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Abstract: The rock mass in nature is in most cases anisotropic, while the existing classifications are mostly developed 
with the assumption of isotropic conditions that not always meet the engineering requirements. In this study, an 
anisotropic system based on China National Standard of BQ, named as A-BQ, is developed to address the classification 
of anisotropic rock mass incorporating the anisotropy degree as well as the quality of rock mass. Two series of basic 
rating factors are incorporated including inherent anisotropy and structure anisotropy. The anisotropy degree of rock 
mass is characterized by the ratio of maximum to minimum quality score and adjusted by the confining stress. The 
quality score of rock mass is determined by the key factors of anisotropic structure occurrence and the correction factors 
of stress state and groundwater condition. The quality of rock mass is characterized by a quality score and classified in 
five grades. The assessment of stability status and probable failure modes are also suggested for tunnel and slope 
engineering for different quality grades. Finally, two cases of tunnel and slope are presented to illustrate the application 
of the developed classification system into the rock masses under varied stress state. 
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1 Introduction 
 

As valuable and acceptable tools for engineers, 
a number of rock mass classification systems have 
been developed for the past decades starting from 
TERGAZHI [1]. Nowadays, the classification 
approach serves as indispensable basis during the 
design and construction of complex excavations in 
rock masses. The rock mass classification system 

should incorporate three factors generally. Firstly, 
the properties of rock matrix, e.g., strength and 
deformation of intact rocks, make a basic 
contribution to the ratings. Secondly, the features of 
rock mass structure, e.g., the density, orientation 
and surface condition of discontinuities, play a 
dominant role on the rock mass quality. Finally, the 
geological circumstances of rock masses, e.g., 
geostress and ground water, should also be 
considered to correct the final ratings. Besides, the 
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systems should be reliable and easy to use in 
practice. Therefore, among these proposed 
classification methods, only a few have worldwide 
rock mass engineering and design, such as RMR [2], 
Q [3], RMi [4], GSI [5].  
    Besides the worldwide notable classification 
systems mentioned above, some countries also 
developed their own systems to support the 
engineering constructions. China has conducted a 
large number of rock mass engineerings in the past 
decades including hydropower stations, railways, 
highways, mines, etc. The first rock mass quality 
classification that should be noted was Z system 
developed in 1970s [6]. Following that the basic 
quality (BQ) classification system that was issued 
originally in 1994 and updated in 2014 is the only 
mandatory national standard [7, 8]. The BQ 
involves two basic factors and three corrected 
factors. The basic factors include rock integrity 
coefficient and rock hardness coefficient, which 
reflects the effects of discontinuities and rock 
strength respectively. The three corrected factors are 
initial geostress, ground water and discontinuity 
orientation, which mainly reflect the correction of 
geological environment as well as geometric 
relation between the rock engineering and large 
discontinuities. 
    As stated by BARTON et al [9], anisotropy is 
everywhere while isotropy is rare. Despite some 
trials have been performed to anisotropic rock mass 
using the above-mentioned classification systems 
[10, 11], and some systems do take into account the 
effects of large weak discontinuities, e.g., RMR and 
BQ, the effective classification for anisotropic rock 
mass is still far from being well solved. A recent 
progress is the ARMR that proposed by 
SAROGLOU et al [12] for the rating of anisotropic 
rock masses similar to RMR rating system. ARMR 
considered six basic parameters, i.e., anisotropic 
strength index, uniaxial compressive strength of 
intact rock; degree of structure anisotropy, corrected 
RQD, condition of anisotropy surfaces (bedding, 
schistosity or joints) and groundwater conditions. 
The effects of confining stress on the anisotropic 
degree are also considered to adjust the final rating. 
In ARMR, the rock mass anisotropy degree is an 
important factor to evaluate rock mass quality and 
usually rock masses with high anisotropy degree 
have low quality. Nevertheless, as stated by 
HUDSON et al [13], the anisotropy variation of 

