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Sandstone-like specimens with fissures (fissure inclination 0°, 30°, 45°, 60°, 75°, 90°) were made for investigation into 
the influence of fissure inclination on deformation of damaged rock mass. The high-speed camera was used to record the 
deformation images of the specimen. Based on the digital image correlation (DIC) method, the strain distribution was 
calculated. The strain evolution pattern of fissured rock mass under the effect of fissures was analyzed via the maximum 
equivalent strain, average equivalent strain, and strain distribution, respectively. The results revealed that prefabricated 
fissure specimens exhibit four distinct phases: stable deformation, accelerated deformation, crack propagation and 
specimen failure. The DIC analysis revealed that the new cracks on the fissured specimens predominantly originate from 
the fissures' tips and propagate in a direction aligned with the principal stress. The maximum equivalent strain of the 
specimen was related to the fissure inclination. The maximum equivalent strain of the specimen with a fissure inclination 
of 90° and the intact specimen increased linearly. For fissure inclination between 0° and 75°, the strain of the specimen 
exhibited a pronounced increase following the accelerated deformation stage. The average equivalent strain of the 
specimen initially rose and then declined with the increase of the fissure inclination. The maximum value of the average 
equivalent strain was observed when the fissure was inclined approximately up to 45°. 
Keywords: fissured specimen, digital image correlation, equivalent strain, sandstone-like materials. 

 
1. INTRODUCTION∗ 

The geological conditions, disturbance caused by 
excavation, and the blasting load exert an influence on the 
deep surrounding rock, which may result in zonal rupture 
phenomena. This leads to the formation of fissures, joints, 
and other damage on the structural surfaces. Furthermore, 
the geological movements result in considerable damage to 
the rock mass, reducing its structural integrity and stability. 
The impact of initial damage on the rock mass results in 
alterations to its mechanical properties and an increase in 
deformation. A comprehensive understanding of the 
mechanical properties and deformation mechanisms of 
damaged rock masses is of paramount importance for the 
safe and effective execution of deep engineering 
excavations, maintenance, and stability control. 
Consequently, scholars have conducted extensive research 
on the mechanical properties and deformation mechanisms 
of damaged rock masses. 

In the 1990s, research was conducted on the process of 
damage extension in rocks with co mputed tomography 
scanning [1, 2]. Zhang [3] examined the influence of 
mineral inclusions and pore structure on the deterioration of 
coals. It was found that the porosity and pore distribution 
within coals influence their strength. Wang[4] employed 
acoustic emission, potential and digital image correlation 
methods to monitor the damage process of heat-treated 
granite. The effects of heat treatment on the acoustic 
emission, potential and digital image correlation strain field 
patterns were investigated. 
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Furthermore, scholars were engaged in research 
examining the influence of internal damage on rock 
mechanical properties. This research was conducted from 
two distinct perspectives: the experimental and the 
theoretical. 

Zhao [5] investigated the impact of pre-existing defects, 
including shape, size, number, and angle, on the mechanical 
properties and damage patterns of rocks. Li et al. [6] 
investigated the expansion and merging of pre-existing 
fissures in marble samples under compression. Which 
indicated that both winged (tensile) cracks and secondary 
(shear) cracks expand in a steady manner from the fissure 
tip. Wang [7] conducted uniaxial compression tests on rock-
like specimens with curved ice-filled defects (Type I) and 
found that low temperature, defect morphology, and the 
presence of ice-filled defects had a significant effect on the 
mechanical properties. Li [8] conducted uniaxial cyclic 
loading tests on sandstone specimens with fissures of 
different angles. The evolution of energy indexes with peak 
load and crack angle was explored. Liu [9] conducted 
uniaxial compression experiments on granite specimens 
with a single prefabricated crack and investigated the effect 
of crack inclination on the crack initiation mechanism from 
the perspective of theoretical analysis. Tian [10] conducted 
freeze-thaw injury experiments on prefabricated fissured 
rock masses in submerged slip areas. Tang [11] conducted 
uniaxial compression tests on intact, single-fissure and 
cross-fissure specimens, respectively, to investigate the 
mechanical property and damage mechanisms of jointed 
rock masses under uniaxial compression test conditions. 
Song [12] conducted post-freeze-thaw uniaxial compression 

