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Abstract 

The bunch blocks are currently used for initiating many shock tubes by detonator in blasts and its coupling structures 
affect the initiation reliability. The initiation reliability of bunches of shock tubes according to structures of bunch blocks 
has studied in experimenters. Experiments compared initiation reliability of frontal bunch block with lateral for many 
shock tubes and evaluated initiation reliabilities according to structure factors. Initiation reliabilities of shock tubes in 
a bunch for frontal block were higher than that for lateral. And the thicker and the smaller standoff distance between 
detonator and the inlet of a bunch of shock tubes, the more the experimentally obtained initiation reliabilities increased. 
Finally, the results are used in research of bunch blocks initiating many shock tubes.  
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1. Introduction

Shock tube initiation system is Non-electric (NONEL) and consists of detonator, shock tubes (also known as none tube, 
detonating tube, signal transmission line and etc.) and coupling tools. Shock tube consists of a thin plastic tube with a 
layer of explosive material adhered on its interior wall. The explosive material generally includes powder of HMX or 
RDX and powder of aluminum [1]. For tunneling work and building demolition, a number of shock tubes must initiate 
at once by a detonator, and consequently for shock tube initiation system it is necessary not only the high ability but 
also the high reliability of initiation [2]. For reliable initiation of shock tubes, it must be affected the sufficient energy to 
the shock tubes [3]. Explosive material within shock tube initiates and detonates pressing adiabatically by a pressure 
impulse generated by external action [4, 5]. Reliable initiation of shock tubes, accordingly, requires sufficient pressure 
impulse to affect the shock tubes for initiate them. According to mutual arrangement of a detonator and shock tubes, 
coupling of a detonator and shock tubes have several modes. The present time widely utilize the lateral bunch-series 
coupling modes that bunch of shock tubes are positioned adjacently to a detonator and in a parallel [6, 7] or 
perpendicular [8, 9, 10] to the axis of a detonator body. However, these coupling modes have the insufficient ability to 
initiate shock tubes owing to a small charge of a detonator and failures of initiation often appear in case of many shock 
tubes in a bunch. 

Until now, studies on bunch-series coupling modes of a detonator and shock tubes have been published to some extent. 
However, almost researches have focused on tests of lateral coupling mode of a detonator and shock tubes. The principal 
objectives of the study were as follows. 

• To study the influence of coupling modes on initiation reliabilities of a bunch of many shock tubes by a
detonator.
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• To study the influence of coupling structure of frontal bunch block and a bunch of shock tubes on initiation 
reliabilities of shock tubes by a detonator. 

In the present article, the authors present the results of an experimental study into the coupling modes on the initiation 
reliability of a bunch of many shock tubes by a detonator. A Frontal bunch-series coupling mode compared with a lateral 
mode in experiments. And the influences of coupling structures of frontal bunch block with many shock tubes to the 
initiation reliabilities also investigated and compared for initiating experiments of a bunch of shock tubes. 

2. Experiments and Results 

In this section, we present the experimental setup and result for initiation reliability of a bunch of shock tubes by a 
detonator according to coupling structures.  

2.1. Experimental setup 

The specimens include shock tubes made of polyethylene plastic tube: outer diameter 3mm, inside diameter 1.5 mm 
and 50 cm of length. It is utilized #8 detonator; outer diameter 7.5 mm, length 50 mm and total mass of lead nitride and 
HMX 1.5 g, loaded length 20 mm. 

For experiments of coupling mode of a detonator and shock tubes use two coupling modes, shown in Figure 1.  A 
detonator and a bunch of shock tubes are coupled using a piece of shock tube or paper. Lateral bunch-series coupling 
mode surrounds parallel a detonator coupled with fuse by shock tubes, wraps in paper and couple by line or a piece of 
shock tube. Frontal coupling mode couples a detonator and shock tubes with 10mm interval away from charge end in 
the same axis. 

 

Figure 1 Initiation experiment of a bunch of shock tubes for no existing of bunch block 

• Frontal bunch-series coupling mode; b) Lateral bunch-series coupling mode. 

For experiments of coupling structure, the combination of a bunch of shock tubes and a detonator uses frontal bunch 
block. Frontal bunch block, as shown in Figure 2, have a structure for receiving a detonator and a structure for receiving 
and retaining shock tubes. The inlets of a bunch of shock tubes place in certain standoff distance from a detonator as a 
result of receiving and retaining one end of a shock tube bunch in a shock tubes receptacle (big hole) of hopper-type 
bunch block and receiving and supporting a detonator in a detonator receptacle (opposite small hole) of hopper-type 
bunch block. Bunch blocks constructed of a consumable material, such as polyethylene plastic. The dimension of bunch 
blocks set according to the number of tested shock tubes within bunch blocks. 

