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Finite Element Method in Deep Excavation

Overview

1-D Analysis

2-D Analysis

3-D Analysis

2

2-D Finite Element Method

σv
σh

σv
σh

3

Half mesh or Full mesh?

Half Mesh Full Mesh

4

FE Modeling of an Excavation

Use of half-mesh because of symmetry
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5

How far should we extend the mesh?

6

How far should we extend the mesh?

H + D

H

B

depth to rock or 20 m into N>100 
whichever is smaller

T =

2(B + H + D) or 5H 
whichever is larger

7

Effect of Mesh Fineness on Wall Deflection

8

1-D (Beam-n-Spring) Analysis by Finite Element Method

WALLAP

RIDO
FREW

REWARD
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9

Parameters for the Beam-and-Spring Model

Kh = ??? cu

10

Ka &  Kp

11

Calibration of Soil Modulus using 1-D and 2-D Programs

RIDO:  1-D 
Beam-and-Spring

EXCAV97 - 2-D continuum
with Hyperbolic Model

Ks / cu = ??? Ei / cu = ???
12

Comparison of Results
Rochor Complex
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Comparison of Results
Lavender Station

14

Comparison of Results
Syed Alwi Condo

15 16

Limitations of Beam-and-Spring Method

1. It ignored the effect of width on 
wall deflection.

2.  It ignored the effect of clay 
thickness on wall deflection.
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17

Limitations of Beam-and-Spring Method

1. It ignored the effect of width on 
strut force.

2.  It ignored the effect of clay 
thickness on strut force.

18

Major Shortcomings of 2-D Analysis

Is 2-D analysis 
appropriate?

Is appropriate to 
model the piles as 
plates?

19

L = 100 m

B = 100 m

L = 40 m

B = 20 m

A

A

B

B

Which section is closer to plane strain condition?

PSR = 0.91 PSR = 0.90

δH,max (3-D)
Plane Strain Ratio, PSR =  ---------------------

δH,max (2-D)

20

PSR = 0.60

PSR = 0.91
PSR = 0.83

B =L=100 m
B =L=60 m

B =L=40 m

PSR = 0.60

L=40 m

PSR = 0.50 PSR = 0.42

B=40 m

L=60 m

B=40 mB=40 m

L=100 m
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Reduction Factor for δH,max due to 3-D Effect
(Developed based on data from Ou et al., 1996)
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Is 2-D Analysis appropriate 
at I1, I2 and I3?
(After Ou et al., 1996)

I2
I3

I1

I5
I4

24

3-D Effect in 
Braced Excavation

(After Ou et al., 1996)

(I4 & I5)

I2
I3

I1

I5
I4


