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Abstract  The research is carried out to analyze the cost-effectiveness of blasting patterns with regard 

to the diameters and design of blasting holes. Blasting patterns for single diameter array, and mixed 

diameter array were comparatively analyzed with regard to drilling and charging time, and materials 

required. The number of blasting holes required for single array pattern and mixed array pattern were 

138 and 93 holes, respectively. From the drilling time analysis, reduction in time and its efficiency of 

mixed pattern were 139 minutes and 25%, respectively, in comparison with single pattern. Charging time 

reduction and its efficiency of mixed blasting pattern were evaluated as 22.5 minutes per worker and 33%, 

respectively, compare to single blasting pattern. The explosive quantities of G1 and G2 required for single 

array patterns were 270 and 30, while those were 222 and 20 for mixed array patterns for tunnelling 4m. 

And single pattern required 45 more detonators than the mixed pattern. The evaluation of material 

required can also be positive parameter for cost reduction of tunnel construction.
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요  약  본 연구는 발파 설계에 있어서 발파공의 직경과 발파 패턴을 중심으로 비용 효과를 분석하기 위하여 수행되었

다. 발파 패턴을 단일 직경 발파공으로 설계한 경우와 직경의 다른 2개의 발파공을 혼합하여 설계한 경우에 대하여 

천공 시간, 장약 시간과 화약과 화공품 소모량을 비교 분석하였다. 소요 발파공 수는 단일 직경 발파공으로 설계할 

경우와 직경이 다른 두 개의 발파공으로 설계할 경우 각각 138개와 93개로 나타났다. 직경이 다른 두 개의 발파공을 

이용하여 설계한 경우, 단일 직경 발파공으로 설계한 경우보다 천공 시간은 139분이 단축되고 천공 효율은 25% 증

가되었다. 규격이 다른 두 개의 발파공을 적용하여 설계한 경우, 작업 인원당 장약 단축 시간과 작업 효율 증가는 

각각 22.5분과 33%로 분석되었다. 화약 소요량과 뇌관 소요량은 단일 규격 배열시 300개와 138개였으며, 혼합 규격 

배열시 242개와 93개로 후자의 경우 각각 58개와 45개 적게 소요되는 것으로 나타났다. 직경이 다른 두 개의 발파

공 혼합 설계 패턴은 발파 비용 절감의 잠재성을 가지고 있는 것으로 나타났다.
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*This paper was supported by 2018 Sangji University Research Fund.

*Corresponding Author : Won-Gyu Choi(wgchoi@sangji.ac.kr)

Received June 1, 2020

Accepted July 20, 2020

Revised June 25, 2020

Published July 28, 2020

Journal of Convergence for Information Technology
Vol. 10. No. 7, pp. 147-152, 2020

e-ISSN 2586-4440
DOI : https://doi.org/10.22156/CS4SMB.2020.10.07.147

1. Introduction 

  The researches on the blasting technology 

have been carried out to construct tunnels and 

underground spaces, and to demolish building 

structures. The parameters that affect blasting 

effects and efficiency are the diameter and 
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legend 

10: v-cut hole, 20: supplementary hole

40, 50, 60: outer hole

depth of blasting hole, blasting pattern, drilling 

and charging time, type and amount of explosives, 

and characteristics of rockmass[1-3]. It is 

suggested that large holes(diameter: 85∼200㎜) in 

the rockmass and small holes(diameter: 38㎜∼65

㎜) holes between large holes were drilled in 

order at regular intervals. Careful consideration, 

however, should be taken into account to avoid 

simultaneous explosion of large and small 

holes. V-cut holes were designed in the middle 

part of cutting surface, and small holes were 

designed around V-cut holes[4,5]. The pattern 

can lengthen hole depth, but not cost-effective 

due to increase in drilling operation time. The 

procedures for blasting operation can include 

boring large holes, small holes between large 

holes and near rock surface, charging 

explosives, installing detonators, tamping sand, 

clay or rock powder, and detonating[6,7]. It is 

noted that caution should be taken for planning 

blasting hole diameter and depth, intervals 

between holes, and the amount of charges, 

particularly when the diameters of blasting 

holes are different. The principal factors 

affecting the costs of tunnel blasting inclusive 

of drilling and charging time, and explosives 

and detonators were carefully take into 

consideration to analyze cost-effectiveness of 

blasting patterns. The research is focused on 

the cost-effectiveness of blasting patterns with 

regard to the small diameter holes single array 

pattern and small and large diameter holes 

mixed array pattern by analyzing drilling and 

charging time, and materials required[8-10].