rock mass could be gradual within the intact rock or 
sudden as a discontinuity is crossed. It indicates that 
the rock mass anisotropy is more complex resulting 
from the discontinuities and should be elaborated 
further. 
    In this study, a classification system for 
anisotropic rock masses based on BQ, denoted as 
A-BQ, is proposed. In the second section, the 
overall approach to present the classification system 
is introduced briefly. In the third section, the rating 
approach for anisotropy degree and quality of 
anisotropic rock masses involving the anisotropic 
structure orientation is presented respectively. 
Besides, the corresponding stability assessment for 
rock mass in slope and tunnel engineering is also 
suggested in this section. In the fourth section, 
some cases of anisotropic rock mass are studied to 
illustrate the application of the presented A-BQ 
classification system. In the fifth section, a brief 
concluding remark is presented. 
 
2 Approach to propose classification 

system 
 
    An anisotropic rock mass has different 
properties in different directions. Therefore, the 
anisotropic degree and quality of rock mass should 
be distinguished distinctly when being classified. 
The former one denotes the variation degree of 
properties in different directions, which is always 
classified by the ratio of highest parameters to 
lowest parameters for anisotropic intact rock, e.g., 
uniaxial strength [14], ultrasonic velocity [15], 
point load strength [16], deformation modulus and 
Poisson ratio [17, 18], longitudinal wave velocity 
index [19] as well as the tensile strength [20]. 
    On the other hand, the quality of anisotropic 
rock mass should be predicted considering the 
orientation of the anisotropic structure for a certain 
rock mass. The quality may be better for a rock 
mass with higher anisotropy degree when the 
orientation of anisotropic structure falls in some 
range. For example, as shown in Figure 1, the 
anisotropy degree of rock mass A is higher than B. 
However, A has higher strength when the 
orientation of anisotropic structure is smaller than 
β1 and bigger than β2, but has lower strength when 
the orientation of anisotropic structure is between β1 

and β2. 
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Figure 1 Strength anisotropy for two types of anisotropic 
rock masses 
 
    Consequently, the classification system for 
anisotropic rock masses should incorporate the 
ratings of anisotropy degree and rock mass quality 
considering anisotropic structure orientation, both 
of which are incorporated in the proposed 
classification system. 
    The classification system is put forward on the 
basis of China National Standard-basic quality (BQ). 
The BQ were originally presented through 
statistical analysis of 103 typical rock mass 
engineering from various industries in 1994 and 
modified in 2014. Over 25 years of extensive 
applications in China and some other countries, the 
BQ has been validated as a reliable classification 
system. Thus, most of the equations and 
classification thresholds in the developed 
classification system follow those in BQ. The 
anisotropy degree of anisotropic rock mass, which 
is not incorporated in the BQ, is classified based on 
the data analysis in the existing publications. 
 
3 A-BQ classification system 
 
3.1 Rating for anisotropy degree 
    The behavior of anisotropic rock mass is 
basically dependent on the inherent strength 
anisotropy of rock matrix and structure anisotropy 
resulting from discontinuities [12, 21]. As described 
in the previous section, the original BQ system 
considered both the rock strength and integrity of 
rock mass. In the presented A-BQ system, the rock 
strength anisotropy as well as the structure 
anisotropy is incorporated. 
3.1.1 Inherent strength anisotropy of rock matrix 
    According to SAROGLOU et al [12], the 
inherent anisotropy stems from the existence of 
bedding, foliation and schistosity planes in intact 

rock. BAGHERIPOUR et al [22] summarized that 
the anisotropic intact rocks mainly incorporate 
foliated metamorphic rocks and stratified 
sedimentary rocks. The former rock types such as 
schist, slates, gneisses and phyllite always contain a 
natural orientation in their flat/long minerals or a 
banding phenomenon (Figure 2(a)). The latter rock 
types such as sandstone, shale, mudstone often 
display anisotropic behaviour due to the presence of 
bedding planes (Figure 2(b)). Besides, it should  
be mentioned that some igneous rocks can also     
be highly anisotropic due to eruption sequences    
and flow structures,  e.g.  basalt ic rocks and 
 

