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Progressive failure strength characteristics of anisotropic rocks caused by mineral 
directional arrangement: a case of biotite quartz schist 
 
BAO Han1,  CHEN Zhi-yang1,  LAN Heng-xing2,  PEI Run-sheng1,  WU Fa-quan3,  YAN Chang-gen1,  

TAO Yue1 
1. School of Highway, Chang’an University, Xi’an, Shaanxi 710064, China 

2. Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China 

3. School of Civil Engineering, Shaoxing University, Shaoxing, Zhejiang 312000, China 
 
Abstract: To explore the strength characteristics of anisotropic rocks caused by mineral directional arrangement during progressive 
failure process, biotite quartz schist was taken as an example, and triaxial compression tests were carried out on samples with 
schistosity angles of 0°, 45° and 90°. The macro and micro failure characteristics and progressive failure strength index of the 
specimens were analyzed, and the differences with other types of anisotropic rock were discussed. The results show that the failure 
characteristics of biotite quartz schist are closely related to its schistosity. With the schistosity angle increasing from 0° to 90°, the 
main macro and micro fracture modes of the specimens change from tensile to shear, and then to co-existence of tensile and shear. 
The strength characteristic values of biotite quartz schist show significant anisotropy. With the increase of schistosity angle, the 
strengthening effect caused by confining pressure increase on the strength characteristic values weakens, but the change of the 
strength value has a trend of acceleration. The anisotropic variation law of the ratio of strength characteristic value is not obvious, 
which gradually weakens and even disappears under high confining pressure. The fracture modes, variations of strength characteristic 
values and their ratios of anisotropic rocks with directional arrangement of minerals are different from those of rocks with stratified 
structure. A thorough understanding of the mechanical properties of rocks with directional arrangement of minerals will be helpful to 
guide the related engineering practice. 
Keywords: mineral directional arrangement; biotite quartz schist; progressive failure; characteristic value of strength; anisotropy 
 

1  Introduction 

Rock failures are progressive mechanical behaviors, 
and many rock engineering problems are not only 
controlled by the influence of rock mass structure[1] 
but also closely related to the progressive failure 
process of rocks[2–4]. It is of great significance for 
roadway support[5], slope protection[6], and deep rock 
mass engineering construction[7] to clarify the progressive 
failure process of the rock and its mechanical evolution 
law, and to master the failure characteristics. 

The progressive failure of rocks is actually the 
process of initiation, expansion, and coalescence of 
micro-cracks inside the rocks[8–9]. The development 
process of cracks inside the rock can be divided into 
different stages, and the stages are separated by four 
strength characteristic values, namely, compaction 
strength cc , crack initiation strength ci , damage 
strength cd , and peak strength f [10]. Among the 
four values of strength characteristic, cc  represents 
the closure of internal cracks in the rock, and ci  is 
the beginning mark of the stable crack propagation 
stage. cd  indicates the beginning of the reversal of 
the total volume strain and the unstable propagation of 
the crack[11], and the volume strain of the crack 

increases rapidly, the total volume strain begins to 
decrease, and the crack coalesces until the final failure 
at this stage[12]. Martin et al.[13–14] found that cc f/   
was mostly concentrated in 20%–40%, ci f/   
concentrated in 40%–60%, and cd f/   concentrated 
in 70%–90%. 

In recent years, studies on the progressive failure 
process of rocks have been carried out continuously. 
The rapid development of testing technology facilitates 
the accurate acquisition of rock failure characteristics. 
Both CT scanning and acoustic emission methods can 
be used to reveal the progressive failure process of 
rocks[15–17]. Theoretical and numerical methods, such 
as numerical manifold method[18], finite element 
method[19], and discrete element method[20], are mainly 
applied to the study of the mechanical mechanism of 
rock progressive failure. However, traditional research 
methods based on laboratory failure tests under 
mechanical loading and precise observation of fracture 
sections[10, 14, 21] cannot reflect the real-time fracture 
process, but they are convenient to carry out quantita- 
tive analysis of the progressive failure process of rocks 
from the perspective of mechanical characteristic 
values. Therefore, the traditional research method is 
still one of the most important means to study the 
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progressive failure of rocks. 
With the increasing research on the strength 

characteristic values and progressive failure of rocks, a 
deep understanding of their influencing factors and 
performance characteristics has also been obtained. 
Studies have found that the characteristic value of 
strength is affected by many factors such as confining 
pressure[22], size[23], and meso-and micro-structure[24–25] 
of the rock. The meso-and micro-structure and 
confining pressure of rock make its failure morphology 
and failure mechanical behavior show significant 
anisotropy and confining pressure effect[26], and the 
micro-structure determines the morphology characteristics 
of rock fracture[27] and the crack type is closely related 
to the confining pressure level[28]. 

