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3D Embankment Consolidation

Section 1 1.1 Learning Purpose

Overview Through consolidation analysis of 3D construction stage, verify the ground deformation (settlement) and

stress change according to time. Additionally, apply adjacent structures and bottom pile elements. Verify
deformation of the structure influenced by ground settlement.

In Consolidation, generally excess pore water pressure inside the ground decreases with time, and this
makes the effective stress increase. Water level locates at the top of the weak stratum which has relatively
lower permeability.

When banking is loaded, the water which bears load because of initial undrained condition will slowly leak
out and pass the load to soil particles. During this process settlement happens in gravity direction and this
settlement will influence the stability of adjacent structures.

Consolidation analysis is related to Drained/Undarined analysis. According to drainage condition, the
density, rigidity, and strength of the ground increase during the consolidation process.

» Model overview

In this tutorial, the following main concepts will be explained:

e Weak stratum - Apply Modified Cam Clay model to simulate the limit state behavior

o Modeling Pile elements (verify settlement of weak stratum according to pile skin friction)

o Set construction stages (time step) for consolidation analysis

o Analyze excess pore water pressure distribution/consolidation settlement according to time
e Verify Structure’s settlement and the pile skin friction according to time
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1.2 Model and Analysis Summary

In this tutorial, pile foundation and structure are located at the top of soft rock layer and the 9m banking is
divided into 3 layers to carry out construction stage consolidation analysis. When setting construction
stages, set time step of each stage by considering banking height (3cm) per day. Also leave a negligence
period after banking at each construction stage to ensure the degree of consolidation. To minimize the

influence of boundary conditions, set ground area over twice larger than excavation area.

Strata composition and model are illustrated in the following image.

» Cross-section diagram
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Section 2
Analysis Setting

[Open the attached start file (06_Consolidation_start]]

* B : Analysis > Analysis Case > General

Set Model type, Gravity direction and Initial parameters. Check the Unit system which will apply to the
analysis. The unit system can be changed both during the modeling process and after performing analysis.
The input parameters will automatically convert to the right unit system.

The model used in this tutorial is 3D model with Z gravity direction. The model uses Sl unit system (kN, m)
and time unit of ‘day’ to define periods of consolidation and negligence.

Analysis Setting (23a)
Project Name Researcher
Desc.
Madel Type Gravity Direction
@ 3D @y
(@] @z
() Axisymmetric
Unit System
PR re— f r—
Initial Parameters
Gravity Acceleration{g) 9.80665 mfsec?
Unit Weight of Water 9.80685  knjm?
Initial Temperature 0
Plane Strain Thickness 1m
Cancel
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: Define ground materials and properties, and assign them to mesh sets during mesh generation.

Section 3 ) Prep ? Jmesnd

Define Materialand 3 1 pefinition of Ground and Structural Materials

Property
To simulate limit state behavior of the soft clay layer, define the model type as ‘Modified Cam Clay'. For the
rest of the ground layers use the general elastic model ‘Mohr-Coulomb'. For the structures, use both
‘Elastic’ model which does not consider material nonlinearity and 'Pile’ model which is used to verify pile
skin friction.
Ground and structure materials are defined in the following table

P Table. Ground material Name Clay1 Clay2 Banking  Silty sand :ﬁez:(t):ir Soft rock  Structure

Model tvpe Modified Modified Mohr Mohr Mohr Mohr Elastic
yp CamClay CamClay  Coulomb Coulomb Coulomb ~ Coulomb

Elastic

1.0E+04 1.0E+04 5.0E+04 5.0E+04 1.5E+05 3.0E+05 2.0E+07
modulus(E)

Unit Weight(r] 17 17 19 18 20 23 25

Prous

Initial
Void Ratio(eo)

kx 1.73E-03 1.73E-03 1.728 1.728 0.1728 0.01728 -

kz 8.64E-04  B.64E-04  0.864 0.864 0.0864 0.00864 -

Over
Consolidation 1 1 - - - - -
Ratio(OCR)

Slope of Over

Consol Line(k) 0.015 0.028 - . ) ] _

Cohesion - - 19 20 100 200 -
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o

Coefficient of infiltration according to void ratio

- When there is a pressure on the ground, both the ability of infiltration [Coefficient of infiltration) and
the void ratio decrease. To simulate this behavior, define 'Void ratio dependency of permeability (ck)'.
According to 'Saturated coefficient water permeability (ksat)' and void ratio, the relation is described in
the following formula.

k=1 O(Ae/ck)k

sat

In [Consolidation] and [Fully Coupled Stress Seepage] analysis, it is recommended to consider not
only ‘ck’ but also ‘partially saturated effects for Stress analysis' to get a more realistic approximate
solution. If you are not considering instauration and partial saturation, self weight is considered depend
on whether pore water pressure is above or below ‘0(zero)'.