 



tests on saturated fissured red sandstone to investigate the 
effects of varying freeze-thaw cycles and fissure 
inclinations on the macroscopic mechanical properties. 
Quan [13] investigated the influence of freeze-thaw damage 
on the longitudinal wave velocity of sandstone specimens. 
Luo et al. [14] noted that the presence of fissure clusters 
resulted in a notable reduction in the compressive capacity 
of the specimens. 

Cao et al. [15] investigated the stresses and 
deformations in deeply buried circular tunnels in rock 
masses, considering the effects of rock gravity and damage 
zones. Li et al. [16] established a multifactorial coupled 
damage ontology model under joint – loading considering 
the non-uniformity, anisotropy and initial structure of the 
rock volume, and illustrated the relationship between the 
damage evolution and the joint angle in the rock mass. 

Zhao [17] analyzed the deformation of damaged rocks 
with digital image correlation method. Li [18] conducted 
experiments employing acoustic emission and digital image 
correlation to monitor changes in the mechanical and 
structural properties of defective granite specimens 
subjected to high-temperature cycling. Zhou [19] 
investigated the effect of defect geometry parameters and 
fissure angle on the cracking process with digital image 
correlation analysis. Zhu [20] investigated the evolutionary 
process of rock crack initiation and extension with 3D 
digital image correlation method. Wang [21] analyzed the 
precursors of full-field strain information using statistical 
methods based on digital image correlation. Maruschak [22] 
analyzed the effect of multi-cracking on the deformation 
behavior of 25Kh1MF steel and defined four different 
phases experienced by the pattern before damage. 

However, previous studies on the deformation of 
damaged rock masses conducted by scholars have mostly 
analyzed the pattern of nominal strains calculated from 
deformations measured by displacement extensometers. 
The nominal strain can facilitate the evaluation of 
deformation behavior in rock masses subjected to damage, 
yet it does not offer a comprehensive representation of the 
surface strain distribution patterns observed in such rock 
masses. Consequently, the deformation images of the 
specimen surface are recorded with high-speed cameras, 
and the strain distribution on the surface of the damaged 
specimen is calculated based on the digital image 
correlation method. Furthermore, the strain parameter 
evolution pattern of the damaged rock mass is analyzed. 

2. MATERIAL AND EQUIPMENT 

2.1. Experimental material 
In this paper, the sandstone in Zigong, Sichuan Province 

was used as a template, and sandstone-like materials with 
similar mechanical properties, deformation patterns, and 
damage pattern were prepared as experimental materials. 

These materials were prefabricated fissures with different 
inclination angles in the middle of the specimen (see Fig. 1. 
for the specimen schematic), which allowed to simulate the 
damage. The prefabricated fissure specimens prepared have 
fissure inclination angles of α in the middle of the specimen 
of 0°, 30°, 45°, 60°, 75°, and 90°. Six types of damages 
specimens were prepared，and intact specimens were 
prepared as a reference group for mechanical tests.  

 
Fig. 1. Schematic diagram of the specimen with the prefabricated 

fracture 

The aggregate of sandstone-like materials was 40 mesh 
river sand, cement was used for adhesive, and gypsum 
powder was used as a regulator. River sand: cement: 
gypsum powder: water = 2:1:0.05:0.7. The preparation 
method was referred to in literature [23], and some of the 
prepared are specimens were shown in Fig. 2. The main 
mechanical property parameters of sandstone and 
sandstone-like specimens are shown in Table 1. 