At present, studies on the progressive failure of 
anisotropic rocks mostly focus on rocks with the 
anisotropy induced by layered structures, such as 
slate[29], shale[30], layered sandstone[17], and phyllite[31]. 
Relevant studies have also been carried out on the 
progressive failure of anisotropic rocks caused by the 
orientation of micro-fractures[32–33]. However, there 
are few studies on the characteristics of progressive 
failure strength of anisotropic rocks such as schist  
caused by the orientation of minerals[34]. In fact, there 
are differences in the failure phenomena of anisotropic 
rocks caused by mineral orientation and by layered 
structures. We take the shale with macroscopic layered 
structure as an example, when the angle between the 
loading direction and the bedding is small, the fracture 
mainly occurs along the relatively flat bedding plane, 
and the fracture plane bends obviously accompanied 
by the cracking of part of the bedding plane when the 
angle is large[35]. For the anisotropy of rocks caused by 
mineral orientation, the failure surfaces are rough and 
there are more bending sections, accompanied by 
more powders and debris[33]. The different failure 
patterns of different types of rocks are the external 
manifestation of their progressive failure process. 
Therefore, the mechanical characteristics of anisotropic 
rocks caused by mineral orientation in the progressive 
failure process need to be further explored. 

Biotite quartz schist is a typical mineral-oriented 
rock with strong anisotropy[36]. In this paper, the 
biotite quartz schist was selected as the research object, 
the characteristic values of strength and shear strength 
parameters of specimens with different schistose plane 
directions were discussed, and the failure modes of 
biotite quartz schist were analyzed based on the 
triaxial compression test. The macro and micro failure 
characteristics and progressive failure mechanics 
characteristics of biotite quartz schist were revealed, 
and the influences of confining pressure and 
schistosity plane angle were accordingly analyzed. 
The research results will be helpful to guide the 
development of mineral-induced anisotropic rock 
engineering. 

2  Materials and methods 

The biotite quartz schist used in the experiment 

was taken from Xinjiang, China. The rock is hard and 
brittle, mainly composed of quartz, biotite, plagioclase, 
and a small number of other minerals. The minerals 
are oriented and form the schist structure (Fig. 1), 
which makes the rock exhibit significant anisotropy. 

 

 
(a) 5×orthogonal image           (b) 5×polarized image 

Fig. 1  Microscopic characteristics of biotite quartz schist 

 
In order to study the progressive failure strength 

characteristics of biotite quartz schist, the triaxial 
loading test was carried out on the specimen using the 
high-pressure rock triaxial dynamic test system 
(RTR-2000) produced by GCTS (Fig.2(a)). The tests 
were conducted at the Institute of Acoustics, Chinese 
Academy of Sciences.  was defined as the angle 
between the biotite quartz schist schistosity plane and 
the loading direction (Fig. 2 (b)), and the cores were 
taken according to the angles   0°, 45°, and 90° 
respectively, and were processed into cylindrical rock 
specimens with a diameter of 25 mm and a height– 
diameter ratio of 2:1 (Figs. 2(c)–2(e)). The specimens 
were divided into three groups according to the angle , 
with four specimens in each group, and the average 
longitudinal wave velocity pV  of each group was 
measured. The specimens with   0° belong to the first  
 

    
(a) High-pressure rock triaxial dynamic test system  (b) The definition of angle  

 

 
(c) =0°        (d) =45°       (e) =90° 

Fig. 2  Mechanical test system and rock specimens 
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group, and pV  5 042.03 m/ s. The specimens with 
  45° belong to the second group, and pV  4 680.47 
m/s. The specimens with   90° belong to the third 
group, and pV  3 882.36 m/s. The wave velocities 
show great differences with the variation of , which 
reflects the significant anisotropy of biotite quartz schist. 
During the test, four confining pressures of 10, 20 , 30 , 
and 50 MPa were set for each group of specimens, and 
the axial loading rate was 0.03 mm/min. 