— Ground density when partial saturation is used (Se : Saturation)
p = (1 - Se)punxul + Sepxul
— Ground density when partial saturation is not used

p = {pl(ﬂsm (p S 0)
Pou (p>0)

The effect of partial saturation reflects to calculating self weight, undrained rigidity and inner force of
element. By using the above options, it is possible to get exact value which considered water level
change according to drainage and void ration (permeability] change of ground deformation.

|

[Allowable tension stress]

Generally MCC material model does not allow tensile stress in fracture criterion (relation of Stress-
strain ratio). But during the consolidation process, tensile stress such as heaving by load from banking
and arching by excavation can be generated. To overcome the limitation of material model and to extend
the application to reality, in GTS NX is programmed to perform analysis about tensile stress, if they are
generated in range of ‘Allowable tensile stress'.

Value of allowable tensile stress is not a fixed value, so to input bigger value than tensile stress which
generated from overburden load (Banking) and fracture behavior, repetitive analysis is necessary. If the
analysis is interrupted because the results diverge according to the tensile fracture, you can set
‘Allowable tension stress'.

If ‘pc (Preconsolidation load)" is directly inputted, the value of 'Allowable tension stress' cannot go over
‘pc’ value. If 'pc’ value is defined through ‘OCR’, the software automatically calculates ‘pc’ value
according to the inputted "allowable tension stress’ value.

» Table. Structure Name PHC pile Pile
material Material Isotropic Interface/Pile
Model type Elastic Pile
Elastic modulus(E) 2.10E+07 -
Poisson’s Ratio(v) 0.2 -
Unit weight(r) 23 -
Ultimate Shear Force - 526.3
Shear Stiffness Modulus(kt) - 10526

Chapter 06. 3D Embankment Consolidation | 5
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Normal Stiffness Modulus(kn) - 115789

gm

Behavior of pile elements can be divided to behavior on two normal directions and behavior on one
tangent direction. The normal behavior considers piles and the surrounding ground as a whole rigid
body, whereas the tangent behavior is a nonlinear elastic behavior. The nonlinear elastic behavior can
be defined by yield force or yield function.

The graph bellow represents the relative displacement between the 2 bodies and the friction when yield
force is defined. If the relation is defined by a function, more precise results can be obtained.

Traction e

reference height
(+) ultimate shear { at the reference
force height
shear stiffness modulus

at the lower
height

modified shear stiffness modulus

relative displacement

_| ) ultimate shear
force

The pile tip element work as solid-point interface that presents the interactive behavior between the
ground elements and the pile nodes. In the element coordinate system of the pile tip element, behavior
in normal direction is considered as rigid behavior. And behavior in tangent direction is considered as
nonlinear elastic behavior, just like for a pile element.

To define the behavior, the material and properties of pile elements can be entered based on
experimental data, such as Load Test.

For more information about entering parameters of pile elements, refer to [User Manual] Ch4 (General
Material) or Press F1 for [Online Manuall.
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3.2 Definition of Properties

Properties represent physical attributes of the meshes and will be assigned to mesh sets during mesh
generation. While defining ground and structure properties, you should choose the material to be used.

When pile elements are used just like in this tutorial, pile tip bearing capacity and rigidity modulus can be
defined.

Use beam element for structure member of PHC pile which resists to axial, shearing and bending force. It
is possible to verify friction behavior and relative displacement with adjacent ground by defining rigidity
around and at the tip of the pile. Since pile element, same as interface element, does not share node with
adjacent ground, you can easily apply it in 3D model.

Properties for ground mesh sets are defined as below:

> Table. Ground property Name Clay1 Clay2 Banking Silty sand \g)iither(éd Soft rock Structure
Type 3D 3D 3D 3D 3D 3D 3D
Material Clay1 Clay2 Banking Silty sand \r/\éiithered Soft rock Structure

Properties for structure mesh sets are defined as below (stiffness will be automatically calculated when
the section shape is defined)

P Table. Structure Name PHC pile Pile Pile tip
property Type 1D 1D Others
Model type Beam - Pile tip
Material PHC pile Pile -
Section shape PIPE -
Section 500x80 - -
Thickness - 1
Tip bearing Capacity = = 400
Tip Spring Stiffness - - 16000

Chapter 06. 3D Embankment Consolidation | 7
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: [Start modeling]
Section 4 :
Modeling This tutorial focus on 3D geometry and elements generation, consolidation behavior analysis and results

output. Start the tutorial by opening the start file in which basic materials, properties and lines for
generating 3D geometry shapes have already been predefined.

