a a G
NIV INTUNUD

oxuadiv Il udedmuddmsuimzdimnsadveaanda
ADAPTIVE FINITE ELEMENT METHOD FOR

PILE SETTLEMENT ANALYSIS
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» Hexahedron & node, 3D —, / )
> Static Analysis /
4

> Vertical Loading and Vertical Piles

> [sotropic Material
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>Linear Elastic Material
> Pile Cap is Perfectly Flexible

> No Slip between Soil and Pile
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i Refinement Procedure :

> h-Refinement
> p-Refinement

> hp-Refinement



h-Refinement
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p-Refinement
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hp-Refinement

Poisson's ratio, v = 0.3
Plane stress conditions
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Mesh 1 (120 d.of) n=15%p =2

(a) Original mesh

" h Adaptive + p Adaptive

® High Complicated

Mesh 2 (385 d.of.) N=4.67%p=2
(1322 d.0of) n=097% p=4
(b) Quadratic triangles for 5% error
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> h-Refinement
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i h-Refinement Procedure :

> Enrichment
> Remeshing

> r-Refinement



Enrichment

® Refinement Large Error

Only

(a) Original mesh

\

(b) Mesh enhancement by subdivision (enrichment)




Remeshing
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¥ Mesh Generation is Difficult for

type element

® Shape Element are Distorted

during Analysis
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(c) Mesh enhancement by remeshing




r-Refinement
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(a) Original mesh

® Adjust Position of Node
® Theoretically
" Difficult in Practice

® Cannot Prespecified

Accuracy
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(d) r- refmement of original mesh by reposition of nodes
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>Pre-Processing

> Finite Element Analysis
> Post-Processing

» Error Estimation

>Adaptive Finite Element Method
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Input Data

® Node Number per Element
® Node Coordinate

® Element Material

® Degree of Freedom

®Total Initial Node

¥External Load

® Degree of Refinement

® Neighbors Element

® Edge Number per Element
® Node Number on Edge

® Node Number on Face

® Total Number Edge Global



i Data for Element Adaptive

> Edge Numbers

» Face Numbers

> Degree of Refine

> Neighbors Element
» Node on Edge &Face




Lacal & Global Edge Number

Lacal Edge Numbers Global Edge Numbers

1 Element = 12 Edge




Node Number on Edge

Node Numbers Edge Numbers




Face Number & Neighbors Element
& Node Number on Face

1 Element = 6 Face 1 Element = 6 Neighbors




Regular and Irregular Meshes
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Regular Meshes ,'
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1-Irregular Meshes 2-Irregular Meshes
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!'_ Post-Processing



Calculation Nodal Stress

==) Superconvergence Patch Recovery (SPR)
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Global Stress
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i Error Estimation
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Error Estimation

Adaptive FEM
Flow Chart

Error >Allowable ?
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Adaptive Refinement Flow Chart

A daptive Refinement
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Check Neighbors Element
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Refinement
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Update Properties Element




Refinement Flow Chart

Refinement

ieach element

Node Edge Refinement

i

Node Face Refinement

i

Middle Node Refinement

Update Properties Element
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i Element Node After Refinement

Before Refine

After Refine




Node Refine on Edge




Node Refine on Face




Node & Element After Refinement
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Edge Numbers Before & After Refinement

Before Refine After Refine




i External Load




External Load
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P1

P1




!'- ﬂ15ﬂ§3%ﬁ®ﬂﬂ313~lgﬂé]jf’)fl“ll@\‘liﬂ’i!!ﬂﬁll



i Case Study 1 :Strip Footing

B Flexible footing

-

| q=2t/m . .
YYYYVYYY - B Linear elastic property

WZ\ l
' Soil properties : .
' E =1,000 t/m W Isotropic
v=0.3

W Elastic haft-space

y

B=2m



Boundary Problem
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i Mesh of Strip Load
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i Displacement Mesh




Error & Degree of Freedom
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N
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Number Degree of Freedom



Error & Time

1000.00
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—*— Exact Solution
—* Loop 1
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Vertical Stress (t/sq.m)

(1) Vertical Stress at HUINA x = 0 (Each Loop)
% 19[SgNeuNY Elastic solution tauo)ag Poulos & Davis (1974)
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Exact Solution

® Joop8

-1.0

Vertical Stress (t/sq.m)

(2) Vertical Stress at HUINA x = 0 (Final Loop)
% 19[SgNeuNY Elastic solution tauo)ag Poulos & Davis (1974)
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—<

—®— Loop 1

Loop 2

Loop 3

Depth (m.)