The initiation reliabilities according to the coupling structures determined by investigation of initiation or initiation 
failure of the specimens with a variable number of shock tubes in a state that the bunch blocks not be in existence. 
Experiment changed variously the number of shock tubes. For decreasing consumption of shock tubes, limited the 
number of shock tubes in bunch under 50 lines and the experiment number for same bunches at five times. The initiation 
or misfire of shock tubes distinguished by state investigation of a paper tap plugged an inlet of shock tubes after 
initiating of a detonator.  
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Figure 2 Initiation experiment of a bunch of shock tubes for existing of frontal bunch block 

The initiation reliabilities experiment according to the coupling structure investigated and compared the influence of 
the number of shock tubes within bunch blocks, the thickness of bunch blocks and the standoff distance between a 
detonator and a shock tube bunch on the initiation reliability of shock tubes in a bunch. In experiments according to the 
thickness of bunch block bodies investigated the initiation reliability a bunch of 50 shock tubes in conditions, using the 
bunch blocks of thickness 0.5 mm, 1.0 mm, 1.5 mm, 2 mm manufactured by injection molding of plastic. In experiments 
according to the standoff distance between a detonator and a bunch of shock tubes within bunch block investigated the 
initiation reliability of a bunch of 50 shock tubes, changing the standoff distance to 0 mm, 5 mm, 10 mm. Experiment 
performed, changing the number of these shock tubes variously. The state of a bunch of shock tubes after experiments 
as shown in Picture 3. 

 

Figure 3 The state of a bunch of shock tubes after experiments 

2.2. Results 

After initiating a detonator investigate the number of initiated shock tubes in a banch. Experimental results for frontal 
and lateral bunch-series initiation are as shown in Table 1. 
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Table 1 Initiation experimental results according to coupling modes 

for frontal coupling mode for lateral coupling mode 

Number of shock 
tubes in a bunch 

Number of initiated shock tubes in a 
bunch 

Number of shock 
tubes in a bunch 

Number of uninitiated shock tubes in 
a bunch 

Exp. 
1 

Exp. 
2 

Exp. 
3 

Exp. 
4 

Exp. 
5 

Exp. 
1 

Exp. 
2 

Exp. 
3 

Exp. 
4 

Exp. 
5 

15 

20 

25 

30 

35 

40 

45 

50 

15 

20 

25 

30 

35 

40 

45 

47 

15 

20 

25 

30 

35 

40 

45 

50 

15 

20 

25 

30 

35 

40 

45 

47 

15 

20 

25 

30 

35 

40 

45 

50 

15 

20 

25 

30 

35 

40 

45 

47 

15 

20 

25 

30 

35 

40 

45 

50 

15 

20 

25 

30 

35 

40 

45 

47 

15 

20 

25 

30 

35 

40 

44 

48 

15 

20 

25 

30 

35 

39 

45 

45 

15 

20 

25 

30 

35 

40 

44 

48 

15 

20 

25 

30 

35 

40 

43 

44 

The initiation reliabilities according to thickness of bunch block bodies and standoff distance between a detonator and 
a bunch of shock tubes within bunch block were estimated by results of initiation of a bunch of shock tubes (Table 2). 
As show in Table 2, the initiation reliabilities concerned with thickness of connector block bodies and standoff distance. 

Table 2 Results of initiation of a bunch of shock tubes according to thickness of bunch block bodies and standoff distance 

Material Number of 
shock tubes in a 
bunch 

Thickness, 
mm 

Standoff 
distance, 
mm 

Number of initiated shock tubes 

Test 
1 

Test 
2 

Test 
3 

Test 
4 

Test 
5 

Average 

Without bunch 
block 

35 0 10 35 35 35 35 35 35 

Without bunch 
block 

40 0 10 40 40 39 40 40 39.8 

Without bunch 
block 

45 0 10 45 44 45 44 43 44.2 

Polyethylene 50 0.5 0 50 50 50 49 50 49.8 

Polyethylene 50 0.5 5 50 49 50 50 49 49.6 

Polyethylene 50 0.5 10 48 50 49 50 50 49.4 

Polyethylene 50 1.0 0 50 50 50 50 50 50 

Polyethylene 50 1.0 5 50 50 50 50 50 50 

Polyethylene 50 1.0 10 50 50 50 50 50 50 

Polyethylene 50 1.0 15 50 50 50 50 50 50 

Polyethylene 50 1.0 20 50 50 50 50 50 50 

Polyethylene 50 1.5 10 50 50 50 50 50 50 

Polyethylene 50 1.5 20 50 50 50 50 50 50 

polyethylene 50 2.0 10 50 50 50 50 50 50 
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3. Discussion 