3  Strength and failure characteristics 

3.1 Stress–strain curves and strength parameters 
Under different confining pressures, the pre-peak 

stress–strain curves of all groups of specimens under 
loading are shown in Fig. 3. Obviously, the peak 
strength of rock gradually increases with the increase 
of confining pressure, and generally decreases first 
and then increases with the increase of angle . 
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(c) =90°specimen 

Fig. 3  Stress–strain curves of three groups of biotite quartz 
schist specimens 

The strength envelope (Fig. 4) of the rock can be 
obtained from Fig.3, and the shear strength parameters 
of biotite quartz schist with three schistosity plane 
angles (Table 1) are obtained based on the Mohr- 
Coulomb strength theory. It is found that the cohesion 
c is the smallest when =0°and the value of c 
increases gradually as  increases, while the internal 
friction angle  shows a trend of first decrease and 
then increase with the increase of . The changes of c 
and  are mainly related to the mechanical action of 
the schistosity plane. When =0°, the tensile fracture 
is easy to occur between schistosity planes, so the 
cohesion force is small and the internal friction angle 
is large. When =45°, the shear–slip failure along the 
schistosity plane is easy to occur, which reduces the 
apparent value of internal friction angle and raises the 
apparent value of cohesion. When =90°, the effect 
of the schistosity plane is weakened, and the cohesion 
and internal friction angle of rock are enhanced. Those 
results are similar to the study of Liu et al.[37]. 

 

 
       (a) =0° 

 

 
      (b) =45° 

 

 
  (c) =90° 

Fig. 4  Strength envelope of rock specimens 
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Table 1  Shear strength parameters of biotite quartz schist 

 
/(°) 

Cohesion 
/MPa 

Internal friction angle
/(°) 

 0 35.3 39.4 
45 37.7 29.6 
90 40.0 31.5 

 

3.2 Macro and micro characteristics of rock fracture 
surface 

In fact, the confining pressure and schistosity 
plane have a great influence on the macro and micro 
characteristics of rock fracture surfaces[28, 38]. Figures 
5 and 6 show the multi-scale fracture characteristics of 
all groups of specimens under different confining 
pressures. 

The schistosity plane formed by the orientation of 
minerals has poor connectivity, so the main fracture 
surface of the biotite quartz schist is rough, and there 
are bends, more rock powder, and more rock debris 
(see Fig. 5). From Fig. 5, it can be observed that the 
failure surface of the specimen with =0° is rough, 
and the fracture mostly presents stepped, with a certain 
amount of rock powder. The fracture surface of the 
specimen with =45° is relatively straight, with a 
small amount of rock powder. The fracture surface of 
the specimen with =90° is rough and complex, and 
there is a large amount of rock powder. When the 
confining pressure increases from 10 MPa to 50 MPa, 
the straightness of the fracture surface and the amount 
of rock powder of each group of specimens increase 
correspondingly, and sliding scratches can be formed. 

Figure 6 shows the SEM scanning results of the 
fracture micro-structure of all groups of specimens 
under confining pressure of 10 MPa and 50 MPa. In 
the figure, there are a large number of tensile fractures 
on the fracture surface of the specimen with =0° 
microscopically, and the micro-fracture surface 
presents a step-like feature, with a certain amount of 
rock powder. The micro-cracks on the fracture surface 
of the specimen with =45° mostly cut through the 
crystal, showing shear characteristics, and the micro 
fracture surface is relatively straight, with a small 
amount of rock powder. The fracture surface of the 
specimen with =90° shows the coexistence of tensile 
and shear fractures, and the fracture surface is rough 
and complex, with a large amount of rock powder. 
When the angle θ increases from 0° to 90°, the 
fracture of the specimen gradually shows a change 
from tensile fracture to shear fracture, then to the 
coexistence of tensile and shear fractures. With the 
increase of confining pressure, the microscopic 
fracture characteristics do not change much but the 
tensile fracture is restrained, the straightness of the 
fracture increases, and the rock powder increases 
accordingly. 

