Clean Up
Create CRISF Files Mow Bun Analysiz Mow

Figure 3-18:The Run Analysis dialogue box

Step 2 Click on Create CRISP Files Now. This will write two files with the
extensions .GPS and .MPS to disk. These files contain the input data required by
the finite element analysis program.

Step 3 Click on Run Analysis Now. This will task switch you to a DOS box and
will run the finite element program using the data files just created.

Step 4 When the analysis is finished, you will be returned to Windows and the output
from the analysis is converted into a Microsoft Access 2.0 database. A
percentage bar informs you as to how long you have left to wait.

Step 5 The Post-Processor is loaded as soon as the conversion is complete and you can
begin to look at your results.

3.4 Post Processing

In this section you will be introduced to the following features:

] Duration Graphs

] Displacement Plots

3.4.1 Introduction

If you entered the Post-Processor directly from running the analysis, your Project will already be loaded.
However you may also enter the Post-Processor by double-clicking on its icon in the CRISP2D program
group in Windows’ Program Manager. In this case, you should select Open Project... from the File
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menu and, provided the analysis has been successfully run, you will be able to post process the output
from your analysis.

For this example, ensure that you have the Parent Project loaded in the Post-Processor.

Duration Graphs

Duration graphs allow you to investigate the variation of output from individual integration points or
nodes over the course of a specified range of increments.

Up to 10 data sets (each one representing a different integration point or node) can be viewed on the same
graph, but for these examples a single integration point will be used.

Three graphs will be plotted:

u Deviatoric Stress against Mean Normal Effective Stress (q-p”)
u Deviatoric Stress against Deviatoric Strain (q-Dev. Strain)
u Total Pore Pressure against Deviatoric Strain (u-Dev.Strain)

The graph of Deviatoric Stress against Mean Normal Effective Stress is created as described by the
following procedure:

Step 1 Click on Integration Points and then on Clear Selection in the Select
menu. Select an integration point in the top right corner of the mesh by clicking
on it.

Step 2 In the Plots menu, click on Duration Graphs... to display the Duration Graph

dialogue box.

" Graph Hame
IIF' Stresz Graph j

Current Selection MHew Delete |

" Increment Range

Start Finish

|1[1] vll‘ Critical State Lines |5[1] v| [ Critic:al State Lines

2 duig Data
IMean narmal effective stress [PE) j
' Axig Data
IDeviatnric stress (3] j

Stress Path Graphs

i e — I u-p |

q-Dev. Strain | & - Dev. Strain I u-Dev. Strain |

Report Data | | ok, | LCancel | Help |

Figure 3-19 :Duration Graph dialogue box

Step 3 Click on the New button to create your graph and change the title to ‘IP Stress
Graph’.
Step 4 Ensure that the Increment Range starts at 1 and finishes at 6.
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Step 6
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Click on the - P’ button. This automatically enters Mean Normal Effective
Stress (PE) as X Axis data and Deviatoric Stress (Q) as Y Axis data. The
Duration Graph dialogue box should now look like Figure 3-19.

Click on OK to exit once you have finished. The graph displayed should look
similar to Figure 3-20. You can configure the way the graph looks (axis labels,
titles and legend) by double-clicking on the graph window and changing the set-
up in the Graph Configuration dialogue box.

'{? SAGE CRISP Post-Processor Triaxial.scp - [IP Stress Graph]
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Figure 3-20::Integration Point Stress Graph

The Integration Point that was used for the first Duration Graph remains selected after the first plot is
created and can be used to create further graphs.

The graph of Deviatoric Stress against Deviatoric Strain is created as described by the following

procedure:

Step 7

Step 8

Step 9

Step 10

Step 11

In the Plots menu, click on Duration Graphs... to display the Duration Graphs
dialogue box.

Click on the New button to create your graph and change the title to ‘IP
Stress/Strain Graph’.

Ensure that the Increment Range starts at 1 and finishes at 6.

Click on the “ q - Dev. Strain ” button. This automatically enters Deviatoric
Strain (EPS) as X Axis data and Deviatoric Stress (Q) as Y Axis data.

Click on OK to exit once you have finished. The graph displayed should look
similar to Figure 3-21. You can configure the way the graph looks (axis labels,
titles and legend) by double-clicking on the graph window and changing the set-
up in the Graph Configuration dialogue box.
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'1" SAGE CRISP Post-Proceszor Triaxial.scp - [IP Stress/Strain Graph]
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Figure 3-21:Integration Point Stress/Strain Graph

The third graph of Total Pore Pressure against Deviatoric Strain is created as described by the following

procedure:

Step 12

Step 13

Step 14

Step 15

Step 16

In the Plots menu, click on Duration Graphs... to display the Duration Graph
dialogue box.

Click on the New button to create your graph and change the title to ‘IP Pore
Pressure/Strain Graph’.

Ensure that the Increment Range starts at 1 and finishes at 6.

Click on the “ u - Dev. Strain ” button. This automatically enters Deviatoric
Strain (EPS) as X Axis data and Total Pore Pressure as Y Axis data.

Click on OK to exit once you have finished. The graph displayed should look
similar to Figure 3-22. You can configure the way the graph looks (axis labels,
titles and legend) by double-clicking on the graph window and changing the set-
up in the Graph Configuration dialogue box.
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'{v’ SAGE CRISP Post-Processor Triasial.scp - [IP Pore Pressure/Strain Graph]
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Figure 3-22 :Integration Point Pore Pressure/Strain Graph

3.4.3 Displacement Plots

Displacement plots are drawn directly onto the Graphics Windows. They provide a representation of how
the mesh has deformed at any stage in the analysis. You can view either vector displacements or the
deformed mesh at any specified magnification.

Step 1 Select Displacement Plots... from the Plots menu. This displays the
Displacement Plot dialogue box.
Dizplacement Plot |
Dizplacement Mame
IFuII_I,I deformed mezh j Hew
" Available Plots
O Wector
" Increments
Start Finizh
@ Abzolute
1 =1 160 o
C Incremental I () J I (1] J
b agnification Factor
|5
‘ ok I LCancel I Help I
Figure 3-23 :Displacement Plot dialogue box
Step 2 Click on the New button to create your plot and change the title to ‘Fully

deformed mesh’.
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Step 3

Step 4

Step 5

20BSummary

Select the Deformed Mesh option.

Ensure that Incremental is selected, that the Start increment is 1 and the Finish
increment is 6.

Enter a Magnification Factor of 5. The Displacement Plot dialogue box will
then appear as shown in Figure 3-23.

Click on OK to exit once you have finished. The plot will be displayed on the
Graphics Window. Once a zoom window has been executed to view the area of
interest, the plot will appear as shown in Figure 3-24.

T 07.020m

[ SELECT IPS | 28Jup199811:01 [ GHID

Figure 3-24:Deformed Mesh Plot

3.5 Summary

By the end of this example you will have made use of the following features:

Cam clay
Duration graphs

Displacement plots

3.6 Things To Try Next

If you look at the analysis summary it can be seen that the yield ratios for
increment 2 are unacceptably high. This is a good indicator that the are not
enough increments in the analysis. Increase the number of increments to 50 and
compare the results. Note - 50 increments will give the theoretical solution.
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STRIP FOOTING ON

GIBSON SOIL

4.1 Introduction

This example is designed to introduce you to the automatic mesh generation feature (using the structured
mesh generator) and to the use of the Parent/Child feature to carry out a parametric study. This feature is
used to compare results from the finite element analysis with results predicted by theory. The subject of
the example is a strip footing on an elastic soil, with linear variation of shear modulus with depth.

The following steps will be covered:

Starting The Project

Defining Units

Creating The Finite Element Mesh
Defining A Material Zone
Assigning Element Properties
Defining In Situ Stress Conditions
Defining Increment Blocks
Defining Boundary Conditions
Defining Loads

Scale Factors

Running The Analysis
Displacement Plots

Duration Graphs

Introduction
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The Problem

4.2 The Problem

5m 5m

VY

v=0.49 \/\

G=80.z

P = 10kPa/m

20m

I

| |
f 30m !

Figure 4-1:Strip Footing Geometry

Figure 4-1 shows the mesh and the soil data for a plane strain calculation of the settlement of a strip load
on Gibson soil.

The Gibson soil is an elastic material in which the shear modulus increases linearly with depth. Using z to
denote depth, the shear modulus (G) is given by:

G=a-z

This can be related to Young’s modulus using the equation:

E=2G(l1+v)

The material is then defined by inputting a value of E at the top of the mesh (E;) of zero and calculating
the gradient of variation of Young’s modulus with depth.

An exact solution to this problem is only available for the case of a Poisson’s ratio of 0.5. In this example
a value of 0.49 is used in order to approximate this incompressibility condition.

Taking a value of 80 kN/m?*/m for a yields the gradient, m:

E=2-80-z-(1+049)

E =2384 .-z
m = E_ 2384
z

The results from this example show an almost uniform settlement of the soil surface beneath the strip
load, as can be seen if you produce a deformed mesh plot or contour vertical displacements using the
Post-Processor. The observed settlement is 0.0598 m at the centre of the strip load.

The analytic solution is exact only for an infinite half-space, whereas the solution obtained here is for a
layer of finite depth. However, the effect of a shear modulus that increases linearly with depth is to
localise the deformations near the surface; it would therefore be expected that the finite thickness of the
layer will only have a small effect on the results. The exact solution for this particular problem, as given
by Gibson', gives a uniform settlement beneath the load of magnitude:

! Gibson, R.E. (1967), Some results concerning displacements and stresses in a non-homogeneous elastic half-space,
Geotechnique, Vol 17, 58-64.
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Settlement = —
200

where

P = pressure load per unit length

In this case, the exact solution gives a settlement of 0.0625 m and the finite element analysis gives a result
of 0.0598 m.

4.3 Pre-Processing

This section describes all of the stages that must be completed using the Pre-Processor in order to run the
finite element analysis. It is recommended that you save the Project regularly (by clicking on Save in the
File menu).

4.3.1 Starting The Project

This section describes the basic processes that should be completed in advance of creating your mesh. The
steps you will follow include:

u Selecting a mesh mode

] Entering Project set-up information
] Entering QA information

u Verifying the base units system

] Activating autosave

] Defining a background grid

] Choosing a background colour

Selecting A Mesh Mode

The first thing that you are asked to do when you start a new Project is to select a starting mesh mode.
This means that you must decide whether you want to create the finite element mesh using either the
structured or the unstructured automatic mesh generators, or if you want to create it directly.

This example involves generating a finite element mesh from a structured super mesh.

Step 1 On opening the CRISP2D Pre-Processor, select New Project... from the File
menu. This displays the Mesh Mode dialogue box:
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Mesh Mode

9 Pleaze Select a starting mesh mode.

Structured Super Mesh |

Unstructured Super Mesh | Cancel |
Finite Mesh | Help |

Figure 4-2 :Mesh Mode dialogue box

Step 2 Click on the Structured Super Mesh button. This exits the Mesh Mode
dialogue box, sets you up in Structured Super Mesh mode and opens the Project
Setup dialogue box.

Setting Up The Project

Setting up a Project involves defining the analysis type, specifying whether or not the mesh is to be
composed of cubic strain triangles and setting up various run-time options.

Step 1 In the Domain Type section, click on the Plane Strain option button and click
on All Other Elements in the Element Type section.

Step 2 Enter an in situ gravity level of 1 G.
Step 3 The Project Setup dialogue box should now look similar to Figure 4-3.
" Domain Type | [ Element Type
£+ Plane Strain €5 Bt Strai Tristles Gl
€ Azizyrametic Al Other Elemerts
" Iteratian
{* Mone

= dpply Out Of Balance Loads In Nest Increment
= MME - Dizplacement Method

= MM E Dieplacement Farameters
Tolerance ID b & Iheration ID

" Large Deformation Considerations | [ Inzitu Gravity Level

{+ Mone I—_I i

" Update Coordinates

£ Large Strain Formulation

| OF. | LCancel | Help |

Figure 4-3:Project Setup dialogue box

Entering Quality Assurance Information

Step 1 Click on the Info... button in the Project Setup dialogue box. This displays the
Project Information dialogue box. This contains fields for you to enter QA
information such as job number, operator name, checker name, etc.
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i, Project Information |
File Marne:
Directony;
Froject Title IStrip footing on Gibzon sail
Job Mumber |GEN /2296
CRISP Opsiator  |RFD U nodes
0 elements

CRISP Checker |55

[ate

|21 August 1938

| Ok I LCancel Help

Step 2
Step 3

Step 4

Defining Units

Figure 4-4:Project Information dialogue box

Enter data as appropriate. The date is automatically entered but may be
manually altered.

The Project Information dialogue box should now look similar to Figure 4-4.
Click on OK to return to the Project Setup dialogue box once you have finished.

Click on OK to exit.

At this early stage it is useful to ensure that the correct system of base units is being used.

Step 1

Step 2

Autosaving

In the Options menu, click on UNits... to display the Units dialogue box.

~Base Units
Distance:  |Metres =
Force:  [Kilonewtons ]
Time:  |Seconds =
Angle: [Degrees =]

[ ok | Cance | Hep |

Figure 4-5:Units dialogue box

Use the list boxes to select the appropriate units for Distance, Force, Time and
Angle as shown in Figure 4-5. Click on OK to exit, once you have finished.

This is an opportune moment to introduce the Autosave feature. If for any reason you lose your Project (it
happens!) you need not worry about having to start all over from scratch, or even from when you last
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saved. Autosave creates a backup copy of your Project at definable time intervals that will be
automatically restored in the event of an unexpected exit.

To activate Autosave, follow this procedure:

Step 1 Click on Default Settings... in the Options menu to display the Defaults
dialogue box, and click on the Load/Save tab.

. Defaults E |

Path:

Ic:'\

Browse |

X Automatic S ave Eveny: % Pinutes

‘ . I Cancel I Help

Figure 4-6:Load/Save Defaults dialogue box

Step 2 Click on the Browse button, which displays the Load/Save Path dialogue box.

Step 3 Select the drive and directory where your backup copies will be stored and click
OK to exit, once you have finished.

Step 4 Click on the Autosave checkbox. This enables the spin control so that you can
define how often your Project is saved.

Step 5 Adjust the spin control to read 5 minutes. The Defaults dialogue box should
now look similar to Figure 4-6. Click on OK to exit, once you have finished.

Step 6 In the File menu, click on Save. This brings up a standard Windows File Save
dialogue box. CRISP2D Projects are stored with a .SCD extension.

Defining A Background Grid

A Background Grid feature is provided as an aid to drawing regular meshes. Two types of grid are
available: an ordinary fixed grid, such as is used in this example and an auto grid. The fixed grid allows
you to specify the physical distance between one grid point and the next according to the base units of
length that you have chosen (in this case, metres).

Warning Using the fixed grid, if you zoom out too far the screen will become
completely overcrowded with grid points. Any actions you then attempt to
make will be very slow because of the shear volume of data being
displayed on the Graphics Window.

The Autogrid feature is designed to avoid this problem. Instead of
showing grid points a set distance apart it allows you to specify the
maximum number of points you want to see on the screen in the X and Y
directions. A scale is then displayed at the borders of the Graphics
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Window to help you keep track of the physical distance that separates
these points.

Step 1 Click on Grid... in the Options menu or double click on the word ‘GRID’ at the
bottom of the Graphics Window. This displays the Grid Options dialogue box.

. Grid Options

" Grid Type
CiMore @ FigedGrid O Auto Grid

[&uta
Major Divisions Major Spacing
ID 1]
Minor Divizions Fdinor Spacing

ID— 0

[ Fived - units in metres

X Spacing ' Spacing
E f1n

‘ ok I Cancel | Help |

Figure 4-7 :Grid Options dialogue box

Step 2 Select Fixed Grid and enter the X spacing as 5 and the Y spacing as 10.

Step 3 The dialogue box should now look like Figure 4-7. Click on OK to exit, once
you have finished. The Graphics Window will then display a grid of dark grey
dots.

Changing The Background Colour

The fixed grid can be difficult to see if the background of the Graphics Window is grey, so it is useful to
be able to change this colour. To change the background colour, follow this procedure:

Step 1 Click on Colour in the Options menu.
Step 2 Click on white in the background selection frame
Step 3 Click on OK to exit.

4.3.2 Creating A Mesh Using The Structured Mesh
Generator

The Super Mesh provides a simple method of generating large numbers of finite elements. In this
example 60 finite elements are automatically created from a super mesh comprising just 2 super elements.
This saves an enormous amount of time and effort.

This section covers all of the stages you must have completed in order to automatically generate the finite
element mesh. The steps you will follow include:

] Drawing A Super Mesh

] Defining Edge Gradings
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] Defining A Material Zone
] Assigning Element Properties
u Generating The Finite Element Mesh

Drawing The Super Mesh

The mesh of Super Elements is drawn directly onto the Graphics Window using a combination of mouse
point-and-click actions and keystrokes. These combinations are summarised below:

u To position the vertex of a Super Element you must hold the CTRL key down and
left click on the Graphics Window at the point where you wish to locate the
vertex. These vertexes are termed Super Nodes.

u By holding down both SHIFT and CTRL when you left click, the cursor snaps to
the nearest grid point and creates a new Super Node. This facilitates the design
of rectilinear meshes.

The following procedure should be strictly followed in order to create the Super Mesh:

Step 1 In the Mesh menu, click on Create Super Elements. The fact that you can
now create elements is indicated by the mode box in the status bar at the bottom
of the screen.

Step 2 Select ‘Window’ from the ZOoOm list box on the main toolbar.

Step 3 With the cursor located over a point about 3/4 of the way down the screen and
1/6 of the way in from the left (over the top left corner of the black box in
Figure 4-8), press the right mouse button. Holding the right button down, move
the mouse to size the zoom window. Release the button when you have
highlighted the area you wish to magnify. The Graphics Window should briefly
look similar to Figure 4-8, before you release the button. Note that the zoom
window may look different depending on your default configuration.

Worked Examples 51



Pre-Processing

gSAEE CRISP Pre-Processor Gibgon. 5CD - [Graphics Screen]
File Edit Select Yiew Mesh [ncrement Options Help

EE IInsitu j @@

k3

W 5134 0.04m |EHEATESUPEHELEMENT |22Ju|y19981?:13 GRID

Figure 4-8:Using Zoom Window to Move Around the Graphics Window

Step 4 Whilst holding down both the CTRL and the SHIFT keys, click close to the origin
(indicated by the co-ordinates on the status bar) to create the first node at (0, 0).

Step 5 Continue clicking on the Graphics Window to place the vertex nodes of the
Super Elements. Figures a to j depict the entire process of creating the Super
Mesh. Remember to hold down CTRL and SHIFT when you are creating new
nodes (Figures a, b, ¢, d, g and h), but to release them when you wish to use an
existing node (Figures e, f, i and j).
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e m ’ f. m
g @ + . h @
i J- E
Step 6 In the Edit menu, click on Commit Super Element Creation. This fixes the

elements, confirming that they are correctly created. The elements will change
colour when they committed.

Step 7 To verify that you have correctly positioned all of the nodes, click on Super
Node List... in the Mesh menu. This displays the Super Node List dialogue
box.
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gSAEE CRISP Pre-Procezszor [New] - [Graphics Screen] == EE
File Edit 5Select “iew Mesh |ncrement Option: Help

EE IZoomWindow 'l Ilnsitu j % @

. Super Mode Ligt = E
" Super Node List Units in m

MHode 4 Co-ord I " Co-ord I;
1 0.000 0.000
2 15.000 0.000
3 5.000 20,000
4 0.000 20,000
I 30,000 0.000
g 30,000 20,000
7 -

oK I Lancel Preview Help
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Figure 4-9:Co-ordinates of Super Nodes

Step 8 If any of your entries are different to those shown in Figure 4-9, click on the
number(s) you need to change and type in your amendment(s). You can check
your progress by clicking on the Preview button.

Step 9 If you have made any changes you should exit by clicking on OK. Otherwise
you can click on Cancel or press ESC to exit.

Defining Edge Gradings

Edge Gradings define how the Super Elements will be divided up into finite elements by the mesh
generator. In general, better results will be obtained by using smaller finite elements in the parts of the
mesh that experience the most rapid and/or the largest changes in stress, during the course of the analysis.

Step 1 In the Select menu, click on Super Edges. Select the top left-hand

(horizontal) edge of the mesh by clicking on or close to it.

Step 2 In the Mesh menu, click on Super Edge Grading... to display the Super
Edge Gradings dialogue box.
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. Super Edge Gradings

| Grade by "Weighting Functions
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Enter ‘Weighting: Ii ) Each div. k times first div.