 
Fig. 2. Part of prepared specimens 

2.2. Experimental equipment 
The strain analysis system comprises a multifunctional 

material mechanics testing machine, a high-speed camera, a 
data acquisition card, and a computer (as shown in Fig. 3. 
The uniaxial compression test of Sandstone-like materials is 
conducted on the multifunctional material mechanics testing 
machine. The maximum load of the testing machine is 
300 kN, with an accuracy of ± 50 N. Control of the loading 
speed is achieved through two methods: the displacement 
method and the load method. 

Table 1. Principal mechanical property parameters of sandstone and sandstone-like specimens 

Type Density, g/cm3 Poisson’s ratio Strength, MPa Elastic modules, GPa 
Sandstone 2.2 ~ 3.0 0.05 ~ 0.20 47 ~ 180 2.78 ~ 5.4 

Sandstone-like specimen  1.96 ~ 2.85 0.13 ~ 0.19 38 ~ 70 2.31 ~ 4.28 



 
Fig. 3. Experimental flow chart 

 
During the test, a high-speed camera is employed to 

document the deformation of the specimen surface. The 
camera utilized is Photron's FASTCAM Mini WX50, which 
has a maximum effective square resolution of 2048 × 2048 
pixels. 

3. EXPERIMENTAL PROCESS AND RESULTS 

3.1. Experimental design and process 
In order to obtain the deformation image of the 

specimen, we employed the strain analysis system (as 
shown in Fig. 4) to conduct the mechanical test and 
deformation image acquisition Initially, uniaxial 
compression tests were conducted on intact specimens and 
prefabricated fissures specimens(with fissure inclination of 
0°, 30°, 45°, 60°, 75°, and 90°, respectively) with 
multifunctional material mechanics testing machine. To 
avoid the potential for significant discrepancies in test due 
to the discrete nature of the variables, three distinct 
mechanical tests were conducted for each type of 
specimens. The test was conducted with displacement-
controlled loading of the specimen, with the loading speed 
set at 1mm/min. When the specimen exhibited clear signs of 

cracking at the surface and lost its load-bearing capacity, the 
loading was terminated. 

The High-speed camera Fastcam Mini WX50 was 
employed to document the deformation of the specimen 
surface. The shooting speed and shutter speed of the camera 
were 50 frames per second (fps) and 1/1000, respectively. 
Additionally, an LED flash was utilised to supplement the 
lighting, thereby facilitating the acquisition of a clear image 
of the specimen. 

To analyze the distribution of the strain on the surface 
of the specimen and the strain evolution, the DIC method 
was employed to compare and calculate the deformed 
photographs with the reference photographs. This involved 
using the un-deformed specimen taken before the test as a 
reference. To reduce calculation error, the upper and lower 
contact surfaces of the specimen and the pressure sensor, as 
well as the positions of the left and right edges of the 
specimen, were ignored. Based on the results of numerous 
experiments and calculations, we recommended that the 
edge of the specimen be selected for the calculation of 
strain, with a distance of 2 ~ 3 mm inward from the initial 
point. This approach has been shown to minimize 
calculation error. 

LED Lighting

High Speed Camera

Workstation

Mechanical Testing Machine

Sample

Data Acquisition Cards

 
Fig. 4. Mechanical experiment system 



3.2. Experimental results 
Uniaxial compression tests were conducted on intact 

and fissured specimens, the mechanical parameters and 
deformation images were obtained based on the material 
mechanics testing machine and high-speed camera, 
respectively. It was observed during the test that fissured 
specimens went through four stages: stable deformation 
stage (a), accelerated deformation stage (b), crack 
propagation stage (c), and specimen failure stage (d) (shown 
in Fig. 5 a). As for the intact specimens, the specimens were 
deformed uniformly on the specimen surface before obvious 
cracks appeared on the surface. The accelerated deformation 
stage was relatively brief. 