 

 
(a)   0°, 3  10 MPa         (b)   0°, 3  20 MPa 

 

 
(c)   0°, 3  30 MPa         (d)   0°, 3  50 MPa 

 

 
(e)   45°, 3  10 MPa        (f)   45°, 3  20 MPa 

 

 
(g)   45°, 3  30 MPa         (h)   45°, 3  50 MPa 

 

 
(i)   90°, 3  10 MPa         (j)   90°, 3  20 MPa 

 

 
(k)   90°, 3  30 MPa         (l)   90°, 3  50 MPa 

Fig. 5  Macroscopic pictures of fracture of specimens with 
different schistosity angles 
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(a)   0°, 3  10 MPa, 500×    (b)   0°, 3  10 MPa, 1 000× 

 

 
(c)   0°, 3  50 MPa, 500×   (d)   0°, 3  50 MPa, 1 000× 

 

 
(e)   45°, 3  10 MPa, 500×  (f)   45°, 3  10 MPa, 1 000× 

 

 
(g)   45°, 3  50 MPa, 500×   (h)   45°, 3  50 MPa, 1 000× 

 

 
(i)   90°, 3  10 MPa, 500×  (j)   90°, 3  10 MPa, 1 000× 

 

 
(k)   90°, 3  50 MPa, 500×   (l)   90°, 3  50 MPa, 1 000× 

Fig. 6  Microtopography of fracture of specimens with 
different schistosity angles 

 

4  Progressive failure mechanical characteristics 

4.1 Characteristic value of strength acquisition 
The progressive failure process of the rock is 

actually the process of the continuous development of 
micro-cracks inside the rock. The progressive failure 
process can be quantitatively analyzed by characteristic 
values of strength such as cc , ci , cd , and f . 
Among the characteristic values of strength, cc  and 

ci  can be determined by the volumetric strain-axial 
strain curve of the crack, and cd  can be obtained by 
the total volumetric strain–axial strain curve, as shown 
in Fig. 7. 

 

 
Fig.7  Stress–strain curves and strength characteristic 

point determination ((take the sample with 45°schistosity  
and 30 MPa confining pressure as an example) 

 
The total volumetric strain v  and volumetric 

strain of the crack are respectively[13] 

v axial lateral/ 2V V                        （1） 

vc v ve                                  （2） 

where axial , lateral  are the axial and transverse 

strains, respectively; ve  is the elastic volumetric 

strain; ve
elastic 1 3

1 2

( )

V v

V E


 
 

 


, V  and elasticV  

are the specimen volume and elastic volume, 
respectively. The elastic modulus E and Poisson’s ratio 
v  are calculated from the linear elastic segment of 
the stress–strain curve. 

4.2 Characteristic value of strength  
According to table 2, the variation laws of 

characteristic values of strength of specimens with 
different schistosity angles under different confining 
pressure conditions are obtained, as shown in Figs. 8 
and 9, and the performance rules of characteristic 
values of strength during the failure of biotite quartz 
schist are then obtained. 

In Fig. 8, various characteristic values of strength 
for biotite quartz schist with different schistosity  
angles show a strengthening effect due to the increase 
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of confining pressure, but there are significant 
differences in the strengthening process. In this study, 
when the confining pressure increased from 10 MPa to 
50 MPa, f  corresponding to =0°, 45°, and 90° 
increased by 107.6% (177.3–368.1 MPa), 80.9% 
(149.8–271.0 MPa), and 73.1% (168.9–292.3 MPa), 
respectively. cd  increased by 107.9% (150.3–312.5 
MPa), 102.7% (115.3–233.7 MPa), and 89.0% 
(138.5–261.8 MPa). ci  increased by 122.0% 
(100.1–222.2 MPa), 143.4% (67.3–163.8 MPa), and 
121.9% (80.3–178.2 MPa). cc  increased by 186.9% 
(45.1–129.4 MPa), 165.2% (37.0–98.3 MPa), and 
167.4% (39.3–105.1 MPa), respectively. In general, 
the increase of the characteristic strength values 
follows compaction strength cc   crack initiation 
strength ci   damage strength cd   peak strength 

f . From the perspective of the curve shape, the 
strengthening effect of the characteristic strength 

values caused by the increase of the confining pressure 
tends to accelerate with the increase of the schistosity 
angle. 

