B3 4532, GFANT
Vol. 6, 1996, pp. 316~325

TUNNEL & UNDERGROUND Vol. 6, 1996, pp. 316-325

T A0 of5 SNl £X

AR - yAP

dJ. of Korean Society for Rock Mech.

Estimation of Engineering Properties of Rock

by Accelerated Neural Network

Nam-Soo Kim, Hyung-Sik Yang

ABSTRACT A new accelerated neural network adopting modified sigmoid function was developed and
applied to estimate engineering properties of rock from insufficient geological data. Developed network
was tested on the well-known XOR and character recognition problems to verify the validity of the
algorithms. Both learning speed and recognition rate were improved. Test learn on the Lee and
Sterling's problem showed that learning time was reduced from tens of hours to a few minutes, while
the output pattern was almost the same as other studies. Application to the various case studies
showed exact coincidence with original data or measured results.
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Fig. 1. McCulloch and Pitts Model.

McCulloch®} Pitts= AEEH] AR L] EA
< 23zt Qo] 2rdg AksldckFig. 1). o]
Ble shiol walol ofe] Ao izt 19 &3 o]
A5l F2E b= AFREEA, 99 x(i=0, 1,2 -
N-DE ohE relozRe]o] qjHdd 2e] {7 vt
155 09} 2k8 71, wo, wy, - Wy A7A7HEX]
2A AAANEES] AR R dFE L, 2
glo] dAGHOE 2 S8(1), 2hew o A|0) A%
< E9slA et

A2 AAANEE 7+ AZ7ERIE 4R
ol whel 2 &g i, AZA7EEA el A
W Aol upet A AE SFH KRN

2.2 2FYNN} AHY

2344 F2oe JH ST 285 2lol & ) o] e
2y Z(Z71 ) hidden layer)e] Q& vl F{HEE
(perceptron)e] A&&ch(Fig. 2). t}Z= LS 3
&ul o 2 o3 X shH(back-propagation) H<FetirelE
< A3kt (Rummelhart et al., 1986)

A gredae|FollAe dHalide] AA e ¢
of] Fol & wll 7} ol tis A o} G4 5
o|f&slo] FHZollX ] kT 2xE AE
3k Aeh(forward pass) SrchAlR) dshe

| 253}2] Xol & Al4talA] o E AH A

& Aole] AAREE 2A e Auker 1Y

(reverse pass) St5utAZE Qo AT =AHE o}

Al J#slo] Aatstl 2 S AL wjHel 0x7} Folx|

3 F o) gho] AAl Al =2ed uf7tA
Al vk Ayt

Az SgduelE shgat e A ek %
o] Yojrdr}.

dHEF 7 Hel7loA ¥ e 7 oo, YEFH F
7Hs Aole] AAZAE wE ol83ted F1F Helrl

ob g0t |

-

i [
oF

] e

e
n

¢

X
o
o
-
S

By XlspEg7 317

Output Pattern

Input Pattern
Fig. 2. The structure of multi-layer perceptron.
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Table 1. Comparison of general and accelerated EBP for XOR problem (system error=0.1)

learning rate General EBP Accelerated EBP

n epoch learning time  recognition epoch learning time recognition
(frequency) (s) (s.d.) (frequency) (s) (s.d)

0.1 3120 10.7 0.024 98.3 <1 0.138

0.3 987 3.3 0.027 60.1 <1 0.135

0.5 562 1.8 0.024 53.5 <1 0.131

0.7 422 1.5 0.024 88.6 <1 0.134

0.9 328 <1 0.023 64.4 <1 0.169

Table 2. Comparison of general and accelerated EBP for character recognition problem (system error=0.1)

learning rate General EBP Accelerated EBP

n epoch learning time  recognition epoch learning time recognition
(frequency) (s) (s.d) (frequency) (s) (s.d)

