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Bearing Behavior of a Piled Raft
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Interaction influences:
« Pile-Soll interaction
« Pile-Pile interaction
« Raft-Soll interaction
« Pile-Raft interaction




Pile Modeling in GTS NX

Three pile modeling approaches are available:
» Solid Element Model
 Beam-Solid Connectivity Model

» Line-to-Solid Interface Model (embedded pile)




Solid Element Model

Soil (solid) + Pile (solid) + Interface (surface)

Nodal connectivity is required on pile outer surface




Solid Element Model

Surface interface elements for solid-to-solid connection:

(a) topology (b) displacements

Points of attention for solid element models:

Model definition and mesh-generation could be elaborative for large number of piles
Many elements in model = large computation times
Pile forces and moments are not directly available in post-processing

Interface behavior: elastic, nonlinear elastic, coulomb friction, and user-supplied material




Beam-Solid Connectivity Model -

I

Model = Soil (solid) + Pile (beam) + Interface (line)

Nodal connectivity is required along pile length




Beam-Solid Connectivity Model

Line interface elements for beam-to-solid connection:
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(a) topology (b) displacements

Points of attention for beam-solid element models:

* The nodal compatibility requirement makes geometry modeling and
meshing of the soil elaborative.

» For piled rafts with large number of piles, this technique produces
large models = large computation times




Line-to-Solid Interface Model

Model = Soil (solid) + Pile (heam) + Interface (line-to-solid)

No nodal connectivity required. => well-suited for PR

Sadek & Shahrour (2004):
A three dimensional embedded beam element for reinforced geomaterials
Shear interaction between beam element and surrounding soil.




Line-to-Solid Interface Model

Line-to-solid interface elements for beam-to-solid connection:

L, LR

Elementary
coordinate

Characteristics of line-to-solid interface modeling
» Pile and soil geometries and meshes can be specified independently
» Intersections of line and solid elements are calculated automatically

» Nonlinear friction-slip properties for line-solid interface elements

» Mesh refinement requirements for the soil are minimum
- reduced computation time




Point-to-Solid Interface Model

Axis of pile tip bearing

O Pile tip sping
Model = Soil (solid) + Pile (beam) + Interface (point-to-solid)
Characteristics of point-to-solid interface modeling

* The pile tip can be arbitrarily placed in the solid element automatically

* Nonlinear properties for point-solid interface elements




Line-to-Solid Interface Elements

Pile bearing capacity is an input and not a result of FEM calculation.
— To check global pile response from soil modelling and pile-soil interaction
(Displacements, bending moments, axial forces, shaft friction, tip force, etc.)

[ Pile/Pile Tip Element =]

pile Pile Tip
Element ID
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[ Pile/Pile Tip Element

Pile Pile Tip

Element ID
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Property

Create/Modify Other Property
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Pile Element Parameters

Shaft friction force 4 In put pa rameters:
per unit length of pile

* Ultimate shear force, q, [kN/m]
per unit length of the pile, at reference depth.

« Shear Stiffness Modulus, K, [kPa]
_ Ultimate shear force, Linear elastic penalty stiffness of the interface
" qa, in the longitudinal direction of the pile.

* Normal Stiffness Modulus, K ,K, [kPa]
. Linear elastic penalty stiffness of the

Relative Slip interface in the transversal direction.
displacement

These input parameters are best extracted from
SLT results after separating shaft friction and
base bearing behavior from the total response

Pile bearing capacity is input in pile elements and not a result of the calculation!

=> Deformation behavior




Pile Element Parameters

Specified bearing capacity

Displacement

Skin tractions

t. = qJ/length = k. * (Au) = q,

t, = g,/length = k,, * (Au)

t. = g/length = k; * (Au)

Tau /1

I\
o o
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Pile beam properties
Cross section properties
Length

Material properties (e.g. Concrete)

Relative
displacement

Base (tip) bearing capacity

Ay = Kp, * (AU) S gy

Tip
capacity
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Pile Element Parameters@

o

Because the pile size, length, neighboring ground material properties all affect the pile element parameters, it is
ideal to use the results of a loading test.

