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ABSTRACT  
 
The laneway for underground mining has an important role in ventilation, pedestrians, traffic, transportation, 
and other purposes. With the growth of the mining depth, compared with shallow mining, deformation, fracture 
and burst of surrounding rock in laneway, which is influenced by complex geological factors and mining factors, 
has become more serious, and seriously affects the mining and the safety of coalmine. It is very important that 
how to prevent and control. The incidence of deformation and fracture in laneway is closely related to the 
distribution of stress in the surrounding rock. Our experiments show that electromagnetic radiation (EMR) 
signals are related to the stress of surrounding rock in laneway. The higher the stress, the more intense the 
deformation and burst of rock and the stronger the EMR signals. For EMR has a positive correlation with stress 
of the surrounding rock, we use EMR technology to monitor the burst risk of surrounding rock in laneway and 
warn. It is shown that EMR monitoring results reflect the regional characteristics of the stress distribution and 
changes of surrounding rock in laneway; when near the influence range of stress concentration induced by 
mining, the burst risk of surrounding rock occurred in the laneway increased, and EMR has a corresponding 
precursor. According to EMR precursor changed characteristic in time and in space, we can affirm the danger 
area of rock burst in the laneway and warn.  
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INTRODUCTION 
 
With the development of deep mining during the last few years, the geological conditions of coal mines have 
become more complex. The same is true for stress distribution in the surrounding rocks and its rules of change. 
Given these complex geological conditions and as well for technical mining reasons, mining at gob-surrounded 
working faces causes many problems. These gob-surrounded working faces usually have characteristics of high 
stress and intensive roofs movement. Under these conditions, rockbursts can easily occur in the Laneway 
(shown in Figure 1), resulting in serious personnel casualties and loss of property. 
 

  
Figure 1. Damage of laneway after rockburst in Junde coalmine 



 

 
The critical phenomena of electromagnetic radiation (EMR for short) are observed before seismic or rock 
fracture by some scholars (Nitsan 1977; Ogawa et al. 1985; Enomoto et al. 1990; Hayakawa et al. 1993) , the 
critical phenomena of EMR are related to crack opening, propagation, and fractal structure of rock fracture, so 
EMR is quickly applied to monitor and forecast seismic and dynamic disasters (Frid, V 2005; Wang 2012; HE 
2012). 
 
In our investigation, we used non-contact EMR technology and studied the relationship between the EMR 
characteristics and stress distribution and sudden changes in stress and coal or rock disaster dynamics during 
mining at a coal face (WANG et al. 2003; LI et al. 2005; WANG et al. 2006a; WANG et al. 2011; WANG et al. 
2012).  
 
EMR CHARACTERISTICS OF COAL OR ROCK FRACTURE 
 
The fact has been demonstrated by the results of lots of experiments (Wang et al. 2000; WANG et al. 2006b) 
that EMR signals emitted from the deformation and fracture of coal or rock under load. The greater the load, the 
more active the deformation and fracture, and the stronger the EMR signals. 
 
Figure 2 is the EMR experimental results of coal or rock samples under different loading modes. Figure 2a 
shows that there were obvious EMR signals produced in the fracture of coal or rock samples under uniaxial 
load, and the greater the load, the intenser the fracture and EMR signals. Figure 2b shows the shearing 
experimental results of coal or rock samples. EMR signals were higher in the early stage of the shearing test, 
lower and smoother in the middle stage, gradually stronger before the main fracture, much higher at the moment 
of the main fracture, and gradually waning after the fracture. In this process, sometimes other phenomena on 
appeared that EMR signals increased gradually until the happening of the fracture, and waned after the fracture. 
Figure 2c shows the creep experimental results of coal or rock samples under multi-stage load. The EMR 
characters of coal or rock were different in each creep stage, and the EMR pulse numbers in the accelerated 
creep stage were greater than that in the steady creep stage and creep attenuation stage. The higher loading rate, 
the intenser the fracture and EMR signals. Figure 2d shows the triaxial test results that there were EMR signals 
produced in the fracture of coal or rock in the triaxial stress state. When the confining pressure was greater, 
EMR signals were weaker in the early loading stage, and the EMR energy of fracture was stronger. It was 
different from that in the uniaxial stress state in which only the principal stress was higher. And EMR signals 
enhanced obviously, when the confining pressure was high. It was showed that the fracture of coal or rock 
samples in triaxial stress state was different from that in uniaxial stress state. 
 
The results of the above experiments show that coal or rock can produce EMR signals in different kinds of stress 
states, and the greater the load, the stronger the EMR signals. EMR signals increase obviously before the 
fracture. 
 

