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A Study on Effective Blasting Patterns on
Small Area Tunnel
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Abstract

In underground drilling and blasting, particularly in small headings(generally under 20
m'), the prospects for changes of blast parameters are usually more limited than those
employed by large area tunnel(over 20m’). It is also well known that the consumption of
explosives and specific drilling rate for small tunnel areas are exponentially increased
also tunnel areas decrease.

To confirm above results, some tests for two tunnels(irrigation water tunnel with 6.0
' area, electric supplies tunnel with 15.0m') are also carried out in this study.

As a results, specific drilling rate and specific charge for irrigation water tunnel were
decreased from 138 to 7.7m/m' and from 4.88 to 2.56ke/m' respectively. Those for
electric supplies tunnel were also decreased from 80 to 49m/m’ and from 3.46 to 2.22kg/
m'.
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Rock's physical characters from irrigation water tunnel
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Apparent

Density
(g/em®)

Porosity

(%)

Absorption

(%)

Elastic
Wave
velocity
(m/sec)

Uniaxial Elastic Tensile
Strength Modulus | Strength
(MPa) (GPa) (MPa)

Range 12.74~2.59 | 0.70~0.22

0.33~0.12

5530~4235 1220.6~185.9 59.08-41.56 | 13.8-6.2

Average

2.63

0.43

0.22

4620 200.18 48.30 9.2

Table 2 Rock’s physical

characters from Electrical supplies tunnel

Apparent

Density
(g/cm®)

Porosity

(%)

Absorption

(%)

Elastic
Wave
velocity

(m/sec)

Uniaxial Elastic Tensile
Strength Modulus | Strength
(MPa) (GPa) (MPa)

Type of
rock

Range ||2.70~2.64

0.75~0.30

0.31~0.13

5725~4529 |230.7~200.5| 63.09-45.30 | 146-75

Average

2.68

0.53

0.21

4730 217.21 52.06 10.8

Table 3 Irrigation water tunnel blasting data

Hole
diameter
(mm)

Hole depth
(m)

Round
length
(m)

rate

(%)

Round | Number of Specific

Area of tunnel
holes N chargg
(hole) m (kg/m")

Specific
drilling
(m/m%)

35

1.08

60

50 6.00 4.83

138

Table 4 Electrical supplies tunnel blasting data

Hole -
diameter
(mm)

Hole depth
(m)

Round
length
(m)

(%)

Round rate| Area of tunnel

Number of Specific

holes (md) charge
(hole) (kg/m")

Specific
drilling
(m/m’)

45

3.0

2.1

70

88 1575 3.46

8.0
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Table 5 Test blasting patterns
Test number Items Irrigation water tunnel Electric supplies Tunnel

Kind of center cut

burn cut—v cut

cylinder cut—v cut

Ist(No. 9)

Hole depth (m) 1.8 — 13 30— 16
2nd(No. 5) Number of holes (hole) 50 ~ 88~
3rd{No. 5) Specific charge (kg/em®) 488 ~ 346 °
4th(No. 6) Detonator delay MS — LP
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Table 6 The space and burden of the two tunnels based on study records
Items Water wnnel Electric tunnels Remarks
Hole space (m) 072 092 \
ASSUIme
Burden length (m) 065 053 }
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Table 7 Test results from cut variation
Water tunnel Electric tunnel
Number of test Hole Round | Round Degree o.f Hole Round | Round Degree oif
depth length rate | fragmentation| depth length rate |fragmentation
(m) (m) (26) (cm) (m) (m) (%) {cm)
conventional | o | og | g 18.4 30 | 210 | 70 18.9
pattern
1st 1.3 1.1 85 18.3 16 15 94 15.6
Z2nd 1.3 1.0 77 16.8 16 14 88 18.8
3rd 1.3 1.1 85 17.7 1.6 15 94 124
4th 1.3 1.0 77 16.2 16 14 33 16.3
Sth 1.3 1.1 85 14.1 16 14 88 145
Average 1.3 1.06 82 16.62 1.6 1.44 90 15.52
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Table 8 Test results from number of drilling variation
Water tunnel Electric tunnel
Number of | Number | Round | Specific | Degree of | Number | Round | Specific | Degree of
test of holes| rate drilling {fragmentation| of holes | rate drilling |fragmentation
(hole) (%) (m/m%) (cm) (hole) (%) (m/m) (cm)
Conventional | g 60 | 138 18.4 88 70 8.0 18.9
pattern
Ist 39 92 7.1 17.6 74 88 5.3 13.8
2nd 35 92 6.4 17.4 70 94 4.7 14.2
3rd 31 83 6.2 23.2 68 4.9 13.6
4th 31 83 6.2 20.2 64 69 54 16.8
5th 31 75 6.9 245 64 75 5.7 17.2
Table 9 Test results from charge variation
Water tunnel Electric tunnel
Nuntl:;r of Specific charge | Round rate fr?eriei (t)'fm Specific charge Round rate frfegreia(gfo
(kg/m®) (%) gmentatc (kg/m°) (%) gmentation
(cm) (cm)
Conventional 4.88 60 18.4 3.46 70 189
pattern
Ist 2.65 85 19.8 2.45 94 14.1
2nd 2.56 85 19.7 2.22 94 14.3
3rd 2.85 31 18.9 2.47 81 136
4th 2.57 77 212 2.68 75 145
5th 3.21 62 22.5 2.92 81 14.8
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Fig. 11 Test results of various patterns to two
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(b)  Electrical
comparison
Fig. 12 Working time comparison to two tunnels

Table 10 Test results from delay time

Number of test Kind of detonation Drilling rate (26) Degree of fragmentation
13] 77 19.3
23] MS detonator 85 19.2
33 77 20.1
43] 85 16.2
53] MS+LP detonator 85 15.3
63 71 16.0
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Table 11 Comparison of the results from two tunnels

Water tunnel Electric tunnel
Remarks Conventional New pattern Conventional New pattern
pattern pattern

Hole diameter(m) 1.80 1.30 3.00 1.60
Round length{(m) 1.08 1.08 2.1 1.45
Round rate(%) 60 &3 70 91
Number of holes(hole) 50 35 85 63
Specific drilling(m/m®) 138 77 80 49
Specific charge(kg/cm®) 4.83 256 3.46 2.22
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