However, if there are no test results, the Ultimate Shaft Resistance, Lateral Subgrade Reaction Modulus and End
Bearing Capacity of a pile can be calculated using the formulas proposed by the design code and the neighboring
ground parameters (unit weight, cohesion, friction angle etc.).

1. Using loading test results

For example, if a load of 1000kN was found before failure from the pile loading test and the pile length was 10m,
the Ultimate shear force is [1000kN/10m/1m] = 100kN/m?2. Here, the 1m is the unit length of the input pile element
thickness. The Shear stiffness modulus is the slope of the linear section on the relationship graph with relative
displacement until the 1000kN load is applied. If we assume that the relative displacement at 1000kN is 0.01m, the
Shear stiffness modulus becomes [100kN/m?2 / 0.01m] = 10000kN/m3.

2. Using the Ultimate Shaft Resistance results

For each design code, various formulas are suggested to predict the Ultimate bearing capacity of a pile according
to ground and pile section properties. For example, if the calculated Ultimate shaft resistance is 50kN/m? and the
Shaft surface area of the pile(equivalent circumference) is 3m, input 50kN/m? for the Ultimate shear force and 3m
for the Pile element thickness respectively, or input 150kN/m? for the Ultimate shear force and the unit length of the
Pile element thickness 1m. The Pile element length is automatically taken into account.

Because the load-relative displacement has no relationship, if the allowable settlement is assumed to occur at the
Ultimate bearing capacity, the Shear stiffness modulus applied to the analysis can be inferred with reference to the
allowable settlement. If the allowable settlement is 0.025m for the example above, the Shear stiffness modulus is
[150kN/m? / 0.025m] = 6000kN/m3. If the Pile element thickness is 3m, entering [50kN/m? / 0.025m] = 2000kN/m3
still gives the same results. However, if a different numerical value from the unit length is input for the Pile element
thickness, be aware that the same Normal stiffness modulus is equally applied.




Pile Modelling in GTS NX

Lateral behaviour Lateral behaviour

Type L DEEVIAT (Pile head loading) (Horizontal soil displacement)

Modelling approach Pile group Single pile Pile group Single pile Pile group Single pile
Solid elements A A A A A A

Pile elements A A C C B B

A : The best modelling choice for the correspondent application
B : Reasonable modelling

C : First order approximation

Limitations of pile elements
Pile elements have capabilities for lateral loading behaviour in case of rough pile-soil contact
(full bonding) and small soil displacements.
When using ‘standard’ mesh around pile elements (no local refinement), stiffness and lateral
capacity are over-estimated.
The pile diameter determines the size of the elastic zone in the soil around the pile in which
plastic soil behaviour is excluded. By considering this in the modelling, it makes the pile
elements behave almost like a solid elements.




Verification

Single pile analysis of the Alzey Bridge pile loading test

The pile load test was conducted by Sommer & Hammabach in 1974 to optimize the foundation
design of Alzey Highway Bridge in Germany (El-Mossallamy 1999)

Alzey bridge File-Load test after EL-Massallamy {199) Measured behavior
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Verification

Single pile analysis of the Alzey Bridge pile loading test
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00 Overview

Procedure

* This tutorial demonstrates some of
the support systems by modelling a
piled raft foundation.

* It is possible to review in detail the
stress distributions on cross-sections,

which is not possible in 2D models.

* The evaluation of the soil-structure
behavior is done by using pile
elements, not by simple beam

elements.

* Also, pile elements are perfect for

evaluating the soil-structure behavior

because it can consider the influence
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0 1 Material & Property

[unit : KN, m]
Name Clay

Material Isotropic

Model Type Mohr-Coulomb

Elastic Modulus(E) [kN/m?]

Poisson’s Ratio(v)

Unit Weight(y) [kN/m?3]

Unit Weight(y,,,) [kN/m3]

Ko

Cohesion(c) [kN/m?]

Frictional Angle(®) [deg]

Dilatancy Angle(®) [deg]

Tensile Strength [kN/m?]




