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1. ABSTRACT 

Shock tube initiators were originally invented in the ’s by Per- 

Anders Persson of Nitro Nobel. Ever since, few researchers reported 

the developments of various shock tube designs. These include 

single, double, and triple-layered structures. Since its invention, the 

shock tube has been widely used in mining and quarrying 

operations, and is considered today as a crucial component of 

blasting systems. This paper presents a review on the progressive 

development of shock tube initiators. The properties and 

performance indicators of typical commercial high performance 

shock tubes are also disclosed 
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2. INTRODUCTION 

Blasting systems used in mining and quarrying operations consist 

generally of three main parts: the initiator, the detonator and the 

energetic charge. The role of the initiator is to convey the initiating 

signal to the detonator. The detonator receives the signal, amplifies 

it and causes the explosion of the energetic material. Shock tubes 

belong to the class of initiators. These devices consist of hollow 

plastic tubing having an inner  surface upon which explosive 

powders are dispersed as adherent particles (Brent & Harding, 

1993). Shock tubes were used extensively for many years as means 

for studying the combustion of gases and gas/solid dispersions in 

both deflagrations and detonation mode before being adopted as 

initiating device for blasting systems (Gaydon & Hurle, 1963). The 

adoption of the shock tube as an initiating device for blasting 

systems has demonstrated that the gas/solid combustion could be 

contained and propagated in a small tube of plastic construction 

(Gaydon & Hurle, 1963). 

This paper presents a review on the progressive development of 

shock tube initiators. The operation mechanism of shock tubes is 

also highlighted. The average properties of current commercial high 

performance shock tubes are provided as well. 

The paper ends by summarizing investigations conducted  on 

material design for shock tubes. 

3. OPERATING MECHANISM OF SHOCK TUBES 

Shock tubes operate by transmitting a pressurised shock wave (or 

impact wave) along with hot particles and gases to a detonating cap 

(Persson, 1968). Figure 1 shows a schematic illustration of shock 

wave displacement in an initiated shock tube. 
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 Figure 1: Schematic illustration of shock wave displacement in an initiated 

shock tube 

The shock wave is generated by the ignition of explosive powders 

adhering to the inner wall of the tubing. The purpose of explosive 

powders is to form and sustain the shock wave while adding enough 

energy, as to compensate for the losses caused by the deformation 

of the tube wall and friction of the gas along the wall (Persson, 

1968). The shock wave propagates in the longitudinal direction of 

the tube at a very high temperature ≈ 2000 K). In order to ensure a 

steady dissemination of the shock wave, the distribution  of 

explosive powders inside the shock tube must be continuous 

(Persson, 1968). 

4. RESEARCH TRENDS IN SHOCK TUBES 

Before the invention of shock tubes, three methods were largely 

used in blasting systems to ignite the detonating cap (or detonator): 

electric ignition, powder fuse ignition, and detonating fuse ignition 

(Persson, 1968). 

• Electric ignition 

Electric  ignition  was  carried  out  by  means  of  electric 

current. This method involved the risk of being disturbed by 

Shock wave Non-Initiated section 

of shock tube 
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electromagnetic fields and other factors such as lightning, 

earth currents, electrical high voltage conductors, or 

broadcasting stations. Electric ignition was therefore 

unreliable (Persson, 1968). 

• Powder fuse ignition 

This method involved the ignition of the detonating cap via 

combustion of black powder located in a plastic fuse. The 

combustion reaction was propagated along the fuse at an 

unsteady velocity of detonation. The unavoidable variation 

in the burning velocity made this method difficult for 

applications with very short intervals (Persson, 1968). 

• Detonating fuse ignition 

In this method, the detonator was ignited using a train of 

explosive contained within a cylindrical wrapping. The 

warping contained about 10 grams of explosive powders per 

linear meter. The tubing was initiated at one end, and the 

reaction could propagate with a velocity of about 6000 m/s. 

