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Development of an Artificial Neural Network —Expert System for Preliminary
Design of Tunnel in Rock Masses
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Abstract

A tunnel design expert system entitled NESTED is developed using the artificial neural
network. The expert system includes three neural network computer models designed for
the stability assessment of underground openings and the estimation of correlation be-
tween the RMR and Q systems, The expert system consists of the three models and the
computerized rock mass classification programs that could be driven under the same user
interface,

As the structure of the neural network, a multi-layer neural network which adopts an er-
ror back-propagation learning algorithm is used. To set up its knowledge base from the
prior case histories, an engineering database which can control the incomplete and errone-
ous information by learning process is developed.

A series of experiments comparing the results of the neural network with the actual field
observations have demonstrated the inferring capabilities of the neural network to identify
the possible failure modes and the support timing. The neural network expert system thus
complements the incomplete geological data and provides suitable support
recommendations for preliminary design of tunnels in rock masses.
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[13] ROCK MASS PROPERTY »
[14) GROUND WATER CONDITION »
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21 UTTEITY

(1] BMR

TEH [4% 1 NEURAL NETWOREK

(Nutpul) Input
- LOCATION OF INSTABILITY Report
1. oo : 6 T —
2. Wall: ]
- TIME-STABILITY-SUPPORT CLASSIFICATION
A. Stable at blasting, no anticipated
falls, no support - ~--—---~ 180
B. Minor falls or overbreak at
blasting, support not considered
necessary for prevention of
loosening ~——---=----- oo L]
C. Stable at hlasting, support in
anticipation of loosening --- -~ a
D. Stable at blasting, unsupported.
gradual deterioration and
subseguent support e e
E. Fallia at blasting. =upport in

Mensal Hetwork Fo Tiooe |

Lystem tor

Ereavation e

pert

sayn

T2 8. NNET-22] 87 Apale] &3ata of

12T HTHLITY 13) BHR SYSTEH (11 4§ 57ryTEM [ NEVUBAL HETWIRE
(Dutput) Input
- LOCATION OF INSTABILITY Report
1. Roof 51 EE—
2. Hall: A

- TIHE STAPILITY-SUPPORT CLASSIFICAT
falls, no support ----—----——----
. Hinor falls or overbreak at

necessary for prevention of
loosening
. 3table at blasting, support in
anticipation of loosening -

gradual deterioration and
subsequent support
. Falla at blasting, support in

Stable at blasting, no anticipated

blasting, support not considered

. Stable at bhlasting, unsupported,

100

Menral Metwerk B T}
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T8 dy3l 14 112 dasld g 286

olol wt2 FAFl K e -1y 129
(ST 3= kig=

RMR A~¥la zatshet mrns @4
of FHuistellA M L2 aP oz sy
Arh® 2 dAzeAE RMR Al ~8o] NES-
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ok vk g 19 139 el =& )
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15 m length, overthrust shear zon-
es in schist, in which there was a

L 3 cm thick clay(non softening) and
Description of]

Shear zone was
Rock Mass

graphite seam,
50-100 c¢m wide and contained

smooth, slickensided graphite-coat-
Nature of

ed joint surfaces, 1 joint set, 5-30
Instability | o )

cm spacing. Insignificant water in
flow. RQD=10. Wedge-shaped roof
fall

Span(6.5 m), Height{4.5 m), Dep-
th(50 m}

Rock bolts, wire mesh and two

Specification

Support used
shotcrete applications

Ratings RQD{L}, J.(2), J,(1.0), 1,010},
J. (1.0}, SRF(5), ESR{1.6)
Q index (10/2) x(L0/10)x(10/5)=

Estimate of | Category 31 =systematic bolting

permanent 1 m shotcrete{mesh

roof support reinforced) 5 em

L2010 UTTLITY [3) MR SYSTEM 41 3 SY3TEM [51 NEURAL NLTWORK
Juint rauglee s number Gle)
H. Zone containing clay mincrals thick
J: enough to prevent rock wall contact 58
J. Sandy, grawvelly or crushed zone thick 1 6.5
L enough to prevent rock wall contact 1 4.5
© 18
5. Joint set number (Jdn) » . IB]
dnint eoughness namber ) :
7. Joint alteration number (Ja) »
8. Joint water reduction factor (Juw) »
9. Stress reduction factor (SRF) »
18. Excavation support ratio C(ESR) -
11. Excavation usage =
12. Bean spacing of Joint sct (In meter)
Hewral Hetwork Dopert System Tor Tuwne] Lecavation Design

T8 10. Q A&t e o Hulk4

90 F10E B3I - 19944 9 H



I BTinITy Y S TEM £%1 HLEIRAL

FFY RMR SYLTLH t41 1

Peederrminat g ol 4] rndex

Q-index ((RQD/Jdn) x (JrrJda) x (Jrrda)) g.1848

(a) Block size (RQD-Jn) H 5.888
(b) inter-block shear strength (JrrJda) ¢ g.108
(c) Active stress (JuwsSAF} : 8.ze8
(d} Equivalent dimension (Span-ESR) : 4.862

Support Pressure

(a) Permanent ROOF support pressure (kgr-square cm) @ @.44
(b} Permanent WALL support pressure (kg-/square cm) @ H.59
Support

