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Abstract: The classification of rocks surrounding a tunnel has an important significance for guiding design and construction in under-
ground engineering. This paper introduces an artificial neural network method into the classification of these rocks. Based on tradi-
tional back propagation (BP) arithmetic, an enhanced neural network method is obtained by improving the training algorithm, trans-
fer function and network structure. By combining the additive momentum method with the self-adjusting learning speed method, the
algorithm has been improved: when the error is bigger than the upper critical limits the learning speed automatically decreases; when
the error is smaller than the lower critical limits the learning speed automatically increases. Thus, the training speed can be fast yet
at the same time the stability of the network can be ensured. By introducing the parameter of adjusting learning speed, the transfer
process becomes more sensitive and the convergent speed becomes faster, thus, increasing the calculating precision of the training
function. By giving a data range for a certain implicit layer joint model, the structure of the network is optimized; correspondingly,
the functional precision is improved. The improved BP network model is tested in example classifications of some typical rocks sur-
rounding tunnels in the Dong Shen Water Supply Reconstruction Project. The results fit well with the classification according to the
code of hydraulic tunnel design in China, which indicates that this improved method has a high practical application.

Key words: classification of rocks surrounding a tunnel; artificial neural network; improved back propagation (BP) network

algorithm; engineering application.
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Table 1 Learning samples of neural network on classification of surrounding rocks

