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Fig. 1. Tunnel blast pattern.
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Table 1. Description of input and output parameters in ANN.

Parameter Description Data Type Range (unit)

Input A. Tunnel orientation Numeric 0 ~ 360
B1. Major discontinuity dip direction Numeric 0 ~ 360
B2. dip Numeric 0~ 9
B3. spacing Logic 1 ~5
B4. separation Logic 1 ~5
B5. condition Logic 1 ~5
Cl. Secondary discontinuity dip direction Numeric 0 ~ 360
C2. dip Numeric 0 ~ 360
C3. spacing Logic 1~5
C4. separation Logic 1 ~5
C5. condition Logic 1 ~5
D. Rock strength Logic 1 ~5
E. RQD. Logic 1~5
F. RMR Numeric 0 ~ 100
G. Drilling length Numeric (m)
H. Blasting quality Numeric (%)
I. Charge weight per delay Numeric (kg)
J. Distance Numeric (m)

Output  Powder factor Numeric (kg/m’)
Particle Velocity Numeric (cm/sec)
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AEUELE a8 B4YH 22L& 35 4+, ¢4 - 2439 wdd + 282 24F9 72
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WAzl 2l it daS FBEh
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TYE A7) At o] AHEEA @& Table 29 4709 ARE A3 o] Az s}
o AAFlA gagd st 44 EeXe] AFAE Hlwg Ro] Table 30t} B Eap A v
A dFoXe A4 ¢3e FARG AFFE o148 A5 239 WYHIL 0.0433 ke/m’
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o ey 3 ugdFe AA SRzt didtd 004 ke/m'e] BALAE JHRoH, BHE 472 %

o A exE Jeldcth o] u Ad exts} Fdeite g3 o] AYHh
Absolute Error = T;— 0O; (1)

Relative Error = T"; 0, (2)
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2RE %5V A7Yel A3 2AY WRE VY VXY £Eo2 4% Jvdnia Be
S,

Table 2. Testing sets of powder factor prediction.

Sample Number S-11 S-12 5-13 S-14

Tunnel Orientation 90 90 90 90

Dip Direction 259 086 081 257

Major Dip 82 86 88 87
Discontinuity Spacing 2 2 3 2
Separation 2 2 2 2

Condition 2 2 2 3

Dip Direction 346 005 357 340

Dip 77 73 77 78

Secondary -

Discontinuity Spacing 1 2 2 L
Separation 3 3 2 2

Condition 3 3 3 3

Rock Strength 3 4 5 2

R.Q.D. 1 2 2 2

RMR 38 52 39 44

Table 3. Comparison of experimental value and ANN output of powder factor.

Powder Factor (kg/m’) Error
Sample Absolute Error | Relative Error
Number Measured value ANN output (ke/m) ©6)
S-11 094 0.89 0.05 5.32
S-12 0.98 0.94 0.04 4.08
S-13 0.83 0.78 0.05 6.02
S-14 0.87 0.90 -0.03 -3.45
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Table 4. Testing sets of peak particle velocity prediction.

Sample Number S-21 S-22 S-23 S-24
Tunnel Orientation 050 090 090 090
Dip Direction 086 086 086 081
) Dip 86 86 86 88
Major -
Discontinuity Spacing 2 2 2 3
Separation 2 2 2 2
Condition 2 2 2 2
Dip Direction 005 005 005 357
Dip 73 73 73 77
Secondary -
Discontinuity Spacing 2 2 2 2
Separation 3 3 3 2
Condition 3 3 3 3
Rock Strength 4 4 4 5
R.Q.D. 2 2 2 2
RMR 52 52 52 56
Drilling Length (m) 1.70 1.70 1.70 2.2
Blasting Quality (%) 88.2 88.2 88.2 81.8
Distance (m) 70.0 80.5 93.5 93.9
Charge weight per delay (kg) 2.56 2.56 2.56 3.20

Table 5. Comparison of experimental value and ANN output in peak particle velocity.

Sample Peak Particle Velocity (cm/sec) Error
Experimental ANN output Absolute Error | Relative Error
Number value {cm/sec) (%)
S-21 0.28 0.265 0.015 5.36
S-22 0.20 0.193 0.007 3.50
S5-23 0.14 0.166 -0.026 -1857
S-24 0.20 0.195 0.005 2.50
14

—&— Experimental Value
—O— ANN output

—a&— Root Square S.D. (50 %)
- -—O— Root Square S.D. (95 %)
1ol —%— Cube Square S.D. (50 %)
: V- —v— Cube Square S.D. (95 %)

02} 0
8

0.0 1 1 1 L
§-21 S-22 8-23 S-24

Sample Number
Fig. 2. Comparison of measured value, ANN output and equation results in peak particle velocity.

12}

Peak Particle Velocity (cm/sec)
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INPUT PARAMETER

Fig. 3. Mean RSE of testing samples (powder factor).
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INPUT PARAMETER

Fig. 4. Mean RSE of testing samples (peak particle velocity).
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Fig. 5. RSE of the good blasting quality group.
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Fig. 6. RSE of the poor blasting quality group.
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