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Abstract. The damage degree of the rock and its strain has the nature relation, this paper choose  
the granite which is most common rock in the engineering practice as the research object. It carried 
on more categories of impact test research about granite specimen of length to diameter ratio is 0.8 
times in using split hopkinson pressure bar (SHPB) device, and inferred the measurement of rock 
damage degree is mainly decided by the reflected wave waveform. Along with the rising of the 
impact energy of bullets, the measured waveform of reflected wave from development to the "W", 
"V" type and "U" type on compression bar. When the rock is damage, the reflection waveform more 
appears as "U" and "W" type. It can be concluded that the development and distribution of the 
internal cracks of rock determines the diversity of the reflection wave shape, and many types of the 
reflected wave shape also reflected the loading condition and the relationship between the 
characteristics of rock. 

Introduction 

Since the B.Hopkinson SHPB device prototype was proposed, the pressure bar is divided into two 
segments by Kolsky[1], putting the specimen in the middle of their input and output bar, it can be 
measured the material stress-strain relationship under impact load by this device, so the elastic 
compression bar in SHPB device also can be called the Kolsky bar. In the early 1970s, triaxial 
SHPB experimental device has been designed successively by Lindholm[2] and Christensen[3] , in the 
confining pressure of rock under dynamic test which is concluded that with the increase of 
confining pressure, fracture strength increases linearly. With the increase of strain rate, the failure 
strength also rises at the same time in certain conditions of confining pressure. Yalun YU[4] used the 
three axis SHPB experimental apparatus, the characteristics of the rock under dynamic loading, 
mechanism concept of micro-damage and damage mechanism was studied and the establishment of 
appropriate constitutive equation. Now split hopkinson (SHPB) test technology has become a 
standard method has been widely applied in the strain rate is 10s-1 ~ 104 s-1 material within the 
scope of the dynamic mechanical properties test[5]. Hult and Broberg [6]in Sweden, the British of  
Hayhurst [7] and Leckie [8], the American Krajcinovic [9] created a geometry damage theory, mainly 
relays on the phenomenological research methods, it considers material damage is mainly caused by 
material inside the various micro defects, so the damage size and the damage evolution law of the 
material shape are effected by the size and density of micro defects, but also be to the way of 
distribution, which is the damage of the rock is the result of the internal structure of the defects of 
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the rocks. But it did not show that these defects under the action of external force in what form the 
rock damage. This article is based on SHPB pressure bar device, choosing the granite specimen of 
length to diameter ratio is 0.8 times, finding the suitable characterization parameter or expression 
for rock damage under the action of one dimensional stress in more categories of impact load test. 

Test Device 

Damage evolution law of rock under the action of stress wave and rock damage state is a hot spot  
of engineering and academic research in current, in order to study the dynamic mechanical 
properties of the rock, using split hopkinson pressure bar (SHPB) experiments for dynamic 
mechanical impact test. SHPB device consists of power system, the bullet, input shaft and output 
shaft, absorption and test records system, the specimen in the study on input shaft and output shaft. 
There is the laboratory of split hopkinson pressure bar (SHPB) system device in China university of 
mining & technology (Beijing) hopkinson pressure bar. In concluding phi 75mm, 50mm and 14.5 
mm three series of compression bar, the bullet length is 400mm, 600mm, 800mm and 1000mm, two 
kinds materials of the bar which are the aluminum and steel, it can be satisfied the dynamic testing 
of different test materials. Huang Chaojun[10] systematically studied the effect of the length of the 
limestone specimen, and concluded that the length to diameter ratio of 0.8 can well reflect the 
dynamic mechanical properties of rock. This paper tests the granite specimen length to diameter 
ratio are selected as 0.8, the length of the specimen is 40 mm, 50 mm diameter, which can guarantee 
in the experiment to ignore transverse wave effect of the specimens, and can have enough balance 
time to collect data on the waveform. 

Shock Waveform Curve Analysis 

In order to ensure the granite specimen is not broken through three times impact in this series tests, 
the velocity of bullet must be relatively low. The kinds length of bullet are 400mm, 600mm, 800 
mm and 1000mm, the velocity of bullet are divided into five gradient sections which are decided by 
SHPB device control accuracy and test requirements. Detailed comparative analysis the relationship 
which is between different stress wave effect of rock damage and the strain wave.  The strain wave 
of 400mm length bullets is showed in figure 1.   