The strain distribution of the specimen was calculated 
based on the DIC method. Four stages were selected for 
strain cloud diagram representation: the stable deformation 
stage (a), the accelerated deformation stage (b), the crack 
propagation stage (c), and the specimen failure stage (d). 
The strain distribution of the specimen was shown in 
Fig. 5 b – h. Furthermore, based on the strain results 
obtained from the DIC method, the maximum equivalent 
strain, average equivalent strain of the specimens were 
calculated, and the results were presented in Table 2. 
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Fig. 5. Strain map of intact specimen and prefabricated fissure specimen: a – schematic diagram of the deformation stage of the specimen; 
b – intact specimen; c – specimen with 0° fissure; d – specimen with 30° fissure; e – specimen with 45° fissure; f – specimen with 
60° fissure; g – specimen with 75° fissure; h – specimen with 90° fissure 

Table 2. Statistical table of surface strain of specimens 

Type Maximum equivalent strain Average equivalent strain 
1 2 3 4 1 2 3 4 

Intact 0.0374 0.0435 0.0499 0.2239 0.0023 0.0032 0.004 0.0066 
0° 0.0377 0.0459 0.0567 0.2214 0.0017 0.0027 0.0045 0.0075 

30° 0.0249 0.0286 0.060 0.13937 0.002 0.0043 0.0066 0.0091 
45° 0.0241 0.046 0.0662 0.1108 0.0021 0.0034 0.0068 0.0089 
60° 0.0188 0.026 0.058 0.1543 0.0015 0.0035 0.0058 0.0073 
75° 0.0177 0.0268 0.0526 0.0776 0.0011 0.0019 0.004 0.0052 
90° 0.0166 0.0298 0.0544 0.0834 9.3E-4 0.0016 0.0031 0.0047 
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Fig. 6. Correspondence between specimen model and strain 
distribution location 

4. ANALYSIS AND DISCUSSION 
To examine the impact of the fissure inclination on the 

deformation and strain distribution of the specimen, we 
processed the data obtained by the DIC method. Based on 
the strain distribution matrix calculated by the DIC method, 

a contour map of the specimen's strain distribution was 
plotted (as shown in Fig. 6, Fig. 7 and Fig. 8). Additionally, 
the changes in the maximum equivalent strain (Fig. 9) and 
the average equivalent strain (Fig. 10) of the specimen were 
quantified. 

 
Fig. 7. Strain distribution of intact specimen 
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Fig. 8. Strain distribution of prefabricated fissure specimen: a – fissure inclination 0°; b – fissure inclination 30°; c – fissure inclination 45°; 
d – fissure inclination 60°; e – fissure inclination 75°; f – fissure inclination 90° 



4.1. Analysis of influence of fissure inclination on 
strain distribution 
As illustrated in Fig. 5 and Fig. 7, the strain distribution 

diagram and strain contour diagram, respectively, indicated 
that for the intact specimen in the stable deformation stage, 
the majority of the strain was concentrated in the upper 
portion of the specimen, with a maximum strain value of 
approximately 0.016. This was attributable to the fact that, 
at the lower load level, the overall specimen deformation 
was relatively minor, resulting in a comparatively 
significant strain at the upper portion of the specimen where 
stress was concentrated. As the load increased, the specimen 
exhibited a gradual deformation, with the maximum strain 
transferred to the lower right end of the specimen. For the 
sandstone-like specimen, damage was mainly dominated by 
shear-slip damage. Consequently, the intact sandstone-like 
specimen produced a large strain in the lower right corner 
of the specimen at a certain angle with the principal stress. 
The maximum strain of the specimen was 0.054. 