Convert |

[ Grade by Co-ordinates
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Figure 4-10:Defining Edge Gradings for the Top Left-Hand Edge

Step 3

Step 4

Step 5

Step 6

Enter ‘3” into the Number of Divisions text box and click on the Equal
Spacing option. Weighting values will be automatically entered and the
dialogue box should now look like Figure 4-10.

Click on OK to exit, once you have finished.

In the Select menu, click on Clear Selection, or click again on the selected
edge to de-select that edge. Click on the top right-hand (horizontal) edge. When
an edge is selected, one or other of that edge’s nodes is also highlighted. Ensure
that the highlighted node is the one on the left-hand end of the edge by clicking
closer to this end than the other when you select the edge. If the wrong node is
highlighted, your gradings will appear the wrong way around.

In the mesh menu, click on Super Edge Grading... to again display the
Super Edge Gradings dialogue box.
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Step 7

Step 8

Step 9
Step 10
Step 11

Step 12

Figure 4-11:Defining Gradings for the Top Right-Hand Edge

Enter a value of ‘3’ into the Number of Divisions and Factor (k) text boxes.

Click on the End 1 is k times End 2 option. The dialogue box should now
look like Figure 4-11.

Click on OK to exit, once you have finished.

In the Select menu, click on Clear Selection.

Select the left-hand vertical edge, ensuring that the node at the top is highlighted.
Apply edge gradings to this edge, such that there are 5 divisions, with the

division at the bottom of the edge being 3 times larger than the division at the
top. The dialogue box should look like Figure 4-12.
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Step 13

Step 14

Figure 4-12:Defining Gradings for the Left-Hand Vertical Edge

Click on OK to exit, once you have finished.

Opposite edges of each element are always graded in identical proportions, so by

defining gradings for just these three edges, all edges in the mesh have been
graded. This can be seen from the Graphics Window, which should now look

similar to Figure 4-13.
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Figure 4-13:Fully Assigned Edge Gradings

Defining A Material Zone

A Material Zone contains information about the soil model and associated soil parameters that are being
used to model particular regions of the mesh.

It is necessary to define the number of material zone(s) at this point in order to be able to allocate them
using the Element Properties dialogue box (the next stage).

Once you have set up a zone, the soil model and parameters may be entered or changed at any time prior
to the analysis being run.

Step 1 Select Material Properties... from the Mesh menu. This displays the
Material Properties dialogue box.
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Figure 4-14:Material Properties dialogue box

Step 2 Enter the name ‘Gibson soil” and select ‘Elastic (Linear variation with depth)’
from the Soil Model list box. Material zones are referenced by name elsewhere
in the Project, so it is good practice to give each zone a meaningful title here.

Step 3 Enter the following material property values:

Property | Value Units
E, 0 kN/m’
YO 20 m

m 238.4 kN/m*/m
v 0.49 None
Ky / Vw 0 kN/m’
Voulk 20 kN/m’
ky 0 m/sec

ky 0 m/sec

Step 4 The Material Properties dialogue box should now look similar to Figure 4-14.
Click on OK to exit, once you have finished.

Tip Although values for the soil properties have been defined here, it is

possible to delay defining them right up until just before you run the

analysis.

Assigning Element Properties
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Every element in the mesh has two properties associated with it:

[ | Finite element type, and

[ | Material zone

These properties are assigned to finite elements in the following manner:

Step 1 In the Select menu, click on Domain Super Elements and select both
elements by clicking on them.

Step 2 In the Mesh menu, click on Element Properties... to display the Element
Properties dialogue box.

. Element Properties E3

2D Element Types

Linear Strain Triangle [non
i consalidating)

L. 5. Quadrilateral  [non
i consalidating)

Linear Strain Triangle
i [conzolidating)

L. 5. Quadrilateral
' [consolidating)

Step 3
Step 4

Step 5

" Matenal Zone

" Laver

Qriginal j

| oK I LCancel | Help |

Figure 4-15:Defining Element Type and Zone
Select the Linear Strain Triangle (non consolidating) option.
Select ‘Gibson soil” from the Material Zone list box.

The Element Properties dialogue box should now look like Figure 4-15. Click
on OK to exit, once you have finished.

Generating The Finite Element Mesh

You are now at a stage where you can generate the finite element mesh from your Super Mesh.

Step 1

Step 2

In the Mesh menu, click on Generate Finite Element Mesh. This will first
check that you have correctly graded every edge and that you have assigned a
generated finite element type to each super element. It will then spend a short
time performing the automatic generation of the finite element mesh.

Provided you have completed the above stages correctly, the finite element mesh
will be displayed as shown in Figure 4-16. The menu bar will now allow you
access to the additional options available in Finite Element Mesh mode.

Worked Examples

60



Pre-Processing

gSAEE CRISP Pre-Processor Gibson SCD - [Graphics Screen]
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Figure 4-16:Automatically Generated Finite Element Mesh

4.3.3 Defining In Situ Stresses Using The In Situ
Stress Convertor

In situ conditions are defined in terms of stresses at different elevations within the mesh. These stresses
are derived from soil parameters that are obtained (almost) directly from lab testing of your particular soil.

The derivations can either be performed by hand, in which case you enter the values directly into the In
Situ Stress Setup dialogue box, or you can use the Stress Conversion Parameters dialogue box to
automatically perform the derivation for you.

The latter method requires you first to select the reference elevation for which you wish to calculate the
stresses. You can then input the soil parameters and perform the automatic derivation.

Step 1 In the Increment menu, click on Define In Situ Stresses... to display the In
Situ Stress Setup dialogue box.
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Figure 4-17:1n Situ Stress Setup dialogue box

Step 2 Select the second row of the in situ stresses grid by clicking on the row number
(to the left of the Height column). This enables the Convert Height... button,
which you should click on to display the Stress Conversion Parameters dialogue

box.

Stress Conversion Parameters [ at 20 m) |
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[

‘ aFk. I LCancel Help

Figure 4-18:Using the In Situ Stress Convertor

Step 3 Enter values as shown in Figure 4-18. Click on OK to exit, once you have
finished. The stress convertor takes these parameters , converts them into
stresses and enters them into the highlighted row in the in situ stresses grid.

Step 4 The In Situ Stress Setup dialogue box should now look like Figure 4-17. Click

on OK to exit.

4.3.4 Defining Increment Blocks

Increments are the units by which the finite element program advances the analysis. In each increment,
the effect of applied loads and boundary conditions is calculated and the accumulated strains and pore
water pressures are updated. Increments are grouped together in blocks which then model particular

events in the analysis.

This analysis requires only one increment block during which the strip load is applied to the mesh. The

block comprises 10 increments.
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Step 1 In the Increment menu, click on Define Increment Block Parameters... to
display the Increment Block dialogue box.

Increment Block Information |

" Increment Block List
Inzert I Degcription of block:
&I & pply stip load
Hew |
" Block Definition " Load-Step / Time-Step D efinition
Murnber of [ncrements: ﬂ :
Load-Step Option: Equal -
Increment Mumber at End of Block: 1 : : Define. . I
Time-5tep Option: Equal
Time-Step for Block: 1 B0
Total Time at End of Block: 1 zEC " Plat Increment..
Gravity [ncrement; i} G ..againzt Time | ..againzt Gravity |

‘ aFr. I Cancel I Help I

Figure 4-19 :Defining Increment Blocks

Step 2 A default increment block is created when you enter this box for the first time.
In the Description of block text box, change the name of the block from
‘Increment Block (untitled)’ to ‘Apply strip load’.

Step 3 Allocate ten increments to the block.

Step 4 Since this is a non-consolidation analysis, any time-step specified for the block
will be ignored.

Step 5 Click on OK to exit.

4.3.5 Defining Boundary Conditions

Boundary conditions describe to the finite element analysis the ways in which the mesh is physically
restrained from moving. This is achieved by applying fixities to edges and nodes in the mesh.

Once defined, fixities apply in all successive increment blocks. The Fixities dialogue box and the
Graphics Window (if View Fixities is toggled on) will only display any fixity that is applied during the
current increment block.

In this example, the left and right edges are restrained horizontally and the base is restrained both
horizontally and vertically.

The following procedure defines fixities for the in situ stage:

Step 1 Select ‘In situ’ from the Increment Block list box on the main toolbar.
Step 2 In the Select menu, click on Edges.
Step 3 Select all of the vertical edges on the left and right-hand sides of the mesh by

clicking on them. All of these edges have zero X direction fixities, so they can
be defined simultaneously.
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Figure 4-20:Defining Edge Fixities
Step 5 Click on the X displacement option button.

Step 6

Pre-Processing

In the Increment menu, click on Fixities... to display the Edge Fixity dialogue

Specify X direction fixities by typing ‘0’ into the Start Node and Finish

Node text boxes. Now set the Mid-Value fixity to zero by either pressing the

Interpolate button or by typing in ‘0 directly.

Step 7

to exit, once you have finished.

Step 8

The Graphics Window should look similar to Figure 4-21.

The Edge Fixity dialogue box should now look like Figure 4-20. Click on OK

If no fixities are

visible, click on Fixities in the View menu (a tick will appear to the left of the

item when it is active).
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Figure 4-21:Fixities Defined for the Left and Right Vertical Sides
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Step 9 Click on Clear Selection in the Select menu to ensure that no edges are
selected (note that Select Edge mode remains active). Then select the bottom
(horizontal) edges of the mesh by clicking on them.

Step 10 In the Increment menu, click on Fixities... and define zero X displacement
fixities as before.

Step 11 Click on the Y displacement option button.

Step 12 Specify Y direction fixities of zero in the Start Node, Finish Node and Mid-
Value text boxes.

Step 13 Click on OK to exit, once you have finished. The Graphics Window should
look similar to Figure 4-22.

gSAEE CRISP Pre-Processor Gibzon.SCD - [Graphics Screen]
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Figure 4-22:1n Situ Fixities Fully Defined

4.3.6 Defining Loads

A load is applied to edges along the left-most Sm of the top of the mesh to simulate the strip footing. As
with fixities, once defined, loads apply in all successive increment blocks. The Loads dialogue box and
the Graphics Window (if View Loads is toggled on) will only display any load that is applied during the
current increment block.

The sign conventions that apply to pressure loads are:
Positive loads are displayed pointing towards the bottom left corner
of the Graphics Window.

This convention is enforced as follows:
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[ | Downwards is positive;
] Right-to-left is positive;
u When applied to inclined edges, the downwards positive criterion takes

precedence over right-to-left;
u When applied to vertical edges, right-to-left is positive.

For further clarification, see Section 5.9.5 in the User Guide. The following procedure defines loads for
this problem.
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Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Pre-Processing

Select ‘Apply strip load’ from the Increment Block list box on the main toolbar.
Click on Clear Selection in the Select menu to ensure no edges are selected.

Select the edges of the mesh that correspond to the top edge of the first super
element you created. On the finite element mesh these are the first three edges
along horizontally from the top left-hand corner.

In the Increment menu, click on Loads... to display the Edge Load dialogue
box.

Enter a value of 10 kN/m’ in the Normal Start node and Normal Finish
node text boxes. Click on the Interpolate button and the Normal Mid
Value will automatically be entered as 10 kN/m’. Alternatively the value can
be entered manually.

The Edge Load dialogue box should now look like Figure 4-23. Click on OK to
exit, once you have finished.

. Edge Load [Group)
Start Made Mid Y alue
MNarrmal |-| il kM/m 2 M armal |1 il feM A &
Shear ID kM/m 2 Shear ID feM frm &
Finigh N ode
MNarmal |-| il kM/m#
Shear ID kM/m#
‘ i I Lancel | Bemave I Help

Figure 4-23:Defining the Strip Load

Once you have finished, the Graphics Window should look something like
Figure 4-24. Here, the loaded region has been magnified using the Zoom
Window feature. The appearance of the load arrows can be modified by
changing the default scale settings (see section 4.3.7).
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gSAEE CRISFP Pre-Processor Gibgon_scd - [Graphics Screen] BEE
File Edt Select Wiew Mesh Increment Options Help

m iAppIy shrip load j

i

oo Windaw

AL

| 819,203 m | NO MODE SET 23Julp 1938 12:34 | GRID

Figure 4-24:Strip Load Applied at the Top of the Mesh

4.3.7 Scaling The Displayed Load Arrows

Loads are displayed on the Graphics Window as arrows whose length is proportional to the size of the
load. If the load arrows on the screen look too long or too short, you can adjust this using the Scale
Factors function.

Step 1 In the Options menu, click on Default Settings... to display the Defaults
dialogue box.

ini. Defaults
(Losd / Save Y Zoom { Gerersl Y Scale Factors]
- Loads——————————— L e
Shear ,D‘Ii Text W
Icons W

Marmal |02

“Slip Elerent Qffset

Offset  J01 T
ar LCahcel | Help

Figure 4-25:Scale Factors for Strip Footing Loads

Step 2 Click on the Scale Factors tab.
Step 3 Enter values of 0.2 in the Normal text box and 0.1 in the Offset text box.
Step 4 The Defaults dialogue box should now look similar to Figure 4-25. Click on

OK to exit, once you have finished.
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4.3.9

Setting Up A Parent/Child Analysis

Pre-Processing

In order to be able to compare results from two separate runs of the finite element analysis, the Project
must be turned into a Parent Project and a number of Child Projects.

A Child Project is initially a copy of the original (Parent) Project. The mesh cannot be altered but features
such as material properties and number of increments may be varied.

Due to the choice of the elastic soil model, the number of increments used should not increase the
accuracy of the analysis. To demonstrate this a Child Project is made with just 5 increments (remember
that the Parent has 10 increments).

Step 1 The Project must be saved before any Child Projects can be created. Click on
Save Project in the File menu to save your Project to disk.

Step 2 In the File menu, click on Parent/Child... to display the Parent/Child dialogue
box.

Step 3 Enter the name “Stripft2” into the New Child Name text box. This will be the
filename of the Child Project and is therefore restricted to 8 characters.

Step 4 Click on the button to assign it to the family tree. This creates an

identical Project to the one you currently have open with the filename you just
assigned to it. The Parent/Child dialogue box should look similar to Figure 4-26.

Parent And Children |

Parent Mame: Gibzon
Mew Child M ame

Family Tree:

|Stripit2 Striphz
Delete |
‘ Load LCancel I Help I

Figure 4-26:Setting Up A Parent-Child Relationship

Step 5 Make sure that the new child Project is highlighted in the Family Tree list and
click on Load. This will exit the Parent And Children dialogue box and load
the new child into the Pre-Processor.

Step 6 Select Define Increment Block Parameters... from the Increment menu
and change the number of increments in the ‘Strip Loading’ block to 5.

Step 7 This concludes the set-up of the child analysis.

Running The Analysis

The Project should now be saved. Provided you have followed all of the steps described above,
preparation of the Project using the Pre-Processor is complete.

Since there are two Projects to run, it is convenient to use the Batch Run utility. This allows you to line
up a series of Projects that will be run consecutively. The sequence of events is outlined below.
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u Creating The Output Files
u Setting Up A Batch Run
] Performing The Analysis

Creating Output Files

The first stage is to create the output files for the two Projects. The following procedure describes how
this is done (it assumes that you still have the Child Project loaded).

Step 1 In the File menu, click on Run Analysis... to display the Run Analysis
dialogue box.

. FBun Analysis Ed |

T Eit |
...................................... —

) Batch File
I Hrowse.. |
T Afrer Analysiz
[ Pause between steps
[ Auto Clean Up
Create CRISP Filez Mow Bun &nalysis Mo

Figure 4-27:Run Analysis dialogue box

Step 2 Click on the Create CRISP Files Now button. Provided you have followed
all of the above steps correctly, this will create .GPR and .MPD files for your
Project. A message box will appear after each stage has been completed.

Step 3 Click on Exit once you have finished.

Step 4 In the File menu, click on Parent/Child... to display the Parent/Child dialogue
box.

Step 5 Highlight the Parent Project in the Family Tree list and load it.

Step 6 Create the CRISP output files as described above and press EXit once you have
finished.

Step 7 By now you should have created output files for both the Parent and Child
Projects.

Setting Up A Batch Run

A Batch run is simply a list of Projects that are to be run consecutively. The following steps describe how
to set up a Batch run to carry out the Parent and Child analyses in this way:
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Step 1 In the File menu, click on Setup Batch Run... to display the Setup Batch Run
dialogue box.

Step 2 Change to the drive and directory in which the Projects are saved. When you are
in the correct directory, the names of both the Parent and Child Projects should
appear in the Analysis Names list.

Step 3 Highlight these two files and click on Add to add them to the Files to run list.

Step 4 Click on Save Batch File As... to display the standard Windows File Save
dialogue box.

Step 5 Give the batch file a name (with a .SBF extension) and click on OK to return to
the Setup Batch run dialogue box.

Step 6 Click on EXit once you have finished

Performing The Finite Element Analysis

Now the analysis is ready to run:

Step 1 In the file menu, click on Run Analysis... to display the Run Analysis
dialogue box.

Step 2 Click on the Batch File option.

Step 3 Either enter the path to the batch file you just created manually, or locate it using

the Browse utility.

Step 4 Click on Run Analysis Now. This will prompt you to save the current Project
and then close down the Pre-Processor and run the Analysis program.

Step 5 You will be task switched from the Analysis Program into a DOS box where the
analysis will commence. Equilibrium error percentages are issued for each
increment as the analysis progresses. If all of the above stages have been carried
out successfully, no error should be greater than about 1%.

Step 6 Once each analysis is complete, the output is converted into a Microsoft Access
2.0 database and, once this is finished, you will return to the Analysis dialogue
box.
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Figure 4-28:Analysis Docking Module

Step 7 Provided both Projects have been run successfully (i.e. without errors- the
message to the right of the Project name should be OK), highlight the Parent
Project in the list and click on the POSt-Processor button. This loads the
Project into the CRISP2D Post-Processor.

4.4 Post Processing

In this section you will be introduced to the following features:

] Displacement Plots
] Instance Graphs

u Duration Graphs

4.4.1 Introduction

If you entered the Post-Processor directly from running the analysis, the strip footing Project will already
be loaded. However you may also enter the Post-Processor by double-clicking on its icon in the

CRISP2D program group in Windows’ Program Manager. In this case, you should select Open
Project... from the File menu and, provided the analysis has been successfully run, you will be able to
post process the results from your analysis.

For this example, ensure that you have the Parent Project loaded in the Post-Processor.
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4.4.2 Displacement Plots

Displacement plots are drawn directly onto the Graphics Windows. They provide a representation of how
the mesh has deformed at any stage in the analysis. You can view either vector displacements or the
deformed mesh at any specified magnification.

Step 1 Select Displacement Plots... from the Plots menu. This displays the
Displacement Plot dialogue box.

Dizplacement Plot |

Dizplacement Hame

IFinaI deformed mesh j MHew |

" Available Plots

VW ectar ® Deformed Mesh

" Increments
® &bsolute

C Incremental

Start Finizh

# o =

b agnification Factor

1 ‘ ok I LCancel I Help I

Figure 4-29:Setting Up A Displaced Plot

Step 2 Click on the New button to create your plot and change the title to ‘Final
deformed mesh’.

Step 3 Select the Deformed Mesh option.
Step 4 Ensure that Absolute is selected and that the Start increment is 10.
Step 5 Enter a Magnification Factor of 10. The Displacement Plot dialogue box should

now look similar to Figure 4-29.

Step 6 Click on OK to exit, once you have finished. If you execute a Zoom Window to
magnify the top quadrant of the mesh, the plot should look similar to Figure
3-24.
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Figure 4-30:Deformed Mesh, Magnified 10 Times

4.4.3 Instance Graphs

Instance Graphs allow you to investigate output for selected integration points or nodes at particular
increments in the analysis.

In this example the results from the Parent analysis, with 10 increments, and the Child analysis, with 5
increments, are plotted on the same graph to show that the values are identical. In both cases data is taken
from the last increment when all loading has been applied.

Step 1 In the Select menu, click on Nodes.

Step 2 Select all of the nodes along the top edge of the mesh. These are the points from
which the graph will draw its data.

Step 3 In the Plots menu, click on Instance Graphs... to display the Instance Graphs
dialogue box.
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Figure 4-31:Setting Up An Instance Graph

Step 4 Click on the New button to create a new graph whose data is taken from the
selected nodes. Change the title to ‘Deformation Beneath Strip Load’.

Step 5 Ensure that the Data Set Number is 1 and that Analysis Name shows the
name of the Parent Project you previously created.

Step 6 Click on Absolute and enter a Start value of 10.

Step 7 Choose ‘X Co-ordinate’ as X Axis Data and ‘Vertical displacement’ as Y
Axis Data.

Step 8 Click on the Add Data Set button and select Data Set 2.

Step 9 Select the Child Project from the Analysis Name list (the Parent and Child

should be the only two Projects in the list ).

