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Abstract: In order to study the impact of impact on sandstone, dynamic impact is conducted on sandstone through drop 
hammer test, wave velocity test is conducted on the impacted specimen by using wave velocity instrument, and the damage effect 
of impact on sandstone is analyzed by using wave velocity damage calculation formula. The results show that the greater the 
impact velocity, the smaller the measured wave velocity and the greater the damage to the sandstone. 
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1. Introduction 
At present, energy plays a key role in China's economic 

development, however, more than 90% of coal seams in 
China are low permeability, in order to improve the utilization 
rate of coalbed methane, a variety of methods have been 
researched at home and abroad, such as hydraulic 
fracturing[1-3], hydraulic slitting[4-6], Mechanical cavity 
making[7] and gas phase fracturing[8-9] technologies, but the 
effect of increasing permeability of coal seams by using water 
power to increase permeability has limitations, the number of 
fractures is too small and the effect of increasing permeability 
is not obvious, while The cost of gas-phase fracturing is high, 
therefore, studying the effect of impact action on coal seam 
permeability increase is one of the current priorities. Zhang 
Dongming and Bai Xin et al [10-11] established a liquid CO2 
phase change gas jet pressure model, and theoretically 
analyzed the mechanical mechanism of liquid CO2 phase 
change shot hole breaking and the mechanical mechanism of 
fracture extension under ground stress conditions based on 
theories of thermal engineering, elasticity mechanics, and 
fracture mechanics, and determined the dominant fracturing 
direction of liquid CO2 phase change directional shot hole in 
the test area, which effectively increased the porosity of coal 
samples, the The pore size, specific surface area, and visible 
pore ratio of coal samples were effectively increased, which 
improved the pore structure and percolation capacity in the 
coal body. Hu Shisheng et al [12] conducted a systematic 
study on the damage softening effect of concrete materials 
after impact loading by using the "damage freezing" method 
based on the impact compression test with Hopkinson 
compression bars, and gave the damage evolution equation of 
concrete under impact loading, and combined with the 
viscoelastic principal structure theory to summarize the 
damage linear viscoelastic principal structure of concrete 
materials. Basnthia [13] showed by two different impact load 
tests on a falling hammer testing machine that the energy 
absorbed into the concrete specimen under impact loading is 
more than that of static loading. Wu Mingxin et al [14-15] 
investigated the drop hammer test on concrete and combined 
the numerical simulation of the fine view model to investigate 
the dynamic impact performance and damage mechanism of 
concrete, which proved the validity and reasonableness of the 
fine view model.Zhang [16] et al. used different loading rates 
and performed drop hammer tests on the specimens and found 
that the lower loading rates had a more significant effect on 

the crack initiation rate, and the crack initiation rate at high 
loading Lin Lang [17] et al. studied large-size specimens with 
arc-bottom trapezoidal opening structure and calculated the 
crack length and crack velocity using fractal method. 

In conclusion, the study of coal seam damage by impact 
loading is necessary and can provide theoretical support for 
the study of the damage mechanism of coal seams. 

2. Drop Hammer Impact Test  

2.1. Testing device 

The device used in this experiment consists of two parts, one 
is a white PVC pipe with multiple 3 cm × 10 cm openings in 
the middle to reduce air resistance, and in its lower part, a 
green PVC pipe is set to fix the sandstone, as shown in 
Figure 1. 

  

(a) Falling hammer impact    (b) Partial view of the 
device                 installation 

Figure 1. Dropevette Stedevis 

2.2. Test procedure 

(1) Sandstone surface is polished smooth and wrapped with 
cling film for one week. 

(2) Putting the finishing sandstone inside the green PVC 
pipe with shims on the lower part. 

(3) A thin wire is tied to the upper part of the drop hammer, 
and the drop hammer is made to impact test the sandstone at 
different speeds by adjusting the drop height. 
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(4) After the impact of the drop hammer, the sandstone is 
measured by wave velocity meter and the data is recorded 
for the next test. 

2.3. Test results 
The sandstone received different degrees of damage and 

destruction during the impact of the falling hammer. At a drop 
height of 1.5 m, the sandstone as a whole did not show large 
changes; at a drop height of 2 m, the upper surface of the 
sandstone began to show debris; at a drop height of 2.5 m, 
debris fell off from the upper part of the sandstone, and small 
cracks of about 0.5 cm in length began to appear in the upper 
part. Under the impact of the falling hammer at a height of 
3m, the cracks on the surface of the sandstone had a tendency 
to extend downward, and more pieces fell off from the upper 
part of the sandstone, and under the impact of the falling 
hammer at a height of 3.5m, large pieces fell off from the 
sandstone, the cracks extended downward, and the upper part 
of the sandstone had a tendency to be smashed, and under the 
impact of the falling hammer at a height of 4m, a macroscopic 
fracture surface appeared, and the sandstone was completely 
impacted into pieces and slag. The specimen after the impact 

is shown in Figure 2. 
 

 
Figure 2. Drawing of the test piece after impact 

 
During the process before and after conducting the drop 

hammer test, the wave velocity of the sandstone was 
measured with a wave velocity meter for each impact and 
the data was recorded as shown in Table 1. 