The specimen began to produce visible cracks as the 
load continues to increase, and entered the crack 
propagation stage. Cracks propagated rapidly and were at an 
angle to the principal stress. With the continued expansion 
of cracks, the cracks increased significantly, resulting in 
specimen damage. The damage to intact specimen exhibited 
characteristics of shear-slip pattern, with the maximum 
strain of the specimen reaching 0.083. As illustrated in 
Fig. 7, the deformation of the specimen to the intact 
specimen was relatively minor, with a significant local 
deformation occurring only in the lower right corner of the 
crack. The distribution of strains observed in the fissured 
specimens exhibited a divergence from that observed in the 
intact specimen. Fig. 8 a – f revealed that during the stable 
deformation stage, the maximum strain of the fissured 
specimen occurred at the point of contact between the 
loading device and the upper end face of the specimen. 
However, in contrast to the intact specimen, the fissured 
specimens exhibited considerable strain near the fissure. 
The maximum strain reached 0.0177 – 0.0377 during the 
stable deformation stage, representing a 6.63 % to 127.11 % 
increase compared to the intact specimen. This phenomenon 
might be attributed to the fact that the stress concentration 
at the fissure tips was readily produced, resulting in 
increased deformation in the stress concentration area. 
Qin[24] also observed in his experiments that there was a 
significant stress concentration phenomenon at the tip of the 
fissure, leading to the emergence of new cracks in the tip 
area first.  

The maximum equivalent strain of the specimens’ 
inclination from 0° to 60° at the stable deformation stage 
increased by 45.18 % to 127.11 % compared to the intact 
specimens. The variation in the maximum equivalent strain 
at fissure inclinations between 75° and 90° is minimal, 
exhibiting a discrepancy of only 6.63 % to 13.25 % 
compared to the intact specimen. This indicated that the 
presence of fissure increased the deformation of the 
specimen within the stable deformation stage, and the 
increase was related to the fissure inclination. The closer the 
inclination was to the principal stress direction (i.e. the 
closer it is to 90°), the closer the maximum equivalent strain 
at the stable deformation stage of the specimen was to that 

of the intact specimen. Conversely, as the fissure inclination 
aligned closer to the direction perpendicular to the principal 
stress direction (i.e. the direction of 0°), a more significant 
increase in maximum equivalent strain at the stable 
deformation stage was observed. 

As the load increased, the specimen reached the 
accelerated deformation stage, accompanied by an increase 
in the strains on the left and right sides. From the strain 
contour map, it can be observed that the strain in the fissure 
region exhibited non-uniform distribution characteristics, 
with the maximum equivalent strain occurring in the area in 
close proximity to the fissure. The strain discrepancy 
between the fissured and intact specimens decreased in 
accelerated deformation stage. For example, the strain of 
fissure specimens with inclinations of 45°, 75° and 90°in 
accelerated deformation stage were reduced by only 4.03 %, 
12.75 % and 10.07 % compared to the intact specimen, and 
the magnitude of strain change was further reduced. This 
may be due to the fact that the significant deformation in 
stable deformation stage had resulted in the closure of 
fissure, thereby resulting in the strain of the fissured 
specimen more closely aligned with that of the intact 
specimen in accelerated deformation stage. 

The majority of these cracks occurred in close 
proximity to the fissure tips. The difference in strain 
between the fissured and the intact specimen were further 
diminished, with the gap in strain not exceeding 10.29 %. 
This indicated that the strain gap was insignificant when the 
specimen was in the initial phase of cracking. The strain of 
the fissured specimens exhibited an increase in comparison 
to the intact specimens when the specimens were damaged. 
The maximum increase reached 168.47 %, which was 
observed when the inclination angle of the fissure was 0°. 
This indicated that the presence of the fissure resulted in a 
notable intensification of deformation during the failure 
stage. 

4.2. Analysis of the influence of fissure inclination 
on strain parameters 

In order to reveal the influence of fissure inclination on 
the strain parameters, a count was made of the maximum 
and average equivalent strain at four stages. Fig. 9 and 
Fig. 10 revealed that the maximum and average equivalent 
strain of the specimens increased gradually with increasing 
load. Based on the strain distribution, we analyzed the effect 
of fissure inclination on the strain evolution. Fig. 9 
illustrated that the maximum equivalent strain of the intact 
specimen and the specimen with a 90° fissure inclination 
increased in a uniform manner with increasing loads. The 
maximum equivalent strain was approximated by a straight 
line. The maximum equivalent strain of fissured inclination 
among 0° and 75° exhibited a gradual increase before the 
appearance of cracks. Following the generation of cracks, 
the equivalent train increased markedly, which may be 
attributed to the elevated strain resulting from the closure of 
the prefabricated fissures before the emergence of cracks. 
Once cracks are generated, the equivalent strain increased 
significantly with the expansion of these cracks. For 
instance, in fissure specimens with an inclination of 0° and 
30°, the equivalent strain at the accelerated deformation 
stage were 0.044 and 0.046, respectively. 