2. Blasting Design

2.1 Blasting vibration

The factors affecting the blasting vibration 

are charging amount, rockmass physical 

characteristics, distance form blasting center 

and blasting pattern. The pilot hole blasting 

tests were carried to acquire relevant data to 

estimate equations for blasting vibration. The 

equation 1 for least square scaling and 2 for 

cube root scaling were estimated by analyzing 

test data, and the reliability interval of 

equations was 95%, respectively[9.]

  


           (1)

  


          (2)

   where, V95 : blasting vibration(㎝/sec)

           W : charging amount(㎏)

           D  : distance form blasting center(m) 

2.2 Holes design 

The basic blasting design and patterns of small 

and large hole mixed array are shown in Fig. 1. 

Fig. 1. Blasting patterns

The large v-cut holes were designed 

longitudinally on the center line (10), and 

supplementary v-cut holes were symmetrically 

designed from the center line(20~22L, 20~22R), 

and transversely on the upper part. The 

diameters and interval of holes were 64㎜ and 
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legend 30: supplementary hole

70: bottom hole

500~800㎜, respectively. The small holes were 

designed on outer(40, 50, 60) of tunnel 

cross-section with the diameters of 45㎜. The 

numbers of large and small were 24 and 69 holes, 

respectively[6,9]. Fig. 2 shows the design of 

supplementary holes(11) and holes(12), and those 

holes were designed to cross at right angles with 

the intervals of 800~1,200㎜ and 1,000~1,400㎜, 

respectively. The other design factors were the 

same as previously described design. This pattern 

can improve blasting effect by expanding free 

surface. The depth of V-cut holes(23L, 23R) were 

2,500~2,700㎜, and those holes were 

symmetrically designed from the center line as 

shown in Fig 3. And the holes were directed to 

the center line with the angles of 22~30°. 

Fig. 2. Blasting patterns

Fig. 3. Supplementary blasting patterns

2.3 Drilling angle

The direction of blasting patterns is basically 

designed to minimize blasting vibration, and it can 

be further controled by considering types of 

explosives. The diameters and depth of large and 

small blasting holes were 64㎜ and 45㎜ and 1~2m, 

respectively. The drilling angles of holes from the 

center line were 8~30° depending on the blasting 

pattern. It is noted that the design angles were 

increased with decrease in distance between the 

holes and center line as shown in Fig. 4-6[11,12].

Fig. 4. Drilling angle of blasting holes-1

Fig. 5. Drilling angle of blasting holes-2

Fig. 6. Drilling angle of blasting holes-3
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2.4 Charging large holes 

The types of explosive used were G1 and G2 

and those diameters were 50㎜ and 17㎜. V-cut 

holes of 20L, 20R, 21L, 21R, 22L, 20R were 

drilled at the depth of 2.2~2.6m. The ratio of 

tamping and charging is 3:7, and G2 was 

charged 50㎝ from the bottom of hole and the 

rest of hole was charged with G1 as shown in 

Fig. 7.

Fig. 7. Charging patterns

2.5 Charging small holes

The diameter of 45㎜ holes were drilled at 40, 

50, 60 and 70 as shown in Fig. 2. The drilling 

depth and interval of outer holes(40) were 

4~4.5m and 80~130㎝, and  the angle of holes 

were 5~8° from the center line. And drilling 

depth of 50 and 60 holes were 2~5m, and 

intervals were 80~120㎝ and 60~80㎝, 

respectively. Bottom hole were drilled at the 

depth of 2~5m with the intervals of 70~110㎝. 

All of holes were charged with G2 explosive of 

32㎜ diameter.  

2.6 Blasting patterns

The detonation was designed in order of 

supplementary hole, v-cut hole, supplementary 

hole, outer hole, bottom hole, outer hole and 

bottom hole with the time delay of 20~40㎳.