Step 10 Select Absolute and enter the Start number as 5. The Instance Graph
Dialogue box should look like Figure 4-31.

Step 11 Click on OK to exit, once you have finished. You should see a graph similar to
that displayed in Figure 4-32.

Step 12 The appearance of the graph can be altered in the in the Graph Configuration
dialogue box. This is accessed via the Options menu, or by double-clicking on
the graph itself. The options used in Figure 4-32 were 6 X axis divisions with
minima and maxima of 0 and 30 respectively, 10 Y axis divisions with minima
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and maxima of -.1 and 0.1 The legend, axis labels and graph title can also be
changed in this dialogue box.

Step 13 The resulting graph confirms that in this case varying the number of increments
does not alter the result.

Vertical displacement (Nodal value) / X Coordinate (Nodal value)

0013 — - — - — - — - —

-— - T - —
|

0.007 — -

0.000 — -

R N

|

\
-
1

\

\
--9-

]

_0,006;7,7,7ii,L,J,iii,L,J+ Parent (10 incs
—OAOIZL— -
-0A019;— -
»0.025;— - - —
-0.031;— - [

—*— Child (5incs)

Vertical displacement (Nodal value) (m)

-0.038 — -

N N A S A

|
|
|
— |
-0.044 4— - :777777777777777
|
|
I

-0.050 P
0.0 43 8.6

X Coordinate (Nodal value) (m)

| S
o
=<1 — _
[
9
©w
S L
=1

214 25.

Figure 4-32:Comparison Of Vertical Deformations

4.4.4 Duration Graphs

Duration graphs allow you to investigate the variation of output from individual integration points or
nodes over the course of a specified range of increments.

Up to 10 data sets (each one representing a different integration point or node) can be viewed on the same
graph. For this example, two integration points beneath the footing will be used.

Step 1 To reactivate the Graphics Window, click on Cascade, Tile Horizontally or
on Tile Vertically in the Window menu. These options allow you to switch
between the Graphics Window and any graphs that are on display.

Step 2 In the Select menu, click on Integration Points and then on Clear
Selection. Select the integration points at the centroids of the left-most two
finite elements directly beneath the strip footing.

Step 3 In the Plots menu, click on Duration Graphs... to display the Duration Graphs
dialogue box.
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Step 5

Step 6

Step 7

Duration Graph
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Figure 4-33:Setting Up A Duration Graph

Post Processing

Click on the New button to create your graph and change the title to ‘Vertical

Strain Paths’.

Ensure that the Increment Range starts at 1 and finishes at 10.

Select ‘Increment No.” as X Axis data and ‘Vertical strain’ as Y Axis data. The
Duration Graph dialogue box should now look like Figure 4-33.

Click on OK to exit, once you have finished. The graph displayed should look
similar to Figure 4-34. You can configure the way the graph looks (axis labels,
titles and legend) by double-clicking on the graph window and changing the
set-up in the Graph Configuration dialogue box.
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Figure 4-34:Graph Showing Strain Paths for Two Integration Points

4.5 Summary

By the end of this example you will have made use of the following features:

| Autosave

] Units

] The background grid

] The Structured Mesh Generator
] The In Situ Stress converter

[ ] Parent/Child analyses

[ ] Instance graphs

] Duration graphs

] Displacement plots

4.6 Things To Try Next

] The mesh used for this example will not necessarily give you the best results.

] Try using different edge grading values to create a mesh that has smaller
elements around the base of the footing and larger elements further away. The
mesh shown in Figure 4-35 will give better results than the mesh used in the
example- see if you can duplicate this mesh:
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Figure 4-35:Refined Finite Element Mesh Created Using The Structured Mesh Generator

] Try using the unstructured mesh generator to obtain a smoother transition from
small to large elements.

] The mesh in Figure 4-36 was created using a single super element (a mega
element) with super nodes at the four corners and 4 additional super nodes at (0,
15) (0, 16.667) (5,20) and (7.5, 20)

[&7 SAGE CRISP Pre-Processor sfoot39.5CD - [ Graphics Screen]

REE I [ — S

[ [ PlmcsuanmMesh [0 [ iamgueiseies
Figure 4-36 :Refined Finite Element Mesh Created Using The Unstructured Mesh Generator
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OPEN AND
BRACED
EXCAVATION

51 Introduction

The following steps will be covered:

Starting The Project

Defining Units

Creating The Finite Element Mesh
Defining A Material Zone
Assigning Element Properties
Defining In Situ Stress Conditions
Defining Increment Blocks
Defining Boundary Conditions
Defining Loads

Scale Factors

Running The Analysis
Displacement Plots

Duration Graphs

52 The Problem

Introduction
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Figure 5-1 :Excavation Geometry

The excavation of a basement has been chosen to illustrate the construction techniques which can be set
up within CRISP2D. It uses very simple elastic models to enable the construction methods to be modelled
without too much complexity.

One of CRISP’s main uses over the years has been to analyse earth excavation and earth retaining
structures. There are numerous papers included in the Publications Directory which detail analyses which
model these types of problems.

This example is a very simple representation of how the program can be used to set up braced and
unbraced retaining wall problems. It first analyses an unbraced excavation similar to the example
problem described in Britto and Gunn then returns back to the Pre-Processor to add a propped retaining
wall to the excavation and compares the results of the two analyses.

5.3 Pre-Processing

This section describes all of the stages that must be completed using the Pre-Processor in order to run the
finite element analysis. It is recommended that you save the Project regularly (by clicking on Save
Project in the File menu).

5.3.1 Starting The Project

This section describes the basic processes that should be completed in advance of creating your mesh.
The steps you will follow include:

u Selecting A Mesh Mode

] Entering Project Set-Up Information
] Entering QA Information

] Veritying The Base Units System
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The following procedure describes the actions required to start and set-up a new Project.

Step 1 On opening the CRISP2D Pre-Processor, select New Project... from the File
menu. This displays the Mesh Mode dialogue box:

M |

9 Pleaze Select a starting mesh mode.

Structured Super Mezsh

Unstructured Super Mesh | Femee

Finite Mash | |

Help

Figure 5-2 :Mesh Mode dialogue box

Step 2 Click on the Structured Super Mesh button. This exits the Mesh Mode
dialogue box, sets you up in Structured Super Mesh mode and opens the Project
Setup dialogue box.

Project Setup |

" Daomain Type i [ Element Type
% Plane Shain £ Eubie St Tristoles mhl
" Awizummmetric Al Other Elements

" Iteration
i+ Mone

" Apply Out OF Balance Loads In Mest Increnment
" MMR - Displacement Method

= R E Eieplacement Farameters
Tolerance IEI hd @ Iteration IEI

" Large Deformation Congiderations | [ Inzitu Gravity Lewel

* More I.I— G

= Update Coordinates

= Large Shain Formulation

‘ ok | LCancel | Help I

Figure 5-3:Project Setup Box

Step 3 In the Domain Type section, click on the Plane Strain (default) option button
and click on All Other Elements in the Element Type section.

Step 4 The Project Setup should now look like Figure 5-3, with an in situ gravity level
of 1G, the Apply in Next Increment and Update After Each Increment
check boxes unchecked and Use The Standard Program selected.

Click on the Info... button. This displays the Project Information dialogue box which allows you to enter
QA information such as job number, operator name, checker name, etc.
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. Project Information E |

File M ame:
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Figure 5-4:Project Information Box

Step 5 Enter data as appropriate. The date is automatically entered but may be
manually altered.

Step 6 The Project Information dialogue box should now look similar to Figure 5-4.
Step 7 Click on OK to return to the Project Setup dialogue box once you have finished.
Step 8 Click on OK in the Project Setup dialogue box.

Defining Units

At this early stage it is useful to ensure that the correct system of base units is being used.

Step 1 In the Options menu, click on Units... to display the Units dialogue box.
" Baze Unitz

Digtance: I il etres

Faorce; I Kilonewtonz

[
[
Tirne: I Seconds j
#

Angle: I Degrees

ok I Cancel I Help |

Figure 5-5:Units dialogue box

Step 2 Use the list boxes to select the appropriate units for Distance, Force, Time and
Angle as shown in Figure 5-5. Click on OK to exit, once you have finished.
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5.3.2 Saving a Project

It is best to save the project at regular intervals throughout the preparation period.

Step 1 In the file menu click on Save Project...
Step 2 Select the required directory and enter a filename (with the .scd extension).
Step 3 Click on OK to save the project.

The project name will now appear on the banner at the top of the Pre-Processor.

Tip Once a project has a filename, you can save the project quickly by using
the Save Button on the toolbar (the button has a picture of a disk on it).

If you set the Autosave feature (select Default Settings in the Options
menu), you will be able to restore the current file after any unofficial shut
down of your system.

5.3.3 Creating A Mesh Using The Structured Mesh
Generator

The Structured Super Mesh provides a method of generating large numbers of finite elements from a few
Super Elements. For this example, the Super Mesh is used to automatically generate all the soil elements,
with the wall elements created manually later.

This section covers all of the stages you must have completed in order to automatically generate the finite
element mesh. The steps you will follow include:

] Creating A Super Mesh

] Defining Edge Gradings

] Defining Material Zones

] Assigning Element Properties

u Generating The Finite Element Mesh

5.3.4 Creating The Super Mesh

The easiest way of creating nodes at precise co-ordinates is to create them manually in the Super Node
List dialogue box.

Step 1 In the Mesh menu, click on Super Node List... to display the Super Node List
dialogue box.
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. Super Node List |
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Figure 5-6:Super Node List dialogue box

Step 2 Enter the following nodes into the Super Node List box, using the TAB key to
move between the X and Y co-ordinate columns. Each time you enter a Y co-
ordinate for the last node in the list, press TAB to create a new node and move
into it’s X co-ordinate column.

Step 3 Once all the node co-ordinates have been entered click OK.
Node X Co-ordinate Y Co-ordinate
1 10 0
2 40 0
3 10 10
4 40 10
5 0 0
6 10
Step 4 In the View menu, click on Zoom and then on Full Page. The Graphics

Window will resize to display the nodes at optimum scale.

Step 5 To aid you with the creation of the Super Elements it will be best to turn the
node numbers on. In the View menu, click on Super Node Numbers

Step 6 In the Mesh menu, click on Create Super Elements. The fact that you can
now create elements is confirmed by the mode indicator in the status bar, at the
bottom of the screen.

Step 7 Join the nodes together to form the Super Mesh depicted in Figure 5-7.

Step 8 To create each Super Elements, you must click on each of its vertex nodes in
turn, and then click again on the first node to complete the element. The
complete sequence of nodes to join together is ; 1 - 2 - 4 - 3 - 1 (first super
element created) 5 - 1 - 3 - 6 - 5 (second Super Element created)
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Tip If you make a mistake, you can backtrack one node at a time through the
elements you have created simply by clicking again on each node.

Step 9 When you have finished, you should have two four sided Super Elements in a
mesh identical to that shown in Figure 5-7.

Step 10 In the Edit menu, click on Commit Super Element Creation. This fixes the
elements, confirming that they are correctly created. The elements will change
colour when they committed. If you are not up to speed with creating elements,
it is a good idea to Commit elements that have been correctly created as soon as
each is finished. This way, if you make a mistake you can use the Abort
Super Element Creation feature to undo all changes made since Commit
Super Element Creation was last clicked on.

gSAEE CRISP Pre-Processor Xcav.S5CD - [Graphics Screen] [_[=]x]
File Edit Select “iew Mesh Increment Options Help

lE[s[8) -3 (B[S -

1024 . 141 m CREATE SUUPER ELEMENT 24 July 1933 03:42

Figure 5-7:Structured Super Mesh

Defining Edge Gradings

Edge Gradings define how the Super Elements will be divided up into finite elements by the mesh
generator. In general, better results will be obtained by using smaller finite elements in the parts of the
mesh that experience the most rapid and/or the largest changes in stress, during the course of the analysis.

The following procedure defines gradings for the entire Super Mesh.

Step 1 In the Select menu, click on Super Edges. Select the top left-hand horizontal
edge.
Step 2 In the Mesh menu, click on Super Edge Grading... to display the Super

Edge Gradings dialogue box.
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Figure 5-8:Defining Super Edge Gradings

Step 3 Enter a value of “10° into the Number of Divisions text box and click on the
Equal Spacing option. Weighting values will be automatically entered into
the list and the dialogue box should now look like Figure 5-8.

Step 4 Click on OK to exit, once you have finished.

Step 5 Opposite edges of each element are always graded in identical proportions, so by
defining edge gradings for this edge, gradings have also been automatically
defined for an additional edge. Grading markers are shown on the Graphics
Window as diamond shape boxes positioned on graded super edges. The mesh
should now look similar to Figure 5-9.
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Figure 5-9:Super Edge Gradings

Step 6 In the Select menu, click on Clear Selection, or click again on the selected
edges to de-select them. You can also use the short-cut key, CTRL+L, to clear the
selection.

Step 7 Select the left-hand vertical edge.

Step 8 In the Mesh menu, click on Super Edge Grading... to display the Super Edge
Grading dialogue box.
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Step 9
and then OK to assign these grading to the selected edge.
Step 10 Select Clear from the Select menu.
Step 11
k times End 2.
Step 12

Figure 5-10:Defining Super Edge Gradings

Pre-Processing

Type ‘7° in the Number of Divisions text box and click on Equal Spacing.
To add an extra grading at 9m enter the X and Y co-ordinate as in Figure 5-10
and click Add. This will show the co-ordinate in the list box. Click Convert

Your supermesh should now appear the same as Figure 5-11.

Select the top right edge and assign 6 divisions with a factor of 3 and End 1 is
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QSAEE CRISP Pre-Processor Xcavy.5CD - [Graphics Screen]
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Figure 5-11:Super Edge Grading dialogue box

5.3.5 Defining Material Zones

A Material Zone contains information about the soil model and associated soil parameters that are being
used to model particular regions of the mesh.

It is necessary to define the number of material zones at this point in order to be able to assign elements to
zones (the next stage).

Once you have set up a zone, the soil model and parameters may be entered or changed at any time prior
to the analysis being run.

Step 1 Select Material Properties... from the Mesh menu. This displays the
Material Properties dialogue box.
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Feplaced By katenial Zone

| Zonhe Properties 5 tosis | — | T |
Material Zome Mumber - e Enh 20E3 KN/mE I
Delete E x
W aterial Zone Mame —_l . ¥ 3.0E3 kMAm
|Elastic Soi vh 0.25|-
¥ .
Soil Model Ehh : Zsz o
IAnisu:utru:upiu: Elastic ﬂ hy g i
Ybulk 20 kM/m®
Soil Condition
IDrained j
| Advanced =

Af Increment Block

j Copy |
Paste |

I j ‘ ok I Cancel Help
Figure 5-12:Material Properties dialogue box
Step 2 Enter the name “Elastic Soil” and select ‘Elastic’(default) from the Soil Models

list box. Material zones are referenced by name elsewhere in the Project so it is
good practice to give each zone a meaningful title here.

Step 3 Enter the following material property values:
Property | Value Units
Ey 3.0E3 kN/m’
E, 3.0E3 kN/m’
Vih 0.25 None
Vih 0.25 None
Ghy 1.2E3 kN/m’
Ko/ Yu 0 KN/m®
v bulk 20 kN/m®
Step 4 The Material Properties dialogue box should now look similar to Figure 5-12.
Step 5 Click on OK to exit, once you have finished.
Tip Although values for the soil properties have been defined here, it is

possible delay defining them right up until just before you run the analysis.
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5.3.6 Assigning Element Properties

Every element in the mesh has two properties associated with it:

[ | Finite element type, and
] Material zone

These properties are assigned to Super Elements in the following manner:

Step 1 In the Select menu, click on Domain Super Elements and select both the
Super Elements.

Step 2 In the Mesh menu, click on Element Properties... to display the Element
Properties dialogue box.
. Element Properties |
" 2D Element Types
[Cimear Strat Triangle (e Litrear Strair Triatidle
catEalidating] 7 (Eansoltating]

1 5 Huadilateral  [non L. 5. Quadrilateral
is ?:Dnsu:ulidating] i [conzolidating]

" Matenal Zone

| Elastic Sail [~
" Layer

I Origiral j

| ok, I Cancel | Help |

Figure 5-13:Assigning Element types and Material Zones

Step 3 Select the Linear Strain Quadrilateral (non consolidating) option.
Step 4 Select ‘Elastic Soil” from the Material Types list box.

Step 5 The Element Properties dialogue box should now look like Figure 5-13.
Step 6 Click on OK to exit, once you have finished.

Step 7 This concludes the definition of element properties.

5.3.7 Generating The Finite Element Mesh

You are now at a stage where you can generate the finite element mesh from your super mesh.

Step 1 In the Mesh menu, click on Generate Finite Element Mesh. This will first
check that you have correctly graded every edge and that you have assigned a
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generated finite element type to each Super Element. It will then spend a short
time performing the automatic generation of the finite element mesh.

Step 2 Provided you have completed the above stages correctly, the finite element mesh
will be displayed as shown in Figure 5-14 and the main menu will change to
allow you access to the additional options available in Finite Element mesh
mode.

gSAEE CRISP Pre-Procezzor [Mew] - [Graphics Screen]
File Edt Select “iew Mesh Increment Option:  Help

ClE[s]6) w3 @E) = 2

NO MODE SET 24 Julp 1938 12263 | GRID

Figure 5-14:Automatically Generated Finite Element Mesh

5.3.8 Defining In Situ Stresses

In situ conditions are defined in terms of stresses at different elevations within the mesh.

Step 1 In the Increment menu, click on Define In Situ Stress Conditions... to
display the In Situ Stress Setup dialogue box.
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In Situ Stress Setup |
Height U.:-::-: a;l_l,l Ulzz Ty PP U F'e
im] k/mz) | kMme) | kNema | ghmE | kNamE | kNAmE | ki
1 |10 0 I] 0 I] 1] 0 I]
2 |0 400 200 400 i I I i
| P r u r rC r m C

| Inzert | elEte

| oK I Cancel |

Flot

| Eanvert Hejmtt I

Step 2

Step 3

5.3.9

Figure 5-15:1n Situ Stress Setup dialogue box

The top and bottom co-ordinates of the mesh will automatically be entered for
you.

Enter the values as shown in Figure 5-15. Click on OK to exit, once you have
entered and double-checked the values.

Defining Increment Blocks

Increments are the units by which the finite element program advances the analysis. In each increment,
the effect of applied load and boundary conditions is calculated and the accumulated strains and pore
Increments are grouped together in blocks which then model particular

water pressures are updated.

events in the analysis.

The first analysis in this example requires only 1 increment block, consists of five increments and allows
the excavation to be carried out without any structural support.

Step 1

Increment Block Information

In the Increment menu, click on Define Increment Block Parameters... to
display the Increment Block Information dialogue box.

I Increment Block List

Inzert I Dezcription of block:

|E:<cavate

D elete

| Block Definition

Mumber of Increments:

Time-5tep for Block:

Gravity Increment:

Total Time at End of Block;

—

Increment Murmber at End of Block: 1

1 sec

1

T

Load-Step Option; Equal
Time-5tep Option: Equal

" Load-Step / Time-Step Definition |

Define... |

L=l

I Plat Increment..

_.against Time

i

_.against Gravity |

| (1] I Cancel | Help |

Figure 5-16 :Defining Increment Blocks
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Step 2 Change the name of the first increment block from “Increment Block (untitled)”
to “Excavate” by entering this into the Description of block text box. Change
the number of increments to 5.

Step 3 The Increment Block Information dialogue box should now look like Figure
5-16.
Step 4 Click on OK to exit.

5.3.10 Setting Up The Construction Sequence

The construction of the excavation is modelled in a single stage.

The following procedure describes how to remove elements from the mesh in order to simulate this
construction sequence.

Step 1 Select ‘Excavate’ from the increment block list box on the main toolbar.

Step 2 In the Select menu, click on Domain Elements and select all of the elements
highlighted in Figure 5-17.

Step 3 In the Increment menu, click on Remove Elements. This removes the
elements from the current, and all subsequent increment blocks.

g SAGE CRISP Pre-Processor [New] - [Graphics Screen]

File Edit Select “iew Mesh Increment Options: Help

m W iExcavation j

19.00 1272 m SELECT 2D ELEMENTS 24 July 1998 12:58

Figure 5-17:Removing Elements in “Excavate” Increment

5.3.11 Defining Boundary Conditions
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Boundary conditions describe to the finite element analysis the ways in which the mesh is physically
restrained from moving. This is achieved by applying fixities to edges and nodes in the mesh.

Once defined, fixities apply in all successive increment blocks. The Fixities dialogue box and the
Graphics Window (if View Fixities is toggled on) will only display any fixity that is applied during the
current increment block.

Only in situ fixities are applied in this example.

