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ABSTRACT: Global sensitivity analysis is one of the beneficial and useful tools to identify the
uncertainty of input variables that has been extremely investigated in different science such as simulations.
Sensitivity analysis is an essential step in the production of a meta-model, which by identifying effective
parameters in tunneling, reduces the time and computations required. In this paper, sensitivity analysis
was carried out on geotechnical and operational parameters of EPB mechanized tunneling in soft soil.
So, the tunneling processes were modeled using a finite difference method in FLAC 3D software,
and the numerical model was validated by the monitoring data obtained from the East-West route of  Keywords:
the Tehran metro 7 line. The sensitivity analysis by using the elementary effect Morris method was
performed on the 6 input parameters and three parameters (face pressure, specific gravity and cohesion
of the soil layer in which the tunnel was excavated) were selected as effective and sensitive parameters
in the maximum surface settlement. Then to construct the meta-model, 100 samples were generated from
effective parameters using the Latin Hypercube method. After numerical simulation for each sample,
the simulation results were used for surface settlement prediction by using an artificial neural network.
The results showed that the prediction of the meta-model based on the artificial neural network and the
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numerical model for the data in the design phase corresponded about 98%.

1- Introduction

For complex nonlinear problems such as mechanized
tunneling, numerical simulation is very time-consuming
and requires a lot of computation. So, sensitivity analysis
is a useful and effective strategy to reduce the number of
effective parameters and also decrease the uncertainty in the
model response due to the uncertainties of the model inputs.
In general, sensitivity analysis is separated into two main
concepts, local and global [1-5]. Global sensitivity analysis
is one of the approaches of sensitivity analyses that search
the variations of model response by changing all parameters
at the same time [6].

2- Methodology

In this paper, Morris elementary effect sensitivity
analysis method was used to identify the important
parameters in predicting the maximum surface settlement
caused by tunneling process using earth pressure balance
boring machine. Therefore, the finite difference method and
the well-known software FLAC3D were used for numerical
simulation, and subsequently the detection of sensitive
parameters, 100 numerical simulations was performed
for the prediction of the settlement using artificial neural
network and the results were compared by the settlement
simulation with initial geotechnical parameters.

*Corresponding author’s email: zare@shahroodut.ac.ir

3- Results and Discussion

Among the geotechnical parameters, the specific
gravity of the first and second layers, the cohesion of the
first, second and third layers and also the face pressure as
an operating parameter gauge for sensitivity analysis were
selected. Their input values were based on the results of in
situ and laboratory tests of soil samples for different depths
of the selected section. The results of each simulation were
collected by considering vertical displacement as the final
result and the parameters related to the sensitivity analysis,
including absolute mean value and standard deviation,
were calculated. As can be seen from Figures 1 and 2, face
pressure and cohesion of the second layer have the highest
absolute mean value and standard deviation, indicating the
high interaction of these two parameters with the rest of the
parameters along with their high impact. To select the third
parameter, the final result of the settlement after 30 steps of
excavation was used, which this parameter is the specific
weight of the second layer.

In order to create a meta-model, 100 samples using the Latin
hypercube random data generation method were generated and
then three-dimensional numerical simulations were performed
for them. Using simulation results for every sample, 1500 data
were prepared to predict the neural network. The results of the
artificial neural network for all three types of training, testing,
and validation data are presented in Table 1.
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Fig. 1. Absolute mean values and standard deviation for the 6 selected parameters after
12 excavation steps
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Fig. 2 Absolute mean values and standard deviation for the 6 selected parameters after 18
excavation steps

Tablel. The results of ANN prediction

. Mean Number
Regression
step factor square of
error samples
Training 0.9837 4.93*%10* 1050
Test 0.9825 6.26%10* 225
Validation 0.9814 6.61%10* 225
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4- Conclusions

The most important results of this paper are as follows:

The model constructed with initial geotechnical values with
an error rate of about 10% showed acceptable concordance
with the monitoring data and the validity of the numerical
model was confirmed.