3. Results and Discussion

3.1 Drilling time

The drilling time into the rockmass at the 

depth of 4m was analyzed applying 3-boom 

drilling machine. It is estimated that 138 holes 

were required when designing small diameter 

holes of 45㎜ only. And when applying large 

diameter holes of 64㎜ with 45㎜ holes in 

pattern, 69 small and 24 large holes out of 93 

holes were estimated. It is assumed that drilling 

velocities of 45㎜ and 64㎜ holes were 

1.75m/min and 1.00m/min. Drilling time 

estimated for 4m depth were 137 seconds for 

small holes and 240 seconds for large holes. For 

practical operation, 100 seconds for each 

operation was added to estimated drilling time 

for considering the time for setting equipment 

and cleaning holes[8]. From the analysis, the 

reduction in drilling time and its efficiency of 

small and large holes pattern were was 139 

minutes and 25%, respectively, in comparison 

with small holes pattern, as shown in Table 1.

Table 1. The results of drilling time analysis

Content

Small holes

single 

pattern

Small & large 

holes

mixed pattern

Drilling velocity

(m/min)
1.75 1.0

Drilling time(sec) 137 240

Equipment setting 

etc. (sec)
100 100

Total drilling time

(min/hole)
4 5.7

Number of holes 138 93
45㎜:69

64㎜:24

Total drilling time

(min)
552 413

45㎜:276

64㎜:137

Drilling time 

reduction(min)
139

Increase in

efficiency(%)
25
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3.2 Charging time 

The reduction in charging time by decrease 

in number of drilling holes was analyzed 

summarized in Table 2. Charging time and 

number of workers were referred to the case 

history provided[7,8]. Regarding charging time 

reduction and its efficiency, those of small and 

large holes patterns were evaluated as 22.5 

minutes per worker and 33%, respectively, 

compare to small holes single pattern[8]. 

Table 2. The results of charging time analysis

Content
Small holes

single pattern

Small & large 

holes

mixed pattern

Number of holes 138 93

Charging time

(min/hole)
2 2

Number 

of workers
4 4

Charging time

(min/man)
69 46.5

Charging time 

reduction(min)
22.5

Increase in

efficiency(%)
33

3.3 Materials 

The quantity of explosives and detonators 

required were analyzed to evaluate potential 

cost effect for both blasting patterns as shown 

in Table 3. Explosives of G1 and G2 required 

for small hole single patterns were 270 and 30, 

while 222 and 20 for small and large hole 

mixed patterns. And detonators required for 

single hole patterns was  138 that was 45 more 

than the latter of 93[8]. It is supposed that the 

estimated material quantities can also be cost 

reduction parameter that depends on market 

price.

Table 3. The results of materials analysis
Small holes

single pattern

Small & large holes

mixed pattern

Content Quantity Content Quantity

G1(each) 270 G1(32㎜, each) 107 

- - G1(50㎜, (each) 115 

G2(each) 30 G2(each) 20 

Detonator

(each)
138 Detonator(each) 93 

4. Conclusion

Cost-effectiveness of blasting pattern for 

small hole single array, and small and large hole 

mixed array was comparatively analyzed with 

regard to drilling and charging time, and 

materials required. The number of blasting 

holes required for single array pattern and 

mixed array pattern were 138 and 93 holes, 

respectively. It is noted that number of blasting 

hole difference between two patterns is the 

results of higher drilling performance of 

3-boom drilling machine. And this is the major 

factors that affects the drilling and charging 

time, and quantities of explosives and 

detonators. From the drilling time analysis, 

reduction in time and its efficiency of mixed 

pattern were 139 minutes and 25%, respectively, 

in comparison with single pattern. Charging 

time reduction and its efficiency of mixed 

blasting pattern were evaluated as 22.5 minutes 

per worker and 33%, respectively, compare to 

single blasting pattern. The explosive quantities 

of G1 and G2 required for single array patterns 

were 270 and 30, while 222 and 20 for mixed 

array patterns for tunnelling 4m. And single 

pattern required 45 more detonators than the 

mixed pattern. The evaluation of material 

required can also be positive parameter for cost 

reduction of tunnel construction. The results of 

research implied mixed array blasting patterns 

has the positive potential of blasting cost 

reduction. The future research based on the 

reliable experiments and analysis can 

contribute to the design of cost-effective 

blasting pattern.
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