0 1 Material & Property

Structure [unit : kKN, m]

Name Raft Pile

Material Isotropic Isotropic

Model Type Elastic Elastic

Elastic Modulus (E) [kN/m?] 3.5e+07 3.5e+07
Poisson’s Ratio (v) 0.2 0.2
Unit Weight (y) [kN/m3] 25 25

Element Type Shell
Thickness [m] 0.5

Diameter [m] -

[unit : KN, m]
Model Type Pile
Ultimate Shear Force [kN/m?] 100
Shear Stiffness Modulus (Kt) [kN/m3] 5e+03
Normal Stiffness Modulus (Kn) [kN/m?3] 5e+04
Tip Bearing Capacity [kN] 100
Tip Spring Stiffness [kN/m] 5e+04




2 Geometry Modelling

Procedure °

Start the tutorial by opening the Exercise 3(3D) v @® = mE-

start file in which basic materials : Name Date modified Type
g]l 3D Piled Raft Foundation_start.gts 2/14/2020 11:25 AM GTS NX Do
and properties have already been Quick access  €4/2, 3D Piled Raft Foundation_geometry.gts 2/14/2020 5:31 PM GTS NX Do
- €2/3. 3D Piled Raft Foundation_mesh.gts 2/14/2020 6:54 PM GTS NX Do
ﬂﬁn 3D Piled Raft Foundation_analysis.gts 2/14/2020 6:54 PM GTS NX Do

Read Result File

predefined.

File > Open i

Libraries
- Select “1. 3D Piled Raft ‘ Analysis Case  Solution Type Results

=

Foundation_start.gts’ his C

- Open ﬂ

e

[Model Information]
Elem: 0

< Node: 0

File name 1. 3D Piled Raft Foundation_start.gts

Files of type: GTS NX Files(" gts)




0 2 Geometry Modelling

In GTS NX, 2 types of coordinate system are used: Global coordinate system (GCS) and Work plane coordinate system
(WCS). GCS is a fixed coordinate system indicated in red(X-axis), green(Y-axis), and blue (Z-axis) colors at the right
bottom corner on the screen. WCS is a coordinate system which locates at center of the working window and moves with the
work plane. So if the work plane changes, WCS will also change. 3D absolute coordinates are necessary to locate geometry
in the space, but practically relative coordinates are commonly used, for example to indicate length. You can process

modeling by inputting 2D coordinates (XY plane in WCS) after moving the work plane to proper location.

Keep in mind that in case of inputting direction for extruding geometry or defining load/boundary conditions, it always follows

Global coordinate system.

~ AllGeometries(®)  ~ | [ [ =

oS
Workplane Coodinate System

GCS ‘g

Global Coodinate System




0 2 Geometry Modelling

Procedure °

Create a rectangle for raft and

Rectangle &%y | £, ~| Basic = Al Geometries | ~

2D
points for pile head.

Geometry > Point & Curve > D Q

Rectangle Input Diagonally Opposite Corner
- Double click ‘Work-Tree > Location |

Work Plane > XY(0,0,1)’ Method | REL dx, dy

- Location: (-6,-6) <12,12> ‘ [Jmake Face

-OK

Geometry Set |Geometr‘,r Set-1

& Cancel

Geometry > Point & Curve > e Point | L - |[omse N i
Point ~

- Tabular Input tab

Create Tabular Input

. X | Y
- Read From File... 400 400

-4.00 0.00
-4.00 4.00
0.00 -4.00
0.00 0.00
0.00 4.00
4.00 -4.00
4.00 0.00

- ‘Location of Piles.txt’

():‘ABS x,y
<>:‘REL dx, dy’ Read From File...

Geometry Set |Geometry Set-1 w |

=4 Cancel Apply




02 Geometry Modelling

Procedure °

Create lines for pile and ground

solid.