 
(a) uniaxial compression test of coal sample from Muchengjian coalmine 
(b) shearing test of coal sample from Eighth coalmine in Pingdingshan 

 



 

 
(c) creep test of coal sample from Baijiao coalmine under multi-stage loading 

(d) triaxial compression test of coal sample from Datong coalmine 
Figure 2. EMR test results of loaded coal or rocks 

 
EMR MONITORING EQUIPMENT AND METHOD 
 
The EMR equipment is the KBD5 electromagnetic radiation monitor (as in Figure 3), invented and developed 
by China University of Mining and Technology ( WANG et al. 2003). The testing method of KBD5 is 
non-contact and directional. The receiving frequency of the KBD5 antenna is 0-500 kHz and the effective 
testing distance is 7-22 m. 
 
The distance between two adjacent testing points in the coal wall or laneway is 10 m and the testing time at each 
testing point is 2 minutes. While testing the interior stress distribution of a coal body, the distance between two 
adjacent testing points in the destressing blasting hole is 0.5 m and the testing time of each testing point is 1 
minute. 
 
EMR methods for predicting rockburst are dynamic and combined with a critical value method. In general, 
based on the EMR forecasting criterion, the EMR value which is 1.5 times the normal EMR value, is selected as 
the initial critical EMR value in the monitoring area. After a period of testing and given the EMR value before 
the incidence of a rockburst, the initial critical EMR value is modified by fuzzy mathematics. But this modified 
EMR value still needs to be verified further. In the end, a critical EMR value can be confirmed. During the test 
process, if the EMR value of the monitoring area exceeds the critical EMR value and the EMR value appears as 
a special time trend (the trend is explained in section 4) over several shifts or days, then a rockburst will occur in 
this monitoring area. Therefore, effective measures can be implemented to eliminate or depress the danger of a 
rockburst.  
 

  
(a) KBD5 EMR monitor                            (b) KBD5 EMR monitoring method 

Figure 3. EMR monitoring equipment and method 
 
STRESS DISTRIBUION AND CHANGE IN LANEWAY 
 
The EMR test results of laneways of the No.237 gob-surrounded coal face in Nanshan coalmine are shown in 
Figure 4. There are high stress and low stress areas in the laneways of No.237 gob-surrounded coal face. The 
high stress area occurs at the 100 m range in front of the laneway. The high stress distribution has two models, 



 

i.e., a single peak and a double peak. The stress concentration area of the single peak is far from the wall of the 
coal stope and ranges from 45 to 70 m. The stress concentration areas of the double peak are from 15 to 35 m 
and from 60 to 90 m. So these areas needed to be intensively observed in order to prevent a rockburst. 
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(a) Single peak of stress concentration  (b) Double peak of stress concentration 

Figure 4. Two EMR forms of stress concentration at No.237 working face 
 
EMR signals will be generated at the laneways during the excavating process and are closely related with stress. 
EMR signals are usually larger in the high stress area, the stress concentration area, and the area of strong 
deformation and fractures. When the stress condition of the monitoring area suddenly changes, dynamic coal or 
rock disasters, such as rockbursts will occur in this area. Abnormal EMR characteristics will be present before 
the occurrence of rockburst. 
 
Before rockburst, there is a significant abnormity of EMR. EMR is enhanced suddenly or gradually, sometimes 
with obviously violent EMR fluctuate, and the EMR monitoring value exceeds early warning marginal value. 
Figure 5 is the change of EMR intensity and pulse counts in the 1409 working face monitored from February 
15th to April 11th in Shandong Huafeng Mine. Basically the EMR was gradually increased after February 
27th,and after injection destressing measures being taken, there happened 0.7 mine earthquake. After March 
26th,the EMR was gradually increased,and on April 9th, 1.0 mine earthquake happened. The forecasting result 
of the EMR was consistent with the actual appearance of rockburst and the record result of microseism. From 
that, there was rockburst when the EMR signals were quite strong, or presented obvious and continuously 
increasing tendency or violent change. 
 

 
Figure 5. The comparision between continuous monitoring EMR and microseism record in the Huafeng Mine 

1409 working face 
 
Figure 6 shows that on Jan.12 there was a rockburst with Magnitude=2.4 at the head entry of the No.237 
gob-surrounded coal face. It had the same EMR precursor monitored by the KBD5 monitor, showing two rapid 
EMR fluctuations and the EMR peak value was larger than the critical value (30 mV). When there were EMR 
precursors of rockbursts in the monitoring area, emergency measures such as destressing blasting and water 
injection were used to reduce or eliminate the extent of potential destruction of rockbursts in time. An example 
is shown in Figure 3. When the EMR precursor before Jan.19 was shown, the excavation of the No.237 working 
face was stopped for two days. As effective distress measures were taken, the potential rockburst on Jan.19 was 
eliminated and did not re-occur. 
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Figure 6. EMR precursor before rockburst on No.237 working face in Nanshan coalmine 
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