  

（a）The incident wave and reflected wave （b）Transmission wave 

Fig 1  The incident and transmission wave of bullet length of 400mm 

Figure 1(a) and 1(b) are showed that the incident wave shapes which are the approximation of the 
rectangular is stable. It is satisfied the one dimensional elastic stress wave theory, namely the bullet 
length decides stress wave duration, it will not change with the changes in the velocity of the bullet. 
Incident wave amplitude value is determined by the bullet impact velocity, by a large number of 
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research data shows a linear relationship. In the range of allowable error, measured by the incident 
wave amplitude value is consistent with the theory of stress wave. Transmission amplitude value 
also increases as the incident wave amplitude. Due to the energy of rock to absorb some of the 
stress wave and a portion of the energy dissipation in the process of stress wave, the transmission 
wave amplitude is always smaller than the incident wave amplitude. 
These reflected waves have certain consistency in rise period, the reflection wave behind most of 
the wave shape is associated with the bullet impact velocity and rock damage degree. When the 
rock specimen is little damage by the stress wave, the transmission wave rapidly come into the 
platform, and then quickly reduced to 0, at the same time, the transmitted waveform and the 
incident wave have good consistency; When the damage of rock is bigger, the transmission wave 
rises slowly, the platform period is short, the falling gradient is fast. Reflection wave and the 
horizontal axis which are enclosed area is smaller, the transmission wave and the horizontal axis 
that are enclosed area is larger, the damage degree of the rock is lower. When judging the damage 
degree of the rock can be transmitted wave and reflected wave is presupposed. 
Most of rock specimens reflected wave into a "V" shape that don't see naked eye visible on the 
surface of the rock crack. When there is tiny broken crack face, a handful of rock specimen of 
reflected wave force is "W" shape, but the second trough is very shallow. Many rock specimen of 
reflected wave are opening a large "V" shape, the causes of this situation is the rock face after stress 
wave action and internal crack distribution form and the number of the crack is different, every time 
the stress wave in the rock face of reflection and transmission are not the same, and it is possible 
that the stress wave in this position have also been dried radiation and diffraction. It can also be 
understood as the incident wave generated in the bullet for rectangular pulse stress wave, it is 
composed of multiple variety frequency sine wave superposition, the frequency of the wave in the 
rock face and part of internal cracks is out, due to the diversity of the reflection wave during the 
second half of the waveform. 

  

    
   
     Fig 2  The incident and transmission wave of bullet length of 600, 800 and 1000mm 

When the reflection waveform is "U" type, the rock specimen is almost broken.. In fact, the 
reflection wave is more like the shape of the incident wave in this time, the reflected wave trough is 
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a slash and not flat, because the rocks have been damaged need to consume some impact energy. It 
also can be caused by more reflection of the diversity of the shape of the transmitted wave at the 
same time. Figure2 are showed that the bullet is 600 mm, 800 mm and 1000 mm of strain wave and 
the bullet for 400 mm are the similar between strain wave and the granite damaged the relations. In 
the case of a similar incident wave amplitude, the longer the length of bullet, the more the stress 
wave effect. When the waveform and the time ax into the shape of the area is larger, the incident 
energy crease, the greater the reflection and transmission can also increase, specimen damage 
degree is more serious. The stress wave wavelength also plays an important role in the process of 
granite damage, but only when the damage reaches a certain degree of the rock, the wavelength  
begins to work on rock breakage. The rock damage is a result of internal structure fracture, it can be 
characterized by reflection waveform. 

Conclusions 

(1) When the bullet length do not change, the time of stress wave is the constant value. It will not 
change with the changes of the velocity of the bullet. And it combined with stress wave theory, also 
indirectly proves that the accuracy of the test data. 
(2) The granite damage degree is mainly decided by the reflected wave waveform. Along with the 
rising of the impact energy of bullets, the reflected wave is from a "V" type to "W", for "U". 
Namely the damage degree of the rock can be characterized by reflection waveform. 
(3) When the rock is broken, the reflection type shows the shape of "U" and "W" mostly, it is 
caused by the development and distribution of the internal cracks of rock determines the diversity of 
the reflection wave shape. The shape also reflects relationship between the loading condition and 
the characteristics of rock. 
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