Geometry > Protrude > Extrude
- Extrude tab

- Selection filter: Point (V)

- Select: 9 points (pile head)

- Direction: Z-axis

- Reverse Direction: Check on

- Length: 15

- Geometry Set: Pile

-OK

Geometry > Surface & Solid >
Box

- Origin Point: -60,-60,-30

- Width X: 120

- Width Y: 120

- Height: 30

- Geometry Set: Ground

-OK

Protrude

Extrude Rewolve Loft Sweep

[ Selected 9 Target Object(s)

Direction

-® | =i Direction Selected

O 2 Points Vector x® N'd

O Mormal of Profile(s)

Reverse Direction

Method

® tonh

) Unil Bl sclect Tool Surface(s)
Imprint

Make Solid

[[]Extend Geometry
Fuse Cut

E Select Base Shape

Geometry Set |F’|Ial ~ | lzl

(=@ ma] [0k ][ cancet | [ Appy |

Box X

3D

Origin Pt. [OF] -60,—60,—30|

Width X [WX] 120|

Width Y [WY] 120|

Height [H] 30|

[« Make Solid Owcs

Geometry Set |Ground v | |I|

[0 ] cancel | apply

12424

|~@||3& .ﬁ‘ Basic "

ST Y



02 Geometry Modelling TS

Procedure °

Project pile location and the raft

Imprint B T RS e
Point  Curve Imprint Auto

Geometry > Surface & Solid > = ool Object(s)

Direction

area on the top surface of solid.

Imprint
- Point tab
- Select Target: Top Surface

O A Select Tool Direction
()2 Points Vector X ¥ z

0,0,0

- Select Tool: 9 points for piles
- Select: Direction of Shortest
Path Line

- Apply

[] connect Two Paints by Line

=

Imprint TR Ml oo -] - [ oR = R R R R
- Curve tab

- Select Target: Top Surface SR Curve

- Select Tool: 4 edges for raft
- Select: Direction of Shortest

Path Line Direction
-0OK ON | Selact Tool Direction
O 2 Points Vector X Y z

0,0,0

(@) Direction of Shortest Path Line




03 Mesh Generation

Size Control

Procedure °

Specify size of elements for the .
Point Edge  Custom

raft foundation and generate
= Selected 4 Object(s)

E Select Reversed Object(s)

ground mesh.

Method |Intenral Length

Mesh > Control > Size Ctrl.

-Edge ta R —

- View Toolbar: Top

HName |Edge Size Control |

@@ [T cancel || avpy

- Select: 4 edges for the raft

foundation

- Method: Interval Length

- Mesh Size: 1
- OK Generate mesh(Solid)

Auto-Solid  Map-Solid 2D->3D h&_!]ﬁ) & - Basic ~ Al Geometries | T

Mesh > Generate > 3D
= Selected 1 Object(s)
- Auto-Solid tab Size Method
- Select: Ground (Solid) @size
10

- Size: 10 () Division

O Automatic

0
i
'A‘Q{V
L

)
K
:
N

- Property: 1: Clay
- Mesh Set: Ground

- OK |Defaull Tetra Mesher

KN
DX
N

More

Match Adjacent Faces

Property

1] 1: Clay
Mesh Set |Ground v |

@@ [Toc ] concel || apoly |[>> ]|




3 Mesh Generation

"@l% G~ | Basic ~ Al Geometries ( ~

Procedure
° Extract Element

Generate mesh for the raft Geometry Mesh

foundation and piles. Type | Face

| == Selected 1 Object(s)

- Show only the geometry solid (] skip Duplicated Faces

for Ground Orientation (Element Z-Axis)
Beta Angle: 90 [deqg]

- Select it and right click to select

Froperty

‘Display Mode > Line Only’ 2: Raft

Mesh > Element > Extract Mesh Set
_ Geometry tab |:| Register Based-on Object Shape
[ ] register Based-on Owner Shape

- Type: Face Register Based-on Owner Mesh Set

- Select: 1 surface for the raft [Raft

foundation 2 cancel || Apply
- Property: 2: Raft Generate mesh(Edge) X * Al Geometres ( 7
- Mesh Set: Raft :
-OK

Auto-Edge

| b Selected 9 Object(s)

Size Method

@ Mesh > Generate > 1D (Osize @ ivision <

- Show geometry lines for plle Orientation (Element Z-Axis)

- Select: all lines [Beta Angle: 50 [deq] &

- Division: 1
- Property: 3: Pile Property

- Mesh Set: Pile 3: Ple

-OK Mesh Set |Pi|t—.1 v

=== e Cancel >




03 Mesh Generation

Procedure °

Generate mesh for the pile

interface and pile tip.

