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FE Model for Mechanised Tunnelling

Subsystem I.

geology,
geotechnical model

Subsystem II:
face support

Subsystem 1V:
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Subsystem lII:
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Subsystem VI: Subsystem V.
existing buildings lining
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FE Model for Mechanised Tunnelling

simplified models for buildings
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Embedded beam element for pile foundation
A independentof the soil mesh

A arbitrary number and orientation per element
A skin friction, pile tip resistance

Yt o « .— 48m

J.b A yJ&Staschei& G.Meschke Int. J. Num. Anal. MetBeomechanic2013
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FE Model for Mechanised Tunnelling

Computational models

advanced finite element simulation
A a priorit tunnel design
A during constructiont steering
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FE Model for Mechanised Tunnelling

Computational models

advanced finite element simulation
A a priorit tunnel design
A during constructiont steering

Uncertainties

limited information
A geometry and heterogeneity of soil layers } uncertain
A construction process parameters
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Polymorphic Uncertainty Modelling
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Polymorphic Uncertainty Modelling
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Polymorphic Uncertainty Modelling

Generalized uncertainty models

probability boxes fuzzy stochastic numbers
F(X) 4 f(x) A
1 1

cdf, cdf
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Computing with Interval Data

Mapping of processes with interval parameters

A Type 1 Mapping

geotechnical parameters X - (1) time variantinterval
steering parameters P (t) settlement field
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Computing with Interval Data

Mapping of processes with interval parameters

A Type 1 Mapping

geotechnical parameters X > S (t) time variantinterval
steering parameters P (t) settlement field

A Type 2 Mapping

time variantinterval
settlement field

steering parameters P (t) > S(t)

Real-Time Prediction of Structural Processes with REC

Polymorphic Uncertain Data Bochum, 17.6.2016




STRUGCTURAL

% RUHR UNIVERSITY BOCHUM

Computing with Interval Data

deterministic steering parameter
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Hybrid RNN-GPOD Surrogate Model

OFFLINE ONLINE
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Recurrent Neural Network
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Recurrent Neural Network

A hidden neuron
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GPOD NNMF
Matrix approx. Y B ¢0 Y w €0
Basis vectors B W
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Constrained GPOD
Unconstrained GPOD  Constrained GPOD
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Verification Example
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Verification Example

1600 snapshots (80x 200 scenarios ofP(t))
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Verification Example

A Prediction at nodes 2, 6and 10 (RNNSs)
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Errors: 0.58% and 1.07% for lower and upper bounds
A Prediction at other nodes (GPOD and NNMF)
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Verification Example

0 3

0.2 - |
€ 04 - 1
£ ~ Lower bound analitical
= 06 = ~ Upper bound analitical
= 0.8 ~° Lower bound midrad
D ) .
«g—} 1.0 Upper bound midrad

Lower bound uplow

1.2 | ~* Upper bound uplow

1 2 3 4 5 6 7 8 9 10 11

Beam nodes

Lower bound Upper bound Lower bound Upper bound

1.18 0.61 1.09 0.34
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Verification Example

Probabilty

0.8 - 7
06 - 7
. | Lower bound cdf
/ —— Upper bound cdf
0.2 - 7
0 | - ‘ ‘ ‘
20 0 20 40 60 80 100 120

Deflection (mm)

0=[30,36] Gpa

1000 samples

P: Gaussian distribution
Mean value : 50 kN
Standard deviation, p KN

Computation time
Surrogate model: 0.5h
Optimization: 10h

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

LB UB LB UB
6.2 8.9 5.9 8.0

Computation time Surrogate model: 2s
Optimization: 1.5h
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