  
Figure 2 Anisotropic rock masses in multi scale:      
(a, b) Inherent anisotropy of rock matrix stemming from 
oriented arrangement of minerals in micro scale and 
bedding plane in laboratory scale respectively, in which 
(a) is referred from Ref. [19]; (c) Structure anisotropy in 
engineering scale 
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rhyolites [23]. 
    The mechanical behavior anisotropy of such 
rocks has been studied extensively since 1960s. To 
depict the strength anisotropy, researchers have 
developed a number of methods mostly based on 
the existing theories or criterions originally for 
isotropic materials, e.g., Mohr-Coulomb criterion 
[24, 25], Griffith theory [26, 27] or Hoek-Brown 
criterion [28, 29]. Besides, some other equations are 
also determined based on experiments empirically 
[30−33]. As mentioned above, the inherent 
anisotropy of rocks has also been classified on the 
basis of properties anisotropy [14,16−19]. 
    The saturated uniaxial compressive strength 
(Rc) is adopted as the strength parameter in the 
original BQ. Similarly, the maximum and the 
minimum saturated uniaxial compressive strength 
should be applied in the presented A-BQ system, 
which are denoted by Rcmax and Rcmin, respectively. 
Rcmax can be determined by uniaxial compression 
tests with loading perpendicular to the anisotropic 
plane of saturated rock, while Rcmin can be 
determined by uniaxial compression tests when 
loading direction has an angle (usually between 25° 
and 45°) with the anisotropic plane. 
    If it is difficult to conduct the uniaxial 
compression tests, the point load strength index of 
specimen with a diameter equal to 50 mm Is(50) can 
be adopted to determine the Rc. Some equations 
have been developed to depict the relation between 
Is(50) and rock strength [34−36]. Here the equation 
developed on the basis of back analysis from a large 
amount of representative rocks is recommended, 
which is developed by Research Institute of 
Railway Construction in China [8]. Rcmax and Rcmin 
should be estimated by Eqs. (1) and (2) 
respectively.  

0.75
cmax s(50)=22.82R I ^                         (1) 

 
0.75

cmin s(50)=22.82R I                           (2) 
 
where s(50)I ^ and s(50)I  are Is(50) under loading 
perpendicular and parallel, respectively, to the 
foliation planes at the axial and diametral test [19]. 
    Rc is determined from a uniaxial compression 
test on saturated intact rock samples through 
different loading directions with anisotropic plane. 
When no experimental data of Rc is available, but 
the uniaxial compressive strength in dry conditions 
is known, Eq. (3) proposed by VASARHELYI [37] 

can be used to determine Rc.  
Rc=0.759σc−dry                                            (3)  
3.1.2 Structure anisotropy of rock mass 
    The structural anisotropy is characterized by 
presence of bedding or schistosity in rock masses 
with engineering scale (Figure 2(c)). The degree of 
discontinuity development in rock mass is 
determined by the rock mass integrity index Kv. The 
rock mass integrity has been calibrated by a variety 
of parameters including joint spacing, RQD, 
volumetric joint count (Jv), the number of joint sets 
(Jn), joint length (JL) and block volume (Vb), etc. 
    In A-BQ, the maximum and minimum Kv 
should be determined by the following equations 
preferably:  

2
m an

v an 2
r

=
V

K
V
-

-                             (4) 
 

2
m ra

v ra 2
r

=
V

K
V
-

-                             (5) 