By Morris elementary effect sensitivity analysis method,
three parameters of face pressure, specific gravity and cohesion
of the second layer were selected as effective parameters in the
maximum surface settlement.

The prediction results with the neural network showed 98%
concordance with the 3D simulation results.

The time required to predict using a neural network is less
than one minute. Therefore, due to this very low computational
time, it is possible to apply these results in predicting the
operational parameters to reduce the surface settlement by
back analysis.
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Fig. 1. Shield Tunnel Modeling Components: (a) Machine description, (b) numerical model
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Fig. 3. The basic structure of an artificial neural network
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Table 1. Geotechnical properties of soil layers in 10 + 500 km of Tehran Metro line 7
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Fig. 5. 3D model dimensions, tunnel position and layers thickness
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Table 2. Mechanical properties of shield and segments in Tehran Metro Line 7 project

(i) eolios Py pSeks) J&s 55) SSb Jgoe ‘ )
= yowley oo

> (ke (sl Ol oo s
SIYED YAD- - -y o
YO Yo Y. Y onS

S dbsi gl gdas g3lwne pls! -F
do e Siledde Ng) Como gy 5 Relisl jolate &
Connds iy gl sl 0 ool ()I55)L8) g (giljel @l I g
apas jl oyie YO dlold 4 e daw jd (gldai (gilw Jae o (o
22 04 Al W36 JS yuais polie S S5 05 sl g 1S
ol |y Jpu8 dali Cusdge 5 (V Joio) 43y )1 4 lajell ol
Sl olye r Cond 3B (ol > e 4 bgiye PSS a0

sl Kyl 0313 §) Lol iordans Canads lsm0 5 (S a4
gaw o MY Jsb 4 (ol oy (e Conds Gl ik sl

dJ)vag.n”—VJS.w).)w]on&y)bw)bﬁwa)

Yo+0

il pj Oyge 4
(e V/0) cuinSir Job ol 43 Jig i @
s P Jde sl gy sglall 0 54 @
oSS Loy i (glad ojlil 4 S 4 o) Sen o3l °
YU oo dobl g s (gylos g Sanmw jlid by °
(1o Jsbo Joloo) sl 2o % 51 2my 3055 s Jlosl
Juads o
Gl el B YL Jolpe 1SS °



YOV B YFAY axaw NF- - JL.-: & b)LoufS LY 0)9d ‘,..S)..ol ul)o.c N Ayl

FLAC3D 5.01 T
©2015 tasca Consufling Group, Inc &S
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
History o
2Z.displ of gp 7804
vs. Step 1
Zone .
E GT!. Grow - Any & & FLAC3D
5 Ly
6 jes 2 3
7 ' B * s pnsteosts
8 = L)
e = N 4
tunnel 2 1ay
3 tos
el P
1.
1 .
== P
-8 *
-9
T T T T T T T -10
1.00 2.00 3.00 4.00 5.00 6.00 7.00
Step x1074
(& (<)

25 83l U0 4 G 56 ale e Jlagai( o o 3 (IS alal olSyle 5 (5 Al (gl @6 ol sl (15 U
S ygiilo 0313 9 J S alals

Fig. 6. (a) Vertical displacement for the control point and position of the control point in the model (b)
Vertical displacement diagram for excavating steps at the control point and monitoring data

H=Zem

@ (@) (1))

-abojl acgome (& 90l agoome (Wt i 9 (PRl (SLrdiges aualio Y JSUS

Fig. 7. Comparison of test and prediction results: a) training dataset, b) test dataset

Yo+ 5



YOVY U YFAY asio NFee Jlo & ojloss dY 050 S pol ()l jos (aodige 4 uls

[F)] Comsbus 52061 0l 12 W isl, 3t ¥ Jga

Table 3. Parameter range for sensitivity analysis
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Fig. 8. Absolute mean values and standard deviation for the 6 selected parameters after 12
excavation steps
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Table 4. The results of ANN prediction
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Table 5. Computational time comparison for different methods using a dual-core computer
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