0.1 1150 57.2 0.012 13.8 <1 0.069

0.3 389 19.1 0.012 12.2 <1 0.074

0.5 243 11.8 0.011 11.7 <1 0.064

0.7 212 9.8 0.013 11.1 <1 0.065

0.9 178 7.6 0.012 104 <1 0.069
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Table 3. Comparison of accelerated EBP for XOR and character recognition problems (system error=0.001)

learning rate XOR Character recognition
n epoch learning recognition epoch learning time recognition
(frequency) time (s) (s.d.) (frequency) () (s.d.)
0.1 105 11 0.015 16.6 <1 0.01
0.3 103 <1 0.013 15.3 <1 0.01
0.5 98 <1 0.013 14.4 <1 0.01
0.7 98 <1 0.013 14.1 <1 0.01
0.9 80 <1 0.014 13.2 <1 0.01
Table 4. Comparison of learning time with Lee & Sterling's database
Lee & Sterling's Moon & Lee's Author's
System configuration PC 386/25 MHz IBM PC IBM PC
486DX2-66MHz 486DX2-66MHz
16M RAM 8M RAM
Operating system IBM 0OS/2 Ver 2.1 MS DOS Ver 6.22
Programming language MS-C Ver 6.0 WATCOM C/C++
0S/2 MODE Ver 10.0
System error 0.0001 0.0095 0.0095
Learning time 310 Hr 35 Hr 10 min
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Table 5. Nonzero items from test resuits on Lee & Sterling's problem

Item Authors' Lee & Moon &
Input Output Sterling Lee
X overburden 2. medium 1 1.00 0.41-1.00 1.00
A Intact rock strength 5. sound 1.00 0.41-1.00 1.00
A\ Average spacing/span 15. 0.1<s/a<1.0 0 0.01 0.21-0.30 0.00
16. s/a<1.0 0 1.00 0.41-1.00 1.00
A Discontinuity tightness 20. open 0 0.76 '0.41-1.00 0.54
A Discontinuity Persistency 22. continuous 0 0.99 0.41-1.00 0.95
23. discontinuous 0 0.06 0.01-0.10 0.51
A Discontinuity type 24. joint 0 0.97 0.41-1.00 0.98
: 27. fault or shear zones 0 0.10 0.41-1.00 0.00
/\ Discontinuity fillings 28. none 0 0.35 0.41-1.00 0.77
A Discontinuity planeness 33. plane 0 0.89 0.41-1.00 0.96
/A Discontinuity roughness 37. smooth 0 0.33 0.41-1.00 0.17
. Discontinuity dip 40. within 60 1 1.00 0.41-1.00 1.00
41. within 90 1 1.00 0.41-1.00 1.00
A Discontinuity strike 42. in 30 deg 0 0.83 0.41-1.00 0.99
43. in 60 deg 0 0.59 0.41-1.00 0.86
A Shear zoning faulting 49. category E 0 0.81 0.00 1.00
A Ground water conditioning 55. dry or minor inflow (<5 l/min) 0 0.98 0.01-1.10 0.99
56. medium inflow 0 0.00 0.41-1.00 0.00

[0 MODE OF INSTABILITY

4 Location 59. roof 0 0.07 0.41-1.00 0.01
4 Modes 76. dome-/vault-shaped formation 0 0.02 0.41-1.00 0.02
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Table 6. Selected items from the results of AEBP application on the case #1 of Cecil's database