4.1 Modeling Geometry

* m ] : Geometry > Protrude > Extrude

This process creates line/face/solid shapes from lower shapes such as point/edge/face. With lines which
constitute a closed domain, it is also possible to make a solid at once.

Extrude 3D solid of the ground and structures and create dividing surface from the dividing lines to classify
each stratum.

+  Select ground faces (1).

+  Choose the direction to 'Y" and input 120(m] in length.

o+ Click [Apply]. Check generated solid.

+  Select structure faces (1).

+  Choose direction to 'Z’, and input 10(m) in length. Click [Apply].

» Generate
ground/structure solid

o

When selecting object or direction, you can both use Work Tree and select directly in the Work Window.

+  Change [Selection Filter] to ‘Line’, Select dividing lines (7).
+  Select the direction to 'Y" and input 130(m) to length which is big enough to divide solid.

gm
When dividing solid with a face, it is recommended to make the face larger than solid. If the face is
smaller than solid, even if the difference is very small, the separation is not performed.
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» Generate dividing
surface

* & . Geometry > Protrude > Loft

[Loft] is used to create a solid by linearly connecting two separated faces. Generate excavation area for
installing structure with [Loft] function.

gm
Geometries can be shown / hidden from the Work Window by checking/unchecking the checkbox in
Work Tree. To make solid at inner part of the ground, hide unnecessary geometries.

o Select faces (2) of structure and excavation area. Click [OK].
o+ With [Preview] function you can check generated shape.

» Generate excavation
area

Chapter 06. 3D Embankment Consolidation | 9



7

Basic Tutorials Chapter 06. 3D Embankment Consolidation

* @ : Geometry > Divide > Solid

This process separates areas to classify ground strata and banking stages. Use dividing faces created in
the first step to separate the ground solid.

+  Select entire solids (3] for object.
«  Fortool object, select diving faces (7).
+  Click [OK]. Check the separated solids.

» Separate ground

* Fy : Geometry > Surface & Solid > Auto Connect

This process generates shared face automatically after generating 3D geometries. Shared faces must be
created before mesh generation to connect nodes.
+  Select all the generated solid (11), Click [OK].

gm
To prevent the analysis error occurring from unconnected nodes between elements, it is recommended

to verify the generated shared faces. Shared faces can be checked by Geometry > Tools > Check Shape >
Check Geometry > Check Duplicates.

P Check share face

10 | Chapter 06. 3D Embankment Consolidation
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ground where plastic failure occurs according to compressive and shearing deformation. Use Map mesher
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* I : Mesh > Element > Parameters

Change properties for each mesh set and Check. You can generate all the mesh sets in one property first
and change the properties later in [Parameter].

+  Select [3D] tab.

«  Change the properties as shown in the Model Overview (cross-section diagram).

o Select each mesh set, and assign the relevant property.

o Click [Apply] to change the property.
If you select a mesh set in the Work Tree, you can see the material/property of the mesh set in the property
window.

gm
The mesh set will be separated automatically by each solid. Select the mesh set in the model tree and

change the parameter for each mesh set. Also for the construction stage set up, change names of the
mesh set. (You can change the mesh set name in the work tree by pressing [F2] key.)

- i Mesh
..... [V i@ Default Mesh Set 1 —/
..... [ i Weathered rock 2 | —
..... W @ Clayl 3 ||
..... V@ Clay2 4 —/1
..... I Soft rock 5 [
..... [¥ 3 Banking3 6 [
..... I Silty sand 7 —
..... W16 Bankingl 8 —
..... [VIg@ Structure 9 | —
..... [V i@ Silty sand(Excavation) 10 ||
..... [ i@ Silty sand(Structure bott.. 11 | I—
..... [¥ 6 Banking2 12 [E—
..... [# @ Pile-beam element 13 |
..... [/ Pile[Pile-beam element] 14 | —
..... & Pile Tip 15 —
<Change mesh set name>
» Overview(Property of Silty sand Banking 3
each area) R Banking 2
Structureg -
Banking 1
Silty sand R
Clay1
Clay2

Weathered rock

Soft rock
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* i’ : Mesh > Generate > 1D

Create beam elements for piles.
Beam elements are connected with nodes of adjacent ground. But if you use pile (interface] element,
connection needs to be created independently.

+  Select entire pile lines (16) and input 1" in [Division].
+  Choose [PHC pile] property.
+  Name mesh set to 'Pile-beam element'. Select [OK].

» Generate beam element
» »Align beam element
coordinate system

;m

The size and division of the beam elements before generation of pile elements are not important. It is
because the beam element nodes and the ground nodes are automatically connected when the 'Pile
elements’ are generated.