 
a 
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Fig. 9. Trend of maximum equivalent strain of specimen: 
a – variation trend in strain at different stages; b – variation 
trend of strain with fissure inclination 

While the equivalent strain were 0.224 and 0.221 at 
specimen failure stage, the increase was 409.1 % and 
380.4%, respectively. In contrast, for intact specimens, the 
increase in specimen failure stage was only 182.9 %. 
Fig. 9 b revealed that the maximum equivalent strain in the 
stable deformation stage declined as the inclination 
increased. Furthermore, the maximum equivalent strain of 
the intact specimen was the lowest. In the accelerated 
deformation and crack propagation stages, the maximum 
equivalent strain exhibited an initial increase, followed by a 
subsequent decrease with the increase of the fissure 
inclination. The equivalent strain of the specimen reached 
the maximum value in proximity to the inclination of 60°. 
Nevertheless, the variation of the maximum equivalent 
strain of the specimen was minimal, amounting to only 
54.36 % and 10.29 %, respectively. Accordingly, it can be 
inferred that the influence of the fissure inclination on the 
deformation of the specimen was insignificant in these two 
stages. The deformation was largest at the inclination of 0°, 
with a subsequent gradual decreased in deformation as the 
inclination increased. 

In conclusion, the strain changed in the stable 
deformation stage and specimen failure stage are the most 
significant, with increases of 127.11 % and 168.47 %, 

respectively. This suggested that the impact of fissure 
inclination on the deformation of the damaged rock mass 
was predominantly evident during the stable deformation 
and specimen failure stages. Prior to the closure of the 
prefabricated fissure and following the emergence of new 
cracks, the prefabricated fissure exerted a considerable 
influence on the deformation and destruction of the 
specimen. 
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Fig. 10. Trend of average equivalent strain of specimen: 
a – variation trend in strain at different stages; b – variation 
trend of strain with fissure inclination 

The trend of the average equivalent strain with the 
fissure inclination was calculated and analyzed (see 
Fig. 10). The results are shown in Fig. 10 a), which 
indicated that the average equivalent strain on both intact 
specimens and fissured specimens increased with the load. 
However, the trend and the difference between the average 
equivalent strains of the two type specimens were smaller in 
comparison to the maximum equivalent strain. It is due to 
the undamaged area accounts for a large proportion in 
fissured specimen.  

A comparison of the strain sizes of the intact specimen 
and the fissured specimen (with a 0° fissure as an example) 
(Fig. 11) revealed that the strains of the two types specimens 
were dominated by the small-sized strains of less than 0.003. 
The fissured specimens exhibited a greater proportion of 



large-size strains (> 0.015) in the accelerated deformation 
stage, crack propagation stage, and specimen failure stage 
compared to the intact specimens. 

 
a 

 
b 

Fig. 11. Strain size statistics for intact and fissure specimens: 
a – intact specimen; b – fissure specimen (fissure 
inclination 0°) 

The proportion of strains exceeding 0.015 in the overall 
strain was relatively minor. As illustrated in Fig. 11, the 
proportion of strains exceeding 0.015 in the intact specimen 
ranges from 1.0 % to 6.4 %. The proportion of strains 
greater than 0.015 in the fissured specimen ranges from 
2.1 % to 9.9 %. Consequently, there was not a significant 
difference between the fissured and intact specimens on 
average regarding to average equivalent strains. 

