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1- Natural parameters
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1- Convergence - Confinement
2- New Austrian Tunneling Method
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1- Direct Strain Evaluation Technique
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1- Finite Element Method
2- Finite Difference Method
3- Boundary Element Method
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1- Distinct Element Method
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1- Boundary Element Method
2- Finite Difference Method
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Number RMR Q Area (m?) Stability Condition
1 37.5 0.48 40 1
2 37.5 0.48 40 1
3 27.5 0.21 40 2
4 225 0.09 40 3
5 22.5 0.09 40 3
6 27.5 0.21 40 2
7 425 0.84 40 1
8 22.5 0.09 40 3
9 32.5 0.27 40 2
10 27.5 0.21 40 2
11 27.5 0.09 40 3
12 22.5 0.09 40 3
13 27.5 021 40 2
14 27.5 0.09 40 3
15 27.5 0.21 40 2
16 27.5 0.15 40 2
17 32.5 0.27 40 2
18 37.5 0.48 40 1
19 37.5 0.48 40 1
20 37.5 0.48 40 1
21 32.5 0.27 40 2
22 27.5 0.15 40 2
23 27.5 0.15 40 2
24 27.5 0.15 40 2
25 27.5 0.15 40 2
26 27.5 0.09 40 3
27 27.5 0.09 40 3
28 22.5 0.15 40 2
29 22.5 0.09 40 3
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30 22.5 0.09 40 2
31 27.5 0.15 40 2
32 27.5 0.15 40 2
33 27.5 0.15 40 2
34 32.5 0.27 40 2
35 32.5 0.27 40 2
36 27.5 0.15 40 2
37 35 0.36 40 2
38 43 0.89 40 1
39 32.5 0.27 40 2
40 32.5 0.27 40 2
41 47.5 1.47 40 1
42 47.5 1.47 40 1
43 37.5 0.48 40 1
44 42.5 0.84 40 1
45 32.5 0.27 40 2
46 45.5 1.18 40 1
47 45.5 1.18 40 1
48 45.5 1.18 40 1
49 55 3.39 40 1
50 43 0.89 40 1
51 55 3.39 40 1
52 55 3.39 40 1
53 47.5 1.47 40 1
54 55 3.39 40 1
55 42.5 0.84 40 1
56 37.5 0.48 40 1
57 37.5 0.48 40 1
58 32.5 0.27 40 2
59 37.5 0.48 40 1
60 43 0.89 40 1
61 45.5 1.18 40 1
62 45.5 1.18 40 1
63 45.5 1.18 40 1
64 45.5 1.18 40 1
65 45.5 1.18 40 1
66 45.5 1.18 40 1
67 45.5 1.18 40 1
68 45.5 1.18 40 1
69 37.5 0.48 40 1
70 42.5 0.84 40 1
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71 47.5 1.47 40 1
72 22.5 0.09 40 2
73 22.5 0.09 40 2
74 22.5 0.15 40 2
75 22.5 0.15 40 2
76 32.5 0.27 40 2
77 27.5 0.15 40 2
78 22.5 0.09 40 3
79 22.5 0.17 40 2
80 27.5 0.15 40 2
81 22.5 0.17 40 2
82 22.5 0.17 40 2
83 17.5 0.05 40 3
84 17.5 0.05 40 3
85 27.5 0.15 40 2
86 18.5 0.05 40 3
87 22.5 0.21 40 2
88 32.5 0.27 40 2
89 32.5 0.27 40 2
90 27.5 0.15 40 2
91 22.5 0.09 40 3
92 22.5 0.21 40 2
93 27.5 0.15 40 2
94 27.5 0.15 40 2
95 27.5 0.15 40 2
96 28.5 0.17 40 2
97 28.5 0.17 40 2
98 27.5 0.15 40 2
99 22.5 0.17 40 2
100 22.5 0.09 40 3
101 17.5 0.05 40 3
102 37.5 0.048 40 3
103 27.5 0.27 40 1
104 37.5 0.48 40 1
105 27.5 0.27 40 1
106 27.5 0.15 40 2
107 22.5 0.21 40 2
108 22.5 0.09 40 3
109 17.5 0.05 40 3
110 27.5 0.15 40 2
111 32.5 0.27 40 2




v sl 5,90 Slelo & g1, SLIS

112 27.5 0.15 40 2
113 17.5 0.05 40 3
114 22.5 0.09 40 3
115 30 0.21 40 2
116 42.5 0.84 40 1
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1 14 0.049 60 3
2 14 0.049 60 3
3 11 0.049 60 3
4 14 0.024 60 3
5 14 0.049 60 3
6 11 0.024 60 3
7 14 0.049 60 3
8 14 0.049 60 3
9 14 0.049 60 3
10 11 0.024 60 3
11 14 0.049 60 3
12 17 0.049 60 3
13 35 0.33 60 3
14 32 0.33 60 3
15 32 0.33 60 3
16 32 0.66 60 3
17 39 0.44 60 3
18 42 1.65 60 3
19 46 1.2 60 3
20 47 1.98 60 3
21 44 2.145 60 3
22 44 1.98 60 3
23 44 3.96 60 3
24 47 3.96 60 1
25 45 4.29 60 3
26 45 6.16 60 1
27 45 7.48 60 1
28 45 7.48 60 1
29 57 7.66 60 1
30 66 7.66 60 1
31 66 7.48 60 1
32 69 7.04 60 1
33 74 1.98 60 1
34 71 3.96 60 1
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35 66 3.96 60 1
36 69 7.04 60 1
37 69 4.62 60 1
38 55 4.62 60 1
39 55 4.62 60 1
40 60 4.62 60 1
41 58 4.62 60 1
42 58 4.62 60 1
43 58 4.62 60 1
44 58 4.62 60 1
45 58 4.62 60 1
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1- Local minimum
2- Saturate
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Neural Network object:

architecture:

numlnputs: 1

numLayers: 3

biasConnect: (1; 1; 1)
inputConnect: (1; 0; 0)
layerConnect: (000; 100;010)
outputConnect: (0 0 1)
targetConnect: (0 0 1)

numOutputs: 1 (read-only)
numTargets: 1 (read-only)
numlinputDelays: 0 (read-only)
numLayerDelays: 0 (read-only)

subobject structures:

inputs: {1x1 cell} of inputs

layers: {3x1 cell} of layers

outputs: {1x3 cell} containing 1 output

targets: {1x3 cell} containing | target

biases: {3x1 cell} containing 3 biases
inputWeights: {3x1 cell} containing 1 input weight
layerWeights: {3x3 cell} containing 2 layer weights

functions:
adaptFcn: 'trains'
initFen: 'initlay’'
performFcn: 'mse'
trainFen: 'trainlm’

parameters:

adaptParam: .passes

initParam: (none)

performParam: (none)

trainParam: .epochs, .goal, .max_fail, . mem reduc,
.min_grad, .mu, .mu_dec, .mu_inc, .mu_max, .show, .time, .Ir

weight and bias values:

IW: {3x1 cell} containing | input weight matrix
LW: {3x3 cell} containing 2 layer weight matrices
b: {3x1 cell} containing 3 bias vectors

other:

userdata: (user stuff)
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GEOLOGICAL STRENGTH INDEX

From the description of structure and surface
conditions of the rock mass, pick an appropriate
Box in this chart. Estimate the averages vaiue of the
Geological Strength Index {GS!) from the contours.
Do not attempt 1o be too precise. Quating a range
of GSI from 36 to 42 is more reaiistic than stating
that GSI = 38. It is also important to recogniss that
the Hoek-Brown criterion should only be applisd to
rock masses where the size of individual blocks is
small compared with the siza of the excavation
under considaration. When individual block sizes
are more than approximately one quarter of the
excavation dimonsion, fallure will be

controfled and the Hoek-Brown triterion should not
be used.

STRUCTURE

SURFACE CONDITIONS

Bl B B B
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DECREASING SURFACE QUALITY

seft clay coetings or fillings

VERY POOR

ﬂ Slickensided, highly weathered surfaces with

INTACT OR MASSIVE — intact

rock specimens or massive
/ in sity rock masses with very few
widely spaced discontinuities

/Y

N/A N/A

N/A

BLOCKY - vary well interiocked
undisturbed rock mass conaisting
of cubical biocks formed by #hres

orthogonal discontiruity sets

\

—

VERY BLOCKY - interiocked, partiaity
disturbed rock mass with .
muitifaceted anguiar biocks formed by
four or more discontinuity sets

BLOCKY/DISTURBED - folded
andior faulted with anguiar blocks
formed by many intersecting
discontinuity sets

40/

DISINTEGRATED ~ poorly inter-
locked, heavily broken rock mass with
& mixture of angular and rounded rock
piecos

{=3 DECREASING INTERLOCKING OF ROCK PIECES

FOLIATEDAAMINATED/SHEARED —
Thinly laminated or foliated and
tactonically shaared weak rocks.
Closely spaced schistosity prevails
over other discontinuity set, resudting
in complete lack of blockiness

NA

NA
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Abstract:

Now days, the growth of the population and the construction of the ground
installations, have lead to the lake of enough space on the surface of the earth. So
underground spaces have got an important role and their usage have developed. There
are three conventional methods to stability analyses of these spaces: Experimental,
observational and analytical. Each of these methods has some limitation such as: Being
experimental, being time consumer and having complicated equation. In order to solve
such problems, new approaches have been used. One of the newest methods is artificial
neural network.

In this study, these networks have been used to analyze the stability of tunnels. Initial
data have been collected from three different dites: Semnan cheshmeh rooziyeh water
tunnel, khomary railway tunnel and Esfehan subway tunnel. All of the tunnels have
horse shoe section. Two kinds of neural networks were designed. Both of them are
back propagation networks. The first network was trained with the data of Esfehan
subway tunnel and the second one was trained with the data of all three tunnels. As the
first network just used the data of one tunnel, result is good but this network can not be
extended to the other places. In the second network, because of the variety of the data

origin, the result is not good but this network can be extended to the other places.
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