To output result in the element coordinate system, coordinate system of each structure member
element should be aligned in one direction. Otherwise the result on this element will have an opposite.
Element coordinate system can be change in Mesh > element > Parameter. For further information
refer to [User Manual] or [Online Manual (F1)].

-
* 78 : Mesh > Element > Pile/Pile Tip

To simulate the interaction between pile and ground, add pile element. Using the Pile-beam elements
generated in the former step, generate pile elements and pile tip elements.

+  Choose [Pile] tab.

¢+ Select all the generated pile-beam elements (16).
«  Select 'Pile’ property. Click [Apply].

«  Choose [Pile-tip] tab.

+  Select nodes (16) of pile tip as following image.

o+  Select [Pile-tip] property. Select [OK].

Chapter 06. 3D Embankment Consolidation | 13
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» Generate pile/pile tip
element

o

Adjacent ground elements must be created before generating pile elements. For beam elements which

are not connected to the ground it is impossible to generate pile elements to simulate contact surface
behavior.

14 | Chapter 06. 3D Embankment Consolidation
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Check [Consider All Mesh Sets] and name boundary set to ‘Ground boundary'.

as the [Load set] name.
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e

/Consolidation Analysis > Boundary > Constraint
Select the type to ‘Node’ and select entire node of generated pile element. Check ‘Rz'.

Name boundary set to ‘Rotation constraint’. Select [OK].

Put -1 for Gz value. Enter "Self weight
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== : Seepage/Consolidation Analysis > Load > Self Weight

i

* == :Seepage
For boundaries of the entire model, automatically set constraints of left/right/bottom displacements

according to GCS. Constrain rotation in Rz direction to prevent degree of freedom error of pile elements

geometry and the acceleration of gravity. It can be easily set by inputting a scale factor of direction. The
according to torsion

Gravity is calculated automatically by multiplying the inputted unit weight of the ground, the structure
default value of the gravity direction is set.

This process sets boundary conditions against internal deformation or rotation based on GCS.

5.1 Setting Loading Condition
5.2 Setting Boundary Conditions

*

\
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Analysis Setting
» Generate ground
boundary condition

Section 5

\
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» Setting pile rotation
constraint

» Generate draining
condition
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v T .
| Basic | Advanced |auto | y T oW F
T o M. ¥
. R ol T2oTH |
Nome Consvant-6 Tt ¥ Tl I 1L
. ¥ Tee IBPWLL I
Coject w TR LI
Type  [Mode <l ¥ ool litlle B
L J o ML
= ————— ] Wil %
... Seeded 10 O0ecHs) | || ToLliT %l
% TRl ITF &
DOF Symmetric Plane o [T 81TV ell TS
o ITalleT
e Ee Ele w I vz ?OLSTEITIE ¥
Biix Dty Bz | et e ¥l Lial 31T 14
P T 00 sl ¥TL el
Eln, Fa, Bl || e ) gl (1LIel¥ITL &
EIRx EIRY & [ PO 1L $IFITLLAIE
B anti-symmetric o IF TLamH
L W7l [ '
+ PUBI| 1
Boundary Set  Rotation constraint ~ & s FL® 2
= LA I |
== — LI |
L) (| |mGanceis] | ApPY t

« B2 Seepage/Consolidation Analysis > Boundary > Draining Condition

This process sets draining condition for excess pore water pressure. In case no extra drainer is needed,
generally set ‘both-side drainage’ or ‘single-side drainage’ at the clay layer, which has relatively lower
permeability. But in this way ‘complete drainage’ assumption is used, which neglects permeability of other
ground materials around the clay layer. So if you want to consider permeability of the surrounding ground
too, set drainage condition at the surface and at the bottom parts of the model. If the model size (ground
area) is relatively bigger than the interested area, it is possible to set drainage condition at the
left/right/bottom with ground constraint boundary condition. However in this tutorial we will simply set
draining conditions at the surface and bottom sides of the clay layer.

o Select Clay 1, 2 to show only.

»  Setthe type to Face’.

o Select top of ‘Clay1" and bottom of ‘Clay2" as following image.
+  Name the boundary set to ‘Draining condition’.

+  Click [OK]. Check generated draining condition.

Geometry (Line, Face) or element node can be directly selected as object shape. If you select geometry,
boundary condition will be automatically applied to entire element nodes which are in the range of the
selected shape. In other words, the type of object is distinguished only for convenience of selection. The
condition reflected to the model is all same. If you set the solid to select to ‘'show only’, you can easily
select the bedding plane.