RQD K., R V, K, f | Il | IV V
1 58 0.59 85 4 207 18 5 0 1 0 0 0
2 75 0. 55 55 3700 5 3 0 0 1 0 0
3 45 0.55 55 3700 10 4 0 0 1 0 0
4 62 0. 46 55 3695 10 4 0 0 1 0 0
5 14.5 0.5 20 3000 1 1.5 0 0 0 1 0
6 61 0.52 20 3959 3.5 3 0 0 0 1 0
7 22 0. 25 8 1900 1.5 1. 25 0 0 0 0 1
8 86 0. 68 110. 2 4500 18 5 0 1 0 0 0
9 95 0. 65 110. 2 4514 18 5 0 1 0 0 0
10 64 0.53 59.5 4000 10 4 0 0 1 0 0
11 70.5 0. 49 40. 9 3 000 3.5 3 0 0 0 1 0
12 34 0. 14 16. 3 2 060 1.5 1. 25 0 0 0 0 1
13 94 0.72 110. 2 4 660 18 5 0 1 0 0 0
14 70 0.53 59.5 4014 10 4 0 0 1 0 0
15 33 0.5 38.3 3 896 3.5 3 0 0 0 1 0
16 85 0.53 38.3 4014 3.5 3 0 0 0 1 0
17 24 0.18 16. 3 2 330 1 1 0 0 0 0 1
18 50 0. 57 111.5 4122 15 5 0 1 0 0 0
19 66 0. 42 68.5 3580 8 4 0 0 1 0 0
20 42 0.24 62.7 2 690 2.5 1.75 0 0 0 1 0
21 33 0.13 14.5 1960 1. 25 1 0 0 0 0 1
22 60 0.72 111. 95 4 060 15 2 0 1 0 0 0
23 55 0. 46 61. 84 3280 8 4 0 0 1 0 0
24 25 0. 27 18.5 2 500 3 2 0 0 0 1 0
25 20 0.17 10 1960 1 0.75 0 0 0 0 1
26 8.5 0.15 6.3 1952 1. 25 0.75 0 0 0 0 1
27 31 0. 26 25 2 950 2 1.5 0 0 0 1 0
28 81 0.5 55 3956 10 4 0 0 1 0 0
29 94 0. 68 81.5 4 580 18 5 0 1 0 0 0
30 52 0.52 68. 7 3965 10 4 0 0 1 0 0
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Table 2 Learning samples after normalizing and transforming
RQD K, R vV, K, f [ II Il IV V
1 0.5578 0.72373 0. 69593 0.7687 0.9 0.9 0.1 0.9 0.1 0.1 0.1
2 0. 71503 0. 669 49 0.468 77 0.621 74 0. 288 23 0.52353 0.1 0.1 0.9 0.1 0.1
3 0.437 58 0. 669 49 0. 468 77 0.621 74 0.523 53 0.711 77 0.1 0.1 0.9 0.1 0.1
4 0.594 8 0. 547 46 0. 468 77 0. 620 29 0.523 53 0.71177 0.1 0.1 0.9 0.1 0.1
5 0.432 94 0. 6017 0.203 74 0.418 84 0.1 0.24118 0.1 0.1 0.1 0.9 0.1
6 0. 58555 0. 628 82 0.203 74 0. 696 81 0. 217 65 0.52353 0.1 0.1 0.1 0.9 0.1
7 0. 224 86 0.26271 0.112 87 0.1 0.12353 0.194 12 0.1 0.1 0.1 0.1 0.9
8 0. 816 76 0. 84576 0. 886 75 0. 853 62 0.9 0.9 0.1 0.9 0.1 0.1 0.1
9 0.9 0. 80509 0. 886 75 0. 857 68 0.9 0.9 0.1 0.9 0.1 0.1 0.1
10 0.6133 0. 642 38 0. 502 84 0.708 7 0.52353 0.71177 0.1 0.1 0.9 0.1 0.1
11 0.673 41 0. 588 14 0. 362 0.418 84 0. 217 65 0.523 53 0.1 0.1 0.1 0.9 0.1
12 0. 335 84 0.11356 0.17572 0. 146 38 0.12353 0.194 12 0.1 0.1 0.1 0.1 0.9
13 0. 890 75 0.9 0. 886 75 0.9 0.9 0.9 0.1 0.9 0.1 0.1 0.1
14 0. 668 78 0. 642 38 0.502 84 0.712 75 0.523 53 0.711 77 0.1 0.1 0.9 0.1 0.1
15 0. 326 59 0.6017 0. 342 31 0. 678 55 0. 217 65 0.52353 0.1 0.1 0.1 0.9 0.1
16 0. 807 51 0. 642 38 0.342 31 0.71275 0.217 65 0.52353 0.1 0.1 0.1 0.9 0.1
17 0. 243 35 0.1678 0.17572 0. 224 64 0.1 0. 147 06 0.1 0.1 0.1 0.1 0.9
18 0. 483 82 0. 696 61 0. 896 59 0. 744 06 0. 758 82 0.9 0.1 0.9 0.1 0.1 0.1
19 0.63179 0.493 22 0.570 99 0. 586 96 0.429 41 0.711 77 0.1 0.1 0.9 0.1 0.1
20 0. 409 82 0.249 15 0.527 07 0. 328 98 0.170 59 0. 288 23 0.1 0.1 0.1 0.9 0.1
21 0. 326 59 0.1 0.162 09 0.117 39 0.11176 0. 147 06 0.1 0.1 0.1 0.1 0.9
22 0.576 3 0.9 0.9 0. 726 09 0. 758 82 0.3353 0.1 0.9 0.1 0.1 0.1
23 0.530 06 0. 547 46 0. 520 56 0.5 0. 429 41 0.711 77 0.1 0.1 0.9 0.1 0.1
24 0. 252 6 0. 289 83 0.192 38 0.27391 0.194 12 0.3353 0.1 0.1 0.1 0.9 0.1
25 0. 206 36 0.154 24 0.128 02 0.117 39 0.1 0.1 0.1 0.1 0.1 0.1 0.9
26 0.1 0.127 12 0.1 0. 11507 0.11176 0.1 0.1 0.1 0.1 0.1 0.9
27 0.308 1 0. 276 27 0.2416 0. 404 34 0. 147 06 0.24118 0.1 0.1 0.1 0.9 0.1
28 0.770 52 0.6017 0. 468 77 0. 695 94 0.523 53 0.71177 0.1 0.1 0.9 0.1 0.1
29 0. 890 75 0. 845 76 0. 669 42 0. 876 81 0.9 0.9 0.1 0.9 0.1 0.1 0.1
30 0.502 31 0. 628 82 0.5725 0. 698 55 0.523 53 0.7177 0.1 0.1 0.9 0.1 0.1
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Fig. 4 Error curves of the original model (a) and improved model (b)
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Table 3 Measurement classification indexes of surrounding rocks on Zoumagang tunnel to be classified
RQD K. R., V, K, /
1 _
(94-720~3-4-320) s 75 0. 57 82.9 4145 10 4
2
(3+320~3+680) 30 ’ ’ 94 0.71 81.5 4631 18 5.5
(3+760~4+300) "
3
(34-680~3--760) s s 80 0. 69 60 4567 10 4
4 -
(44+300~4-4410) s s 68 0.52 120 3980 18 5.9
5 |~
(A4 410~4-4470) , s s 42 0.45 62. 4 3681 10 4
6 -
(44470~4-+484) s s s 25 0. 36 62. 4 3 300 3.5 3
7 _
(44484 ~4-4505) , 25 0.17 6.3 2300 1 0.75
4
Table 4 Classification results of Zoumagang rocks surrounding tunnel
1 Il I v vV
1 0.1000 0.100 0 0. 900 0 0.1000 0.1000 Il I
2 0.1000 0. 900 0 0.100 0 0.1000 0. 1000 1 I
3 0.1000 0.100 0 0. 900 0 0.1000 0. 1000 Il I
4 0. 1000 0. 900 0 0.1000 0.1000 0. 1000 1 I
5 0.1000 0.1000 0. 900 0 0.1000 0.1000 Il Il
6 0. 1000 0.1000 0.1018 0.898 2 0.1000 I\ v
7 0. 1000 0. 1000 0. 1000 0. 1000 0. 900 0 Vv Vv
IW{l,1} LW{2 1 3
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