Defining In Situ Fixities

In this example the left and right-hand edges are restrained horizontally, and the base is restrained both
horizontally and vertically during in situ stage. The following procedure defines fixities for the in situ

stage:

Step 1 Select ‘In situ’ from the Increment Block list box on the main toolbar.

Step 2 In the Select menu, click on Edges.

Step 3 Select all the far-left-hand and far-right-hand (vertical) edges of the mesh by
clicking on them.

Step 4 In the Increment menu, click on Fixities... to display the Edge Fixity (Group)
dialogue box.

Fixity
¥ ¥ % dizplacement
Y displacement
£ Pare 'water Pressure
Start Mode M
s . s m
Finigh Mode
o m
‘ OF. LCancel Remove Releaze Help
Figure 5-18:Defining Edge Fixities

Step 5 Click on the X Displacement option.

Step 6 Specify ‘0’ X direction fixities in the Start Node and Finish Node text
boxes. Set the Mid Value to zero either by entering it directly, or by clicking
on the Interpolate button.

Step 7 The Edge Fixity dialogue box should now look like Figure 5-18. Click on OK
to exit, once you have finished.

Step 8 In the Select menu, click on Clear Selection to ensure that no edges remain

selected. Select the bottom (horizontal) edges of the mesh by clicking on them.
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Step 9 In the Increment menu, click on Fixities... and define zero X displacement
fixities as before.

Step 10 Click on the Y Displacement option.

Step 11 Specify Y direction fixities of zero in the Start Node and Finish Node and
Mid Value text boxes.

Step 12 Click on OK to exit, once you have finished.

Step 13 The Graphics Window should now look similar to Figure. The size of the fixity

icons can be changed in the Default Settings dialogue box (accessed via the
Options menu).

gSAGE CRISP Pre-Processor Xcav.5CD - [Graphics Screen] !B

File Edit Select Yiew Mesh |ncrement Options Help

m ilnsitu |

oo Ywindaw

1% L0 a0 s B s L o Jas
ool . | SELECTEDGE | 24Jup1931452 |

Figure 5-19:Fully Defined In Situ Fixities

5.3.12 Running The Analysis

The Project should now be saved. Provided you have followed all of the steps described above,
preparation of the Project using the Pre-Processor is complete and the analysis is ready to be run, as
described below.

Step 1 In the File menu, click on Run Analysis... to display the Run Analysis
dialogue box.
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. Run Analysis |

S Bt |
...................................... —

I Batch File
I Hrowee,. |
T After Analysis
[T Pauze between steps
[ Auto Clean Up
Create CRISP Filez Mow Bun &nalysiz Mow

Figure 5-20:Run Analysis dialogue box

Step 2 Click on the Create CRISP Files Now button. Provided you have followed
all of the above steps correctly, this will create .GPR and .MPD files for your
Project. A message box will appear after each stage has been completed.

Step 3 Click on the Run Analysis button. This will prompt you to save your Project
and will then run the finite element analysis.

Step 4 You will be task switched into a DOS box where the analysis will commence.
Equilibrium error messages are issued for each increment of the analysis.

Warning If the error ever exceeds about 1% then this is an indication that something
is wrong with the input data. You should quit the analysis immediately
(by pressing CTRL-BREAK) and double check all data in the Project in the
Pre-Processor.

If there is a problem, first check the in situ stress conditions, then check
the material properties. Check also that fixities are correctly defined and
that the Project Setup is correct.

Step 5 Once the analysis is complete, the output is converted into a Microsoft Access
2.0 database. Once this is complete, you will see the Analysis Docker dialogue
box:
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SAGE CRISP Analysis Docker

File

Copuright© 1995-1998
SAGE Engineering Ltd

Wiew Erors. .. I
Analysis Summary... I
File Clean Up... I

Pre- Proceszar I
Post- Processor I

Figure 5-21:The Analysis Docking Module

Step 6 If the Project ran successfully (without errors- the message to the right of the
Project name should say ‘OK”), click on the Post-Processor button to load
the Project into the CRISP2D Post-Processor.

54 Post-Processing

In this section you will be introduced to the following features:

] Displacement Plots

] Instance Graphs

5.4.1 Introduction

If you entered the Post-Processor directly from running the analysis, the excavation Project will already be
loaded. However you may also enter the Post-Processor by double-clicking on its icon in the CRISP2D
program group in Windows’ Program Manager. In this case, you should select Open Project... from the
File menu and, provided the analysis has been successfully run, you will be able to post process the results
from your analysis.

Initially this example will look at the deflected shape of the excavation surface and the excavation side
before returning to the pre processor to make modifications to the analysis. The deformed shape of the
excavation will be shown using an displacement plot and two instance graphs.

5.4.2 Displacement Plots

Displacement plots are drawn directly onto the Graphics Windows. They provide a representation of how
the mesh has deformed at any stage in the analysis. You can view either vector displacements or the
deformed mesh at any specified magnification.

The displacement plot described below illustrates the final shape of the mesh at the end of the last analysis
increment.

Step 1 Select Displacement Plots... from the Plots menu. This displays the
Displacement Plot dialogue box.
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Dizplacement Plot |

Dizplacement Hame

IFinaI Deformed Mesh j MHew
" Available Plots
VW ectar ® Deformed Mesh
" lncrements
@ Absolute Start Finizh

2| X

C Incremental

b agnification Factor

; ‘ ok I LCancel I Help I

Figure 5-22:Setting Up A Displaced Mesh Plot

Step 2 Click on the New button to create your plot and change the title to “Final
deformed mesh”.

Step 3 Select the Deformed Mesh option.
Step 4 Ensure that Absolute is selected and enter a Start increment of 5.
Step 5 Set a Magnification Factor of 5. The Displacement Plot dialogue box should

now look similar to Figure 5-22.

Step 6 Click on OK to exit, once you have finished. Figure 5-23 shows the displaced
mesh plot in Graphics Window (a zoom window has been executed to show
more clearly the excavated region).

'{? SAGE CRISP Post-Processor Xcay.scp - [Graphics Screen] |_[&2]x]
File Edit Select “iew Plotz Animation Options ‘Window Help

£ e # #

!
H \
T 325.7.86m | | 24Juy 19981508 |GRID
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Figure 5-23:Deformed Mesh at Collapse

Post-Processing

Tip

Displacement plot look clearer if you select good line styles and colours.

To change the line styles, Select Line Styles... from the Options menu. To
change the line colours, select Colour... from the Options menu.

5.4.3 Instance Graphs

Instance Graphs allow you to investigate output for selected integration
increments in the analysis.

points or nodes at particular

The graph described below shows the deformation of the base of the excavation at the end of the analysis

Step 1 In the Plots menu, click on Clear Current Plot. This makes it easier to see
which nodes you are selecting.

Step 2 Select ‘Excavate’ from the Increment Block list box on the main toolbar - this
will make the selection of nodes clearer.

Step 3 In the Select menu, click on Nodes.

Step 4 Select all of the nodes along the excavated surface from left to right.

Step 5 In the Plots menu, click on Instance Graphs... to display the Instance Graphs

dialogue box.

Instance Graphs |

" Graph Hame
IE:-:ca\-'atecI Surtace Heave j
Current Selection | Mew Delete I
" Data Set
Analysiz Mame
Mumber |1 "| I ﬂ
addDataser | |\ o Start Firish
[relete [Hata Set | O Incremental |5[1] ﬂ |5['|] j

bz Data

IX Coordinate [Nodal walue)
" Az Data

H

I"s-"ertical dizgplacement [Modal value)

[

Report Data | Cancel

ooes |

Help

Figure 5-24:Setting Up An Instance Graph

Step 6

Click on the New button to create a new graph whose data is taken from the
selected nodes. Change the title to “Excavated Surface Heave”.
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Step 7 Click on Absolute and enter a Start value of 5.

Step 8 Choose ‘X Co-ordinate’ as X Axis Data and ‘Vertical displacement’ as Y
Axis Data.

Step 9 Click on OK to exit, once you have finished. You should see a graph similar to

that displayed in Figure 5-25.

The appearance of the graph can be altered in the in the Graph Configuration dialogue box. This is
accessed by double-clicking on the graph itself.

(3 SAGE CRISP Post-Processor Xcav.scp - [Excavated Surface Heave] HEER
@ Fil= Edit Select View Plots Animation Options “indow Help i Iﬁ'lil

7 00 IExcavatiDn j

Vertical displacement {Nodal value) / X Coordinate (Nodal value)
0097 4 ~ — ~ — - — - — - — - — e e e e e — o — o — . e o .

Ce— e . .
— ' "r-_h_\k ' ' 1 ' '
E oostg-—-—- Ha— oo T T I Jea— o oo oo :
: i S i ]
I i i LT i i i i
ShE Ealkink - == ek i I D ;
S : : . . : : .
T ooTEL-— - —- e [ p— EEE L. e [ 4
o | | | | T | |
3 i i i i i i
z oomi-—-—- - - — == e s — - — - e = !
— ' ' 1 ' ' * ' 1
a— ' ' ' ' ' AN ' '
5 0065 4+ - — - — - e [ . L - |__\ﬁ___:_ _____ a
E : : : : : A :
O oosed - — - —- —_—-—- = - —-—- —_ = A—— - — - — - e - — - — - .
5 : : : : : N :
% oosz 4+ - — - — - b R O I s e s s :ln\ ------ ;
ko i i i i i o i
e i i i RN i
© poasd - — - — - .. . - - — - .- .. (s [ N
O | | i | | i N |
=1 ' ' ' ' ' ' o '
r i i i i i
& oomld . .. T L. I P . L
> o i i i i i E
0033 : ' ' : ' : \i
T T T T T T T
0.00 0.57 1.14 1.71 229 285 2343 4.00
X Coordinate (Nodal value) (m)
41 392 554m [ SELECT NODE | 24Juy 1338 15:08 | GRID

Figure 5-25:Heave of basement surface after excavation

The graph described below shows the deformation of the side of the excavation at the end of the analysis.

Step 10 In the Select menu, click on Clear Select.
Step 11 Select all of the nodes down the excavated surface from top to bottom.
Step 12 In the Plots menu, click on Instance Graphs... to display the Instance Graphs

dialogue box.
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Step 14

Step 15

Step 16

Instance Graphs

[ Graph Mame
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Figure 5-26:Setting Up An Instance Graph

Post-Processing

Click on the New button to create a new graph whose data is taken from the
selected nodes. Change the title to “Excavated Side Movement”.

Click on Absolute and enter a Start value of 5.

Choose ‘Horizontal displacement’ as X AXis Data and ‘Y Co-ordinate’ as Y

Axis Data.

Click on OK to exit, once you have finished. You should see a graph similar to

that displayed in Figure 5-27.

The appearance of the graph can be altered in the in the Graph Configuration dialogue box. This is
accessed by double-clicking on the graph itself.
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Figure 5-27:Horizontal Displacements of excavation side.

On first inspection this graph may appear to have an unexpected profile but on closer inspection of the
horizontal stresses (Select the integration points down the back of the wall and plot an instance graph as in
Figure 5-28) the reasons for the apparent pinning of the top of the excavation can be seen. As the sides of
the excavation move the horizontal stress down the side of the wall decreases proportionally with the
height from the top of the excavation, however the material model is Elastic and so does not experience
any yielding. A much better result would be attained from either an elastic, stiffness varying with depth,
model or an elastic perfectly plastic model.

As discussed at the beginning, this example has been made a simple as possible, but still shows the
important of understanding the results. Under normal circumstances this analysis should be re-done with
a yielding soil model, however, this example will continue with the basic model.
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Figure 5-28:Comparison Of Horizontal Stresses during analysis

5.4.4 Saving the Project

The example will now lead you through some alterations to the pre processing of the file. Before we do

this you should save the project. Select Save Project from the File menu. Select EXit from the File
menu to leave the Post-Processor.

5.5 Pre-Processor - (Adding a retaining wall)

5.5.1 Opening a project

In the File menu, click on Open File and select the scd file from the appropriate directory. The example
will then be displayed on the graphics screen.

5.5.2 Defining a new Material Zone

Step 1 Select Material Properties... from the Mesh menu. This displays the
Material Properties dialogue box.
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. Material Properties

| Zone Properties T Proparty | Value | Units ]
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Soil Model
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" Advanced =
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Figure 5-29:Material Properties dialogue box

Step 2 Click on the New button and enter the name “Concrete Wall” and select
‘Elastic’(default) from the Soil Models list box. Material zones are referenced
by name elsewhere in the Project so it is good practice to give each zone a
meaningful title here.

Step 3 Enter the following material property values:
Property | Value Units
E, 1.0E5 None
E, 1.0E5 None
Vhh 0.30 None
Veh 0.30 None
Ghy 31250 kN/m’
K/ Yu 0 kN/m’
v bulk 20 KN/m®
Step 4 The Material Properties dialogue box should now look similar to Figure 5-29.
Step 5 Click on OK to exit, once you have finished.
Tip Although values for the soil properties have been defined here, it is

possible delay defining them right up until just before you run the analysis.

5.5.3 Swapping elements.
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To simulate the construction of a retaining wall we need to swap a column of soil elements in the mesh for
a column of wall elements. CRISP2D does not allow you to change the material properties of elements
without using a Stop - Re start analysis. It is possible however to define Super Imposed Elements.

Super-imposed elements are two “Layers” of elements that overlap. As overlapping elements are not
permitted in CRISP2D, it is necessary to remove the old elements, in this example, the soil, and replace
them with the new elements, in this example, the Wall.

The first process in this sequence is to define a super-imposed set of elements

Defining Super Imposed elements

Step 1 In the Select menu, click on Elements. Select the elements down the side of
the excavation, to include all but the bottom two elements in the strip (see Figure
5-30).
gSAEE CRISP Fre-Processor Xcav.zcd - [Graphics Screen] [_ 3] x]

File Edit Select “iew Mesh Increment Options Help

m W iExcavation Li

SELECT 20 ELEMENTS 24 July 13381520 | C

Figure 5-30:Defining Super Imposed elements

Step 2 In the Mesh menu, click on Super-Impose Elements... to display the
Super-Impose Elements dialogue box.

Step 3 Give the layer the name of “Wall”, select “Concrete Wall” from the Material
Name list and Non Consolidation for the Finite Element Type.

Step 4 Click OK
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Pre-Processor - (Adding a retaining wall)

]|

INDn Conzalidation j

ok Lancel I Help I

Figure 5-31:Super Impose Elements dialogue box:

This process will create a set of elements with the same geometry as the selected set and will have placed
them on top of the existing element set.

As the wall is not in the analysis at the in situ stage, it must be removed.

Creating a “Swap” Increment

An increment in which elements are swapped is no different to any other increment, it is simply an
increment where elements are added at the same location as elements which have just been removed.

The first step is to create the Increment Block.

Step 1

Step 2

Step 3

Step 4

Step 5

In the Increment menu, click on Define Increment Block Parameters... to
display the Increment Block Information dialogue box.

Highlight Excavate increment that was created earlier and click on Insert. This
will add an increment before the Excavate increment.

Change the name of the inserted increment block from “Increment Block
(untitled)” to “Install Wall” by entering this into the Description of block text

box. Change the number of increments to 2.

The Increment Block Information dialogue box should now look like Figure
5-32.

Click on OK to exit.
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Increment Block Information

Increment Block List
Insert I [Description of block:
Ewcavation i Y R

MHew ]

Block Definition [ Load-Step / Time-Step Definition

Mumber of Increments: i :

| Load-Step Option: Equal - |

Increrment Murmber at End of Black: 1 (i : Define... || |

e | [ = iep Hption E ol

Time-Step for Block: 1 zBC | ||
Total Time at Exd af Block: 1 s5E e ———————

Gravity [ncrement;

0 G ..againgt Time ..againzt Gravity j
ak. | LCancel | Help J

Figure 5-32 :Defining Increment Blocks

Adding and Removing Elements

The final stage or this operation is to remove the wall in the in situ stage, remove the soil and add the wall

at the “Install Wall” stage.

When you click on a point which two elements occupy the multi-selection box will appear as shown in
Figure 5-33. Use the material property of the elements, shown in the multi select box, to distinguish

Multi-selection

Fleaze Select Reguired Elements:

between the elements.

Element b aterial

135 Attributes i

Select Al | Deselact 21 }

ak. Lancel | Help |

Figure 5-33:Multi-selection dialogue box

Step 1 Make sure that the in situ increment is chosen from the Increment box.
Step 2 In the Select menu, click on Clear Selection to clear the current element
selection.
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Step 3 Select the Wall Elements.

Step 4 In the Increment menu, click on Remove Elements to remove the wall
elements from the in situ stage.

Step 5 Select “Install Wall” from the Increment Box.

Step 6 In the Select menu, click on Clear Selection to clear the current element
selection.

Step 7 Select the soil elements which are to be replaced by the wall elements.

Step 8 In the Increment menu, click on Remove Elements to remove the soil

elements from the “Install Wall” stage.

Step 9 Click on the Removed Elements icon on the toolbar to view the elements
currently removed at the “Install Wall” stage. Both the wall and soil elements
should be present in the screen view.

Step 10 In the Select menu, click on Clear Selection to clear the current element
selection.

Step 11 Select the Wall Elements

Step 12 In the Increment menu, click on Add Elements to add the wall elements at the

“Install Wall” stage.

This example has been made particularly simple to show the principles of the program. It does not reflect
a standard that professional analyses should be conducted to. For more information on installation effects
and retaining walls refer to the Publications Directory.

Before running the analysis chose Save AS.. from the File menu and save the project under a different
name but with the same .scd extension. This will stop the data from the original .scd file being
overwritten.

5.5.4 Running The Analysis

The Project should now be saved. Provided you have followed all of the steps described above,
preparation of the Project using the Pre-Processor is complete and the analysis is ready to be run, as
described below.

Step 1 In the File menu, click on Run Analysis... to display the Run Analysis
dialogue box.
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. Run Analysis |

S Bt |
...................................... —

I Batch File
I Hrowee,. |
T After Analysis
[T Pauze between steps
[ Auto Clean Up
Create CRISP Filez Mow Bun &nalysiz Mow

Figure 5-34:Run Analysis dialogue box

Step 2 Click on the Create CRISP Files Now button. Provided you have followed
all of the above steps correctly, this will create .GPR and .MPD files for your
Project. A message box will appear after each stage has been completed.

Step 3 Click on the Run Analysis button. This will prompt you to save your Project
and will then run the finite element analysis.

Step 4 You will be task switched into a DOS box where the analysis will commence.
Equilibrium error messages are issued for each increment of the analysis.

Warning If the error ever exceeds about 1% then this is an indication that something
is wrong with the input data. You should quit the analysis immediately
(by pressing CTRL-BREAK) and double check all data in the Project in the
Pre-Processor.

If there is a problem, first check the in situ stress conditions, then check
the material properties. Check also that fixities are correctly defined and
that the Project Setup is correct.

Step 5 Once the analysis is complete, the output is converted into a Microsoft Access
2.0 database. Once this is complete, you will see the Analysis Docker dialogue
box:
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SAGE CRISP Analysizs Docker

Eile

S(A{G\E SAGE CRISP
Il } Copyright® 13951998
\VAY SAGE Enginesring Ltd

" CRISP Analyzes:

Wiew Errors... |
Analyziz Summary... |
File Clean Up... |

Pre- Processor |
Post- Processor |

Figure 5-35:The Analysis Docking Module

If the Project ran successfully (without errors- the message to the right of the Project name should say
‘OK"), click on the POSt-Processor button to load the post processor.

5.6 Post-Processor

The post processor options for the two .scd files (one with and one without the wall) are the same. To
produce the deformation plot and the two instance graphs - refer back to the previous post processor
description earlier in the example.

Remember that the last increment is now 7 and not 5 when plotting the results.

Compare your results to the ones below.