(a) Permanent support (b} Temporary support

(1) ROOF (Q - a.iua) (i) ROOF (Q = 8.584)
category @' 31 categoary : 25
(ii) WALL (Q = 8.258) Cil) WALL ( = 1.250)

category : 29 category : H

HETWIRK

Mevral

Hetwork Eapeet System Tor Tuniel Dacawation Jesiyn

TIE 1. Q Al =Rl e Alaba s &9 o

121 UTILITY T R SYSTEM 4} Q- -5¥YS5TEM 51 NLURAL

suppert recammcudations for § range: 1. B 8.1
Support
category Type of suppert
1 i1} systematic bolting(tepsioned, grouted)

i 1lm
(2) shotcrete(mesh reinforced} : 5-12.5 cm

Neural Network Expect System [or Tunnel Dxcavation Dest

oAl A] bz Lw e e AlEE e} s A&y} o2 Bieniawskiol
v cr B GE 49 ok crd 1400 vk ghgl 2ol o]gt sstolu},
NESTED®2] RMR Alab#dwbiz wie] %4f wf adjusted RMRoll upst 53
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Lo ey 131 KME S57hTER Ity HriteEm 101 HEHENL NETWHRE

uf o strike and dip Soappee ded Bt
(1) Strike Perpendicular to Tunnel Axis
[2]1 Favorable 1. Drive with Dip
[3]1 Fair (a) Dip 45-98 : Very Fauvorable
[4] Unfavorable (b) Dip 28-45 : Favarabie
[51 Uery Unfavorable 2. Drive against Dip
- (a) Dip 45-98 : Fair
6. Persistence of disc (b) Dip 28-45 :@ Unfavorable
7. Seperation between (Z2) Strike Parallel to Tunpel Axis
8. Condition of joint (a) Dip Z28-45 : Fair
9. Thickness of joint (b) Dip 45-98 : Uerry unfavnrahle
18. Weathering conditio| (3) Irrespective of Strike
11. General ground wate Dip 8-28 : Fair
1Z2. Application 1ype
Eftect of sarike and dip opicntat bon »
14. Weatherability of rock mass »
15. Horizontal stresses C(in Mpa) (7 -> 8)

Neoral Metwork Expert bSgystem for Tunne! Evcovation DPrsign

12| 13. RMR Al =99 134

[ b UTTLETY (11 #MK S5YSTEH (11 1y 3vs7CA 1) REURAL NLTWORK

Determinat ion of HMR

1. Value of basic RMR H 53

2. Value of adjusted RMR : 15

3. UValue of RMR for dry conditions : 58

4. Cohesion (kFa) : 263

5. Angle of internal friction H n

Mevrol Hetwork Popect Sysdem [or Tonne D Teacovation pPesign
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L ErTY

L RMIE s TIM

(1Y 1) LTIEA I MEURaL HETWHORK

Foerovvalinw 5 Soppoet Dejde | e

LRTEL N T N |

1. Rock Mass Class :
2. Excavation

3. Support

(b} Shoicrete

Fair rock

: Top heading and bench

1.5-Im advance

Commence support after cach blast
Completely support 18m from lace

(a) Rock balts (Z2Bmm Dia,
Systematic bolts 4w long, spaced 1.5-2m in
crown and walls with wire wesh in crown
: D@-188mm in crown and
Idmm In sides
(¢) Steecl sets | None

» shape:horseshoe: width:18m: vertical stress:<Z24 Mpa:
construction: drill and blasting

Fully Grouted) :

Rearal Hetwock Expert

a8l 15 B2 g

H 4. RMR A]=d2] A|§fel 4149 §]4 AR,

Unit weight of rock mass 25 kN /m?
Number of discontinuity sets 3

Uniaxial compressive strength 40 MPa
RQD{%) 60

Spacing of discontinuities .15 m
Persistence of discontinuities 10m
Seperation between discontinuities | 0.125 mm

Condition of Joint surface Slightly rough

Thickness of joint infilling 0 mm

Weathering condition of wall rock Slightly weathered

General ground water condition Damp

Effect of strike and dip orientation | Fair

Weatherability of rock mass Low resistence to

weathering J
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[ UTELITY L1 RHR GYSTEH (41 1) 5YsThH (4] HLURAL NETWORK

NNET 0 inpnt data nFELTCnTHON [ NNLET 3]
ARG | Chaxber IR
{Z1 ROCK MASS RATING : Foundation Report

Metal mine Result
Dil shale mine

Rock slope
Shaft

T |

Hevral Hedwyorek Laopert Sy ctem Lo Trome b Excavat ron hesign

12l 16 NNET-32] ¢jaduba

R [ HTTLETY 141 RMR SvSTERM 141 1) 5YSTEM I NEURAL NETWIRE
[ NNET-3 PROJECT TITLE: PARKRURL 1 Input
Report
CInput) EzinTee—
1. APPLICATION TYPE : Tunnel o e e e
2. Rock Mass Rating : 72
(Dutput?
- RMR -> §-index
(1) NNET-3: 16.8213
(Z2) Bicniowski(1976): 22 .4468
(3) Rutledge & Preston(1978): 136.3548
(4) Abad et al.(1983): 17.7465
(5) Kelser(1986): 19.8015

Nenral Netwoark Expert System for Tennel Txeavation Design
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Extremely . . Very{ Ext. |Exc.
o : Very
Exc. Poor Poor ery Poor | Poor |Fair| Good Good| Good |Good
100 ) >
| ——F3 Bieniawski (3) g e E‘é’
=~ = —A Rutledge and Preston {() , "," > O
80 4 ===« Abad et al.7) - /-" P
...... e Kaiser (5) - A’ <
~ L . - T
= O Park River Tunnel // =
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= @® Neural Network
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