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Tunnel Blast Design in Consideration of Joint Properties

Chee-Hwan Kim

Abstract. Rockmass properties have great influence on blasting performance so that it cannot be overemphasized
to analyze rockmass properties and to perform blast design based on them. Up to the present, however blast
design is performed either considering only uniaxial compressive strength of intact rock or using RMR
classification as a blastability classification scheme. In this paper Ashby's approach is adopted to evaluate blast
index. In addition, rockmass classification for the blast design based on joint survey results and pattern design
procedure are added to Ashby's original approach. With this extended approach, blastability can be classified
considering joint properties and objectiveness of evaluated blast index can be confirmed. This approach is
anticipated to enhance the tunnel blast design by considering joint properties and classifying the rockmass for
blast design.
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Tablé 1. Comparisons between Ashby's original approach and extended approach.

Item Ashby's Approach

Extended Approach

Joint Survey X

Scanline Survey, BIPS(BHTV), Core Joint Survey

Blastability Scheme - -
Classification X

Classified with Fracture Domain

Frequency X

Statistical Evaluation

Joint Index —
Friction Angle

Patton Joint Model

Barton-Bandis Joint Model

Powder Factor

p _ _ld4tan(¢+i)
L=
ANFO 3 ffractures/m

I 4tdn(¢h+JRC log,o(JCSD

ifractures/m

P o =
ANFO

Pattern Design X
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Joint Survey

= Geometry
= Mechanical Properties

Blasting Rock Classification

= Delineation of
Fracture Domain

Derivation of Joint Index

= Frequency
= Friction Angle

Derivation of Powder factor

" Pranco @ Prpyn

Blast Design

= Blast Pattern Design
» Charge Calculation

Fig. 1. Flow chart for blast design.
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Tai)le 2. Measuring items of each surveying method.

Item Scanline BIPS Core joint
survey survey
Orientation O O X
Spacing O O O
Size O X X
JRC ®) X O
JCS O X O
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Fig. 3. Boundary of each fracture domain.
Tabl(.e 3. Joint properties in each fracture domain.
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omain () Orent. o m) O™ length m) m) O™ fength (m)  (m) (MPa)
1 810  335/88 1.52 040  092/87 0.82 050  226/66 1.40 1.00 7.9 50
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3 400  338/84 1.76 055  217/86 1.60 1.60  001/31 1.60 0.62 10 82.8
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Table 4. Joint frequency for each fracture domain.
Fracture _ . . Orient. of Tunnel N L . Frequency along tunnel
domain Joint set  Orient. pole Frequency trend Directional variation of joint frequency direction(No. of joints/m)
Set 1 335/88  155/02 2.50 g *
S
| Set2 09287 272002 2.00 43 gL NN - 4381
’ (N37W) 8 . '
g
L
Set 3 226/66  046/24 0.60 _%, :i 2 9
o Tunnet: N37W
Set 1 295/90  115/00 2.94 g :
s .
2 Set 2 262/86  082/04 2.00 138 g i ® 4(3.96)
' (Ne2wy 8 '
£
w i
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Set 3 282/30  102/60 0.33 s, T ot NaZW
Set 1 338/84  158/06 2.70 ‘g "j :
S
3 Set 2 217/86  037/04 1.11 L18 g ofom ® 3(2.37)
) ’ (N62W) 5 '
uE.- z 1, Tunnel: N6
E . =
Set 3 001732  181/58 0.59 3 s -
Table 5. Joint friction angle for each fracture domain.
Fracture domain Basic friction angle (*) JRC JCS(MPa) Friction angle ()
1 29 7.9 50.0 41.5
2 29 8.1 109.0 44.6
29 10.0 82.8 470
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Table 6. Joint friction angle, joint frequency in tunnel direction,
powder factor.

Fracture  Joint friction  Joint frequency Powder factor
domain angle () (No. of joints/m) (kg/m’)

1 41.5 4 0.78

2 44.6 4 0.87

3 47.0 3 1.04
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Table 7. Relative weight strength of explosives.
Explosives Q(MJ/kg) V(m'/kg) S_dyn S_anfo Density(kg/m")
Megamite-Il 5.153 0.890 1.06 1.08 1,400~ 1,600
Megamite-1 4.827 0.880 1.00 1.02 1,300~1,500
ANFO 4.609 0.970 0.98 1.00 900
Newmite-+II 4.609 0.736 0.94 0.96 1,200~1,300
Newmite+] 3.687 0.826 0.79 0.81 1,100~1,200
Finex-| 2723 0.640 0.59 0.60 1,000
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Table 8. Powder factor for ANFO and dynamite.

# Aol gAY e gelvt 3 wed g A

Fracture Powder factor for Powder factor for 3 uba] o -

domain  ANFO (Pyo (kg/m) _dynamite (P, (kg o)1 EIE23H & 92 vl A28 oidsio} He)
1 0.78 072 dEks v 4 ole wadAle] Hado] dFH
2 087 081 T} 0% g3 ¥ APolME Ashby’t Alte Hel &
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Table 9. Calculation of charge weight per hole.

Cut Holes

Cylinder cut :

v ¢

Calculation Procedure
Qtkg) = L. X(H-h,)

LS C
L.(kg/m) = 55xdx (5) X(V—ij((ﬂ

similiar procedure for stoping holes calculation

)

V-cut :

Q=Q+Q.= %XHXLh

Stoping Holes & { —
Floor holes Q= 3xHx (M
h (0.9)"- Sanro
Q.=h.xL,
Contour Holes Q= Q.<(Hh)

Q : charge per hole(kg), H: hole depth(m), Q,: bottom charge(kg), Q,:
column charge concentration(kg/m),
: empty hole diameter(m), V : burden(m),

L,: bottom charge concentration(kg/m), L,:
h,: stemming(m) , d: drill hole diameter(m), @
C : rock constant. f: fixation factor

column charge(kg),
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Table 10. Examples of designed blast pattern.

 ADEYS Tl Bl W A

Pattern 1~11

Pattern IV~ VI
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Pattern 1 Pattern II Pattern IIT Pattern IV Pattern V Pattern VI
Cut Cylinder cut Cylinder cut Cylinder cut V- cut V- cut V- cut
Drilling length(m) 44 33 L7 1.3 1.1
Advance(m) 4.0 30 1.5 1.2 1.0
Burden(m) 0.8 0.8 0.75 0.65 0.65
Spacing(m) 0.9 0.9 0.85 0.7 0.7
Charge weight per 4, 0 296.912 182.207 146.833 101.628 84.436
round(kg)
Specific charge 1214 1.153 1.053 1118 0.957 0.954
(kg/m’)
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