'{9 SAGE CRISP Post-Processor new_xcav.scp - [Graphice Screen] BEE
File Edt Select Yiew Plots Animation Options ‘wWindow Help

IZnanindnw j IExcavalE ﬂ

i B34,475m | | 27Jup 1998 1643 [AID

Figure 5-36:Displacement Plot with Wall
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‘{? SAGE CRISP Post-Processor new_xcav.scp - [Excavated Surface Heave with Wall]
ile Edit Select “iew Plotz Animation Options ‘window Help & x|

jZUUI‘ﬂW\HdUW :_l |Excavats ..'.J

Vertical displacement (Nodal value) / X Coordinate (Nodal value)

Q.202-002 4

2.222-002 4

7.23e-002 4

5.252-002 4

5.26e-002 4

4.282-002 4

2.202-002 4

2.31e-002 4

1.22e-002 4

Vertical displacement (Nodal value) {m)

3.35¢003
i i i i i ™~
6.50e00F t t t t t ¥
0.00 0.57 144 174 228 286 X 400
X Coordinate (Nodal value) {m)
i 814,300m SELECT NODE | 27Julp 1938 16:54 | [
Figure 5-37:Basement Heave

(8 SAGE CRISP Post-Processor new_xcav.scp - [Excavated Side Movement with Wall] HE
fb File Edit Select “iew Plots Animation Options Window Help i iﬁ' _)_(j

iZnan’indnw :J |Excavale :j

Y Coordinate (Nodal value) / Horizontal displacement (Nodal valua)

10.000 4

89.714 +

9.420

9.143

BBAT o

8.571 +

B8.286 o

2.000

Y Coordinate (Nodal value) (m)

7714+

7420 +

7143 t t t 1
-7 21002 -6.18e-002 -5.15e-002 -4.12e-002 -3.09e-002 -2 06e-002 -1.03e-002 5.48e-005

Horizontal displacement {Nodal value) (m)

Figure 5-38:Wall deflection

5.7 Summary

By the end of this example you will have made use of the following features:

| Autosave
[ | Units
[ | The Structured Mesh Generator
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Things To Try Next

u Creating finite elements manually
u Construction sequences

u Super imposing elements

u Removal of in situ elements

] Displacement plots

] Instance graphs

5.8 Things To Try Next

u Try applying a horizontal fixity to the second node down the wall, during the
excavation stage. This will model a perfectly stiff prop.

u Applying a Beam or Bar element to the wall to model the prop forces in the wall.
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Introduction

CENTRIFUGE TEST
OF AN
EMBANKMENT

6.1 Introduction

This example is taken from the paper “Numerical modelling of a centrifuged embankment on soft clay”,
by Almeida, Britto and Parry (see the Publications Directory). It is designed to introduce you to a
centrifuge type analysis, with coupled-consolidation (Biot) drainage conditions, using the Modified Cam
clay soil model and combining automatic mesh generation with manual, finite element creation. The
mesh used is almost identical to the mesh described in the paper, with some slight modifications to
simplify the mesh creation process. Results from the analysis are then compared with observed results,
obtained from an experimental centrifuge analysis on a prototype model of the embankment.

The subject of the example is the modelling of a sand embankment constructed on soft clay.

The following steps will be covered:

u Starting The Project

u Defining Units

u Creating The Finite Element Mesh
u Defining A Material Zone

] Assigning Element Properties

] Defining In Situ Stress Conditions
] Defining Increment Blocks

] Defining Boundary Conditions

] Defining Loads

u Scale Factors

] Running The Analysis

] Displacement Plots

] Duration Graphs
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The Problem

6.2 The Problem

The analysis simulates the construction of a sand embankment on an overconsolidated clay crust
overlying a normally consolidated clay layer. The embankment is constructed in five stages. After each
of the first three stages, time is allowed for the equalisation of pore pressures to occur. The final two
layers are then constructed relatively quickly in order to induce failure.

6.3 Pre-Processing

This section describes all of the stages that must be completed using the Pre-Processor in order to run the
finite element analysis. It is recommended that you save the Project regularly (by clicking on Save
Project in the File menu).

6.3.1 Starting The Project

This section describes the basic processes that should be completed in advance of creating your mesh.
The steps you will follow include:

] Selecting a mesh mode

] Entering Project set-up information
u Entering QA information

u Verifying the base units system

The following procedure describes the actions required to start and set-up a new Project.

Step 1 On opening the CRISP2D Pre-Processor, select New Project... from the File
menu. This displays the Mesh Mode dialogue box:

e ]

9 Pleaze Select a starting mesh mode.

Structured Super Mesh |

Unztructured Super Mezh |
Cancel

Finite Mash | i

i

Figure 6-1:Mesh Mode dialogue box

Step 2 Click on the Structured Super Mesh button. This exits the Mesh Mode
dialogue box, sets you up in Structured Super Mesh mode and opens the Project
Setup dialogue box.
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Step 3

Step 4

Step 5

Pityec Ser e e s

" MMR - Dizplacement Method

" Domain Type . [ Element Type
% Plane Strain £ | BUBfE Strair Triatigles Bl
" Agizymmetnic & All Other Elements

" Iteration
' Mone

¢ Apply Out OF Balance Loads In Mest Increment

= B replacement Farameters

Talerance ID b a Iteration IU

" Large Defarmation Conziderations
' Naone
" Update Coordinates

' Large Strain Formulation

Inzitu Grawvity Lewvel 1

Cancel | Help |

o]

Figure 6-2:Project Setup dialogue box

Pre-Processing

In the Domain Type section, click on the Plane Strain option button and click

on All Other Elements in the Element Type section.

The Project Setup should now look like Figure 4-3, with an in situ gravity level
of 1G, the Apply in Next Increment and Update After Each Increment
check boxes unchecked and Use The Standard Program selected.

Click on the Info... button. This displays the Project Information dialogue box
which allows you to enter QA information such as job number, operator name,

checker name, etc.

im. Project Information

File Marne:

Drirechary:

Praoject Title

|Eentrifuge Test of an Embankment

Job Murnber {3463

CRISP Operator  [IMTAJE

0 nodes

CRISP Checker  [MF

[ elerments

[ ate |2'| August 1993

‘ ok I Cancel Help

Figure 6-3:Project Information dialogue box
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Step 6
Step 7

Step 8

Defining Units

Pre-Processing

Enter data as appropriate. The date is automatically entered but may be
manually altered.

The Project Information dialogue box should now look similar to Figure 6-3.
Click on OK to return to the Project Setup dialogue box, once you have finished.

Click on OK to exit.

At this early stage it is useful to ensure that the correct system of base units is being used.

Step 1

Step 2

“Base Urits
Distance: | Milimetres =l
Force: | Kilanewtons =l
Tine:  |Seconds [~
Angle: | Degrees [

In the Options menu, click on UNits... to display the Units dialogue box.

K I Cancel I Help |

Figure 6-4:Units dialogue box

Use the list boxes to select the appropriate units for Distance, Force, Time and
Angle as shown in Click on OK to exit, once you have finished.

6.3.2 Creating A Mesh Using The Structured Mesh

Generator

The Structured Super Mesh mode provides a method of generating large numbers of finite elements from

a few super elements.

For this example, the super mesh is used to automatically generate the lower

portion of the mesh (comprising the two clay layers), with the remainder (the sand embankment) created

manually.

This section covers all of the stages you must have completed in order to automatically generate the finite
element mesh. The steps you will follow include:

Creating a super mesh
Defining edge gradings
Defining material zones

Assigning element properties
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Pre-Processing

u Generating the finite element mesh

6.3.3 Creating The Super Mesh

Nodal co-ordinates for the super mesh are taken straight out of the paper to which this example is
attributed. The easiest way of creating nodes at these precise co-ordinates is to create them manually in
the Super Node List dialogue box.

Step 1 In the Mesh menu, click on Super Node List... to display the Super Node List
dialogue box.

im. Super Node List =]
" Super Mode List Unitz in mm
Mode # Co-ord I Y Co-ord I;
1 0.000 0.000
2 17,200 0.000
3 23.000 0.000
4 67 500 0.000
] 0.000 11.500
5 172,200 11500
7 29,000 11.500
a B7.500 11.500
9 0.000 15,500
10 17.200 15.600
ok I LCancel Freview Help

Figure 6-5:Super Node List dialogue box

Step 2 Enter the following nodes into the Node List box, using the TAB key to move
between the X and Y co-ordinate columns. Each time you enter a Y co-ordinate
for the last node in the list, press TAB to create a new node and move into its X
co-ordinate column. Once you have entered all the nodes, click on OK to display

them.

Node X Co-ordinate Y Co-ordinate
1 0 0

2 17.2 0

3 39 0

4 67.5 0

5 0 11.5
6 17.2 11.5
7 39 11.5
8 67.5 11.5
9 0 15.5
10 17.2 15.5
11 39 15.5
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Node X Co-ordinate Y Co-ordinate
12 67.5 15.5
13 0 16.4
14 17.2 16.4
15 39 16.4
16 67.5 16.4
17 20.8 14.2
18 35.4 14.2
19 20.8 15.5
20 35.4 15.5

Step 3 In the View menu, click on Zoom and then on Full Page. The Graphics
Window will resize to display the nodes at optimum scale.

Step 4 In the Mesh menu, click on Create Super Elements. The fact that you can
now create elements, is confirmed by the mode indicator in the status bar that
runs along the bottom of the screen.

Step 5 Join the nodes together to form the super mesh depicted in To create each super
element, you must click on each of its vertex nodes in turn, and then click again
on the first node to complete the element. Remember that you do not ever need
to press CTRL because you are not creating any new nodes.

Tip If you make a mistake, you can backtrack one node at a time through the
elements you have created simply by clicking again on each node.

Step 6 When you have finished, you should have eleven four sided super elements in a

mesh identical to that shown in Figure 6-6.
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gSAEE CRISP Pre-Processor Embkmt_scd - [Graphics Screen] HEER
File Edit Select “iew Mesh Increment Options Help

m. 1ZDDI‘ﬂWindDW hd 1|n situ ﬁ

NO MODE SET 24 Julp 1993 16:24 | GHID

Figure 6-6:Structured Super Mesh

Step 7 In the Edit menu, click on Commit Super Element Creation. This fixes the
elements, confirming that they are correctly created. The elements will change
colour when they committed. If you are not up to speed with creating elements,
it is a good idea to Commit elements that have been correctly created as soon as
each is finished. This way, if you make a mistake you can use the Abort
Super Element Creation feature to undo all changes made since Commit
Super Element Creation was last clicked on.

Defining Edge Gradings

Edge Gradings define how the super elements will be divided up into finite elements by the mesh
generator. In general, better results will be obtained by using smaller finite elements in the parts of the
mesh that experience the most rapid and/or the largest changes in stress, during the course of the analysis.

The following procedure defines gradings for the entire super mesh.
Step 1 In the Select menu, click on Super Edges. Select the two leftmost, horizontal,
edges with a y co-ordinate of 15.5.

Step 2 In the Mesh menu, click on Super Edge Grading... to display the Multiple
Super Edge Gradings dialogue box.
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. Multiple Super Edge Gradings |

" [rade by Weighting Functions

Wieightings Mo. Divisions: |2
0.5000 Factor [k):
Delete | 0.5000

@ ................... -
[mzert
chiil ) End 1 sk times End 2
Add | ) Each div. changes by factor k

N li C) Each div. k times first div.

" Apply Grading Ta
® Opposites 1 Selected Only

(0] I Cancel Help |

Figure 6-7:Defining Super Edge Gradings

Step 3 Enter a value of ‘2’ into the NO. Divisions text box and click on the Equal
Spacing option. Weighting values will be automatically entered into the list
and the dialogue box should now look like

Step 4 Click on OK to exit, once you have finished.

Step 5 Opposite edges of each element are always graded in identical proportions, so by
defining edge gradings for these two edges, gradings have also been
automatically defined for six additional edges. Grading markers are shown on
the Graphics Window as diamond shape boxes positioned on graded super
edges. The mesh should now look similar to Figure 6-8.
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.v ' SAGE CRISP Pre-Processor Embank_scd - [ Graphics Screen]

EEEE el | — L

Figure 6-8:Super Edge Gradings

Step 6 In the Select menu, click on Clear Selection, or click again on the selected
edges to de-select them. You can also use the short-cut key, CTRL+L, to clear the
selection.

Step 7 Select the top two left-hand vertical edges and the uppermost right-hand vertical
edge.

Step 8 In the Mesh menu, click on Super Edge Grading... to display the Multiple

Super Edge Grading dialogue box.
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. Multiple Super Edge Gradings |

" [rade by Weighting Functions

Weightings Mo, Divizions:
Loty Factor [k):

Delete

) Egual spaci
gual zpacing
_ et |

[reert

ClEnd 1 ig k times End 2
) Each div. changes by factor k

N |17 C) Each div. k times first div.

" Apply Grading Ta
® Opposites 1 Selected Only

(0] | Cancel Help |

Figure 6-9:Defining Super Edge Gradings

Step 9 Type ‘1’ in the Enter Weighting text box and click on Add. This will add a
single grading of 1.0 to the list. The dialogue box should now look like

Step 10 Click on OK to exit.

Step 11 Clear the current selection and then select the bottom middle horizontal edge.

Step 12 Assign it four equally spaced divisions, as described above (in steps 2 to 4). The

dialogue box should look like when you have finished.
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. Super Edge Gradings |

" [arade by Weighting Functions

Corpyert

Delete

i

|rgert

sdd |

wheightings
02500
02500
02500
02500

Enter Wwieighting:

Mo, Divizgions: |4
Factor [k]:

CIEnd 1 iz k times End 2
Cl Each div. changes by factor k
C) Each div. k times first div.

" [rade by Co-ordinates
Total Edge Length:  21.8000 T

Enter ¥ Co-ordinate:
Enter % Co-ordinate:

Convert I

sdd | Delete |

# co-ordinate % co-ordinate

17. 2000 0.0000
22 6500 0.0000
28,1000 0.0000
33.5500 0,000
29.0000 0.0000

" Apply Grading To
(® Opposites

1 Selected Only

e

Cancel Help |

Step 13

Step 14

Step 15

Figure 6-10:Super Edge Grading dialogue box

Clear the selection and then select the bottom left-hand vertical edge and the
bottom right-hand horizontal edge.

Assign them three equally spaced divisions, as described above.

This concludes the definition of edge gradings. Every edge in the mesh should
now have gradings assigned to it. To check this, make sure that each edge in the
mesh is displayed with at least one grading marker on it, except for those edges

with just one division. The final mesh should look similar to
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QSAEE CRISP Pre-Processor Embkmt.scd - [Graphics Screen]
File Edit Select Yiew Mesh Increment Options Help

Nozeon =1 | EBJ(E] [ o

oy s 4
(A T s s N Ty K o
i T i ¥ = e T o
o 3 o
o i < < < &
& & & e
o & & L
P P < % e P

SELECT SUPER EDGES 24 Julp 1338 17:08 |G

Figure 6-11:Fully Assigned Super Edge Gradings

6.3.4 Defining Material Zones

A Material Zone contains information about the soil model and associated soil parameters that are being
used to model particular regions of the mesh.

It is necessary to define the number of material zones at this point in order to be able to assign elements to
zones (the next stage).

Once you have set up a zone, the soil model and parameters may be entered or changed at any time prior
to the analysis being run.

Step 1 Select Material Properties... from the Mesh menu. This displays the
Material Properties dialogue box.
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i, Material Properties |
 Zone Properties i Property | Y alue | Units |
Material Zohe Mumnber |1 TI s K 0.0s - =
Delete -
Material Zone Marme __l e 0.25
- Ecsz 244 -
|Kau:ulln
ng -
Soil Model E EET D
[Modified Cam Clay =l - o
SI:Ill EDﬂditiDﬂ -}l“‘ 981 kN .-"ITIITI 2
IEDI"ISEI"IjEItiEII"I j Thulk -I 54 kN .-"ITIITI T
ky 2.0E-3 mmdzec
Advanced ky 2.0E-3 mmdsec =

Replaced By Matenal Zone
I j Copy |
&t lncrement Block Paste |

I j | ok I LCancel Help

Figure 6-12:Material Properties dialogue box

Step 2 Enter the name “Kaolin”. Select “Consolidating” from the Soil Condition list
box and “Modified Cam clay” from the Soil Models list box. Material zones
are referenced by name elsewhere in the Project, so it is good practice to give
each zone a meaningful title here.

Step 3 Enter the following material property values:
Property | Value Units
K 0.05 None
A 0.25 None
€cs 2.44 None
M 0.9 None
G 3.2E3 kN/m”
v 0 None
Yoo 9.81 kN/m’
Ybulk 154 KN/m®
ky 2.0E-9 m/sec
ky 2.0E-9 m/sec
Step 4 The Material Properties dialogue box should now look similar to
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Step 5 Click on the New button to create a second soil model and enter the name
“Gault clay”. Select “Consolidating” soil condition and the “Modified Cam
Clay” model, then enter the following material property values:

Property Value Units
K 0.035 None

A 0.219 None

Ccs 1.96 None

M 1 None

G 3.5E3 kN/m?

v 0 None

Yoo 9.81 kN/m*
Youlk 154 KN/m®
ky 8.64E-5 m/sec

ky 8.64E-5 m/sec

Step 6 Click on the New button to create a third soil model and enter the name “Sand”.

Select the “Elastic” model and enter the following material property values:

Property Value Units
E, 3.0E3 kN/m?
E, 3.0E3 kN/m’
Voh 0.3 None
Vi 0.3 None
Gy 937.5 kN/m”
Ve 9.81 kN/m’
YVoulk 16.9 kN/m?
ky 0 m/sec
ky 0 m/sec
Step 7 Click on OK to exit, once you have finished.

Tip Although values for the soil properties have been defined here, it is
pOSfib!e to delay defining them right up until just before you run the
analysis.
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6.3.5 Assigning Element Properties

Every element in the mesh has two properties associated with it:

[ | Finite element type, and

[ | Material zone

These properties are assigned to finite elements in the following manner:

Step 1 In the Select menu, click on Domain Super Elements and select the bottom
three super elements by clicking on them.

Step 2 In the Mesh menu, click on Element Properties... to display the Element
Properties dialogue box.

im. Element Properties |

" 2D Element Types

Linear Strain Triangle [non Linear Strain Triangle

conzolidating) 1% [zonsolidating)

L. 5. Quadrilateral  [naon L. 5. Quadrilateral
i conzolidating] i [conzolidating]

" Matenal Zone
I K.aolin j

" Layer

I Origiral j

| ok, I Cancel | Help |

Figure 6-13:Assigning Element types and Material Zones

Step 3 Select the Linear Strain Triangle (consolidating) option.
Step 4 Select ‘Kaolin’ from the Material Zone list box.
Step 5 The Element Properties dialogue box should now look like Figure 6-13. Click

on OK to exit, once you have finished.

Step 6 In the Select menu, click on Clear Selection. Select the two narrow elements
in the top row (one on the left, and one on the right).

Step 7 Define the element type as L. S. Quadrilateral (consolidating) and the
material zone as Gault clay.

Step 8 In the Select menu, click on Clear Selection. Select the remaining elements
(in a horizontal swathe across the middle of the mesh).
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Step 9 Define the element type as Linear Strain Triangle (consolidating) and the
material zone as Gault clay.

Step 10 This concludes the definition of element properties.

6.3.6 Generating The Finite Element Mesh

You are now at a stage where you can generate the finite element mesh from your super mesh.

Step 1 In the Mesh menu, click on Generate Finite Element Mesh. This will first
check that you have correctly graded every edge and that you have assigned a
generated finite element type to each super element. It will then spend a short
time performing the automatic generation of the finite element mesh.

Step 2 Provided you have completed the above stages correctly, the finite element mesh
will be displayed as shown in Figure 6-14 and the main menus will change, to
allow you access to the additional options available in Finite Element Mesh
mode.

gSAEE CRISP Pre-Processor Embkmt_scd - [Graphics Screen]
Fil=  Edit Select “iew Mesh Increment Options Help

DlelslE] Fo s (@) =

6015, 28,49 mm NO MODE SET 27 July 1998 09:26 |GRID

Figure 6-14:Automatically Generated Finite Element Mesh
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6.3.7 Defining In Situ Stresses

In situ conditions are defined in terms of stresses at different elevations within the mesh. In this example,
all of the stresses are defined in terms of effective stress. The effective vertical stresses have been
calculated directly from the bulk modulus of soil (specified earlier in the defining material zones stage)
and the bulk modulus of water (taken as 9.81 kN/m’). The other parameters have been derived from the

paper.

Step 1 In the Increment menu, click on Define In Situ Stress Conditions... to
display the In Situ Stress Setup dialogue box.

In Situ Stress Setup |

Height T Ty T2z Ty PP u P

[rnmn] (kMAmm®] | (kMAmme] | (kMAmm2] | (kMAmmE] | (kMAmmE] | (kNAmmE) | [k AmmE)
1 _J1E4 1 o 1] 1] 1] 0 0 -
2 |155 1278 5.03 1278 1] 8.83 0 120
3 |135 17.33 16.21 17.33 1] 28.45 0 B2
4 |115 21.88 2739 21.88 1] 48.07 0 431
5 _|5.8 30.3 4254 303 1] 745 0 4
E_|0 64.3 91.68 £4.3 1] 160.88 0 879

Plo C C w C C C

‘ |Fgert I [Elete I ‘ oK I Cancel | Elat | [Emrert Hermbt I
Figure 6-15:1n Situ Stress Setup dialogue box
Step 2 Select the second row of the in situ stresses grid by clicking on the row number

(to the left of the Height column). This enables the Insert button, which you
should click on four times to create the required number of reference elevations.