Draining Condition
Name  Draining Condition-1
Object
Type  [Face -
Boundary Set  Draining Condition -

16 | Chapter 06. 3D Embankment Consolidation
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* LR : Seepage/Consolidation Analysis > Boundary > Non Consolidation

When performing consolidation analysis, all the solid elements get DOF of the pore water pressure.
Therefore, for elements which ignore consolidation behavior such as concrete structure or elements which
are not directly affected by consolidation, they should be defined as non-consolidation elements.

Although non-consolidation is sometime set to bank materials above water level as loading condition,
however in case of a precise analysis which considers water level change and partial saturation, non-
consolidation should not be set to the lower part of the bank to simulate the water level change. In this
tutorial, set non-consolidation is only used on concrete structure.

After excavation, set ‘backfilling” area and 'structure’ to non-consolidation element so that the area does
not bear excess pore pressure.

«  Select meshes: [Structure, Silty sand (Structure), Silty sand (Backfilling)].
«  Name boundary set as'Non consolidation’. Click [OK].

» Generate non-
consolidation

g/ ]

* o : Seepage/Consolidation Analysis > Boundary > Change Property

Set boundary conditions for mesh sets, of which properties change according to construction stage. When
assigning properties, only one property can be assigned to each mesh set. However [Change property]
boundary condition can be set to simulate the property change of mesh set during the construction.

At [Original Ground] step, the property of excavation part is silty sand, but in the [Install structure & pile
(backfilling]]. Property of this area is changed and this [Change property] boundary needs to be activated.

+  Select mesh set [Silty sand (Structure], Silty sand (Excavation]].
«  Change the property to ‘Structure” and name boundary set to ‘Change property’.

» Generate boundary
condition for changing

property ‘,.“‘_.‘..'J‘._
B ot

Chapter 06. 3D Embankment Consolidation | 17
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5.3 Define Construction Stages
= _ . :
« B9 Seepage/Consolidation Analysis > Construction > Stage Set

Set construction stage to verify results of each stage. For consolidation analysis, you can set ‘time step’ for
each step and verify the result according to time.

Loading time and distribution have large influence on the analysis results. For banking, consider banking
quantity per day to decide number of banking steps and duration of each step. In [Negligence] period after
the banking, set only duration and step number without changing any condition.

In construction stage setting, data once activated will sustain the same status until you choose to
deactivate it. Set water level condition at Stagel. If the water level located at the specific level, you can
simply define it by inputting height.

«  Name construction stage set.

+  Set stage type to [Consolidation]. Click [OK].

+  Click [Define constriction stage] to create construction stage.
o  Construction stages are defined below

» Setting construction Construction Stage Set (=l
stage set Name Construction Stage Set-1
Stage Type [Consolidation <[ modfy |
No Name Type
E Construction Stage Set-1 Consolidation
Close

Stage 1 - Name: Original Ground

«  Activated data-Mesh : [Clay1], [Silty sand(Structure]], [Silty sand(Excavation]], [Silty sand],
[Clay2], [Weathered rock], [Soft rock]

« Activated data-Boundary Condition : [Ground boundary]

« Activated data-Static load : [Self weight]

«  Check [Define Water Level for Globall, and input '36(m]".

+  Check [Clear Displacement].

o Click [Time Stepl. Set both duration and step number to ‘1".

+  Check [Save Results]. Press [Generate step] button and click [0K].

+  Click [Save] and press [New] button to generate next construction stage.

gm
In consolidation analysis linear analysis about initial self weight load is needed. Generally the

stress status of the original ground is within the linear range, so we apply the load at one step.
Therefore define ‘Duration” and ‘Step number” as '1".

18 | Chapter 06. 3D Embankment Consolidation
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Stage 2 - Name : Excavation

«  Deactivated data-Mesh : [Silty sand(Excavation]], [Silty sand(Structure]]
o Click [Time Step]. Set both duration and step number to 1",

+  Check [Save Results]. Press [Generate step] button and click [0K].

o+ Click [Save] and press [New] button to generate next construction stage.

Stage 3 - Name: Install structure and pile (Backfilling)

« Activated data-Mesh : [Silty sand(Excavation)], [Silty sand(Structurel], [Structure], [Pile-beam
element], [Pile tip], [Pile[Pile-beam element]]

+ Activated data-Boundary Condition : [Non consolidation], [Change property], [Draining
condition], [Rotation constraint]

+  Click [Time Step]. Set duration and step number to “10(day)’and’5".

+  Check [Save Results]. Press [Generate step] button and click [0K].

o Click [Save] and press [New] button to generate next construction stage.

Stage 4 - Name : Banking1

« Activated data-Mesh : [Banking1]

o« Click [Time Step]. Set duration and step number to "100(day)'and"10".