Mesh > Element > Pile/Pile Tip
- Pile tab

- Select: all Pile elements

- Property: 4: Pile Interface

- Mesh Set: Pile Interface

- Apply

- Pile Tip tab

- View Toolbar: Front

- Select: all bottom nodes of
Pile elements (as shown in the
figure)

- Property: 5: Pile Tip

- Mesh Set: Pile Tip

- OK

Pile/Pile Tip Element

File  Pile Tip

Element |

13400 |

| o] Selected 9 Object(s)

Property

4: Pile Interface

~ || HE

Mesh Set |Pi|e Interface

v

| oK

Cancel

Pile/Pile Tip Element

File Pile Tip

Element |

13?24|

| b Selected 9 Object(s)

Froperty

D 5: Pile Tip

~ || HE

Mesh Set  |Pile Tip

R

2 | Cancel

Apply

"@l% _6__“' Element (T)

P83y | £ | Noden

1D Elem

Ry R S




03 Mesh Generation

The behavior of pile elements can be divided into a normal behavior and a tangential behavior. First, the normal behavior
between the pile and the surrounding ground is considered as fixed and rigid, whereas the tangential behavior is a nonlinear
elastic behavior. The nonlinear elastic behavior is divided into the yield force and the yield function assigned.

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, the relation between relative displacement and friction can be defined more precisely.

Traction
at the upper

reference height

(+) ultimate shear at the reference
force height

shear stiffness modulus

at the lower
reference height

modified shear stiffness modulus

relative displacement

(-) ultimate shear
force

The Pile tip element works as solid-point interface that presents the relative behavior between the ground elements and pile
node. In the element coordinate system of the pile tip element regard the normal direction behavior toward the element as
rigid behavior just like a pile behavior. And, regard the tangent direction behavior as nonlinear elastic behavior.

To define the behavior, the material and property of a pile element can be entered based on test data, such as Load Test.

For more information about entering parameters of pile element, look up [User Manual] Ch4 (General Material) or Select F1
for [Online Manual].




3 Mesh Generation

Procedure .
° Node Control X &% | £, 7| Nodemw

Merge nodes between raft and . . ,
Create Delete Merge Project Align  Modify

pile head.

Selected Nodes

| = Selected 18 Object(s)

Mesh > Node > Merge

Tolerance | 1e—005| E Find

- Merge tab
Base Node Smallest ID L st ID
- Select: all nodes for raft and @ smale Otarge
i Merge Nodes at Center Location

lies
P [slink Mark
- Click: Find

- OK

Mesh Set Manual Node

=& 0 oK Cancel




Pile connection

In the case of the pile connection point coinciding with pile cap elements, the connection behaviour
is as follows:

1. Free (Mesh > Element > Pile)

The connection point is free to move and rotate relative to the
surrounding soil and the pile cap element. The pile interacts with the
surrounding soil and the pile cap elements only through the pile
interface elements. Note that the pile cap elements are not free to
move and rotate relative to the surrounding soil.

2. Rigid (Mesh > Node > Merge) FIXED END

(supports moment)

The displacement and rotation at the pile connection point are both
coupled with the displacement and rotation of the pile cap and/or soil HINGE
element in which the pile top is located.

3. Hinged (Mesh > Element > Parameters > Beam End Release)

with the displacement of the pile cap element and/or the surrounding
soil in which the pile connection point is located, which means that

they undergo exactly the same displacement. lexler

(zero moment at the hinge)

|
The displacement at the connection point of the pile is directly coupled |
I




04 Load & Boundary Conditions

Procedure °

Assign boundary conditions to the
external boundary of the model

and piles.