Step 3 Enter the values as shown in Figure 6-15. Click on OK to exit, once you have
entered and double-checked the values.

6.3.8 Defining Increment Blocks

Increments are the units by which the finite element program advances the analysis. In each increment,
the effect of applied load and boundary conditions is calculated and the accumulated strains and pore
water pressures are updated. Increments are grouped together in blocks which then model particular
events in the analysis.

This analysis requires eleven increment blocks. The first block consists of only one increment and allows
the water table to be defined. The subsequent ten blocks, of ten increments each, allow the embankment
to be built in five stages, with a consolidation period after each stage.

Step 1 In the Increment menu, click on Define Increment Block Parameters... to
display the Increment Block Information dialogue box.
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Step 11

Figure 6-16 :Defining Increment Blocks

Change the name of the first increment block from “Increment Block (untitled)”
to “Define Water Table” by entering this into the Description of Block text
box.

Assign a time-step of 100 seconds by entering ‘100’ into the Time-Step for
Block text box.

Click on the New button to create a new increment block.
Change the name to “Add Layer 1”.
Click on OK to exit.

In the Options menu, click on Units... and change the units for time from
seconds to days.

In the Increment menu, click on Define Increment Block Parameters....
Click on ‘Add Layer 1’ in the Increment Block list.
Enter a time-step of 2 days, and allocate ten increments to the block.

Define nine more increment blocks with the following properties:
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Block No. Description No. of Incs | Total Time-Step

3 Layer 1 consolidation 10 250 days

4 Add Layer 2 10 2 days

5 Layer 2 consolidation 10 648 days

6 Add Layer 3 10 2 days

7 Layer 3 consolidation 10 848 days

8 Add Layer 4 10 2 days

9 Layer 4 consolidation 10 28 days

10 Add Layer 5 10 2 days

11 Layer 5 consolidation 10 28 days

Step 12 The Increment Block Information dialogue box should now look like Figure

6-16. Note that the entry for the first time-step has been automatically converted
into Days. Click on OK to exit, once you have finished.

6.3.9 Restricting Output

This analysis comprises 101 increments in eleven increment blocks. By default, output is written to disk
for every integration point of every element, eighty four times (once at in situ stage plus once for each
increment ). This volume of output will take up approximately 40 Mb hard disk space. If you wish to
limit this demand for space, you can restrict the volume of output written by only requesting it at specified
increments. The procedure below describes how to request that output only be written for the last
increment of each increment block.

Step 1 In the Increment menu, click on Specify Output... to display the Output
Options dialogue box.
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Figure 6-17:Specifying Restricted Output

Step 2 In the Increment Block list, click on ‘Add layer 1°.

Step 3 Click on the ‘Output for last increment of block only’ option.

Step 4 Click on the Apply Options to all Increment Blocks button.

Step 5 The dialogue box should look similar to when you have finished. Click on OK
to exit.

6.3.10 Creating The Embankment

The positions of some of the nodes in the embankment are defined in the paper by the positions of the
sand layers in the centrifuge prototype. The easiest way to create a mesh for the embankment that
matches the prototype is to specify these nodes directly (using the Node List) and then join the nodes to
form elements. This is the same method as was used to build the super mesh.

The stages you will follow here include:

] Adding the nodes
u Saving the Project as a Bookmark
] Drawing the elements
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Step 1

Pre-Processing

In the Mesh menu, click on Node List... to display the finite element Node List
dialogue box. Add the following nodes to the bottom of the list:

Node No. | X co-ordinate | Y co-ordinate
72 46.9 18.2
73 543 19
74 59.3 18.6
75 33.7 16.4
76 46 21.3
77 51.6 22.1
78 57.2 21.7
79 62.8 21.7
80 67.5 232
81 27.2 16.4
82 349 19.6
83 454 26.4
84 49.6 26.7
85 60.7 26.4
86 67.5 28.2
87 29.6 16.4
88 31.6 16.4
89 37.2 19.9
90 37.2 18.8
91 44 23.2
92 44 223
93 48.4 24.6
94 48.4 23.8
95 55.7 23.8
96 55.7 24.9
97 61.3 23.8
98 61.3 24.9
99 67.5 26.1
100 67.5 24.9
101 533 26.2
102 34 20
103 40 23
104 225 16.4
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Step 2 Click OK to exit, once you have finished.

Making A Bookmark

It is a good idea to save the Project as a Bookmark before you start drawing the finite elements. This way,
if anything goes seriously wrong with the elements that you draw you can easily return to this point
simply by loading the saved Bookmark.

Step 1 Save the Project by clicking on Save Project in the file menu.
Step 2 In the Edit menu, click on Save As Bookmark... to display the Save
Bookmark dialogue box.

im. S5ave Bookmark E |

[ Saved Bookmark z
IBefDre creating the embankment j

" Motes

Includes the new nodes required for the
embankment but nok the new finite elements

Save I LCancel Help

Figure 6-18:Saving a Bookmark

Step 3 Enter a descriptive save name and any notes you wish to add.

Step 4 Click on Save to store the bookmark and exit.

Drawing The Elements

Several features may be of use when you come to draw the elements:

You are informed when each element is complete by its changing colour. The colour will change again
when you start creating a new element.

If you make a mistake, you can undo your changes by backtracking through the newly created elements
by clicking again on the vertex nodes.

Remember not to try to start creating a new element from the last node of the element you have just
completed as this will instead take you back a step.

If things go severely wrong, you can go back to the mesh as it existed before you began creating elements
by loading the saved bookmark (click on Load Bookmark... in the Edit menu).

Step 5 In the Mesh menu, click on Create Elements.
Step 6 Join the nodes together to form triangular and quadrilateral elements as depicted
in below.
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Figure 6-19:The Completed Embankment Mesh

Tip The best way of exactly copying this mesh is to draw the elements layer by
layer (see Figure 6-21 to Figure 6-27)

As soon as you complete each layer, click on Commit in the Edit menu to
make the changes permanent. If you make a mistake, you can then undo
your changes by clicking on Abort Element Creation in the Edit menu.
This will take you back to the stage you were at when you last clicked on
Commit.

6.3.11 Setting Up The Construction Sequence

The construction of the embankment is modelled in five two-part stages. During each stage, a layer of
sand is added over a short period of time. A longer period of time is then allowed for the excess pore
pressures, induced by the weight of the additional layer, to dissipate, after which the next layer is added.

The following procedure describes how to add and remove elements to and from the mesh in order to
simulate this construction sequence.

Step 1 Select ‘In situ’ from the Increment Block list box on the main toolbar.

Step 2 In the Select menu, click on Domain Elements and select all of the elements
above or equal to a Y co-ordinate of 16.4 by clicking on them, as shown in
Figure 6-20.

Worked Examples 137



Pre-Processing
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Figure 6-20:The Elements That Will Form the Embankment

Step 3 In the Increment menu, click on Remove Elements. This removes the
elements from the current, and all subsequent increment blocks.

Step 4 Select ‘Add Layer 1’ from the Increment Block list box on the main toolbar.

Step 5 In the View menu, click on Removed Elements . This displays all elements
that are not present in the primary mesh.

Step 6 In the Select menu, click on Clear Selection and select the elements shown in
Figure 6-21 by clicking on them.
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Figure 6-21:Add Layer 1

Step 7 In the Increment menu, click on Add Elements. This adds the elements to the
current and all subsequent increment blocks, simulating the construction of the
first layer of the embankment.

Step 8 Repeat steps 4 to 7 for each of the ‘Add layer’ increment blocks, selecting the
elements shown and adding them to the correct increment blocks.

Remember to select the relevant increment block for each constructed layer from the Increment Block list
box before you add the elements back into the primary mesh.
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Figure 6-22:Add Layer 2

Worked Examples 140



- PpreProcessing

_-7 SAGE CRISP Pre-Processor Embkmt_2.5CD - [Graphics Screen]

R EE e e = A R

| SELECT2DELEMENTS [ 27Jup 1998 1144 [CAID

Figure 6-23:Add Layer 3
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Figure 6-24:Add Layer 4
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Figure 6-25:Add Layer 5

Step 9 In the View menu, click on Present Elements.

Step 10 You should now check that the sequence is correct. Click on the Increment
Block list box so that the scrollable list of available increment blocks appears.

Step 11 Click once on ‘In situ’ so that the list disappears, leaving the In situ stage
highlighted.

Step 12 Press the Down and Up cursor keys ( ¥ and T ) to view the construction
sequence as it progresses through the increment blocks. Ensure that the layers
are added in the correct blocks.

Step 13 This concludes the construction sequence set-up.

6.3.12 Assigning Element Properties

All of the newly created finite elements need to be assigned a finite element type and a material zone.
Elements in the embankment will all be non consolidating triangles or quadrilaterals in the ‘Sand’ material
zone. The remaining new clements are consolidating triangles and quadrilaterals in the ‘Gault clay’

material zone.
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Select ‘Add layer 5° from the Increment Block list box on the main toolbar. This
increment block is chosen so that all of the elements in the mesh are present at
once.

To make it easier to see how far you have got with defining element properties,
click on Legend in the View menu then click on Material Zones (also in the

View menu).

This displays the three material zones as coloured regions. The Legend contains

the key to these colours.

Tip

To change the colours, click on Colour... in the Options menu to display
the Colour Configuration dialogue box.

To change a colour, double click on the coloured square adjacent to the
material zone or finite element type that you wish to change and select a
colour from the dialogue box that appears.

Step 4
Step 5

Step 6

Step 7

Step 8

In the Select menu, click on Domain Elements.

Select all of the triangular elements in the embankment part of the mesh.

In the Mesh menu, click on Element Properties... to display the element

properties dialogue box.

im. Element Properties
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- 20 Element Types
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iw cohzolidating]

L5 [oadnlateral ™ [hom
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Figure 6-26:Element Properties for the Embankment

Select the Linear Strain Triangle (non consolidating) option and the
‘Sand’ material zone. The Quadrilateral options are greyed out because you
have selected three sided finite elements.

Click on OK to exit, once you have finished.
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Step 9 Clear the selection, then select all of the quadrilateral elements in the
embankment part of the mesh.

Step 10 Assign these elements to the ‘Sand’ material zone and give them a L. S.
Quadrilateral (non consolidating) finite element type.

Step 11 Clear the selection, then select all of the new triangular elements that you created
beneath the toe of the embankment.

Step 12 Assign these elements to the ‘Gault clay’ material zone and give them a Linear
Strain Triangle (consolidating) finite element type.

Step 13 Clear the selection, then select the two quadrilateral elements beneath the toe of
the embankment.

Step 14 Assign these elements to the ‘Gault clay’ material zone and give them a L. S.
Quadrilateral (consolidating) finite element type.

Step 15 You should check that all element types and material zones have been correctly
assigned. When you are viewing material zones, the Graphics Window should
look as shown below

QSAEE CRISP Pre-Processor Embkmt_2.scd - [Graphics Screen]

File Edit Select Yiew Mesh Increment Options Help

EE INDZDDI‘I‘I 'l IAddLa_l,lerE ﬂ @@
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Sand

1 4512677 mm | SELECT 20 ELEMENTS |2?Ju|y199814:18 GRID

Figure 6-27:Fully Assigned Material Zones
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Step 16 In the View menu, click on Element Types. The Graphics Window should look
as shown below, provided that all of the elements have been created in identical
fashion to those in this example.

QSAEE CRISP Pre-Processor Embkmt_2_scd - [Graphics Screen]
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Figure 6-28:Fully Assigned Finite Element Types

6.3.13 Defining Boundary Conditions

Boundary conditions describe to the finite element analysis, the ways in which the mesh is physically
restrained from moving. This is achieved by applying fixities to edges and nodes in the mesh.

Once defined, fixities apply in all successive increment blocks. The Fixities dialogue box and the
Graphics Window (if View Fixities is toggled on) will only display any fixity that is applied during the
current increment block.

Fixities are applied in the following stages:

] In situ fixities
u Pore pressure fixities (the water table)
u Construction sequence fixities

Defining In Situ Fixities
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In this example the left and right-hand edges are restrained horizontally, and the base is restrained both
horizontally and vertically during in situ stage. The following procedure defines fixities for the in situ

stage:

Step 1 Select ‘In situ’ from the Increment Block list box on the main toolbar.

Step 2 In the Select menu, click on Edges.

Step 3 Select all the far-left-hand and far-right-hand (vertical) edges of the mesh by
clicking on them.

Step 4 In the Increment menu, click on Fixities... to display the Edge Fixity dialogue
box.

Edge Fixity [Group] |
Fixity
¥ & ¥ dizplacement
% dizplacement
™ Pore ‘water Pressure
Start Mode e
IEI T 0 T
Firizh Node
||:| il
‘ ok LCancel Bemove Releaze Help
Figure 6-29:Defining Edge Fixities

Step 5 Click on the X Displacement option.

Step 6 Specify ‘0’ X direction fixities in the Start Node and Finish Node text
boxes. Set the Mid Value to zero either by entering it directly, or by clicking
on the Interpolate button.

Step 7 The Edge Fixity dialogue box should now look like Figure 6-29. Click on OK
to exit, once you have finished.

Step 8 In the Select menu, click on Clear Selection to ensure that no edges remain
selected. Select the bottom (horizontal) edges of the mesh by clicking on them.

Step 9 In the Increment menu, click on Fixities... and define zero X displacement
fixities as before.

Step 10 Click on the Y Displacement option.

Step 11 Specify Y direction fixities of zero in the Start Node and Finish Node and
Mid Value text boxes.

Step 12 Click on OK to exit, once you have finished.
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Step 13 The Graphics Window should now look as shown below. The size of the fixity
icons can be changed in the Defaults dialogue box (accessed via the Options
menu).

QSAEE CRISP Pre-Processor Embkmt_2_scd - [Graphics Screen]
File Edit Select “iew Mesh Increment Options Help
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Figure 6-30:Fully Defined In Situ Fixities

Defining The Water Table

A water table is added in the first increment block by setting the total pore water pressure along material
zone boundaries. The following procedure defines pore water pressure fixities:

Step 1 Select “Define water table” from the Increment Block list box on the main
toolbar.

Step 2 In the Select menu, click on Edges.

Step 3 Select all horizontal edges along the bottom of the mesh by clicking on them

(you will not have to do this unless you have cleared the selection).

Step 4 In the Increment menu, click on Fixities... to display the Edge Fixity dialogue
box.
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Step 5
Step 6

Step 7

Step 8

Step 9

Step 10

Step 11

Step 12

Step 13

Step 14

Step 15

Figure 6-31:Setting Pore Water Pressures

Click on the Pore Water Pressure option.
Click on the Total option.

Specify total pore water pressures of ‘168.72° in the Start Node and Finish
Node text boxes. Set the Mid Value by clicking on the Interpolate button.

The Edge Fixity dialogue box should now look like Figure 6-31. Click on OK
to exit, once you have finished.

In the Select menu click on Clear Selection, then select all horizontal edges
with a Y co-ordinate of 15.5 metres.

In the Increment menu, click on Fixities... and define total pore water pressure
fixities as before, but with a value of ‘8.82’.

Click on OK to exit, once you have finished.

In the Select menu click on Clear Selection, then select all of the top
horizontal edges (i.e. with a Y co-ordinate of 16.4 metres).

In the Increment menu, click on Fixities... and define zero total pore water
pressure fixities.

Click on OK to exit, once you have finished.

The Graphics Window should now look as shown below
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Figure 6-32:Fully Defined Pore Pressure Fixities

Defining Construction Sequence Fixities

The right-hand vertical edges of the embankment are fixed horizontally as the layers are constructed. The
following procedure defines fixities during construction:

Step 1 Select ‘Add layer 2’ from the Increment Block list box on the toolbar.

Step 2 In the Select menu, click on Clear Selection, then select the right-hand
vertical edge of the layer just added to the embankment.

Step 3 In the Increment menu, click on Fixities... and define zero X displacement
fixities. This procedure is the same as already described in Defining In Situ
Fixities.

Step 4 The Graphics Window should now look as shown below.
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Figure 6-33:Defining Horizontal Fixities for the Second Layer

Step 5 In this way, define horizontal fixities for the right-hand vertical edge of each of
layers 3, 4 and 5 as they are added.

6.3.14 Running The Analysis

The Project should now be saved. Provided you have followed all of the steps described above,
preparation of the Project using the Pre-Processor is complete and the analysis is ready to be run, as
described below.

Step 1 In the File menu, click on Run Analysis... to display the Run Analysis
dialogue box.
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Figure 6-34:Run Analysis dialogue box

Step 2 Click on the Create CRISP Files Now button. Provided you have followed
all of the above steps correctly, this will create .GPR and .MPD files for your
Project. A message box will appear after each stage has been completed.

Step 3 Click on the Run Analysis button. This will prompt you to save your Project
and will then run the finite element analysis.

Step 4 You will be task switched into a DOS box where the analysis will commence.
Equilibrium error messages are issued for each increment of the analysis.

Warning  If the error ever exceeds about 0.02% then this is an indication that
something is wrong with the input data. You should quit the analysis
immediately (by pressing CTRL-BREAK) and double check all data in the
Project in the Pre-Processor.

If there is a problem, first check the in situ stress conditions, then check
the material properties. Check also that fixities are correctly defined and
that the Project Setup is correct.

Step 5 Once the analysis is complete, the output is converted into a Microsoft Access
2.0 database. Once this is complete, you will see the Analysis Docker dialogue
box:
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Figure 6-35:The Analysis Docking Module

Step 6 If the Project ran successfully (without errors- the message to the right of the
Project name should say ‘OK’), click on the POst-Processor button to load
the Project into the CRISP2D Post-Processor.

6.4 Post-Processing
In this section you will be introduced to the following features:
] Displacement Plots
] Instance Graphs
u Duration Graphs
u Stress State Code Plots

6.4.1 Introduction

If you entered the Post-Processor directly from running the analysis, the embankment Project will already
be loaded. However you may also enter the Post-Processor by double-clicking on its icon in the
CRISP2D program group, in Windows’ Program Manager. In this case, you should select Open
Project... from the File menu and, provided the analysis has been successfully run, you will be able to
post process the results from your analysis.

6.4.2 Displacement Plots
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Displacement plots are drawn directly onto the Graphics Windows. They provide a representation of how
the mesh has deformed at any stage in the analysis. You can view either vector displacements or the
deformed mesh at any specified magnification.

The displacement plot described below, illustrates the final shape of the mesh at the end of the last
increment of the analysis By comparison with the experimental work, this point represents collapse of the
centrifuge prototype embankment.

Step 1 Select Displacement Plots... from the Plots menu. This displays the
Displacement Plot dialogue box.

Dizplacement Plot |

Dizplacement Hame

IFinaI deformed mezh j MHew |

"~ Aevailable Plotz
O Vector ® Deformed Mesh
" Increments
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b agnification Factor
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Figure 6-36:Setting Up A Displaced Mesh Plot

Step 2 Click on the New button to create your plot and change the title to “Final
deformed mesh”.

Step 3 Select the Deformed Mesh option.
Step 4 Ensure that Absolute is selected and enter a Start increment of 101.
Step 5 Set a Magnification Factor of 1 (the default). The Displacement Plot dialogue

box should now look similar to Figure 6-36.

Step 6 Click on OK to exit, once you have finished. Figure 6-37 shows the displaced
mesh plot in Graphics Window (a zoom window has been executed to show
more clearly the region beneath the embankment).
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6.4.3 Instance Graphs

Instance Graphs allow you to investigate output for selected integration points or nodes at particular
increments in the analysis.

Figure 6-37:Deformed Mesh at Collapse

The graph described below compares the deformation occurring between the start of the analysis and the
end of the third layer’s consolidation with deformations occurring between this point and the end of the
fifth layer’s consolidation.

Step 1 In the Plots menu, click on Clear Current Plot. This makes it easier to see
which nodes you are selecting.

Step 2 In the Select menu, click on Nodes.

Step 3 Select all of the nodes whose Y co-ordinate is 15.5. These points, just beneath
the top of the clay layer, are the source from which the graph will be drawn.

Step 4 In the Plots menu, click on Instance Graphs... to display the Instance Graphs
dialogue box.
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Figure 6-38:Setting Up An Instance Graph

Step 5 Click on the New button to create a new graph whose data is taken from the
selected nodes. Change the title to “Comparison of Relative Vertical
Displacements”.

Step 6 Click on Incremental and enter Start and Finish values of 1 and 61.

Step 7 Choose ‘X Co-ordinate’ as X Axis Data and ‘Vertical displacement’ as Y
Axis Data.

Step 8 Click on the Add Data Set button and select Data Set 2 from the Data Set

Number list.

Step 9 Click on Incremental and enter Start and Finish values of 61 and 101. The
Instance Graph Dialogue box should look like Figure 6-38.