The high level of explosive powders in these tubes was 

found to produce a strong blast effect which caused 

damage to objects positioned nearby during the initiation 

process. This ignition method was very hazardous and 

ould ’t be used in applications were a time delay was 

required (Persson, 1968). 
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5. ORIGINAL SHOCK TUBE DESIGN 

In order to solve the problems encountered with the methods of 

electric ignition, powder fuse ignition, and detonating fuse ignition, 

Persson (1968) invented the shock tube. Persso ’s  (1968)  shock 

tube consisted of a single polymeric layer internally coated with 

light deposits of explosive powders. The explosive powders used 

were chosen from the following substances: pentaerythritol- 

tetranitrate (PETN), cyclotrimethylenetrinitramine (RDX), 

cyclotetramethylenetetranitramine (HMX), trinitrotoluene (TNT), 

tetryl, dinitroethylurea, or a mixture of two or more of the 

aforementioned substances (Persson, 1968). Because these 

substances were very sensitive and were able to release large 

amount of energy when initiated, Persson (1968) recommended a 

desensitizing agent, such as paraffin or wax, be added to the 

explosive powders. Persson (1968) established that the primary 

condition for shock tube operation was the initiation of a chemical 

reaction in the explosive powders dispersed along the interior wall 

of the tube. 

One of the most attractive aspects of Persso ’s (1968) shock tube 

was the small quantity of explosive powders used per linear meter 

of shock tube, also known as the core load. In fact, the core load 

was so small that the shock wave was able to propagate along the 

tube without producing any damages in the vicinity of the tube. The 

lower limit of the core load was determined by the losses 

encountered within the tube during the propagation of the shock 

wave. The upper limit of the core load was defined by the radial 

strength of the material present in the tubing. Persson (1968) 

recommended the core load to be lower than 0.1 grams per linear 

meter of tubing for a tube with a corresponding inside diameter 
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varying between 1 and 4 mm. Persson (1968) also reported that the 

polymeric material to be used in the tubing should have fair 

mechanical properties and should allow the shock wave to only 

propagate in the longitudinal direction of the tube at a velocity of 

about 1500 m/s. In order to illustrate his invention in a more 

practical way, Persson (1968) presented a few material designs for 

his shock tube. These included the following: 

• Material design 1 

A polymeric tube made of soft polyvinyl chloride, and 

having a length of 3 m, an outer diameter of 5 mm, and an 

inner diameter of 3 mm was coated with a thin layer of 

petroleum jelly. PETN powders were then dispersed onto 

the inner wall of the tube in such a way that, the layer of 

powders adhered to the layer of petroleum jelly. The layer 

of powder corresponded to a quantity of 0.3 grams  per 

linear meter of tubing. After ignition, the shock tube was 

successfully detonated but was partially ruptured along its 

length. 

• Material design 2 

Three polymeric hoses made of soft polyvinyl chloride, 

measuring 0.8, 3, and 10m long respectively, with outer 

diameters of 5 mm, and inner diameters of 3 mm which 

were loaded with PETN powders at a core load of  0.05 

grams per linear meter of tubing. Unlike the previous 

material design, no petroleum jelly was used. After ignition, 

the shock tubes were successfully detonated  and  no 

physical damages were observed in the tube. The velocities 

of detonations for each tube were measured by means of 
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an electronic counter and were found to be about 2100 

m/s. 

• Material design 3 

A tube made of paper reinforced Bakelite having a length of 

1 m, an outer diameter of 4mm, and an inner diameter of 3 

mm was constructed. Explosive powders were dispersed 

onto the inner wall of the tube at a core load of 0.3 grams 

per linear meter of tubing. After ignition, the shock tube 

was successfully detonated. 

• Material design 4 

An elastic hose made of soft polyvinyl chloride, and having a 

length of 10 m with an outer diameter of 5 mm, and an 

inner diameter of 3 mm was loaded with PETN powder at a 

core load of 0.05 grams per linear meter of tubing. The tube 

was equipped with a delay action element containing a 

pyrotechnic composition burning with a delay of 200 

milliseconds. After ignition, the tube was successfully 

detonated and the  actual delay  time in  the delay action 

element was calculated and found to be 268 milliseconds. 

5.1. Two-layered shock tubes 

5.1.1 Kristensen et al. (1982) shock tube design 

Almost one decade after Persson ’s invention, Kristensen et 

al. (1982) reported the development of a sandwich type of double- 

layered shock tube, comprising two adjacent polymeric layers. The 

explosive powders dispersed along the tu e’s inner wall consisted 

of a mixture of cyclotetramethylene tetranitramine and aluminium. 