Static/Slope Analysis >
Boundary > Constraint

- Show all mesh sets

- Auto tab

- Boundary Set: Ground support

- Apply

- Advanced tab

- Show only ‘Pile’ mesh set
- Object Type: Node

- Select: all nodes of Pile
elements

- DOF: Rz

- Boundary Set: Pile

Axial rotation constraints to
prevent the degree of freedom
errors for torsion of beam
elements

Constraint

Basic Advanced Auto

Name |Constraint—1

B Select Ohject(s)

Consider All Mesh Sets

Boundary Set |Gr0und support

szl | Cancel

% | 5 - s

~ Al Geometries | ~

Constraint

Basic Advanced Auto

Mame |Constraint—6

Object
Type Node

| o] Selected 126 Object(s)

DOF Symmetric Plane

= 1y 1z XY
Fir 4

[Jrx [ry [Arz

YZ

[] Anti-Symmetric

Boundary Set |Pi|e

R

| Cancel

Apply

€

“@Fﬁ‘, _6__, - | Basic

All Geometries { 7
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Al Geometries |

NRIAR
54_»»_._2.
\ A

% | 5 - s
\'@H) S_;_,' Basic

<

0 kh/mz2
0 kh/mz2
0 kh/mz2

Global Rectangular -~
Global Rectangular -

Coordinate
Axisymmetric
2D Element
Selected 322 Object(s)
X

|Gra\r|ty‘-1
|Se|fwe|ght
|Pressur&l
|Surface load

Face

MName
Reference Object
Type
Ref. CSys
Components
Spatial Distribution
Base Function |MNone
MName
Type
Direction
Ref. CSys
Magnitude
Uniformly Distributed Loac
Base Function |None

Load Set
Pressure
Edge
Load Set

Normal

Procedure
Create self weight and a surface
load of the raft foundation.
- Show only ‘Raft’ mesh set
- Object Type: 2D Element
- Select: all elements of Raft
- Load Set: Surface load

- Show all mesh sets

-Gz: 1
- Load Set: Self weight

-OK
- P or P1: 30 kN/m?

Self Weight
- Face tab
- Direction Type:

€@ static/Slope Analysis > Load >
Pressure

(1) Static/Slope Analysis > Load >

04 Load & Boundary Conditions




5 Define Construction Stages

Procedure °

Define a construction stage of the
piled raft foundation.

Static/Slope Analysis >
Construction Stage > Stage Set
- Stage Type: Stress

- Add

- Double click the ‘Construction
Stage Set-1’

- Stage Name: Initial phase

- Select mesh, boundary and load
sets, and drag & drop them into
Activated Data from Set Data. (as
shown in the figure)

- Show Data: Activate

- Define Water Level for Global:
Check on ‘-3m’

- Clear Displacement: Check on
- Save

Construction Stage Set

Name Construction Stage Set-2

Add

Stage Type  Stress

Modify

No Name
1 Construction Stage Set-1

Type Copy

Stress Delete

Define CS...

T | All Geometries | ¥

Y

(AR

e
Q'IV

5
k
|

\/

h
(
q

s

AN

.

A
/

| L'i
\
.

Define Construction Stage
Construction Stage Set Name

Stage ID 1: Initial phase

Construction Stage Set-1

2 Move to Previous

Stage Mame Initial phase

News

Stage Type Stress

Set Data

Activated Data

Move to Next

Insert Delete

Deactivated Data

= @ Mesh
@ Default Mesh Set
.- Ground
@ Pile
- Pile Interface[Pile]
@ Pile Tip
.- Raft
- &5 Boundary Condition
&6 Ground support
.56 Pile
=&k Static Load

& Selfweight

sk Surface load
-2 Contact

= @ Mesh
--@ Ground
=58 Boundary Condition
5% Ground support
o &k Static Load
-3k Selfweight
--2& Contact

@ Mesh

2§ Boundary Condition
£k Static Load

* & Contact

D Analysis Control...
D Output Control...

