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clc;
clear;
close all;

%% Load Dat

i}

x=xlsread('in.xlsx");
yv=xlsread('cut.xlsxzx");

TrainInputs=x;
TrainTargsts=y;
TrainData=[TrainInputs TrainTargets]:;

m=xlsread('int.xlsx");
n=xlsread('cutt.xlsx"'):;

TestInputs=m;
TestTargets=nr
TestData=[TestInputs TestTargets]:;

Options = genfisOpticons('SubtractiveClustering'):
%% Design ANFIS

nMFs=3;

InputMF="gaussmf"';

OutputMF="linsar’;

fis=genfis (TrainInputs,TrainTargets,Options) ;

MaxEpoch=500;
ErrorGoal=0;
InitialStepSize=0.01;
StepfSizelecreassRate=0.5;
StepfizelncreassRate=2;
TrainOptions=[MaxEpoch
ErrorGoal
InitialStepSize
StepSizeDecreaseRate
StepSizelIncreaseRate];
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Penetration rate Summary

Neural network TBM penetration rate (PR) prediction is one of the most crucial issues for
Neuro-fuzzy system project cost and time estimation, although this issue has remained an
Tunnel boring machine important challenge for engineers and investors. Results of former

Machine parameters

investigations in this regard show that there are different methods for PR
Rock mass parameters

prediction, including theoretical and statistical models as classic methods
and neural networks, fuzzy logic systems and neuro-fuzzy models as intelligent and new or modern methods. The
modern methods are more capable of analyzing complex and non-linear relationships in comparison with the classic
methods. Accordingly, implementation of the modern methods for PR prediction will lead to a more precise outcome.
In this paper, a database, including 14 tunnels around the world, has been used. Chosen parameters are a combination
of machine and rock mass specifications, including normal mean thrust force (F,), cutterhead revolution per minute
(Rpm), tunnel diameter (TD), rock mass rating (RMR), rock quality designation (RQD) and uniaxial compressive
strength (UCS). By analyzing and reviewing relevant results, it has been determined that omission or failure to use
appropriate parameters causes a significant decline in PR prediction. These results also show that the UCS and RQD
are among the most effective parameters. Furthermore, it has been concluded that using neuro-fuzzy networks (RMSE
= 0.13 m/h) is more accurate than neural networks (RMSE = 0.38 m/h).

Introduction

TBM penetration rate is one of the most important problems in tunneling projects, and has a significant impact on
project cost and time. Hence, an accurate estimation of this parameter can lead to an optimization in project cost and
time. In recent years, many studies have been carried out to assess the most important parameters affecting the PR.
These studies based on different methods, such as theoretical and statistical models as classic methods, and artificial
intelligence models as modern methods. Reviewing publications in this regard shows, for a better PR prediction,
machine parameters and rock mass parameters both will be needed. Besides, a good database, which contains various
projects, is very helpful for a better prediction.

Methodology and Approaches

A database of 14 tunnel projects around the world has been collected that includes 217 datasets of chosen parameters
for PR prediction. In this paper, the chosen parameters for the PR prediction are normal mean thrust force (F,),
cutterhead revolution per minute (Rpm), tunnel diameter (TD), RMR, RQD and UCS, which cover both machine
parameters and rock mass parameters. The research methodology in this paper is the application of neural network
and neuro-fuzzy systems that are coded in MATLAB software. Among these 217 datasets, 70% are used for training,
15% for testing and the remaining 15% for validation. In the applied neural networks, 30 different layer combinations
have been tested including networks containing 1 to 6 layers. For the neuro-fuzzy system, used in this study, 185
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datasets have been used for training and 32 datasets has been used for testing. This neuro-fuzzy network uses hybrid
combination, which has been trained more than 1000 times. In this paper, root mean square error (RMSE) has been
chosen as a criterion for assessing the accuracy. The results have shown that neural networks method has an RMSE =
0.38 m/h and neuro-fuzzy system has an RMSE= 0.13 m/h, implying that the neuro-fuzzy system is more accurate than
the neural networks method.

Results and Conclusions

The results show that PR prediction using artificial intelligence methods are more precise than the classical methods.
That is because the artificial intelligence methods have more power to analyze the complex relationships between
different parameters. The results have also shown that most effective parameters in the PR prediction are UCS and
RQD as two rock mass parameters. Recent studies in the neural networks context show that in most cases, not only
using a network with more than 2 or 3 layers has not a positive effect on final results, but makes the network hyper-
complex and time consumable although the best result in this paper has been obtained from a 4-layer network.
Analyzing the data clearly shows that the more data exist the more precise result will be obtained. As the results show
the neuro-fuzzy system with RMSE = 0.13 m/h has a more precise PR prediction in comparison with the neural
network having RMSE = 0.38 m/h. This is because in the neuro-fuzzy system describing uncertainties can be
implemented by human knowledge.