The i ture’s ratio was about 91% cyclotetramethylene 

tetranitramine and 9% aluminium. Kristensen et al. (1982) shock 
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tube had an outer diameter of 3 mm and an inner diameter of 1.3 

mm. The powder density on the inner wall was in the order of 2.7 

grams per square meter of inner surface. The powder density used 

was reported to ensure a steady propagation of the shock wave. 

The inner layer material of Kristensen et al. (1982) shock tube was 

selected from polymer suitable for adhesive film. The polymer used 

in the inner layer was expected to provide the inner wall with good 

adhesive ability with respect to the explosive powders. Kristensen et 

al. (1982) expressly recommended the inner la er’s polymer to have 

an attractive force around 5.5 g/m2 (with respect to explosive 

powders). The outer layer material was chosen amongst polyamide, 

polyethylene, and polymers with similar mechanical properties. The 

role of the outer layer was to enhance the tu e’s resistance to 

external damages. Figure 2 highlights the configuration of polymeric 

layers in Kristensen et al. (1982) shock tube design. 

 

 

 

 

Outer layer 

Inner layer 

Explosive powders 

 

 

 

 

 

 Figure 2:  Schematic representation of the layers’ configuration in 

Kristensen et al. (1982) shock tube design 
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Experiments conducted by Kristensen et al. (1982) with various 

types of ionomers as inner layer materials (Surlyn 1554,  Surlyn 

1706, Surlyn 1707, and Surlyn 1855) have shown that, Surlyn 1855 is 

the material providing the most effective adhesion strength. 

5.1.2 Simon & Welburn (1985) shock tube design 

Because shock tubes were made of polymeric materials, they were 

often found to be susceptible to elongation and possible breakage 

when handled in warm environments (Simon & Welburn, 1985). 

Elongation was found to have the particularly negative effect of 

thinning out the shock tube and dislodging the explosive powders 

present on the inner wall, which in turn caused the shock tube to 

malfunction during the initiation. In order to solve the problems of 

elongation and breakage in warm environments, Simon & Welburn 

(1985) proposed a two-layered shock tube design with improved 

resistance to stretching and breaking especially in hot mediums. 

Simon & Wel ur ’s (1985) shock tube consisted of two polymeric 

layers similar to the shock tube proposed earlier by Kristensen & 

Gladden (1982). Textile filaments were, however, intercalated at the 

la ers’ interface. Figure 3 shows a structural representation of 

Simon & Welburn (1985) shock tube design (Simon & Welburn, 

1985). 

The inner layer material of Simon & Wel ur ’s (1985) shock tube 

was chosen from polymers with good adhesion properties with 

regards to the explosive powders. Ethylene based ionomers known 

as Surlyn were found to be exceptionally suitable materials for the 

inner layer. The outer layer was chosen amongst polyethylene 

resins with a density of about 0.93 g/cm
3
. Polypropylene, polyvinyl 

chloride, polyamide, and polyurethane were also reported to be 

suitable polymers for the outer layer. The textile filaments were 
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selected from cords showing no elongation under longitudinal stress 

(even at temperature of the order 65ºC). Low elongation filaments 

made from viscose rayon, polyesters, polypropylene, and 

polytetrafluororthylene were also reported to be very useful. The 

number of textile filaments was a function of the filament fineness 

and typically varied between 5 to 10 (Simon & Welburn, 1985). 

 

 

 

Outer layer 

Inner layer 

Explosive powders 

Textile filament 

 

 Figure 3:  Schematics representation of the layers’ configuration in Simon & 

Welburn’s (1985) shock tube design 

Simon & Wel ur ’s (1985) shock tube was manufactured by first 

extruding the inner tube, then applying the filaments linearly along 

the tube. The inner tube with the filaments was then passed 

through a second extruder where it was coated over with the outer 

layer material. Tensile tests performed by Simon & Welburn (1985) 

revealed that, the presence of the textile filament could increase 

the breaking strength by 68 %. 
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5.1.3 Thureson & Gladden (1986) shock tube design 

Only one year after the publication of Simon & Wel ur ’s (1985) 

shock tube design, Thureson & Gladden (1986) reported the 

invention of a two-layered shock tube similar to that disclosed by 

Kristensen et al. (1982), but with enhanced mechanical properties. 