Initial Condition
Define Water Level For Global

["]pefine water Level For Mesh Set

Input Water Level...

O IS
Clear Displacement
[slope Stability(SRM)




5 Define Construction Stages

Procedure °

o - New
- Stage Name: Piled raft
- Select mesh and boundary sets,
and drag & drop them into
Activated Data from Set Data. (as
shown in the figure)
- Clear Displacement: Check on
- Save

Define Construction Stage
Construction Stage Set Name

Stage ID 2: Piled raft

Construction Stage Set-1

S
M= Move to Previous

Stage Mame Piled raft

New

Stage Type Stress

Set Data

Activated Data

Move to Next

Insert Delete

Deactivated Data

=8 Mesh

@ Pile

.- Pile Interface[Pile]
@ Pile Tip

- Raft

-- &8 Boundary Condition
58 Ground support
..&6 Pile

- &b Static Load

-8l Selfweight
“.3k Surface load

2 Contact

=8 Mesh
& Pile
& Pile Interface[Pile]
.- Pile Tip
-6 Raft
-85 Boundary Condition
5 Pile
-8l Static Load
--2& Contact

@ Mesh
&8 Boundary Condition
sl Static Load

.2 Contact

\'@H) S_;_, ~ | Basic

i
%
i
Y

\/
N
N
N
il

)

0

A
K
4
A

N

D Analysis Control...
D Qutput Control...
Initial Condition
[]pefine water Level For Global
0| m Hone ~
[Jpefine water Level For Mesh Set

Input Water Level...

O LDF...
Clear Displacement
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5 Define Construction Stages

Procedure °

o - New
- Stage Name: Surface load
- Select load set, and drag & drop
them into Activated Data from Set
Data. (as shown in the figure)
- Save

Define Construction Stage

Construction Stage Set Name Construction Stage Set-1

Stage ID 3: Surface load

S
M= Move to Previous

Stage Mame Surface load

New

Stage Type Stress

Set Data

Activated Data

Move to Next

Insert Delete

Deactivated Data

=8 Mesh

@ Pile

.- Pile Interface[Pile]
@ Pile Tip

- Raft

-- &8 Boundary Condition
58 Ground support
..&6 Pile

- &b Static Load

-8l Selfweight
“.3k Surface load

2 Contact

-8 Mesh
5% Boundary Condition
o &k Static Load
-8k Surface load
--2& Contact

@ Mesh
&8 Boundary Condition
sl Static Load

.2 Contact
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6 Analysis Setting

Procedure °

Analysis > Analysis Case >
General
- Title: Piled raft foundation
- Solution Type: Construction
Stage
- Analysis Control
- Initial Stage for Stress Analysis:
Check on
Initial Stage: 1:Initial phase
Apply KO Condition: Check on
OK
Output Control
Strain: Check on
OK
OK

Analysis > Analysis > Perform
- Analysis Case: Check on
-OK

Add/Modify Analysis Case

Analysis Case Setting

Title ‘Piled raft foundation

Description ‘

Analysis Control

Solution Type Construction Stage

Construction Stage Set

Analysis Case Model
All Sets

Construction Stage Set-1

Output Control

Active Sets

Output Control
Output Type  Qutput Option

[l write Results of All Active Mesh Sets
Nodal Results

Displacement Mesh Set.
pplied Load Mesh Set.
eaction Force Mesh Set...

[CJrid Point Force Mesh Set...
cepage Mesh Set...

[] Temperature Mesh Set...

[Jvelocity Mesh Set...

Element Results

Force Mesh Set...
Mesh Set...

[ Acceleration Mesh Set...

Output Option
(@ Binary (C)Binary and Text

Relative Results

Element Output Location
Element Corner Results

hell Mid-Plane Results

Number of Beam Output

Mesh Set...
Mesh Set...
Mesh Set...
Heat Flux/Grad. Mesh Set...
[Jouctility Mesh Set...