+  Check [Save Results]. Press [Generate step] button and click [0K].

o+ Click [Save] and press [New] button to generate next construction stage.

o

Set banking quantity to 3cm per day and set duration of each construction stage (100 days).
Also assign same duration of negligence stage

Stage 5 - Name: Negligence 1

+  Click [Time Step]. Set duration and step number to “100(day)’and"10".

+  Check [Save Results]. Press [Generate step] button and click [0K].

o+ Click [Save] and press [New] button to generate next construction stage.

Stage 6 - Name : Banking 2

+  Activated data-Mesh : [Banking?2]

o+ Click [Time Step]. Set duration and step number to "100(day)’and"10".

o Check [Save Results]. Press [Generate step] button and click [OKI.

o Click [Save] and press [New] button to generate next construction stage.

Stage 7 - Name: Negligence 2

o Click [Time Step]. Set duration and step number to "100(day)'and"10".

+  Check [Save Results]. Press [Generate step] button and click [0K].

o+ Click [Save] and press [New] button to generate next construction stage.

Stage 8 - Name : Banking 3

+  Activated data-Mesh : [Banking3]

+  Click [Time Step]. Set duration and step number to “100(day)’and"10’.

+  Check [Save Results]. Press [Generate step] button and click [0K].

o Click [Save] and press [New] button to generate next construction stage.

Stage 9 - Name: Final (Complete consolidation)

o Click [Time Stepl. Set duration and step number to 2 year (730 days)'and"10’.
o Check [Save Results]. Press [Generate step] button and click [OK]I.

o+ Click [Save] and [Close]
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5.4 Setting Analysis Case

This process sets the model data and analysis method. You can control analysis type and output type in
advanced options. Through result control, it is possible to manage analysis time and file size by plotting
result item you need. In construction analysis, the data for the each stage is set. So [Analysis Case Modell
is deactivated. In [Output Control], check Element Results > Strain to plot relative displacement occurs
from interface behavior between pile element and ground.

Output Control ==

OutputType | Qutput Option

Wirite Results of All Active Mesh Sets
Nodal Results Element Results

Displacement
o
Re
[ Gri
Seepage

Output Option Element Output Location
@ Binary ©) Binary and Text Element Corner Results
Shell Mid-Plane Results

Number of Beam Output Segments

tus
7] seepage

* 2% . Analysis > Analysis Case > General

«  Input name and choose the solution type to ‘Construction stage'.

* In Analysis Control > General tab > Initial stage for stress analysis, set the initial stage to 1:
Original Ground'. Do not check [Apply KO Condition].

«  Check [Automatically Consider Water Pressure] to consider water pressure below water lever
when excavating.

+  Click [0K] to add analysis case.

If you use Ko condition, vertical stress and horizontal stress of initial foundation are calculated by
theoretical static coefficient of earth pressure (K0). When considering nonlinear (Undrained) behavior
characteristic about excavation and load at weakness layer below water level, because it is reasonable
to set initial stress by Poisson’s ratio of each stratum, generally KO condition is not used in consolidation
analysis.

5.5 Perform Analysis

After the analysis is done, the software automatically switches to [Post-Mode] (checking results). To modify
model and option after the analysis, you have to switch back to the [Pre-Model].

* * : Analysis > Analysis > Perform
+  Perform analysis.
gm
During the analysis, you can see the calculation process, whether the results are converged or not,
warnings and errors through the [Output Window].
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You can verify displacement of each construction stage and each time interval. Results of ground
SeCtion 6 deformation, excess pore water pressure, degree of consolidation, deformation of adjacent structure, and
member force of piles can be verified from the [Result Tree]. All the results can be output as contour, table,
Results and graph. In this tutorial, the main result items which need to be checked are as following below.
«  Surface settlement according to time (Time-Settlement Graph)
«  Consolidation according to time (Time-Excess pore water pressure graph)
o  Deformation of adjacent structures according to time
o  Pile surrounding friction according time

6.1 Verify Displacement

Verify by ‘Displacement’ from the work tree after the analysis. TX, TY, TZ signify displacements in X, Y, Z
directions. Settlement according to bank load and consolidation can be checked in 'TZ".

(V)" refers to the result item which can represent both contour and vector at the same time. In GTS NX, it is
possible to show contour/vector simultaneously about displacement and principal stress.

+ Inthe consolidation analysis which is applied by time step, it is important to verify as time passes
whether the settlement, pore water pressure dissipation converges or not. By moving the
simulation bar at the bottom of the work window, it is possible to see the change of settlement at
each construction stage.

[ = 2 & | Level3 Normal) 1E ]

Verify the result at the final (Complete consolidation) stage.

o Select the last stage/last time step in the Work Tree, and select Displacement > TZ
TRANSLATION (V).