The inner layer of Thureson & Gladde ’s (1986) shock tube was 

made of an ethylene based ionomer known as Surlyn 8940 and was 

manufactured by DuPont Industrial Polymers. Ethylene/acrylic acid 

copolymer (EAA), Ethylene vinyl acetate (EVA), and polymers having 

comparable adhesive properties were also reported to be useful as 

inner layer materials. The outer layer consisted of polyolefin such as 

linear low density polyethylene (LLDPE), low density polyethylene 

(LDPE), blends of LLDPE with ionomer, polypropylene, polyamide, 

and blends of polyamide with co-extrudible adhesives. The 

explosive powders used included mixtures of materials such as 

PETN, RDX, HMX, and 2, 6-bis (picrylamino)-3, 5- dinitropyridine. 

Thureson & Gladde ’s (1986) shock tube design was manufactured 

using a dual operation process, wherein the inner tube was initially 

extruded, then stretched considerably before being sent to a 

secondary extruder where it was coated with the outer layer 

material. Thureson & Gladden (1986) reported that, the stretching 

step could be made more beneficial by heating the inner tube above 

its softening point. However, the tube temperature should be 

maintained below the flash point of the explosive powders. Figure 4 

shows a schematic illustration of the manufacturing process used by 

Thureson & Gladden (1986). 
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 Figure 4: Schematics illustration of Thureson & Gladden (1986) shock tube 

manufacturing sequence, (Thureson & Gladden, 1986) 

Thureson & Gladden (1986) reported that, such a shock tube would 

offer various advantages such as low manufacturing cost, improved 

handling characteristics, and improved quality control during 

manufacturing while retaining the essential characteristics of a 

shock tube. 
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5.1.4 Gladden et al. (1989) shock tube design 

Then, Gladden et al. (1989) disclosed the development of a two- 

layered shock tube comprising the ethylene based ionomer Surlyn 

8940 in the inner layer, and polyethylene in the outer layer. The 

tube had an outer diameter of 3 mm, and an inner diameter of 1.27 

mm. The explosive powders present on the inner wall were made of 

mixture of substances such as silicon (Si) / red lead (Pb3O4), 

molybdenum (MO ) / Potassium perchlorate (TiH2/KClO4), Boron (B) 

/ red lead (Pb3O4), Zirconium (Zr) / Barium sulphate (BaSO4) and 

Tungsten (W) / Potassium perchlorate (KClO4). 

In order to control the velocity of signal transmission, also known as 

the velocity of detonation (VOD), discrete constrictions, which 

reduced the inner tube interior axial cross sectional area, were 

formed along the tube. The presence of discrete restrictions in the 

tube provided means to mechanically attenuate the propagation of 

chemical reactions inside the shock tube. Experiments performed by 

Gladden et al. (1989) demonstrated that, the restrictions could 

effectively reduce the VOD. 

5.1.5 O’Brie  (2008) shock tube design 

In 2008, O’Brie  reported the development of a shock tube bearing 

a cruciform internal surface configuration capable of handling core 

loading significantly higher than that achieve with conventional 

shock tubes. The outer layer of the tube consisted of polymers such 

as polyethylene and nylon while the inner layer was typically made 

of ethylene based ionomers. The cruciform internal surface 

configuration was reported to improve the powder surface density. 
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5.2. Three-layered shock tubes 

5.2.1. Gladden et. al (1997) shock tube design 

Several years later, Gladden et al. (1997) also reported the invention 

of polymeric shock tubes consisting of three layers; an outer layer, 

an inner layer, and an intermediate layer. The Gladden et al. (1997) 

shock tube had an outer diameter varying from 0.397 to 2.380 mm, 

hence was much smaller than all the previous shock tube designs. 

The tu e’s inner diameter varied from 0.198 to 1.321 mm. The 

explosive powders used in the tube consisted of mixture of 

aluminium and one of the following substances: HMX, PETN, RDX, 

2,6-bis (picrylamino)-3,5-dinitropyridine and  ammonium 

perchlorate. The powder surface density was comprised between 

0.45 and 7 grams of explosive powder per square meter of inner 

surface. The inner layer material was chosen from polymers with 

good adhesion characteristics with respect to the explosive 

powders. Ethylene based ionomers known as Surlyn were  once 

again found to be suitable materials for the inner layer. The outer 

layer material was chosen amongst polyamides such as nylon 6 and 

polyethylene resins, both low and medium density. The 

intermediate la er’s material was selected from polymers capable 

of adhering to both the outer and inner layer material. The 

intermediate layer was much thinner than both the inner and outer 

layer. 