 
Table 2  Characteristic values of strength of biotite quartz 
schist 

 /(°)
Confining 
pressure

/MPa 
cc /MPa ci /MPa cd /MPa f /MPa

0 

10 45.1 100.1 150.3 177.3 
20 75.0 146.0 200.2 260.2 
30 108.0 196.5 266.2 322.5 
50 129.4 222.2 312.5 368.1 

45 

10 37.0 67.3 115.3 149.8 
20 51.8 85.2 174.4 194.9 
30 65.9 114.3 207.8 227.1 
50 98.3 163.8 233.7 271.0 

90 

10 39.3 80.3 138.5 168.9 
20 54.3 92.2 165.9 192.6 
30 67.7 116.4 205.9 240.1 
50 105.1 178.2 261.8 292.3 

 

 
(a)   0°                       (b)   45°                     (c)   90°                (d) Anisotropy of strength 

characteristic value 

Fig. 8  Changes of characteristic strength values of specimens with different schistosity angles  
with the increase of confining pressure 

 

    
(a) cc                           (b) ci                           (c) cd                          (d) f  

Fig. 9  Variation of strength characteristic values of specimens under different confining pressure with the schistosity angle 

 

Studies have shown that the confining pressure can 
effectively inhibit the initiation and propagation of 
micro-cracks, especially the generation of tensile 
cracks[39-40], and this phenomenon is also reflected in 
this study. For example, when the schistosity angle is 
0°, the strengthening effect induced by the confining 
pressure is the largest, the strengthening effect when 
the schistosity angle is 45° the second, and the 
strengthening effect when the schistosity angle is 90° 
is the weakest. It can be seen that the increase of 
confining pressure can inhibit the failure of the 
specimens with the schistosity angle of 0°, inside 
which more tensile fractures occur. In addition, 
according to Griffith theory[13], the initial fracture of 
rock is mainly the tensile fracture, so the inhibition of 
tensile fracture by the confining pressure is most 

obvious in the crack initiation strength. In this study, 
the strengthening effect induced by the increase of the 
confining pressure on the crack initiation strength is 
significantly larger than that on the peak strength and 
damage strength, which further confirms the inhibiting 
effect of the confining pressure on the tensile fracture. 

The degree of anisotropy was defined in 
references[35, 40–41]. The ratio between the maximum 
and minimum values of characteristic values of strength 
in different directions was defined as the anisotropy 
coefficient of the characteristic value of strength. The 
influence of the confining pressure on the anisotropy 
coefficient of the characteristic value of strength is 
shown in Fig. 8(d). It can be seen that with the 
increase of the confining pressure, the anisotropy of 
the characteristic strength value of the anisotropic rock, 
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whose anisotropy is caused by the orientation of 
minerals, presents a trend of first increase and then 
decrease. 

The variation of characteristic values of strength 
with the schistosity plane angle is shown in Fig. 9. 
When  increases from 0° to 90°, the characteristic 
value of strength shows a typical U-shaped change. 
The mechanical effect produced by the schistosity 
plane with an angle 0° is similar to the "compression 
bar instability" between the schistosity planes, and the 
rock failure form is mainly splitting failure. The 
compressive strength of minerals is fully exerted, and 
the strength characteristic value of the rock is the 
largest. As a weak mechanical surface, the mechanical 
properties of the schistosity plane are exerted when the 
schistosity angle is 45°, which makes the specimen 
prone to shear failure along the schistosity plane. 
Therefore, the strength values of the specimen with the 
schistosity angle of 45° are small. For rocks with the 
schistosity angle of 90°, the shear failure of minerals 
between schistosity planes mainly occurs, and the 
strength of minerals is well exerted. In this case, the 
characteristic strength values of the rock are large. 