+ In Result > General > Deform, it is possible to see unreformed/deformed shape directly in Z
direction. (It is possible to modify degree of deformation by scale at the property window. And you
can view the actual deformation by checking [Actual Deformation] at Result > Show/Hide.)

» Vertical displacement
(Unreformed)

» »Vertical displacement
(Deformed)

o By Result > Advance > Probe, it is possible to verify results on specific nodes and elements.
Select the nodes which you want to see the result by mouse click. It is also used to verify values
and locations of Maximum/Minimum/Absolute Maximum points.

« ByI[Cutting Diag], it is possible to plot settlement diagram of specific line (face).

Chapter 06. 3D Embankment Consolidation | 21
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» Probe = Probe Results =]

' 1 ]

Verify time history result of settlement in each stage and each time step.

o By using Result > Advance > Extract, you can extract tables and draw graphs of results at
selected. In consolidation analysis, since the final settlement is a convergent result after
complete dissipation of excess pore pressure, verification of ‘time - settlement’ graph is needed.
Only checking max/min value in the legend after the analysis is not enough.

«  Select Result > Displacement > TZ, check 'Minimum' to see the maximum settlement (-]. Select
[Table]. By mouse right click in the plotted table, you can plot graph. In Banking stage and
negligence stage, it is possible to verify the increase and convergence of settlement. Also in final
negligence stage, you can see that the settlement increase will converge to ‘0(zero)' as time
passes. Because there is a consolidation time difference according to permeability, you have to
perform repeated analysis by extending negligence duration if the settlement still shows increase

at the final stage.
b Extract Brtract Results = M
{m)
Output Data Sorting Dial
» »Extract table i oring Dizlog
Analysis Set 2 | Excavation:INCR=1 (TIME=1.000e+0 Style Dialog...
- 3 | Install Structure&Pie(Back filing):N [ Show Graph
} } ’ S h ow g ra ph Result Type  |Displacements ~ 4 | Install Structure&Pie(Back filing):IN |G B
[—l' 5 | Instal Structure&Pie(Back filing):N [ Export to Excel
Results EZIRANSLATION (¥), & | Install Structure&Pile(Back filing):N
7 | Install Structure&Pie(Back filing):N
Step: Results & | BankingT:NCR=1 (TINE=2.100e+00
[Z]Foundation:INCR =1 (LOAD =1.000):TZ TRAI 9| Banking1NCR=2 (TINE=3.100e+00

IV EXGVEUHH:INCR:ImME:LUUCIE-H]UCI):'ED
[¥|Install Structure&ile (Back filling):INCR=1 (T
[¥|Install Structure&pile(Back filing):INCR =2 (T
7| Install StructureaPile(Back filing):INCR =3 (T
|| Install Structure&Pile (Back filing):INCR =4 (T
[¥|Install Structure&pPile(Back filing):INCR =5 (T
[#|Banking 1:INCR =1 (TIME=2. 100e+001):TZ 1 ~

Select Al ][ unselectan |

Order

@ Step (@) Node

Nodal Results Extraction
() User Defined

sat [ X [ ¥ |[z ] [Jascending

(@) Maximum | @ Mirimum | () Abs. Max

Only Show Node/Element

Excraction Position in Element | -

‘517%\@\“’\\\\\E\WQQ_\W\H\M\\\\‘\E‘L”um\:\H\H\H\J\m\u”u‘m\HHHH\HIH\HHHHH‘\mgt
Table Cose :
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6.2 Verify Stress

Stress generated at the ground can be verified at ‘Solid Stresses’ in the Work Tree. S-XX, S-YY, S-ZZ are
stress of each direction, and also it is possible to verify excess pore pressure dissipation according to
banking/negligence stage.

» Horizontal Stress of the

ground SYY
» B Diagram of SYY of
each depth

o= figNas

(@ Clipping Plane

Select Solid Stresses > EXCESSIVE PORE STRESS at the stage right after 3 layer banking in the
Work Tree.
You can verify inner distribution chart of the ground by View advanced Toolbar > Clipping Plane.

50LID STRESS
EX PORE STRESS , kijrm 2
+2,702146+000

Verify history of excess pore pressure dissipation of each construction stage and each time step.

» Extract result
» »Extract graph
» > » Show graph

In consolidation, settlement and excess pore pressure dissipation are important items for
calculating construction period. To figure out time where consolidation is completed, verify
distribution of excess pore pressure according to time.

Select Results Tree > Solid Stresses > EXCESSIVE PORE STRESS to verify history of excess pore
pressure dissipation. Choose element (18149 in the tutorial] where excessive pore pressure
concentration occurs because of surface load. Input the element ID and press [Table] button. By
mouse right click in the plotted table, you can plot graph. After the banking, excess pore pressure
increases. In negligence stage, you can figure out dissipation tendency according to time. And
from the graph, you can reset construction/negligence duration to obtain the target degree of
consolidation. Consolidation time is different when ground permeability changes. Therefore, if at
the last stage the excess pore pressure does not converge to ‘0(zerol’, you have to either reset
duration of negligence stage or review whether accelerating consolidation method is applied or
not.