Item Input Output Truth Item Input Output Truth Item Input Output Truth

[ Intact rock strength [] Discontinuity type (] Strike

sound 1.0 0.97 1 joint 1.0 1.00 1 <30 1.0 099 1

altered 0.0 0.18 0 bedding 0.0 0.00 0 <90 1.0 098 1

] Rock mass structure fault 1.0 1.00 1 [ RQD

massive 0.0 0.00 0 [ Discontinuity  fillings excellent 0.0 0.32 0

one set 0.0 0.00 0  none 0.0 0.07 0 fair 0.0 0.02 1

two set 1.0 1.00 1 nonsoftening 1.0 0.90 1 [] Water

three set 0.0 0.00 0 [ Discontinuity planeness dry 1.0 088

[J Discontinuity tightness plane 1.0 0.95 1 medium 0.0 0.00 0

very tight 0.0 0.00 0 irregular 0.0 0.08 0 1 Modes of instability

tight 0.0 0.00 0 [] Discontinuity roughness roof 1.0  1.00 1

open 1.0 1.00 1 slickensided 1.0 0.97 wall 00 018 0

[J Discontinuity persistency smooth 0.0 0.10 0 small 1.0 096
block fall

continuous 1.0 1.00 1 rought 1.0 0.79 1 rockburst 0.0 0.0 0

discontinuous 0.0 0.00 0 [ Dip<90 1.0 1.00 1 disinte- 1.0 046 1
gration

Table 7. Selected items from the results of AEBP application on the case #1 of Cecil's database

Item Input Qutput Truth Item Input Output Truth Item  Input Output Truth

(1 Intact rock [] Discontinuity type ] Strike

sound 1.0 0.96 1 joint 1.0 1.00 1 <30 1.0 092 1

altered 0.0 0.28 0 bedding 0.0 0.00 0 <290 1.0 099 1

[J Rock mass structure fault 1.0 1.00 1 RQD

massive 0.0 0.00 0 [] Discontinuity  fillings excellent 0.0  0.00 0

one set 0.0 0.00 0 none 0.0 0.09 0 fair 1.0 097 1

two set 1.0 1.00 1 nonsoftening clay 0.0 0.11 1 [ Water

three set 0.0 0.01 0 [ Discontinuity planeness dry 1.0 079

[ Discontinuity tightness plane 1.0 1.00 1 medium 0.0 0.00 0

very tight 0.0 0.00 0 irregular 0.0 0.00 0 [ Modes of instability

tight 0.0 0.00 0 [ Discontinuity roughness roof 1.0 1.00 1

open 1.0 1.00 1 slickensided 0.0 0.62 wall 0.0 0.23 0

[ Discontinuity persistency smooth 0.0 0.43 0 small 1.0 0098
block fall

continuous 1.0 1.00 1 rough 0.0 0.00 1 rock burst 0.0 0.00 0

discontinuos 0.0 0.00 0 [ Dip <90 1.0 1.00 1 disinte- 1.0 066 1

gration
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Table 8. Selected items from the resuits of AEBP application on the case #1 of Cecil's database

Item Input Output Truth Item Input Output Truth Item Input Output Truth
[ Intact rock [} Discontinuity type [ Strike
sound 1.0 1.00 1 joint 0.0 0.03 0 <30 0.0 0.63 0
altered 0.0 0.00 0 cleavage 1.0 1.00 1 <90 1.0 0.87 1
[2] Rock mass structure fault 1.0 1.00 1 [ RQD
massive 0.0 0.00 0 [ Discontinuity fillings excellent 0.0 0.00 0
one set 1.0 097 1 none 0.0 0.00 0 very poor 0.0 0.00 1
two set 0.0 0.00 0 nonsoftening 1.0 0.99 1 [ Water
three set 0.01 0.01 0 [ Discontinuity planeness dry 1.0 1.00
[[] Discontinuity tightness plane 1.0 1.00 1 medium 0.0 0.00 0
very tight 0.0 0.00 0 irregular 0.0 0.13 0 [ Modes of instability
tight 0.0 0.00 0 [ Discontinuity roughness roof 1.0 1.00 1
open 1.0 1.00 1 1.0 1.00 1 wall 0.0 0.00 0
] Discontinuity persistency smooth 0.0 0.00 0 moderate 1.0 1.00
fall
continuous 1.0 1.00 1 rough 0.0 0.01 0 small 0.0 0.06 0
block fall
discontinuous 0.0  0.00 0 [J Dip <60 1.0 1.00 1 wedge 1.0 1.00 1
shape fall

