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Abstract- The stability of Steiner tree structure of explosion-proof textiles by studying 
on the tearing strength. We conclude that the Steiner tree structure has good stability. 
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1． INTRODUCTION 
 

In spite of great technological development and improvement of safety 
management, explosions in process equipment still claim lives and cause huge financial 
losses[1-3]. Although the most common incident in the process industry is fire, 
explosions cause the most severe losses. Grasping the characteristics of the explosion, 
we can, however, control it effectively using soft materials with Steiner tree structure[4]. 
An explosion is a phenomenon resulting from a sudden release of energy and 
instantaneous combination with high temperature and pressure, and it brings huge 
disaster in tens of seconds or even a few milliseconds. Therefore, the most effective 
control measure against explosion is prevention. So far, many experts and scholars have 
made outstanding contributions in this field (see [5-10]). 

With the development of textile industry, the material of explosion-proof 
equipment changes from a rigid metal to a soft and high-performance fabric. However, 
the internal warp and weft structure of fabric materials is unstable under external forces. 
In fact, the net structure of fabric determines its performance. Thus we try to optimize 
textile structure to improve anti-explosion. It is a new idea to apply the mechanics of 
friction self-locking phenomenon and the classical Steiner tree theory in graph theory to 
design textile structure. Now we propose a new kind of explosion-proof textile with 
Steiner tree structure which can be used for civilian, military and other explosive-proof 
field.  

 
2． THE STABILITY OF STEINER TREE STRUCTURE 

 
In this section we illustrate the stability of Steiner tree structure of explosion-proof 

textiles. Figure 1 shows the topology structure of warp and weft of classical textiles, and 
the point O is its equilibrium position. If an external force from any direction is imposed 
on this net, it becomes instable immediately, and the net can not recover its original 
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shape even when the external force disappears. Even worse, when there are two pieces 
of debris invading at the same time near the point O, the net topology structure will be 
breakdown. Figure 2 shows another fabric with the Steiner tree structure, 
where and are equilibrium positions. When the net is subject to an external force 
from all directions, the force will be re-distributed among all points of the net fabric.   

1o 2o

  
Fig. 1 The net structure of warp and weft 

 
Fig. 2 The net structure with Steiner tree 

 
When a force, F,  is acted on the center of the net, each net point in Fig.1 is 

subject to an enlarged force, that is F2 ; while that for Fig.2 is either / 3F  or F.  
 

3． EXPERIMENT 
 
3.1 Experiment materials 
 

The sample shown in Table 1 is mesh fabric provided by Zhang Jia Gang Gang 
Hang Net Production Company. 

 
Table 1 Sample standards 

width Component and 
content 

Mesh shape weight 

150cm
 

0%Terylene10  sexangle  50+/-5  2/ mg

 
3.2 Experimental method 
 

Experiment apparatus: Electronic Strength Testing Instrument YG065H . 
Sample length: 200mm, sample width: 50mm. 
Experiment method: single-rip tearing. 
Gauge length: 100mm, velocity: 100mm/min.  
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Fig. 3 The sample for the single-rip tearing  
                                 

3.3 Experiment results 
 

The sample’s single-rip tearing strength is shown in Figure 4.  

 
Fig. 4 Strength- stretch curve 

 
3.4 Discussion  

 
As shown in Figure 4, the net fabric with Steiner tree structure can absorb 

explosive energy effectively, even when points of the net are destroyed gradually, the 
net can still absorb explosive energy, though a sudden breaking of a net point leads to a 
sudden jump in force-resistance.  

 
4. CONCLUSION 

 
In this paper we have illustrated the stability of explosion-proof fabric with Steiner 

tree structure theoretically and experimentally. Any soft materials with Steiner tree 
structure are suitable for explosion-proof products. 
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