 
Table 1. Change of wave velocity before and after impact 

Drop height (m) 
Initial wave 
speed (km/s) 

Wave speed after 
the first impact 

(km/s) 

Wave speed after 
the second impact 

(km/s) 

Wave speed after 
the third impact 

(km/s) 

Wave speed after 
the fourth 

Impact (km/s) 
1.5 2.813 2.306 2.134 1.708 / 
2 2.051 1.706 1.348 0.955 / 

2.5 2.827 2.544 2.100 1.980 / 
3 2.553 1.814 1.413 0.584 / 

3.5 2.212 1.732 1.234 0.967 / 
4 2.019 1.226 1.054 1.022 / 

Changes in internal micro-pores and micro-cracks in 
sandstone before and after impact will cause changes in the 
ultrasonic waves released by the wave velocity meter, so that 
changes in internal crack damage in sandstone can be 
expressed by wave velocity as follows. 
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where nV  is the measured wave velocity of the specimen 

after each load impact, and 0V  is the measured wave 

velocity of the specimen in the initial state. 
According to Equation 2-1, we can get Table 2. 

 
Table 2. Impact damage 

Drop height (m) Damage D2 Damage D2 Damage D3 Damage D4 
1.5 0.329 0.427 0.634 1.000 
2 0.309 0.573 0.788 1.000 

2.5 0.175 0.443 0.511 1.000 
3 0.510 0.712 0.893 1.000 

3.5 0.397 0.701 0.818 1.000 
4 0.640 0.736 0.753 1.000 

3. Numerical Simulation of Impact 
Damage  

According to the damage effects of sandstone under the 
action of falling hammer impact, ANSYS software was used 
to simulate and study the dynamic damage of sandstone 
microstructure, visualize the damage of sandstone, and 
explore the microscopic damage mechanism of sandstone. 

3.1. Damage to the intrinsic structure 
relationship 

The damage process of sandstone can be divided into three 
stages, which are linear elastic stage, elasto-plastic stage and 
plastic softening stage, representing I - no damage, II - micro-
crack evolution, III - macro-crack nucleation stage in the 
process of fracture damage evolution inside the specimen, the 
geometric model curve of damage evolution is shown in 
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Figure 3, where OA1 is the elastic stage, in this stage, there is 
no obvious damage to the material, A1A is the elastic-plastic 
stage, in this stage, there will be micro-cracks generated, the 
specimen surface cracks are not obvious, AB is the macro-
crack nucleation stage, in this stage, the specimen generated 
by the cracks began to randomly connect, forming macro-
cracks, and finally nucleation, BC is the crack expansion 

stage, in this stage, the macro-crack nucleus occurs rapid 
expansion until through the entire material unit. Where point 
B is the material fracture brittle-tough transformation point, 
before point B, the material fracture shows brittle 
development, after point B, the material fracture starts to 
transform from brittle expansion to tough expansion. 

 

 
Figure 3. Basic mode of damage evolution 

 
The expression for the main compressive stress damage 

evolution of the material is 
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Among them, D   is the damage variable, I   is the 

principal compressive strain, S   is the brittle fracture 

endpoint value, m  is the brittle index, and the intersection 
point of the tangent line at point B and the transverse axis is 

S  . B   represents the transformation strain from 

microcrack evolution to macroscopic fracture, 0E   is the 

initial elastic modulus of the material, RF  is residual stress, 

Bk  is the stress reduction rate corresponding to point B, and 

BC  is the residual stress. The calculation formula is as 

follows: 
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According to the elastic damage relationship equation 

 0 1 E E D , the uniaxial principal compressive stress - 

principal compressive strain equation is 
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3.2. Numerical simulation results 

 
Model picture         Damage spot map 

 
Stress cloud map 

(a) t=0.05ms 
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Model picture          Damage spot map 

 
Stress cloud map 

(b) t=0.10ms 
 

 
Model picture          Damage spot map 

 
Stress cloud map 

(c) t=0.15ms 

 
Model picture          Damage spot map 

 
Stress cloud map 

(d) t=0.20ms 
 

 
Model picture          Damage spot map 

 
Stress cloud map 

(e) t=0.25ms 
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Model picture         Damage spot map 

 
Stress cloud map 

(f) t=0.30ms 
Figure 4. Model damage evolution diagram 

 
Figure 4 shows the damage evolution diagram of numerical 

simulation, where the black part of the model diagram is the 
damage unit, and all the damage units are put forward to form 
the damage spot diagram, and the stress cloud diagram of the 
sandstone can be seen to change during the impact process. 
With the increase of impact velocity, the number of damage 
units of sandstone is also increasing, and they are connected 
with each other, forming fissures inside, and continue to 
extend and expand downward, causing the damage of 
sandstone to gradually increase; during the impact process, 
the stress suffered by the sandstone is also transferred 
downward from the upper surface, causing some impact on 
the sandstone as a whole. 

 

 
Figure 5. Bearing capacity curve 

 
Figure 5 shows the bearing capacity curves of the four 

ratios under the action of cyclic impact, and it can be seen 

from the figure that the specimens all went through four 
stages during the impact: compression-density stage, linear 
elastic deformation stage, microcrack expansion stage and 
damage stage. It can be seen from the figure that when the 
stress reaches the peak and continues to load, the specimen 
begins to show damage, and the curve shows a linear 
downward trend, at which time the specimen is brittle damage, 
in line with the damage characteristics of brittle materials. 

4. Conclusion 
a.During the impact, the greater the impact velocity, the 

more damage units in the sandstone, and the greater the 
damage caused. 

b. Under the action of multiple impact loads, cracks appear 
inside the sandstone and damage is formed, which makes the 
measured wave velocity decrease. 

c. The damage process of sandstone goes through four 
stages: compression-density stage, linear elastic deformation 
stage, microcrack expansion stage and damage stage. 
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