—*— Loop 4

—*— Loop5

—— Loop 6

—  Loop 7

Loop 8

—¢— Exact Solution

-0.60

Vertical Stress (t/sq.m)

(3) Vertical Stress at WA Z = B/2 (Each Loop)
% 19[SgNeuNY Elastic solution tauo)ag Poulos & Davis (1974)
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f

® Loop8

Exact Solution
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Vertical Stress (t/sq.m)

(4) Vertical Stress at HUIAA x = B/2 (Final Loop)
% 19[SgNeuND Elastic solution tauo)ag Poulos & Davis (1974)



a q
NanN3ANIILH :Strip Footing

—®— Exact Solution
—®— Loop1

Loop 2

-
=2
Z
~—
N’
n
7]
[
B
)
7))
—
<
2]
=
5
>

Loop 3
—*— Loop 4

—®— Loop5

— Loop 6
— Loop7
Loop 8

L L

-9 -6

Distance From Center Footing (m)

(5) Vertical Stress at HIAAY =B (Each Loop)
% 19[SgNeuNY Elastic solution tauo)ag Poulos & Davis (1974)



a J
NanN3ANIILH :Strip Footing

N

— Exact Solution

® Loop 8

—_
g
=2
@

E
2

=

%)

s

9

5
>

-9 -6

Distance From Center Footing (m)

(6) Vertical Stress at WA Y =B (Final Loop)
% 19[SgNeuNY Elastic solution tauo)ag Poulos & Davis (1974)



Case Study 2 : Rectangular Load
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Boundary Condition




Initial Mesh Rectangular Load




Mesh of Rectangular Load




Mesh of Rectangular Load
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Final Mesh of Rectangular Load




Final Mesh of Rectangular Load
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Top View

Final Mesh of Rectangular Load




i Displacement Mesh




Contour Stress of Rectangular Load




i Error & Degree of Freedom

Error

0.35

0.30

0.25

0.20

. R =0.9613

0.15

. \

0.10

™~

0.05

1000

10000
Number Degree of Freedom

100000




Error & Time
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— Exact Solution
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— Loop 6

-1.00

Vertical Stress (t/sq.m.)

(1) Vertical Stress at Center Line (Each Loop)
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HNaN13IIUAIITH : Rectangular Load

— Exact Solution

® Loop6

+

-1.00
Vertical Stress (t/sq.m.)

(2) Vertical Stress at Center Line (Final Loop)
+* 115991 NeUNY Elastic solution 'a1® 1a8 Poulos & Davis (1974)
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HNaN13IUAINTH : Rectangular Load
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| Boundary Condition
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i Case Study 1 :Friction Pile




Initial Mesh Friction Pile
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Settlement of Friction Pile

. =04

Lig=s = 8.191 cm

E xact

= 100 = 8.024 cm

3D FEM

B2 Error = 2.07 %

Ep = 450,000 t/sq.m

Es =450 t/sq.m




Load & Settlement of Friction Pile

Load (ton)
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® 3D Adaptive FEM




Case Study 2 :End Bearing Pile

P =100 tons

-—

Soil 1 <— Pile Properties
E =450 t/m E =450,000 t/m

=0.3 v =0.2

Soil 2
E =4500 t/m
=0.3

D=1.00m



Initial Mesh End Bearing Pile




Initial Mesh End Bearing Pile

3D View
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‘_-| Final Mesh End Bearing Pile




Final Mesh End Bearing Pile




Settlement of End Bearing Pile

¢ =04
L/d=5
K =1000
P =200t
Ep = 450,000 t/sq.m

Eb =4,500 t/sq.m

Es =450 t/sq.m

= 3.078 cm

Exact
3D FEM

Error =

=3.010 cm

2.21 %




Load & Settlement of End Bearing Pile

Load (ton)
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End Bearing & Friction Pile Settlement Curve

Load (ton)

100.00

— Elastic Solution (End Bearing Pile)

® 3D Adaptive FEM (End Bearing Pile)
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— Elastic Solution (Friction Pile)

A 3p Adaptive FEM (Friction Pile)
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