Extract Results == Elem: 18149

Output Data

nalvss 5= Excavation:INCR=1 (TIME=1.000e+0

ResultType | Soid Stresses -] Install filing}:N

1
2
3
4 [ Install fillng):IN
Results EXCESSIVE PORE STRESS - | = [instal Tling) N
6
7

Sorting Dizlog
Style Dialog
Show Graph

Export to Excel

Install filingJ:IN
Install StructureaPile(Back filing)N

@
i
|
E
&
7

Foundation:INCR=1 (LOAD=1,000):EXCESS
(T

Install Structure:
Install Stru ]
Install Structure&Pile(Back filing):INCR =3 (1
Install Structure&Pile(Back filing):INCR =4 (T
Install Structure&Pile(Back filing):INCR =5 (1
Barking 1:INCR =1 (TIME =2. 100e-+001):EXC ~

{Back fllng):NCR =1 (1|
INCR=2 {1

CREEEEEE

select All ][ unselectal |

Order

@ step ©) Element

Element Result Extraction
@ User Defined

IR A S G

18149

sort [z Eascendng

@ Maximum (&) Minimum () Abs. Mac

Only Show Node fElement

Extraction Position in Element |Center - .
-
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6.3 Verify Effect of Adjacent structure

As the 'Total translation (V]' at the final stage shows as below, there is concentration of displacement at
weak layer because of banking. Therefore there is also horizontal displacement at adjacent structure.

N

A

Verify horizontal displacement generated at the adjacent structure as the consolidation progresses and
member force on bottom pile elements. Use [Extract] function to plot displacement of X direction about
time at the node (32962) at the top of the structure. You observe that it has a similar tendency as
settlement graph. And the maximum horizontal displacement is 20cm.

» Extract result Extract Resuits =]

QOutput Data
» » Show graph Analyssset 1 <]

Result Type  |Displacements -

Step: Results

Foundation:INCR=1 {LOAD=1.000):TX TRAI »
Excavation:INCR=1 mME:l.UUUE-HJUU):T!I:I
Install StructuresPile(Back filing):INCR=1 (T
Install Structure&Pile(Badk filing):INCR=2 (T
Install Structure&Pile(Back filing):INCR=3 (T
Install StructuresPile(Back filing):INCR=4 (T
Install Structure&Pile(Back filing):INCR=5 (T g
Banking L:INCR=1 (TIME=2. 100e+001):TX 1 ~ ]

KEEEEEEE

Select Al J[ unselectr |

Order

© step ©) Node

Modal Results Extraction
1@ User Defined

Sort E] E [] Ascending

() Maximum ) Minimum ) Abs. Max ey

Only Show Node/Element

Extraction Position in Element

OSRD 3 AR A AR RN AR RNARRRRARRRRY RS ARARRN AR ARRARYAN AR RN 115
Table Close -

Verify friction and displacement of pile element.

From pile element result, it is possible to verify friction with ground and displacement in the tangent
direction and two normal directions. By showing relation of 'Displacement of each stage-friction’ by
diagram, you can review ultimate bearing capacity of pile is generated or not.
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+  Verify tangent direction friction between pile and ground by selecting Pile Forces > TANGENTIAL
X of final stage at Work Tree. As a result bank loading, negligence step, and adjacent structure
up/down displacement during consolidation friction is generated.

» Tangent line friction of
pile

» Extract result Baract Resuls =

Output Data
» » Show graph mmsset L <]

ResultType  |Pile Force -

Step: Resuts

Install Structure&Pile(Back filing):INCR=1 (T ~
Install Structure&pile(Back filing):INCR =2 UD
Install Structure&Pile(Back filing):INCR =3 (T
Install Structure&Pile(Back filing):INCR =4 (T
Install Structure&Pile(Back filing):INCR =5 (T
Banking 1:INCR=1 {TIME=2. 100e+00 1):TAK
Banking 1:INCR=2 (TIME=3. 100e+00 1):TAN
Banking L:INCR=3 {TIME=4, 100e-+00 1}:TAN ™

SelectAl | [ Unseectal | <]

]

Order P
@ step ) Element ] T Negative skin friction

Element Result Extraction |

@ User Defined
23544

Sort E [7] Ascending b

(© Maximum () Minimum  (©) Abs. Max

["] only Show Node/Element

Extraction Position in Element | Node 1 e

: —
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