 
where Kv−an denotes the integrity index stemming 
from the anisotropic structures and Kv−ra denotes the 
integrity index due to other discontinuities 
excluding anisotropic structures. Vr denotes the 
longitudinal wave velocity of intact rock, while 
Vm−an and Vm−ra denote the longitudinal wave 
velocity of rock mass. Vr should be determined 
through ultrasonic tests on core samples in which 
wave propagation is parallel to the inherent 
anisotropy of intact rocks. Vm−an can be generally 
determined through in situ velocity measurement 
perpendicular to the anisotropy structures, while 
Vm−ra can be determined through in situ velocity 
measurement parallel to the anisotropy structures of 
rock mass. 
    The rock mass integrity can be classified as 
five classes according to Kv, i.e., integrated for Kv 
of 0.75−1, moderately integrated for Kv of 0.55− 
0.75, slightly fragmented for Kv of 0.35−0.55, 
moderately fragmented for Kv of 0.15−0.35 and 
highly fragmented for Kv of 0−0.15 (Table 1). The 
spacing of anisotropic planes was also considered to 
estimate the integrity [12]. 
    In this study, the spacing of anisotropic 
structures can also be adopted to determine Kv−an 
roughly if it is difficult to conduct the in situ 
velocity measurement in the field, the classification 
values of which is referred to those in Ref. [12]  
(Table 1). The RQD stemming from the anisotropic 
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structures (RQDan) can also be considered and the 
classification approach is referred to Ref. [38]. The 
RQDan should be used with caution and calculated 
in drill cores in a scan-line perpendicular to the 
anisotropic structures in order to account for the 
anisotropy dependence. For the discontinuities 
excluding anisotropic structures, the corrected RQD 
(RQDra) that exclude the anisotropic structures can 
also be adopted to determine Kv−ra (Table 2). 
Besides, the volumetric joint count number (Jv−ra) 
that exclude the anisotropic structures is also 
recommended to determine the rock mass integrity 
which is referred to the BQ [8] (Table 2). 
 
Table 1 Determination of rock mass integrity index Kv−an 

stemming from anisotropic structure (modified from Ref. 
[8, 12]) 
Spacing of anisotropic 

structure/m RQDan Kv−an Description 

>1 90−100 0.75−1 Integrated 

0.4−1 75−90 0.55−0.75 Moderately 
integrated 

0.2−0.4 50−75 0.35−0.55 Slightly fragmented 

0.2−0.04 25−50 0.15−0.35 Moderately 
fragmented 

<0.04 0−25 0−0.15 Highly fragmented 

 
Table 2 Determination of rock mass integrity index Kv−ra 

stemming from discontinuities excluding anisotropic 
structures (modified from Ref. [8]) 

Jv−ra/m−3 RQDra Kv−ra 

<3 90−100 0.75−1 

3−10 75−90 0.55−0.75 

10−20 50−75 0.35−0.55 

20−35 25−50 0.15−0.35 

>35 0−25 0−0.15 

 
    To limit the effects of very high strength of 
rock mass with intensively developed 
discontinuities, the following restrictions should be 
complied [8].  
When Rcmax>90Kv−ra+30, 
     Rcmax=90Kv−ra+30                    (6)  
When Rcmin>90Kv−an+30, 
     Rcmin=90Kv−an+30                    (7)  
    On the other hand, to limit the effects of 
sparsely developed discontinuities for rock mass 
with low strength, the following restrictions should 
be complied. 

When Kv−ra>0.04Rcmax+0.4, 
     Kv−ra=0.04Rcmax+0.4                  (8)  
When Kv−an>0.04Rcmin+0.4, 
     Kv−an=0.04Rcmin+0.4                  (9)  
3.1.3 Classification of anisotropy degree 
    Based on back analysis of extensive rock mass 
engineering projects in China in the past decades, 
an equation is developed for the classification of 
rock masses [8]. Referred to this equation, the 
maximum and minimum ratings of ABQ involving 
direction of anisotropic structure are determined by 
Eqs. (10) and (11) respectively. 
 
ABQmax=100+3Rcmax+250Kv−ra                      (10) 
 
ABQmin=100+3Rcmin+250Kv−an                       (11) 
 
    The index of anisotropy degree IBQan should be 
determined by the ratio of maximum ABQ to 
minimum ABQ (Eq. 12). 
 

max
BQan

min
=

ABQ
I

ABQ
                         (12) 