Step 10 Click on OK to exit, once you have finished. You should see a graph similar to
that displayed in Figure 6-39.

Step 11 The appearance of the graph can be altered in the in the Graph Configuration
dialogue box. This is accessed via the Options menu, or by double-clicking on
the graph itself. The options used in Figure 6-39 were 7 X axis divisions with
minima and maxima of 0 and 70 respectively, 10 Y axis divisions with minima
and maxima of -1.0 and 0. The legend, axis labels, graph title and grid lines can
also be changed in this dialogue box.
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Figure 6-39:Comparison Of Relative Vertical Displacements
Step 12 The resulting graph indicates that the vertical displacements prior to the fourth

layer being applied amount approximately 80% of the total displacements.

6.4.4 Duration Graphs

Duration graphs allow you to investigate the variation of output from individual integration points or
nodes over the course of a specified range of increments.

Up to 10 data sets (each one representing a different integration point or node) can be viewed on the same
graph. For this example, two integration points beneath the footing will be used.

Step 1 To reactivate the Graphics Window, click on Cascade, Tile Vertically or on
Tile Horizontally in the Window menu. These options allow you to switch
between the Graphics Window and any graphs that are on display.

Step 2 In the Select menu, click on Integration Points and then on Clear
Selection. Select an integration point at the centroid of one of the finite
elements in the Kaolin clay layer beneath the middle of the embankment. (This
graph was drawn from centroid of the fifth triangle up, in the second column in
from the right of the mesh).

Step 3 In the Plots menu, click on Duration Graphs... to display the Duration Graphs
dialogue box.
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Figure 6-40:Setting Up A Duration Graph

Click on the New button to create a new Duration graph and change the title to
“Stress Path Beneath Embankment”.

Ensure that the Increment Range starts at 1 and finishes at 101.
Check each of the Critical State Lines check boxes.

Click on the top left Stress Path Graph button (i.e. the g - p' button). The
Duration Graph dialogue box should now look like Figure 6-40.

Click on OK to exit, once you have finished. The graph displayed should look
similar to Figure 6-41.

You can configure the way the graph looks (axis labels, titles and legend) by
double-clicking on the graph window and changing the set-up in the Graph
Configuration dialogue box. The options used in this case are 9 X axis divisions
with minima and maxima of -200 and 1600 respectively, 8 Y axis divisions with
minima and maxima of 0 and 800. The line styles, symbol styles and legend
have all been modified.
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Figure 6-41:Stress Path Plot for a Point Beneath the Embankment

6.4.5 Status Plots

The Status Plot option covers a variety of different kinds of plot that allow you to represent, by use of
vectors and coloured blocks, the patterns of variation of particular quantities across the entire mesh. This
is useful when you want to look at the formation of failure mechanisms or, if you are assessing the
validity of your analysis. It is this latter application to which the status plot is being applied in this
example.

Here, a stress state code plot is being used to determine whether or not the stresses in the soil are

plausible.
Step 1 To reactivate the Graphics Window, click on Cascade, Tile Vertically or on
Tile Horizontally in the Window menu. Click on the Graphics Window to
activate it and maximise it by clicking on the Maximise arrow in the top right
hand corner of the window.
Step 2 In the Plots menu, click on Status Plots... to display the Status Plot dialogue

box.
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Figure 6-42:Setting Up A Stress State Code Status Plot

Click on the New button to create a new Status plot and change the title to
“Increment 1”.

Select “Stress state codes’ from the Available Plots list.
Enter ‘1 into the Increment Number text box.

Magnification Factor has no effect on a stress state code plot, so this can be
ignored.

The Status Plot dialogue box should now look like Figure 6-42.
Click on OK to exit.

In the View menu, click on Legend. The Graphics Window should now look
similar to Figure 6-43. If the colour scheme is not clear, you can change it by
going back into the Status Plot dialogue box, selecting the plot from the Plot
Name list and clicking on the Colour button. This displays the Stress State
Colours dialogue box which allows you to change the colour used to represent
each stress state.

Worked Examples

160



Post-Processing

'19 SAGE CRISP Post-Processor Embnkmnt.scp - [Graphics Scieen] HEER
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Figure 6-43:Stress State Code Plot for Increment 1

Step 10 By reference to the Cam clay yield locus described in section 4.5 of the
Technical Reference Guide, this plot clearly shows the difference in strength
between the two clay layers, with the top (Gault clay) layer being the stiffer of
the two. This plot is useful as it correctly predicts that before any loading
occurs, the soil is elastic.

Step 11 Any anomalies at this stage are caused by numerical conditions- in Figure 6-43,
a row of integration points undergoing strain hardening can be seen close to the
bottom of the mesh. If this is a cause for concern, it can be easily remedied by
using a slightly finer mesh and re-running the analysis.

Step 12 In the Plots menu, click on Status Plots to again display the Status Plot
dialogue box.

Step 13 Click on New to create a new Status plot and change the title to “Increment 21”.
Step 14 Select ‘Stress state codes’ from the Available Plots list.

Step 15 Enter ‘21” into the Increment Number text box.

Step 16 Click on OK to exit.

Step 17 The Graphics Window should now look similar to Figure 6-44.
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Step 18

Figure 6-44:Stress State Code Plot for Increment 21

This plot shows the softer Kaolin clay beneath the embankment undergoing
significant strain hardening. Away from the embankment, the soil remains
elastic. The Gault clay beneath the embankment is variously undergoing strain
hardening and strain softening, suggesting that its behaviour is not being
accurately captured. Use of smaller elements in this region may be advisable.
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6.5 Summary

By the end of this example you will have made use of the following features:

The Structured Mesh Generator
Creating finite elements manually
Cam clay

Consolidation analysis
Construction sequences
Displacement plots

Instance graphs

Duration graphs

Status plots

6.6 Things To Try Next

Create status plots for increments 41, 61, 71, 81, 91 and 101. These plots
suggest that the region of greatest activity is in the Kaolin clay beneath the
embankment.

Return to the Pre-Processor and save the Project under a different name. Try
modifying the super mesh so that the elements beneath the toe of the embank-
ment are slightly larger and the elements directly beneath the embankment are
significantly smaller. Run the analysis again and see how the status plots
change. The ideal mesh should exhibit no anomalous behaviour.
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Introduction

TUNNEL EXAMPLE ﬂ

7.1 Introduction

The following steps will be covered:

u Adding and removing elements

u Using layers

7.2 The Problem

O

A 6 meter diameter tunnel is to be constructed at a depth of 25 meter below ground level. A pressure load
is to be applied representing a new building.

7.3 Setting up the mesh

Step 1 Start CRISP2D and choose Structured Mesh from the project setup menu. Click
on All other Element types as we do not need the high order CuST element here.

Step 2 Click on Super Node List and enter the following nodes in the list
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Setting up the mesh

. Super Node Lisk x|

" Super Mode List Unitz in m
Mode & Co-ord I " Co-ord |;
1 0.000 0.o00
2 B0.000 0.o00
3 B0.000 50000
4 0.000 50000
4] 20.000 a0.000
E 30.000 30,000
7 30.000 20.000
a 20.000 20.000
| -
LCancel Preview Help
Step 3 Next, make sure that the Create Elements in the Mesh menu is ticked, and create
the following four elements (leave an empty box in the middle as shown in the
figure below):
[£5 SAGE CRISP Pre-Processor (New) - [ Graphics Screen] =la x|
E3: File Edit Select Yiew Mesh Increment Options Help ;Iilil
D|D"|i“|ﬂl INoZoom 'l IInsitu j ﬂ I | K2
T
5
i 7
2
1 3936,5019m CREATE SUPER ELEMENT Plane Stiain Mesh  [GAID | 14 May 2001 15:29 |
Step 4 Click on Select>Super Edges and click on each outer edge of the super mesh.

Enter 4 divisions and use the Equal option.

Step 5 Select the diagonal super edges (click nearer the middle box on each diagonal
edge), then enter 4 for the number of divisions, use a Factor of 5 and click on the
option End 1 is K times End 2. You should get the super egde grading as shown
below:

Worked Examples 165



Setting up the mesh

|5 SAGE CRISP Pre-Processor tunnel.5CD - [ Graphics Screen] =la x|
E3: File Edit Select Yiew Mesh Increment Options Help ;Iilll
D|@|i|n| INDZoom 'l |||Insitu j ﬂ' [ | Y2
4 Ty Ty N
R R R
3
& &
PPN
ST
& &
& 4 & & = &
Lo Lo
By, L7
ST
& &
1
& & & 2
1 B062,43.62m | | Plane Strain Mesh  [GRID | 14 May 2001 15:36 |
Step 6 Next, click on Mesh>Material Properties and enter the following material

parameters for the soil

i Material Properties x|
[ £one Properties N Froperty | Yalue | Uriitz |
Material Zane Mumber - 2 E T.0E4 kN/m? a]
Delete ¥ 0z -
b aterial £one Mame _I ¥ vh ;
IMateriaI Zone 1 bulk 20| kN
Soil Model
IIscutn:upic Elastic ﬂ
Soil Condition
IDrained j
[ Advanced =
Replaced By katerial £one
[ =] _ Com |
At Increment Block ﬂl
I j | ok I LCancel Help
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Step 7

Setting up the mesh

Enter another material zone by clicking on New in the Material Properties

dialogue box and enter the following material parameters for the lining:

. Material Properties

" Zone Properties

I atenial £one Mumber

) Delete
b4 aterial 2one M ame

ILining
Soil Model

IIsnteric Elaztic:

Soil Condition

IDrained

x|
Froperty | Yalue | Inits |
E 1.0E6 kMim*® =
¥vh 0.2|-
Ybulk 20 kM/m®

[ Advanced

Fieplaced By Material Zone

At Increment Block

| [

<

Copy |
Paszte |

‘ (1] I Eancell Help

Step 8

the super mesh.

Step 9

Click on Select>Super Elements in the Super mesh and select all the elements in

Click on Mesh>FElement Properties and fill in the properties for the super

elements as shown below. Ensure that you use the material zone you have

created for the soil

. Element Properties

— 2D Element Types

L5 T-Mon Conzolidating
£ [E-noded 7 IP3)

L50-Mon Conzolidating
& {B-noded 313 IPs]

L5 T-Conzalidating
£ [B-noded 7 IPs)

i LSOQ-Conzolidating
£ [B-noded 3x3 IPs)

— Matenal £one

I b atenal Zone 1

— Layer

I Original

o |

Cancel |

Hep |
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Setting up the mesh

Step 10 Click on Mesh>Generate Finite Element Mesh to create the mesh. This should
like as shown below.

QSAGE CRISP Pre-Processor tunnel.SCD - [ Graphics Screen] - |EI|1|
B3 File Edit Select Wiew Mesh Increment Options Help _|ﬁ'|ﬂ

[ | El = | =] | Ho Zoom _l_l IIn situ J ﬁ ’ [ | Y4

ACNEVE

28 63
B\ 4 [
2 N \42 /% /

62
B amAl/AR AT 5
// 6@

B i
25 £l
7 5k oo | 59
g 415 5*-%&55; 57
4 o ozereastl = I 58

. 11/13\5 o \

2 33
/ \ -
'E::; B0.21 ,51.25m | Plane Strain Mesh GRID | 14 May 2001 15:37 |
Step 11 The next step involves manually creating the elements for the tunnel and the
tunnel lining. First we create tunnel nodes. Click on Mesh>Tunnel Nodes and fill
in the following values

Tunnel Modes Setup
" Centre Point
# Co-ordinate ' Co-ordinate
|25 25 P | e
R adiuz Divizionz per quarter P P
E |4
ok Cancel | Preview Help
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Setting up the mesh

Step 12 Click on Mesh>Tunnel nodes again to create another set of tunnel nodes to
represent the outer limit of the linning. Fill in the following

Tunnel Nodes Setup

" Centre Point
# Co-ordinate ' Co-ordinate
|25 25 P | B
R adiuz Divizions per quarter P £
3.3 [4
ok I Cancel Preview Help

Step 13 Create an extra node for the centre of the tunnel by clicking on Mesh>Node List
and enter node coordinates of 25,25 for an extra node at the end of the list.

Step 14 Next, click on Mesh>Create Elements and create elements to fill in the empty
box where the tunnel is to be dug out as shown below. Remember that we need
to create all the elements before the tunnel is dug out.

QSAGE CRISP Pre-Processor tunnel.scd - [ Graphics Screen] - |EI|1|
B3 File Edit Select Wiew Mesh Increment Options Help - |ﬁ'|1|

U m— L x|
\ |

\

T

\

'E::; 33.35,3290m Plane Strain Mesh GRID | 14 May 2001 18:53
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Setting up the mesh

Step 15 Click on Select>Domain Elements and select triangular elements you have just

created manually, then select Mesh>Element Properties and assign these
elements the following properties

i, Element Properties x|

— 2D Element Types

L5T-Non Conzolidating L5T-Conzalidating
& {E-noded 7 Ps) - [Bnoded 7 1Ps)

LE50-an Cansolidating LE0-Conzolidating
£ [Brmoded 3=3 Pz L [Bhoded 3531z

— Material £one

I b aterial £one 1 j

— Layer

I Criginal j

ok I Cancel | Help |

Step 16 Do the same step above for the rectangular elements representing the lining and

assign them the soil material zone but using LSQ (Quadrilateral elements).
Remember that at the in-situ stage the lining does not exists and that these
elements represent the soil.

Step 17 Click on Increment>In-situ stresses and enter the following stresses which

corresponds to an elastic material with Ko=1 and a unit weight of 20KN/m3

In Situ Stress Setup
Height Gy Gyy Gz Ty PP U F'c
[mn] (kM AmE) (kM 4m=) [kMm 2] (kM4 E) (kM Am=) [kMdm ] [kM A &)
1 |50 1] I} I} 1] I I} 1] -
2 |0 1000 1000 1000 1] I] I} 1]
| Pla = = u = = = =

‘ |zert I Delete I ‘ Ok I LCancel | Flat | EunvertHeightl
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Step 18

below

Setting up the mesh

QSAGE CRISP Pre-Processor tunnel.scd - [ Graphics Screen]
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Next click on the edges of the mesh and apply fixties as shown in the figure

By now the in-situ mesh should be completed. We now need to introduce the elements representing the

lining.

Step 19

Impose Elements and fill in the detail below.

. Super Impose Elements

" Baze Layer Infarmation

" Super-imposed Layer Infarmation

Layer Description:
LT

Super-lmpozed Layer Description:

I Criginal

=~

M atenal Description:

e B Aradasattvne 7

k atenial Mame:

I

Finite Elerment Type:
Al eahA

Finite Element Type:

I Maon Conzalidation

=~

F LCancel |

Help

This will create a new set of elements on top of the selected elements but having the lining properties.

Select the rectangular elements representing the lining and click on Mesh>Super
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Setting up the mesh

You should now remove these new elements from the in-situ stage. They will be introduced when
the lining is intalled.

Step 20 To remove these elements, click on Select>Domain Elements and select these
lining elements (not the soil elements), then click on Increment>Remove
Elements.

Step 21 Next, click on Increment>Define Increment Block Parameters and enter the

following three load blocks

Increment Block Informiation

I Increment Block List

E Svate |nzert I D e=zcription of block:
install lining Delete | [Excavate
fpply pressure __I |
Hew |
I Block Definition " Load-Step / Time-Step Definition
Murnber of [ncrements: 1 )
Load-Step Option: Equal =
[nerement Mumber at End of Block: 1 _ _ Define... |
Time-5tep Option: Equal
Time-Step for Block: 1 zec
Total Tirme at End of Block: 1 SEC ™ Plat Increment..
Gravity Increment: nG ..againzt Time | _.against Gravity |

| 1] I LCancel | Help I

Step 22 Click OK and in the pre-processor click on the Excavate load block on the
combo box of the current increment.

Step 23 Click on Select>Domain Elements and click on all the tunnel elements including
the rectangular ones around the tunnel. Click on Increment>Remove Elements.
This will complete the excavation stage.

We now want to add the elements representing the lining.

Step 24 Select the Install Lining load block from the compo box of the Current
Increment. The lining (concrete) elements cannot be seen as they are invisible at
prersent. Click on View>Removed Elements and select the elements
representing the lining (not the removed soil elements). Once you have
completed the selection, click on Increment>Add Elements. Click on
View>Present Elements to go back to the active (present) mesh. You should be
able to see the lining elements present.

Step 25 Finally, select the last load block of Apply Pressure. Click on Select>Edges and
select the edge shown below
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Setting up the mesh

B;_SAGE CRISP Pre-Processor tunnel.scd - [ Graphics Screen] - |E||1|
E3: File Edit Select Yiew Mesh Increment Options Help - Iﬂlﬂ

D|D”|i‘|ﬂ| |||ADD|}'DIESSU[E j ﬂ' . k?

oo Dt
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-\-\_\-\-\-\_"‘—\-\.

\
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\H\
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4 59.02,6093m | | Plane Strain Mesh  [GRID | 14 May 2001 19:16
Step 26 Click on Increment>Loads and enter the following values:
i, Edge Load 95 x|

Start Mode Mid % alue Interpolate |
Marmal 100 kM & Marmal 100 kM &
Shear ||:| kM & Shear ||:| kM &
Finish Mode
Marmal 100 kM &

Shear ||:| kM &
| | ok I LCancel Bemove Help
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Introduction

RETAINING WALL
EXAMPLE

8.1 Introduction
This example lecture is designed to introduce you to the excavation sequences and layer control in
CRISP2D.
The following steps will be covered:
] Adding and removing elements
] Using layers
] Animation Sequences
] Anamation plots

8.2 The Problem

The dimensions and loading conditions of the problem are shown below.

10 kPa

oy g LI
2.4m T

30m

A
v

Figure 1:Problem dimensions
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Generating a Mesh with the Structured Mesh Generator

8.3 Generating a Mesh with the Structured Mesh

Generator
Step 1 Start the CRISP2D pre-processor
Step 2 Click on File-New Project and select Structured Super Mesh
Step 3 In the project setup select All Other Elements in the Element Type option, then
click OK
Step 4 Click on Mesh-Super Node List and enter the following node numbers and
coordiantes
Node X-Coord Y-Coord
1 0 0
2 30 0
3 30 12
4 10 12
5 10 5.75
6 10 11.4
7 0 12
8 0 9.6
9 10 9.6
10 0 9
11 10 9
12 10 0
13 0
0
15 30 5.75
16 30 9
30
18 11.4
19 30 11.4
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Generating a Mesh with the Structured Mesh Generator

ESAGE CRISP Pre-Processor pilewall2.scd - [ Graphics Screen] - |EI|5|
B3 Fle Edit Select Wiew Mesh Increment Cptions Help - Iﬂlll
‘ ﬁli El INoZoom 'l IIn st j ﬁ] @ ﬂ K2
7 3
15 Eé =]
g g9 7
18 Il 15
14 5 15
1 12 2
1819 1276 m | SELECT SUPER EDGES Plane Strain Mesh GRID | 18 March 2001 15:33
Step 6 Once you have completed creating the super mesh, click on Super Node
Numbers
Step 7 Click on Select Super Edges and click on the top edge between nodes 7 and 4 as

shown above. Make sure you click nearer to node 4 than to node 7 so the pink
square marker is on node 4

Step 8 Click on Mesh-Super Edge Grading and enter 4 for No. Divisions and 3 for
Factor(k) and click on the option End 1 is k times End 2 as shown below

. Super Edge Gradings x|

[ Grade by W eighting Functions

[F Cariert Weightings No. Divisions: ’47
01323 Factor (k] |3
Delets | 017
0.2765 O Equal spacing
Imzert
_ et | {oases @®)End 1 is k times End 2
Add | ) Each div. changes by factor k
Enter "Weighting: '7 ) Each div. k times first div.

[ Grade by Co-ordinates
Total Edge Length: 10,0000 m # co-ordinate ' co-ordinate

) 10,0000 12.0000
Enter » Co-ordinate: 6 B 705 120000
) E. 7533 12.0000
Enter ' Co-ordinate: 5 9801 120000

0.0000 12.0000
Convert I Add I Delete I
rApply Grading To
@® Dpposites ) Selected Only

ok I LCancel Help |

Worked Examples 176



Generating a Mesh with the Structured Mesh Generator

These divisions will be the same for all edges parallel to the edge you selected.

Step 9 Next clear the selected edge by clicking Select-Clear Selection, or use the short
cut CTRL+L to clear the selection.

Step 10 Select the edge between nodes 4 and 3 and make sure you click nearer to node 4.
Enter 5 for No. Divisions and 3 for Factor(k) and click on the option End 1 is k
times End 2 as shown below.