5.3. Single-layered shock tubes 

5.3.1 Stewart (1992) shock tube design 

In the early ’s, Stewart (1992) reported the invention of a single- 

layered shock tube. The tube consisted of a main polymeric layer, 

coated  with  an  outer  skin.  The  explosive  powders  consisted  of 
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blends of HMX/Aluminum. The main polymeric layer was  made 

from polymer with fair adhesive properties and acceptable process- 

ability. The outer skin consisted of polymers such as polyvinyl 

alcohol and polyvinyl acetate. Stewart (1992) reported that, shock 

tubes having such skins would last 2.5 times longer in fuel oil than 

shock tubes without the skin. Figure 5 shows a schematic illustration 

of Stewart (1992) shock tube design. 

 

 
 

Outer skin 

 
 

Main polymeric layer 

 

 

Explosive powders 

 

 

 

 

 Figure 5: Schematic representation of the layer’s configuration in Stewart’s 

(1992) shock tube design 

5.3.2 Stewart (2002) shock tube design 

A decade later, Stewart (2002) disclosed the invention of another 

single layered shock tube made of one polymeric layer. The 

polymeric material that was used, consisted of a blend of draw 

orientable polymer resins and a minor amount of a surface modifier 

capable of enhancing the adhesive properties of the polymeric 

blend. Suitable materials for Ste art’s (2002) tube was comprised 

of blends varying from 60 to 97% (by weight) of a polyolefin resin 

such as linear low density polyethylene, optionally 5 to 45% of a 
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second polymer, which is polyolefin miscible and can improve the 

melt strength of the blend, and 2 to 25% of a third polyolefin 

miscible or compatible polymer which is a surface modifying agent 

such as an ethylene/acrylic or methylacrylic acid copolymer that 

may be wholly or partially neutralised (e.g. The ethylene based 

ionomer Surlyn 1855) (Stewart 2002). 

Stewart (2002) also reported that, when dealing with orientable 

polymers, most favourable results are achieved by orientating the 

polymer linearly. Linear orientation can be carried out by cold 

drawing the shock tube after consolidation of the melt. The term 

old dra i g’’ refers to the irreversible extension of the tube after 

the polymer has cooled sufficiently to take a permanent structure 

(Stewart, 2002). Cold drawing can be carried out at any stage of the 

extrusion process. It is achieved by applying stress to orientate the 

crystallite in the direction of the tube length. The cold drawing 

temperature should not be higher than the glass transition 

temperature of the polymeric tube. Additionally, an intermediate or 

final relaxation stage may also be performed to stress relie e  the 

cold drawn tube, therefore improving the dimensional stability of 

the tube (Stewart, 2002). In order to illustrate his invention, 

Stewart (2002) developed and tested different single-layered shock 

tubes made from blends of various polymeric materials. Table A on 

the next page summarises the composition of some of the shock 

tubes tested by Stewart (2002). 
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 Table A:  Composition of single-layered shock tubes tested by Stewart 

(2002) 
 

Components Tube 1 Tube 2 Tube 3 

LLDPE 80 % 80 % 80 % 

EVA 10 % 10 % 10 % 

Ethylene based ionomer 10 % - - 

EAA - 10 % 10 % 

 Table B:  Characteristics and properties of single-layered shock tubes tested 

by Stewart (2002) 
 

Characteristics and 

Properties 
Tube 1 Tube 2 Tube 3 

Outer diameter (mm) 3.1 3 3.1 

Inner diameter (mm) 1.4 1.3 1.4 

Core load (mg/m) 18.9 17.9 18.6 

Shrinkage (after 1 hr @ 80 °C) 2.2 2.6 2.3 

2 

Tensile strength (N/mm ) 43 48 48 

Elongation (%) 690 520 520 

The role of LLDPE was to provide the tube with the necessary 

mechanical strength, while the presence of EVA was intended to 

strengthen the melt and allow for a more uniform product. The 

addition of ethylene ionomer (or EAA) was used to provide the tube 

with excellent powder adhesion. The characteristics and properties 

of the single-layered shock tubes tested by Stewart (2002) are 

summarised in Table B above. 
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6. COMMERCIAL SHOCK TUBES 

*N.B: Information provided in this section was obtained from 

private communications and the trade literature. 