X

Cancel

S
8

GTS NX Solver

I

| Type

Piled raft foundation

Check On/off

Construction Stage

Cancel

Analysis Control

General Nonlinear Age

Water Pressure

[ Automatically Consider Water Pressure

Initial Stage
Tnitial Stage for Stress Analysis
[~] Apply Ko Condition

1:Initial phase

[] cut-0ff Negative Effective Pressure

Initial Stress
[JEstimate mitial Stress of Activated Elements

Final Calculation Stage

(@) End Stage () Middle Stage 1:Initial phase

Specify Restart Stage
Restart Option
(@) Save only User Specified Stages
(") Save All Stages

Initial Temperature

[Jmitial Temperature By Value

[Jmitial Temperature By Load Set

Saturation Effects

[Jconsider Partially Saturated Effects for Stress Analysis

Mazx. Negative Pore Pressure

[] Max. Negative Pore Pressure Limit l:l kM/m2

Initial Configuration
[ ]Estimate nitial Configuration of Activated Nodes




7 Results

8% | £, -] None @

Procedure ° Properties

Deform

0 Surface load > Displacement > Defoo
Shape Type Undeformed

TOTAL TRANSLATION (V) Direction XYZ Drrection

Factor 1)

[] Actual Deformation False
Undeformed Shape

Line Color B 505050

Frinage Line Width )
g [] Dotted line False

Result > General > Deform: e
Line Color B 505050

Undeformed line Width 1
V' | Undeformed

- Properties: Deform Deformed

Result > Show/Hide > Actual Deformed-+Undeformed (Wire)
Deformed+Undeformed (Feature)
(
(

Result > General > Smooth:

Deformation Deformed+Undeformed (Shading)

Deformed+Undeformed (Transparent)

wad, INCR=1 {LOAD=1.000), [UMIT] K, m

Result > Advanced > Probe & Probe Results X [ | £+ Nodem

Entity Type Color Value Tag Type

@ Node Tag Color l:l b [ Exponental

Decimal Point = -

- Min Oelement  Text color [ I ~ 4=

- Max

Results

Show ‘ Type ‘ D ‘
Node 1917 Max: 0.0241
Node 1702 Min: 0.0000

Min: 0.0000

Max m Abs Max Clear All

DMin{Max Value of Each Part Close

wad, INCR=1(LOAD=1,000), [LMIT] ki, m




0 7 Results

Procedure °

o Advanced View Control: Clipping
Plane
- Define Plane
-X:0m
- Add
-Y: 0 m (Reverse)
- Add
- Close
- Always Show edges: Check off
- Plane Composite: Union
- Close

Surface load > Beam Element
Forces > AXIAL FORCE
(The axial force, as expected,

decreases with depth into the
pile.)

Result > General > No Results:

Exclude

Clip & Slice Plane

[v]x
[y

Options

[ bisplay Capped Part
[ pisplay Mesh Shape on Flane
[JAlways Show edges
[Jrlane color

Plane Compaosite Union

Define Plane

Name |‘f

Plane Direction

Ox (O Oz

(O3points (D2 points () Element Face

[ om

Distance

[ Ipegree

Axis
B Selegt Axis

Location

2 Points Vector X Y

Min

Max

Zero
Exclude
Wireframe

Feature Edge

Shading (Wireframe)
Shading (Feature Edge)

wad, INCR=1(LOAD=1,000), [LMIT] ki, m
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7 Results

Procedure
° B % | £ None o)

o Surface load > Pile Force >
TANGENTIAL X

[ DATA] Piled raft Foundation, Surface load, INCR=1 {LOAD=1,000), [UNIT] kN, m

@ Surface load > Shell Element e S [ £ -1 neneio)
Forces > BENDING MOMENT
YY

Shaft friction force between pile
and ground

[DaTA ] Pled raft foundation, Surface lnad, INCR=1(LOAD=1.000), [UMIT] kN, m

PILE FORCE
TANGENT-H , kN

SHELL FORCE
MOMENT ¥, Ki*mjm

+8,5763%-+001
5.1%

+7.66483+001
7.9%

+6,75327e-+001

5%
S.84172e+001
i

2.9%
-1.45074e-+001

1.2%
-2.36230e-+001