Table 9. Selected items from the results of AEBP application on the case #10 of Cecil's database

Item Input Output Truth Item Input Output Truth Item Input Output Truth

[[] Intac rock strength [1 Discontinuity type [] Strike

sound 1.0 1.00 1 joint 0.0 0.00 0 <30 0.0 0.00 0

altered 0.0 0.00 0 cleavage 1.0 1.00 1 <90 1.0 0.99 1

[J Rock mass structure fault 1.0 1.00 1 [ RQD

massive 0.0 0.00 0 [ Discontinuity fillings excellent 0.0 0.00 0

one set 1.0 1.00 1 nonoftening clay 0.0 0.03 1 very poor 1.0 094 1

two set 0.0 0.00 0 other low friction 0.0 0.00 1 [] Water

three set 0 0.00 0 [] Discontinuity planeness dry 1.0 1.00 1

[] Discontinuity tightness plane 1.0 1.00 1 medium 0.0 0.00 1

very tight 0.0 0.00 0 irregular 0.0 0.00 0 [0 Modes of instability

tight 0.0 0.00 0 [] Discontinuity roughness roof 1.0 1.00 1

open 1.0 1.00 1 slickensided 0.0 0.93 1 wall 0.0 0.00

[ Discontinuity persistency smooth 0.0 0.00 0 moderate fall 1.0 094

continuous 1.0 1.00 1 rough 0.0 0.00 0 small block fall 00 0.16 0
0.0 0.00 0 [J] Dip <60 1.0 1.00 1 wedge 1.0 1.00 1

shape fall
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Table 10. RMR class item from the resuits of AEBP
application of database

Database Item Input  Output  Truth
number (RMR class)

A 0.0 0.70 1.0

B 0.0 0.63 0.0

21 C 0.0 0.13 0.0
D 0.0 0.00 0.0

E 0.0 0.00 0.0

A 0.0 0.00 0.0

B 0.0 0.80 1.0

6 C 0.0 0.03 0.0
D 0.0 0.00 0.0

E 0.0 0.00 0.0

A 0.0 0.00 0.0

B 0.0 0.09 0.0

1 C 0.0 0.99 1.0
D 0.0 0.00 0.0

E 0.0 0.00 0.0

A 0.0 0.00 0.0

B 0.0 0.00 0.0

8 C 0.0 0.09 0.0
D 0.0 0.98 1.0

E 0.0 0.00 0.0
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Table 11. Nonzero items from the resuits of AEBP application on the S quarry slope

Item Input Output Truth Item Input Output Truth Item Input Output Truth
[ Intact rock strength [] Discontinuity persistency [] Discontinuity roughness
sound 00 100 1 continuous 0.37 0 smooth 1.0 1.00 1
altered 0.0 0.00 0 discontinuous 1.00 1 rough 0.0 0.00 0
[] Rock mass structure [J Discontinuity type Strike
massive 0.0 0.00 0 joint 1.00 1 <30 0.0 0.02 0
two set 0.0 0.00 0 bedding 0.00 0 <90 1.0 1.00 1
three set 1.0 1.00 1 fault . 0.00 0 [ RQD
random 0.0 0.03 0 [ Discontinuity fillings good 0.0 0.00 0
[] Average space/span none 0.00 0 fair 0.0 0.74
0.1~1.0 0.0 0.06 0 nonsoftening clay 1.00 1 [ Water
<0.1 0.0 1.00 1 softening clay 0.09 0 dry 1.0 1.0 1
[1 Discontinuity tightness [’] Discontinuity planeness medium 0.0 0.0 0
very tight 0.0  0.00 0 plane 1.00 1 [ Discontinuity roughness
tight 1.0 099 1 curved 0.00 0 dry 1.0 1.0 1
open 0.0 001 0 irregular 0.00 0 medium 0.0 0.0 0
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