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FE Model for Mechanised Tunnelling
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FE Model for Mechanised Tunnelling
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Embedded beam element for pile foundation

Å independentof the soil mesh

Å arbitrary number and orientation per element

Å skin friction, pile tip resistance

J. bƛƴƛŏ, J. Stascheit& G. Meschke, Int. J. Num. Anal. Meth. Geomechanics, 2013

simplified models for buildings
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advanced finite element simulation
Åa priori ƚtunnel design
Åduring construction ƚsteering

Computational models
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FE Model for Mechanised Tunnelling

Uncertainties

5

limited information
Ågeometry and heterogeneity of soil layers
Åconstruction process

uncertain 
parameters

advanced finite element simulation
Åa priori ƚtunnel design
Åduring construction ƚsteering

Computational models
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uxlx

Geotechnical parameter Range

YoungƜsModulus E1 [MPa] 10ƚ30

Friction angle ű1 [°] 25ƚ35

_
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Mapping of processes with interval parameters

S (t) time variant interval
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ÅType 2 Mapping
_
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ÅType 1 Mapping

P (t)

S (t)X time variant interval
settlement fieldsteering parameters

_
_

geotechnical parameters

P (t)
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S. Freitag, B.T. Cao, J. bƛƴƛŏ& G. Meschke, Computers & Structures, submitted
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Monitoring Prediction

B.T. Cao, S. Freitag& G. Meschke, Advanced Modeling and Simulation in Engineering Sciences, 2016
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Hybrid RNN-GPOD Surrogate Model
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Recurrent Neural Network
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Recurrent Neural Network
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Recurrent Neural Network
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GPOD and Non-Negative Matrix Factorization
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Constrained GPOD
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Ὁ= [30,36] GPa

I = 0.01 m4

l = 10 m

11 nodes

10 load positions

Analytical solutions :

ӶὛὼ
ὖὼ

φὉὍ
σὰὼȟ Ὢέὶπ ὼ ὥ

ӶὛὼ
ὖὰ

φὉὍ
σὼ ὰȟ Ὢέὶὥ ὼ ὰ

Verification Example
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1600 snapshots (8 Ὁx 200 scenarios of P(t))  
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Reduced bases W, ɮȟɮÁÎÄɮ

Verification Example
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11 
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9 steps of P(t)

ὡ

π π
πȢπρπȢπς
πȢπσ πȢπψ
ȣ ȣ ȣ
πȢτωπȢσφ
πȢυψπȢσς

Mid-rad matrix

Ὓ

πȟπ ȣ πȟπ ȣ πȟπ

πȢπρτȟπȢπςπȣπȢπυρȟπȢπψρȣπȢχχσȟπȢωσχ
ȣ ȣ ȣ

πȢρωτȟπȢςωπȣςȢςυυȟσȢυωχȣυπȢυωσȟφρȢσπχ

ɮ

π π
πȢππωπȢπυς
πȢπστπȢρχπ
ȣ ȣ ȣ

πȢυππ πȢςπω
πȢυψσ πȢτχρ

ɮ

π π
πȢππωπȢπυτ
πȢπστπȢρχυ
ȣ ȣ ȣ

πȢυππ πȢςπω
πȢυψσ πȢτφω



RUHR UNIVERSITY BOCHUM

Real-Time Prediction of Structural Processes with 
Polymorphic Uncertain Data

REC 
Bochum, 17.6.2016

Ὓᶻ

ȩ
πȢψππȟπȢωυω
ȣȣ
ȩ

ρχȢφπχȟςρȢπρσ
ȩ
ȣȣ

τχȢχσπυχȢπππ
ȩ

Ὓᶻ

πȢπππȟπȢπππ
Ȣ ȟȢ
ȣȣ

ρρȢφψωȟρσȢωτω

Ȣ ȟ Ȣ
ςτȢσχσȟςωȢπωσ

ȣȣ
Ȣ Ȣ
υυȢψτπȟφφȢφψω

Verification Example

18

Ὓ

πȢπππȟπȢπππ
Ȣ ȟȢ
ȣȣ

ρρȢυυφȟρσȢψφχ

Ȣ ȟ Ȣ
ςτȢπππȟςψȢψππ

ȣȣ
Ȣ ȟ Ȣ
υυȢυυφȟφφȢφφχ

Ὓ
πȢψχωυ
ρωȢσρπ
υςȢσφυ

Ὓ
πȢπχωυ
πȢςςτσ
τȢφσυ

Å Prediction at nodes 2, 6and  10 (RNNs)

Å Prediction at other nodes (GPOD and NNMF)
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Beam nodes
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Lower bound analitical
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Ὁ= [30,36] Gpa

1000 samples
P: Gaussian distribution
Mean value : 50 kN
Standard deviation „ ρυkN

Computation time
Surrogate model: 0.5h
Optimization: 10h

Deflection (mm)

-20 0 20 40 60 80 100 120
0

0.2

0.4

0.6

0.8

1

Lower bound cdf

Upper bound cdf

P-box for the deflection of the cantilever beam at node 11 for time step 10
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Application Example
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Mid-rad Up-low

LB UB LB UB

6.2 8.9 5.9 8.0

Surrogate model: 2s
Optimization: 1.5h

Computation time