3.1. Coupling mode 

We compared the initiation reliabilities for frontal and lateral bunch-series coupling mode. The initiation reliability 
according to the number of shock tubes is as shown in Figure 4. As shown in Figure 4, bunchs of shock tubes to 35 lines 
for frontal and to 25 lines for lateral coupling mode were initiated completely by a detonator. Experiment shows the 
frontal bunch coupling mode has the more initiation ability and can initiates more shock tubes than lateral mode. For 
frontal mode, the peak pressures within shock tubes are biger than lateral mode besides first layer around a detonator. 
thus, the stronger pressure impulses are affected because. For lateral mode, the shock tubes around a detonator have 
energy absorbent function in materially and structurally, thus, the more layers of shock tubes far away from a detonator, 
the more action on shock tubes decrease rapidly. So, we can predict that frontal coupling mode can initiate reliably 
many shock tubes by a detonator. 

 

Figure 4 The relationship between the number of shock tubes in a bunch and the initiation reliability 

3.2. The thickness of the bunch block bodies 

Experimentally obtained initiation reliabilities of a bunch of shock tubes by detonator were compared in two cases of 
the absence and the present of bunch block. As shown in Figure 5, for initiating a bunch of shock tubes with 50 lines and 
in the present of bunch block the whole shock tubes were initiated for 1.0 mm~2.0 mm thickness of bunch block bodies. 
In the absence of bunch block and on the same experiment conditions some shock tubes were not initiated for 35 lines 
over of shock tubes in a bunch. 

 

Figure 5 Initiation reliabilities of a bunch of shock tubes for the absence and the present of bunch block 
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Initiation reliabilities of a bunch of shock tubes by a detonator obtained experimentally were analyzed according to the 
thickness of bunch block bodies. As shown in Figure 5, for initiating a bunch of shock tubes with 50 lines and in the 
present of bunch block the whole shock tubes were initiated for 1.0 mm~2.0 mm of thickness. For 0.5 mm of the 
thickness were initiated 98% of a bunch of shock tubes. 

For a bunch-series coupling mode, blast wave and explosive product expanded respectively in lateral face and end of 
detonator charge affect shock tubes. In the initial stage after explosion of a detonator the bunch block body limits the 
propagation of blast wave and expanding of explosive product in the lateral direction and increase in the direction of 
inlet of a bunch of shock tubes. The blast wave affected a bunch of shock tubes nearby bunch block body is increased 
duo to the reflection of blast wave at the inner surface of bunch block body. Thus, estimate that bunch block bodies will 
increase the blast wave affected shock tubes. 

3.3. The standoff distance within connector block 

Experimentally obtained initiation effects of a bunch of shock tubes were compared according to the standoff distance 
between a detonator and the inlet of a bunch of shock tubes within bunch block. Initiation reliabilities according to 
thickness for 10mm of standoff distance is as shown in Figure 6. For initiating a bunch of shock tubes with 50 lines the 
whole shock tubes were initiated for the standoff distance of 20 mm and less. Experiments shows that the space position 
of a detonator affects the travel direction and the action intensity of blast wave and explosive production in standoff 
space. reliability 

 

Figure 6 Initiation reliabilities according to the standoff distance between a detonator and the inlet of a bunch of 
shock tubes within bunch block  

4. Conclusion 

This paper presents results of the experiments studies into the bunch-series coupling modes and structures of many 
shock tubes. The influences of coupling modes were investigated. Experiments show that the frontal bunch-series 
coupling mode has the most dominant initiation reliability than the lateral bunch-series coupling mode. 

The influences of thickness of bunch blocks and the standoff distance between a detonator and inlet of a bunch of shock 
tubes to the initiation reliability were also investigated. Experiments show that thickness and the standoff distance for 
bunch blocks with the frontal coupling structure affect the initiation reliability of a bunch of shock tubes by the changing 
the magnitude of blast load due to a detonator on the shock tubes. 

The key contributions of this work are as follows 

• In comparison with lateral bunch-series coupling mode, new frontal bunch-series coupling mode has much 
higher initiation reliability, which is a great potential bunch block with high initiation reliability. 

• The thicker and the smaller standoff distance, the more the initiation reliability were increased. 
• For bunch blocks manufactured by injection molding with polyethylene and 1.0 mm~2.0 mm thickness of 

bodies and the standoff distance of 10 mm and less bunches of 50 shock tubes were initiated at 100 percent. 
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Finally, the results can be employed for design of bunch blocks for the simultaneously bunch-series initiating a large 
number of shock tubes.  
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