Since the ’s, shock tubes have been produced and 

commercialized by several chemical and explosive manufacturers. 

Commercial shock tubes are available in single-layered, double- 

layered and triple-layered tubing. These shock tubes have versatile 

sets of characteristics that can include the following: 

• Good resistance to internal bursting 

• Low resistance to shock propagation (the shock wave 

should be able to propagate easily along the tubing without 

encountering significant resistance) 

• Good resistance to external abrasion 

• Good handling and flexibility characteristics 

• Good tensile properties for durability and handling 

performance 

• Good radial strength to contain the shock reaction 

• Good resistance to oil and fuel diffusion 

• High structural integrity and function (Good bonding 

strength between layers) 

• Ability to withstand and function between -50ºC and 80ºC 

• Impermeable to water 

• Moderate but uniform thermal shrinkage 

Shock tubes capable of meeting all of the above characteristics are 

often referred to as high performance shock tu es . 
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6.1.    Structure of commercial high performance shock tubes 

Commercial high performance shock tubes currently manufactured 

in the industry are generally made of three adjacent polymeric 

layers. Their inner surface is coated with explosive powders, which 

consists of blends of HMX and Aluminium. These shock tubes are 

sold worldwide under various trade names. Their outer diameter 

lies generally between 2.85 and 3.15 mm, while their inner diameter 

can vary from 1.10 to 1.30 mm. The thicknesses of their inner and 

outer layers are between 0.3 and 0.5 mm, while the thickness of 

their adhesive layer often ranges between 0.2 and 0.08 mm. The 

core load of these shock tubes is typically between 11 and 17 mg of 

explosive powders per linear meter of tubing. 

6.2 Industrial methods of testing shock tubes 

Tests used in the industry to evaluate the properties and 

performance of shock tubes vary from one manufacturer to another 

and generally include the following trials: breaking strength and 

elongation at break, linear thermal shrinkage, oil ingression, burst 

strength, and velocity of detonation. 

6.2.1 Breaking strength and elongation at break 

The breaking strength & elongation at break of shock tubes are 

measured in the industry on a tensiometer. The testing procedure is 

similar to that used for the tensile strength of common polymers, 

and it involves the longitudinal stretching of a shock tube specimen 

until it snaps. The breaking strength and elongation at break tests 

are carried out to evaluate the extent to which the shock tube could 

be longitudinally stretched without being torn apart. The breaking 

strength is expressed in Newton (N), while the elongation at break is 

expressed in percentage (%). 
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6.2.2 Linear thermal shrinkage 

During the extrusion process, stresses are imposed on the polymeric 

materials at a high temperature, and some residual stresses remains 

when the polymer is cooled to room temperature (Buchanan, 1992). 

Subsequently, if the polymer is re-heated, individual molecules, or 

group of molecules, tend to retract from an ordered conformation 

to a more disordered and entangled one. Depending on the 

molecular interactions, chain entanglements and other steric 

hindrances, the molecular chain segments would contract and 

shrinkage can be observed (Buchanan, 1992). Because shock tubes 

are made of polymeric materials, they are susceptible to thermal 

shrinkage. The linear thermal shrinkage test is therefore performed 

to estimate the extent to which the shock tube would shrink when 

exposed to high temperatures. The testing method involves the 

heating of a given shock tube specimen for a defined period of time. 

The heating temperature depends on the nature of polymers used 

in the shock tube and is generally around ⁰C. The percentage by 

which the tube shrinks after being heated is called linear thermal 

shrinkage. 

6.2.3 Oil ingression 

Shock tubes are often operated in combination with explosive 

emulsions. The hydrocarbon fuel phase of such emulsions is 

generally a petroleum fraction such as diesel or paraffin (Stewart, 

1992). The petroleum fraction, also known as fuel oil, is known to 

diffuse through the shock tube at a slow rate when in prolonged 

contact therewith (Stewart, 1992). The ingression rate depends on 

the nature of the fuel oil, the chemical and physical structure of the 

polymer present in the shock tube, the contact time, and the 

temperature of the fuel oil (Stewart, 1992). The diffusion of fuel oil 
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through shock tubes has the negative effect of reducing the lifespan 

of shock tubes. The maximum time a shock tube can remain in 

contact with fuel oil and still detonates is referred to as sleep ti e  

(Stewart, 1992). 