4.3  Ratio of strength characteristic values 
The ratio of strength characteristic values provides 

a basis for judging the failure stage of the rock. Figs. 
10 and 11 show the variation of the ratio of strength 
characteristic values cc f/  , ci f/  , and cd f/   
with the confining pressure and schistosity plane angle 
during the loading process. 

As illustrated by Figs. 10 (a) and 10 (c) that 

cc f/   of each group of specimens increases with 
the increase of the confining pressure, from 0.25 when 
the confining pressure is 10 MPa to 0.35 when the 

confining pressure is 50 MPa, while ci f/   shows a 
trend of first decrease and then increase with the 
increase of the confining pressure, and the changing 
trend of cd f/   is not obvious. The ratio of the 
maximum value to the minimum value of the strength 
characteristic value ratio in different directions is 
defined as the anisotropy coefficient of characteristic 
strength value ratio. The influence of the confining 
pressure on the anisotropy coefficient of strength 
characteristic value ratio is shown in Fig. 10 (d). It can 
be seen that when the confining pressure reaches a 
certain degree, the anisotropy of the characteristic 
strength value ratio tends to disappear. In Fig. 8(d), the 
anisotropy changes of the four strength characteristic 
values show a similar development trend, and with the 
increase of the confining pressure, the anisotropy 
coefficients of the strength characteristic values  
show a convergence phenomenon. Therefore, the 
anisotropy coefficient of the strength characteristic 
value ratio in Fig. 10 (d) is lower than that in Fig. 8 (d). 
The anisotropy coefficient of the characteristic 
strength values is between 1.18 and 1.71, while the 
anisotropy coefficient of the strength characteristic 
value ratio is between 1.01 and 1.28. 

It can be inferred that the anisotropy of the 
strength characteristic value is stronger than the 
anisotropy of the strength characteristic value ratio. In 
Fig. 11, the schistosity plane angle has no obvious 
regular effect on the ratio of strength characteristic 
values, indicating that for mineral-induced anisotropic 
rocks, the anisotropy of the strength characteristic 
value ratio is not strong, and the anisotropy is 
weakened or even disappears especially under the 
condition of high confining pressure. 

 

 
 

(a)   0°                         (b)   45°                    (c)   90°                (d) Anisotropy of strength  
characteristic value ratio 

Fig. 10  Ratios of strength characteristic values vary with the confining pressure 

 

 
(a) 3  10 MPa                    (b) 3  20 MPa                  (c) 3  30 MPa                   (d) 3  50 MPa 

Fig. 11  Ratios of characteristic strength values vary with the schistosity plane angle   
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5  Discussions 

Biotite quartz schist is a typical mineral-induced 
anisotropic rock, and the oriented distribution of its 
minerals is an important feature that is different from 
other types of rocks. Based on the grayscale principle, 
the microscopic images of the specimens with the 
schistosity angle of 0°, 45°, and 90° are binarized by 
using the PCAS software[42] (the white areas are 
biotite minerals, and the black areas are quartz and 
other minerals (Figs. 12(a), 12(c), and 12(e)). The 
orientation of mineral particle arrangement is 
statistically analyzed, and the results are shown in Figs. 
12(b), 12(d), and 12(f). 

 
 

    
(a) Microscopic image binarization of  (b) Statistics of mineral arrangement 

specimen with schistosity angle of 0°         directions (=0°) 

 

    
(c) Microscopic image binarization of  (d) Statistics of mineral arrangement  
 specimen with schistosity angle of 45°       directions (=45°) 

 

    
(e) Microscopic image binarization of  (f) Statistics of mineral arrangement 
specimen with schistosity angle of 90°        directions (=90°) 

Fig. 12  Spatial characteristics of mineral orientation of 
biotite quartz schist 

 
The orientation degree of minerals in the biotite 

quartz schist is relatively high, which makes the rock 
exhibit anisotropic characteristics. Due to the poor 
connectivity of the schistosity plane formed by the 
orientation of minerals, so the main fracture surface of 
the biotite quartz schist is rough and there are bends, 
more rock powder, and more rock debris. These 
characteristics are quite different from the failure of 
rocks containing macro bedding planes, such as 
shale[35], which often exhibit flat failure surfaces when 
the angle between the loading direction and the 
bedding plane is small, and curved fracture surfaces 
when the angle is large. 