In comparison to the intact specimen, the average 
equivalent strain of the fissure specimen was consistently 
higher at all stages. This was primarily attributable to the 
fissure will be closed, allowing for greater deformation than 
that observed in the intact specimen. 

The average equivalent strain on the surface of the 
specimens with different prefabricated fissure inclinations 
was also different. As illustrated in Fig. 10 b, the closer the 
fissure inclination angle was to 45°, the larger the mean 
equivalent strain of the specimen. Conversely, the closer the 
fissure inclination angle was to 90°, the closer the mean 

equivalent strain of the specimen was to that of the intact 
specimen. In the stable deformation stage, the average 
equivalent strain of the specimen was relatively insensitive 
to the fissure inclination angle. As the fissure inclination 
angle increased, the average equivalent strain of the 
specimen decreased. In the accelerated deformation stage, 
crack propagation stage, and specimen failure stage, the 
average equivalent strain of the specimen exhibited a 
general increase followed by a subsequent decrease with the 
increase of the fissure inclination angle. The maximum 
value was observed within the range of fissure inclination 
angles between 45° and 60°. In comparison to the intact 
specimen, the maximum values of the average equivalent 
strain in the four stages exhibited a notable increase, 
reaching 147.31 %, 168.75 %, 119.35 %, and 93.62 %, 
respectively. 

The results demonstrated that the deformation of the 
specimen was significantly influenced by the fissure 
inclination angle. The analysis indicated that the angle 
between 45° and 60° had the greatest influence on the 
specimen's deformation. This trend coincided with the 
nominal strain calculated through the measurement of 
deformation using the material mechanics testing machine 
[25, 26]. 

It has been demonstrated through comprehensive 
analysis that the existence of fissures had a discernable 
impact on the deformation of the specimen. The magnitude 
of this effect was related to the angle between the fissure and 
the principal stress direction. It had been established that as 
the inclination angle of the fissure approached 45°, the 
influence of the fissure on the deformation of the specimen 
increased. Conversely, as the inclination angle of the fissure 
approached 90°, the influence of the fissure on the 
deformation of the specimen decreased. The maximum 
equivalent strain of the specimen was related to the stress 
distribution in the near area of the fissure. The strain in the 
area of stress concentration was relatively large. 
Furthermore, the closer the fissure of the specimen was to 
0°, the larger the deformation of the specimen was when it 
was damaged. 

5. CONCLUSIONS 

In this paper, prefabricated fissures were introduced 
into sandstone-like specimens to simulate the internal 
damage of rock masses for mechanical testing. The digital 
image correlation method was employed to analyze the 
evolution of specimen surface strain parameters and crack 
extension patterns, and to investigate the influence of fissure 
inclination on the deformation of damaged rock masses. The 
findings revealed that: 
1. The digital image correlation method revealed that both 

intact specimens and prefabricated fissure specimens 
exhibited a stable deformation stage, an accelerated 
deformation stage, a crack propagation stage and a 
specimen failure stage. However, the accelerated 
deformation stage of the fissure specimen was longer in 
duration and the nascent cracks on the specimen surface 
were more pronounced. 

2. It is possible that stress concentration occurred at the 
fissure tip, and new cracks formed at the fissure tip and 
then expanded in the direction of principal stresses. The 



maximum equivalent strain of the specimen in the range 
of fissure inclination angle 0 ~ 75° showed a 
pronounced increase. At the fissure inclination angle of 
90°, there is no change in the trend of strain change 
before and after the appearance of crack in the 
specimen. 

3. The prefabricated fissure affected the deformation of 
the specimen. The greater the perpendicularity of the 
crack to the principal stress direction, the greater the 
deformation of the specimen. Conversely, the greater 
the parallelism of the fissure to the principal stress 
direction, the smaller the deformation of the specimen. 
The inclination angle of the prefabricated fissure exerts 
the greatest influence on the deformation of the 
specimen within the range of 45° to 60°. 
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