. Super Edge Gradings x|

[ Grade by “#eighting Functions

[ Eare Weightings Mo, Divisions: ,57
1072 Factar [k]: ,37
Delete | 0141
01857 () Equal spacing
Irisert | 0.2444 -
031G ® End 1 is k times End 2
Add I () Each div. changes by factar k

Enter ‘weighting: I C Each div. k times first div.

I Grade by Co-ordinates
Total Edge Length: 20,0000 i #coordnate Y co-ordinate

] 10,0000 12.0000
Enter ¥ Co-ordinate: 12 1442 12,0000
. 14,9660 120000
Enter ' Co-ordinate: 136799 120000

235675 120000
Comvent | fdd | Dele [[U0000 1z0OOD
" Apply Grading To
() Opposites 1 Selected Only
(].4 | LCancel Help |
Step 11 Clear the currently selected edge (Select-Clear Selection)
Step 12 Select the edge between nodes 7 and 18 and enter two 1 division and click on

Equal Spacing

Remember you have to enter edge divisions even if you have only one division on the side of the
super element.
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Generating a Mesh with the Structured Mesh Generator

. Super Edge Gradings e

[ Grade by Weighting Functions

|;""taﬁ',;;.gr"t""}| ‘Weightings Mo, Divisions: ’17
1.0000 Factar [k]:
Delete |

® Equal spacing

| t
Iriser | I End 1 is k times End 2

Add | () Each div. changes by factar k

Eriter Weighting: [ I C) Each div. k times first div.

[ Grade by Co-ordinates
Total Edge Length:  0.6000 m # co-ordinate Y co-ordinate

) 00000 12.0000
Enter # Co-ordinate: 0.0000 11.4000
Enter ' Co-ordinate:

Conwvert I Add I Lelete I

Apply Grading To
(8 Opposites ) Selected Only

ok | Lancel | Help |

Step 13 Next, clear the currently selected edge, and click on the edge between nodes 8
and 18.

Step 14 Enter 2 for No. Divisions and click on the option Equal Spacing.

Step 15 Clear the current edge selection and click on the edge between the nodes 14 and

1. Click nearer to the node 14 so that the pink marker is on node 14. Enter 3 for
No. Divisions and 3 for Factor(k) and click on the option End 1 is k times End 2
as shown below

. Super Edge Gradings x|

[ Grade by “Weighting Functions

‘weightings Mo. Divisions: |3

Thile Factar [k |—3-'___'_'—
Delete | 03022

0.5234 O Equal spacing
Inzert | -

® End1 iz k times End 2
Add | O Each div. changes by factor k
Enter Weighting: [—'"_ O Each div. k times first div.

[ Grade by Co-ordinates
Total Edge Length:  5.7500 i # co-ordinate Y co-ordinate

’ 0.0000 5.7500
Enter ¥ Co-ordinate: 00000 47469
’ 0.0000 3.0094
Enter'y Co-ordinate: 00000 0.0000

Convert | Add | Delete |

[ Apply Grading To
(® Opposites O Selected Only

ok | Lancel | Help |

All edges should by now have been sub-divided correctly.
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Defining Material Zones

Click on Mesh-Material Properties and enter the first material zone as shown
below

| . Material Properties 4
[ Zone Properties N Propery | Yalue | Units ]
Material Zone MHumnber =z = K 0.0624 - B
Delete 016 -
Matenial Zone Mame _I El T
[Marine Clay MCC) 8 il
03 -
Soil kodel :;‘ SIErE
[Modiied Cam Clay =l = "
Sall Condition K 5 839E5 kN."lITIz
. }
IUndralned j Thulk 2D k.N."lITI kS
[ Advanced =
Replaced By b aterial Zone
| o | S |
At Increment Block ﬂl
I j ‘ Ok I LCancel Help

Step 2 Click on New in the Material Properties dialogue box and enter details for the
Concrete Slab as shown below
i, Material Properties x|
[ Zone Properties m Froperty | W alue | Units |
Material Zone Number [N =] L= E Z0E7 kM/m® -
Delete ¥ 0.25)-
M aterial Zone Mame ¥ vh =
Il:nncrete Slab bulk L
Soil Model
IIsntleic Elaghic j
Sail Condition
IDrained j
[ Advanced B
Fieplaced By Material Zone
| ] | G |
&t Increment Block &I
I j ‘ Ok I LCancel Help

Step 3

Click on New in the Material Properties dialogue box and enter details for the
sheet pile wall. This will make use of the Beam model in CRISP, which solves

bending moments directly
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i, Material Properties

[ Zone Properties

b aterial Zome Humber

[EM—-—]

t aterial Zone Mame

Hew

Delete |

|Sheet Pile wall [beam)

Replaced By Material Zone

Soil Model

IBeam j

Soil Conditioh

IDrained j
[ Advanced

At Increment Block

Froperty | Yalue | Units |
En 2.0E8 kMim® |
¥ 015 -
A 001713 m?
I 45E-5 md

|

Copy |
Paste |

‘ ok I LCancel

Help

Step 4

Click on New in the Material Properties dialogue box and enter details for the

horizontal prop. This also makes use of this will make use of the bar element
which allows for transfer of axial forces

i, Material Properties

[ Zohe Properties

b4 aterial Zone Mumber

4 aterial Zone Mame

Hew |
Delete |

|F'rnp [bar)
Soil Model

IBar

Soil Condition

I Cirained

Advanced
Feplaced By Material Zone

At Increment Block,

Froperty | Walue | Units |
Ep 20ES kM/m® =
¥ 015 -
A 00063 mE
Copy |
Baste |
| oK I Lancel Help
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Step 5 Click on New in the Material Properties dialogue box and enter details for the
bedrock as shown.
. Material Properties |
[ Zone Properties Froperty | Y alue | Units ]
Material Zone Mumber ~ Hew E 1.0E4 kN/m? N
Delete ¥ 0.25/-
I aterial Zone Mame _I vh T e
IEedrock [elastic] ?K“ : m
Ed
Soil Model bulk 22|kN/m
Ilsotmpic Elastic j
Soil Condition
IUndlained j
[ Advanced B
Feplaced By Maternial Zone
I = Copy |
At Increment Block, ﬂl
I j ‘ 0K I LCancel Help

8.4.1 Assigning Element Properties

We have so far defined material zones but we have not associated these material zones with elements. We
also need to specify the type of finite element to be generated (quadrilaterals or triangles, consolidation or
non-consolidation).

Step 1 Click on Select-Domain Super Elements and click on all the elements in the
super mesh.
Step 2 Click on Mesh-Element Properties and choose LSQ non-consolidation. For the

material Zone, select Marine Clay (MCC). For the time being we will give the
same properties for all the elements but would change that later

8.4.2 Generating the Finite Element Mesh

In the mesh menu click on Generate Finite Element Mesh. Your mesh should like as shown below. You
can view the element numbers by clicking on View-Element Numbers.
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E;SAGE CRISP Pre-Processor pilewall?.scd - [ Graphics Screen] -0 x|
B3 Fle Edit 3Select Wiew Mesh Increment Options Help 8|

o[ 5]si 8] ez ] B3] — ] ) ™ 4

[: 2250, -0.08m | | Plane Strain Mesh  [GRID | 18 March 2001 16:32

8.4.3 Defining the elements for the concrete slab

We now need to define the elements which form the concrete slab which is to be added after the
excavation. There are two way of doing this:

Method 1

Create new elements on top of elements 6, 15 and 22 (see above mesh). You do that as follows

Step 1 click on Mesh-Create Elements and click on the four corner nodes of each of the
elements 6,15 and 22. This will create a new element on top of the existing soil
element

Step 2 Then select these new elements, assign element properties for them using Mesh-

Element Properties. Then select these newly added elements and remove them
from the in-situ stage using Increment-Remove Elements

Method 2

You can create a new layer of elements using Layers.
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Step 1 First click on View-Layers and click on Add. Enter a layer name. Lets say
Concrete Slab.

Step 2 Next click on Mesh-Super Impose Elements and fill in details as below. The
super-imposed layer description should be the new layer (Concrete Slab). Its
associated material zone should be the Concrete Slab which you have defined
earlier on. We will use non-consolidation elements for the concrete slab.

inj. Super Impose Elements il
" Baze Layer Infarmatian " Super-lmpozed Layer Infarmatian
Layer Descrption: Super-lmpozed Layer Description:
Lhiast IE:::nu:rete Slab j
bd aterial Dezcription:; kd aterial Marne:
i T Macke Lige WLLT Il:cuncrete Clab j
Finite Element Type: Finite Elernent Type:
AanLivsolasion M on Conzalidation
ok I Cancel Help

Step 3 Click OK and you will see a new set of elements created on top of the existing
soil elements.

Step 4 Now we need to remove these elements from the in-situ stage. You can either
click on these elements and select the concrete slab elements from the multi-
selection menu, or you can switch off the original soil layer so that you can
select the concrete elements more easily. To do that you click on View-Layers
and untick the original layer. Then select the concrete elements and click on
Increment Remove Elements.

Step 5 Then click on View-layers and tick on original layer so as to be able to see it
again.
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8.4.4 Defining the elements for the wall and prop

Step 1 Click on Mesh- Create elements and start creating the wall elements. We will
use beam elements for this which will produce the bending moments for us.

Step 2 To create the element between nodes 29 and 34, you click on 29, then 34 then 29
again, then you commit the element. Proceed in the same way to create the wall
elements between nodes 34-4 , 4-9, 9-74, 74-79, and 79-82

Step 3 Once you have completed creating the wall elements, you would need assign
element properties for them and then remove them from the in-situ stage.

Step 4 To assign element properties click on Select-Line Elements and click on the
wall elements, then click on Mesh-Element Properties and chose the material
zone Sheet Pile Wall (Beam).

Step 5 Next select these line elements and click on Increment-Remove Elements so
that they are not present in the in-situ stage.

Step 6 Do the same procedure for the prop which is between nodes 79 and 78

B;_SAGE CRISP Pre-Processor pilewall2.scd - [ Graphics Screen] — | Dlﬂ
F3. File Edit Select Yiew Mesh Increment Options Help _Iﬂlﬂ
O | = | = | =] | Fnom Windo | | IPIacement of Concrete ﬂ ﬁ 'E I .l ﬂ‘

5 B4 83 B2 Bl ) o5

7B 77 75 73 50 gl 92

e Lre W73 74 Filw] g6 3¢

5] T 3 9 5] '] /9

L C 3 4 ] £l ot

)| =2 a3 34 ia] ala) 57

5] or ot 23 i ]| T

[t 1255 1253m | | Plane Strain Mesh  [GRID | 18 March 2001 16:52

8.4.5 Assigning Element Properties for other
material zones

Select on the bottom row of the quadrilateral elements and click on Mesh-Element properties. Make sure
that these elements have the material zone Bedrock (Elastic)

8.4.6 Defining Boundary Conditions
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Step 1

Step 2

Step 3

8.4.7 Defining insitu stresses

Click on Increment-Define In situ stress conditions and enter the following:

Defining Material Zones

Click on Select-Edges, then select all the vertical edges on the left and right sides
of the mesh.

Click on Increment-Fixities and make sure that the edges have zero fixity in the
x-direction.

Clear the selection and select the bottom edges. Click on Increment-Fixities and
make sure that these edges have zero fixities in both x and y directions.

In Situ Stress Setup

Height 0;::4 0:,-9 0.22 Tup PP o F'c
(i kN/m?) | kWmE | kWmE | kNG| KNOmE) | RNAmE | [kNZme)
1] 0 0 0 0 0 0 0 -
2 |1 52 1019 5.2 0 9.81 0 10,13
3 |3 55.94 91.71 55.94 0 88,29 0 31.71
4 |3 53.2 91.71 53.2 0 88,29 0 31.71
5 |0 74.4 1288 74.4 0 n772 0 12828
| Pt O O O O O O O

‘ Inzert | Delete | | ok I LCancel | Plat | anvertHeightl

8.4.8 Installing the wall

Step 4

Step 5

Step 6

Step 7

8.4.9 Apply overburden pressure load

Step 1

Step 2

Select the "Install Sheet Pile Wall" increment from the increment drop down list.

Ensure that you are currently viewing the removed elements and select the 1D
elements that represent the wall.

Select "Add elements" from the increment menu.

The elements will now disappear from this view and will be added to the
analysis during the first increment block

Create another increment block by clicking on Increment-Define Increment
Blocks and enter a new increment block named Initial Excavation

Select the edges between nodes 81-100-99-98, then select Increment-Load and
apply a normal load of 10 Kpa.
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Create another increment block and call it Excavate Stage 1

Step 1 Select the "Excavate Stage 1" block from the increment drop down list.
Step 2 Select the two top rows of elements to the left of the wall
Step 3 Select "remove elements" from the "increment" menu.
Step 4 The excavation stage is now complete and the screen should look like figure 5
QSAGE CRISP Pre-Processor pilewallZ scd - [ Graphics Screen] - |EI|5|
3. Eile Edit Select Wiew Mesh Increment Options Help - |5’|1|
] ‘lili Hl IZc-nrnW'indnw 'I | | IEHcavatestagﬂ j ﬁ 'E I .l k'?”
ks ks ®
kS kS X

M aterial Zones
M arine Clay [MCC)

Caoncrete Slab
Sheet Filz wall [beam]

Frop [bar]
Bedrock [elastic)

1 2200123 m SELECT EDGE Plane Strain Mesh | GFRID | 18 March 2001 17:20

8.4.11 Installing the crest prop

Create another increment block and call it Install prop

Step 1 Select the "Install prop" increment from the increment drop down list.

Step 2 View the removed elements by selecting "removed elements" from the "view"
menu

Step 3 Select the 1D element that represents the Strut.

Step 4 Select "add elements" from the "increment" menu.

Step 5 Introduce a nodal fixity to the free end of the prop so that it is held in both x and

y directions. You do that by clicking on Select-Nodes, then select the node on
the free end of the prop. Select Increment Fixities and introduce zero fixities in
the x and y directions.
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Step 6 View present elements by selecting "present elements" from the "view" menu.
The analysis should now look like figure 6.

B;_SAGE CRISP Pre-Processor pilewall2.scd - [ Graphics Screen] — |E||i|
B Fle Edit Select Yiew Mesh Increment Options Help =2 x|
O | Bql o | = | IZoom Yindow ‘l | | |nztall pro k‘?”
H H H
) ) AN

Material Zones
Marine Clay [MCC)

Concrete Slab
Sheet Pile wall [beam)

Frop [bar]
Bedrock [elastic)

1871, 1261 m SELECT EDGE | Plane Strain Mesh |GF|ID | 18 March 2001 17:23

Figure 6 - Strut installed

8.4.12 Continue excavation

Create another increment block and call it "Excavate final stage"

Step 1 Select the "Excavate final stage" increment from the increment drop down list.
Step 2 Select the top three rows of elements to the left of the wall

Step 3 Select "remove elements” from the "increment" menu.

Step 4 The excavation stage is now complete and the screen should look like figure 7
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g}SﬁGE CRISP Pre-Processor pilewall2.scd - [ Graphics Screen] =10l =
B3 File Edit Select Wiew Mesh Increment Options Help ;lilﬂ
Fi
D || & | & [zoomwirson =] | B | [mmmememe # ] | K|
bd bd ®
H H
H H ke
H H ®

Material Zones
Marine Clay [MCC)

Concrete Slab
Sheet Pile wall [beam)

Frop [bar]
Bedrock [elastic]

1 2181 . 428m SELECT IDELEMENTS | Plane Strain Mesh  [GRID | 18 March 2001 17:26

Figure 7 - excavation complete

8.4.13 Installing base slab

The final stage of constuction is to install the base slab. Create another increment block and call it
"Placement of Concrete"

Step 1 Select the "Placement of concrete" increment from the increment drop down list.

Step 2 View the removed elements by selecting "removed elements" from the "view"
menu.

Step 3 Select the slab elements. (You will find it easier to select the slab element if you

turn the original layer off)
Step 4 Select "add elements" from the "increment" menu.

Step 5 Your excavation stages are now complete and you are ready to run the analysis.
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B;_SAGE CRISP Pre-Processor pilewall2.scd - [ Graphics Screen] oy =]
F3.. File Edit Select Wiew Mesh Increment Options Help ;Iilil
L
0O | ﬁl = | = | IZoom Window Yl | | Placement of Concrate ﬂ Q .l k‘?”
H H H
H H
e s S

Material Zones
M arine Clay (MCC]

Concrete Slab
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Frop [bar]
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i 13831253 m SELECT 1D ELEMENTS | Plane Strain Mesh |GF|ID | 18 March 20001 17:28

Figure 8 - Completed analysis.

8.4.14 Running The Analysis

You should save the Project now. This concludes the pre processing for this particular problem so all that
remains is for you to run the finite element analysis program.

Step 6 Select Save from the File Menu.

Step 7 In the File menu, click on Run Analysis... to run the finite element analysis.
This displays the Run Analysis dialogue box.

Step 8 Click on Create CRISP Files Now. This will write two files with the
extensions .GPD and .MPD to disk. These files contain the input data required
by the finite element analysis program.

Step 9 Click on Run Analysis Now. This will task switch you to a DOS box and
will run the finite element program using the data files just created.

Step 10 When the analysis is finished, you will be returned to Windows and the output
from the analysis is converted into a Microsoft Access database. A percentage
bar informs you as to how long you have left to wait.

8.5 Post Processing

In this section you will be introduced to the following features:

] Bending moment plots

u Stress state plots
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[ | Animation sequences

8.5.1

Step 1
Step 2
Step 3
Step 4

Step 5

Bending Moment plots

Click on View-Material zones

Go to the last Increment block (Placement of Concrete)

Post Processing

Click on Select -Line Elements and select the element representing the wall.

Click on Plots-Bending Moment Plot

Fill in the Bending Moment plot as shown below. Remember to choose the last
increment in the Start box so the that bending moment for the last increment
could be presented

Bending Moment Plots

[ Plat Mame

rews BEending Moment Plat 2

Current Selection |

Hew Delete

Data Set

Analyziz Name

MNumber I'I j

Add Data Set |
Delete Data Set |

| =

® Absolute Start Finizh

G | EEG

O Incremental

[

I Plot Dptiohs
[ Draw with Arroves

[ Drraw bax & Min Oy
[ Label Max & Min Only

) Draw From Centre
(®) Draw From Edge

Scale I‘ID— 4

Beport Data |

| Ok I Cancel | Help

Step 6

8.5.2
Step 1

Step 2

Try doing a similar plot for the 2D quadrilateral elements which represent the

concrete slab.

Stress State plot

Clear the previous bending moment plot by clicking on Plots-Clear Current plot

Click on Plots-Status plot and fill in the dialogue box as shown below.
Remember to choose the last increment in the Increment Number box
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Pliat Marne
e Statuz Flot 1 j Mew
Awallable Plots

Zero line extengion
Frinciple strain directions 1 Calours
tiezs directions

Code Type— |

@ Code:

Increment Mumber ki agnification Factor

[3315) =
Colour I | Ok I LCancel | Help |

Step 3 Click on View-Legend to see what the stress codes mean

8.5.3 Animation plots

8.5.4 Setting up an animation sequence.

Before you can run an animation you must define a sequence of increments to display in the animation.

Step 2 Click on the "new" button to define a new sequence. This will display all the
increments that have output defined in the left hand list.

Step 3 Select all the increments by selecting the first and then holding down the shift
key while selecting the last.

Step 4 Click the ">>" button to add the selected increments to the list on the right hand
side. See figure 10
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MNew Delete
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7
]
]
10
11 =
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Figure 10 - Setting up an anlaysis sequence

8.5.5 Running an animation

Step 1
Step 2
Step 3

Step 5

Step 6

Select deformed mesh plots from the animation menu

Click the new button to define a new plot

Post Processing

Select "New animation sequence 1" from the Animation drop down list

Set the scale factor = 1. The animation plot form should not appear as figure 11

Click OK to display the animation plot.
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Displacement Animation

Dizplacement Mame
INew Dizplacement Plot 1 j Mew

Animation Sequence

INew Animation Sequence 1 j

Sequence Filename

IHoger
I Awailable Plots
) Wectar @ [Deformed Mesh
I Increments -
@ Abzolute o

CJ Incremental |33[E] 'I

I agnification Factaor

! ‘ (1] % I LCancel | Help |

Figure 11 - deformation plot animation form.

8.5.6 Benefits of Animation plots.

In previous examples we have seen how you can plot the deformed mesh at any increment block. If you
have a large analysis it can be a time consuming process to view a deformed mesh for each stage. The
animation plots allow you to view all stages of the analysis at once and locate areas of problems in you
analysis faster.

8.5.7 Things to try next

With the experience you have gained from this and previous analysis try the follow;

¢ Run an animation plot for stress state codes (you can use the sequence set up for the deformation

plot)
e Plot a graph showing the deformation of the wall at the end of each construction stage.
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