The results show that the strength of biotite quartz 
schist when the angle between the loading direction 
and the schistosity plane is 0° is greater than that when 
the angle is 90°, which is consistent with the 
performance characteristics of mica quartz schist, 
chlorite schist, and shale[33, 35–37]. At the same time, it 
is found that for biotite quartz schist, the strengthening 
effect induced by the increasing confining pressure on 
each strength characteristic value follows the schistosity 
plane angle order of 0° >45° >90°. However, for the 
initiation strength of bedding shale, the strengthening 
effect induced by the confining pressure is the weakest 
when the schistosity plane angle is 45°[43]. The 
anisotropy of the strength characteristic value of 
biotite quartz schist increases first and then decreases 
with the increase of confining pressure. However, the 
anisotropy degree of the strength characteristic value 
of bedding rocks gradually decreases with the increase 
of confining pressure[35, 39, 43]. 

The strength characteristic value ratios of biotite 
quartz schist ci f/   0.44–0.61 and cd f/    
0.77–0.92. Studies on approximately homogeneous 
rocks and bedding rocks show that the values of 

ci f/   and ci f/   of approximately homogeneous 
rocks such as marble[44–45] and granite[14] are relatively 
small, showing ci f/   0.40–0.47 and cd f/    
0.70–0.85. The variation range of strength characteristic 
value ratio of bedding rocks is slightly larger, such as 

ci f/   0.43–0.81 and cd f/   0.76–0.96 for 
shale[43]. 

The strength characteristic value ratio cd f/   of 
biotite quartz schist does not change obviously with 
the increase of confining pressure, while ci f/   
decreases first and then increases. The strength 
characteristic value ratio cd f/   of bedding shale 
increases first and then decreases with the increase of 
confining pressure, while ci f/   increases 
continuously[43]. The ratio of strength characteristic 
value of homogeneous rocks decreases with the 
increase of confining pressure[45]. 

6  Conclusions 

The progressive failure strength characteristics of 
anisotropic rocks caused by the orientation of minerals 
have certain particularities. Taking biotite quartz schist 
as an example, this paper studies the macro and micro 
failure morphology characteristics and progressive 
failure strength characteristics of anisotropic rocks 
caused by the orientation of minerals based on triaxial 
compression tests, and draws the following main 
conclusions: 

(1) The failure morphology of anisotropic rocks  
caused by the orientation of minerals is closely related 
to their schistosity structure, and the main fracture 
plane is characterized by rough bending and more rock 
powder and debris. When the angle of schistosity 
plane increases from 0° to 90°, the rock fracture 
gradually shows a change from mainly tensile fracture 
to shear fracture, then to the coexistence of the tensile 
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and shear fractures. With the increase of confining 
pressure, the tensile fracture is restrained, the 
straightness of macro and micro fracture surfaces 
increases, and rock powder increases accordingly. 

(2) The strength characteristic values of anisotropic 
rocks caused by the orientation of minerals during 
progressive failure process have significant anisotropy, 
and the strength characteristic values show a typical 
U-shaped change with the increase of the angle of 
schistosity plane. The strengthening effect induced 
by the confining pressure on the strength characteristic 
values varies with the angle of schistosity plane, 
which follows the order of 0°>45°>90°, but the 
strengthening effect of the strength characteristic 
value produced by the confining pressure tends to 
accelerate with the increase of the angle of schistosity 
plane. 

(3) The strength characteristic value ratio cc f/   
of anisotropic rock caused by the orientation of 
minerals increases with increasing confining pressure, 
while ci f/   first decreases and then increases with  
increasing confining pressure, but the change of 

cd f/   is not obvious. The anisotropy of strength 
characteristic value ratio of mineral-induced 
anisotropic rocks is not obvious, and the anisotropy is 
weakened or even disappears under high confining 
pressure. 

(4) The mechanical behavior of mineral-induced 
anisotropic rocks is affected by the orientation of 
minerals, and it is different from that of bedding rocks 
in terms of failure form, strength characteristic value, 
and strength characteristic value ratio, and the 
influence of the confining pressure is significantly 
different. 
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