An oil ingression test is performed in the industry to estimate the 

sleep time of a shock tube in the fuel oil. It is carried out by 

submerging specimens of shock tubes into a warm bath of fuel oil. 

The samples are taken out of the oil at given periods of time, and 

then initiated recurrently until at least one misfire is obtained. The 

maximum time after which all the specimens are initiated without 

exhibiting a single misfire is recorded as the sleep time. Figure 6 

shows a schematic illustration of a shock tube specimen submerged 

into the thermal bath. 

 

 

 Figure 6 : Schematic illustration of experimental set up for an oil ingression 

test 

Air 

Oil 

Heating element 

Thermostat 
(set to 50°C) 
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6.2.4 Bursts strength 

Once a shock tube has been initiated, the shock wave produced 

causes a sudden expansion of the polymeric tubing in use (refer to 

Figure 1). The expansion may result in physical damages of tubing, 

also known as tube bursts. The bursts strength test is carried out to 

evaluate the extent to which the shock wave can be  contained 

within the polymeric tubing without producing any bursts. The test 

is carried out by heating a specimen of shock tube for a given period 

of time. The specimen is then initiated and observed. The numbers 

of bursts per linear meter of shock tube is recorded and used to 

estimate the tu e’s radial strength. Shock tubes with poor radial 

strength would exhibit more bursts  than shock tubes with good 

radial strength. Figure 7 shows some pictures of bursts observed 

during the burst strength test. 

 

 

 Figure 7: Pictures of typical bursts observed during burst strength test 

6.2.5 Velocity of detonation 

The velocity at which the shock wave travels inside a shock tube is 

referred to as velocity of detonation. It is measured in the industry 

with a special apparatus capable of monitoring the initiating signal 

(the shock wave) and computing the speed at which it is travelling. 

The velocity of detonation (VOD) is expressed in meter per second. 
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6.3 Average properties of commercial high performance 

shock tubes 

Commercial high performance shock tubes are made of three 

adjacent polymeric layers and can exhibit versatile sets of 

properties that might vary from one manufacturer to another. The 

average properties of commercial high performance shock tubes 

currently manufactured the industry are summarised in the table C. 

These properties were obtained from different manufacturers. 

 

 
 Table A: Summary of average properties of commercial high performance 

three-layered shock tubes 
 

Properties Approximate range 

Breaking strength 

(rate of extension: 70 

mm/min) 

 

160 N – 200 N 

Elongation at break 

(rate of extension: 70 

mm/min) 

 

200 – 300 % 

Linear thermal shrinkage 

(After 1hr in an oven @ ⁰C  
6 – 10 % 

Oil penetration 

⁰C in Paraffin) 
45 – 50 hrs 

Burst strength 

(After 20min in an oven @ 

⁰C  

 

Normally 2 to 5 bursts per 5m of tubing 

Velocity of detonation 

(over a length of 60 cm) 
1800 - 2200 m/s 

*Source: Commercial literature and private communications 
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7. RECENT RESEARCH ON SHOCK TUBE DESIGN 

AEL Mining Services recently conducted research work on ionomer 

based shock tubes involving the following binary blends in the outer 

layer of two-layered shock tubes: 

• 70%HDPE/30%HDPE-g-MAH; 

• 70%HDPE/30%EMA; 

• 70%HDPE/30%ionomer; 

• 70%LLDPE/30%EMA; and 

• 70%LLDPE/30% 

This work demonstrated that the presence of HDPE as main 

component of the outer layer can promote good resistance to oil 

ingression and simultaneously reduce the extent to which bursting 

occurs during initiation. Furthermore, comparative analysis 

performed between the experimental two-layered shock tubes and 

standard three-layered shock tubes suggested that shock tu es’ 
properties and performance are more dependent on the type of 

polymeric materials present in the layers rather than numbers of 

polymeric layers. 

 

8. CONCLUSION 

Despite the progress made in shock tube  design during the last 

decades, the scientific understanding of materials design for shock 

tubes remains at a primary stage. Detailed investigation involving 

large scale trials and field evaluation would be necessary to 

establish the response of polymeric materials on shock tubes. 
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