 
    The anisotropy degree of rock masses is 
classified to five grades according to IBQan depicted 
as massive or isotropic, slightly anisotropic, 
moderately anisotropic, highly anisotropic and very 
highly anisotropic respectively (Table 3). Referred 
to the anisotropy classification of anisotropic rocks 
[19], the threshold values of different grades are 
determined through numerous trial studies covering 
nearly all the range of the rock strength and 
discontinuity developing conditions. It has been 
widely recognized that the confining stress has 
obvious effects on the anisotropy degree [32, 
39−44]. As suggested by SAROGLOU et al [12], 
the classification of anisotropy degree should 
incorporate the correction of confining stress. 
According to SAROGLOU [45], in anisotropic 
rocks the degree of anisotropy decreases with 
increase of confining stress. The adjustment of 
 
Table 3 Anisotropic degree classification according to 
IBQan 

IBQan Classification Description 

≤1.05 A Massive or isotropic rock mass 

1.1−1.5 B Slightly anisotropic rock mass 

1.5−2.0 C Moderately anisotropic rock mass 

2.0−2.5 D Highly anisotropic rock mass 

>2.5 E Very highly anisotropic rock mass 
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confining stress, expressed as σ3/σc, on the final 
ratings of anisotropy degree are shown in Table 4. 
 
Table 4 Adjustment of confining stress 

Confining stress σ3/σc Adjustment 

Low <0.15 No change to rating 

Intermediate 0.15−0.4 Move one cell left in 
the anisotropy degree 

High >0.4 Move two cells towards 
left in anisotropy degree 

 
3.2 Quality classification for anisotropic rock 

mass in engineering 
    To classify the quality of anisotropic rock mass, 
the occurrence of anisotropic structures should be 
involved in engineering practice. The thresholds of 
the intersection angle β between anisotropic 
structure and maximum principal stress (σ1) can be 
roughly determined by the weak plane theory [24].  
According to the weak plane theory, the rock mass 
has the lowest strength when β=45°−φj/2, where φj 
denotes the friction angle of weak plane. The 
friction angle is dependent on the discontinuity 
condition such as interlayer material or roughness, 
and falls in the range of 20°−40° in general. 
Accordingly, the rock mass with anisotropy 
structure of β=25°−35° has the weakest quality. 
Therefore, the rock mass has the lowest strength 
when the intersection angle β between anisotropic 
structure and maximum principal stress (σ1) is 
25°−35°, while it has the highest strength when the 
anisotropic structure is nearly parallel or 
perpendicular to σ1 (β=0−10° and 70−90°). 
Consequently, as the curve of strength variation 
with orientation of anisotropic structure has a 
U-shape, the score of anisotropic rock mass quality 
can be roughly determined under this generalized 
stress state, i.e., ABQ=ABQmax for β=0−10° and 
70−90°, ABQ=ABQmin for β=25−45°, and ABQ= 

min max
1 ( + )
2

ABQ ABQ f o r  o t h e r  c o n d i t i o n s . 

Accordingly, the classification methods of 
anisotropic rock mass in tunnel and slope 
engineering are presented in the following sections. 
3.2.1 Tunnel engineering anisotropic rock mass 
    For the anisotropic rock mass in tunnel 
engineering, two parameters are incorporated to 
determine the rock mass quality (ABQt). The first 
one is the intersection angle between the strike 
direction of anisotropic structure and the tunnel axis 
(α1) and the other one is the dip of anisotropic 
structure (γ1). The ABQt should be scored as ABQmax 

under the most favorable condition, i.e., α1≥60° and 
γ1≥75°, as ABQmin under the most unfavorable 
condition, i.e., α1≤30° and 30°≤γ1≤60°, and as  
1/2(ABQmax+ABQmin) under other conditions. 
    The groundwater affects the rock mass quality 
and should be considered to correct the final scores. 
Referred to the original BQ system [8], the 
groundwater condition is rated as completely dry, 
damp/wet, dripping, flowing, and quantitatively 
divided by hydraulic pressure and outflow rate. The 
rock mass of lower quality is more prone to become 
weaker when groundwater is present. Therefore, the 
correction factor is higher for lower original ABQ 
score. The correction factor of groundwater for 
tunnel engineering rock mass (Kwt) is shown in 
Table 5. 
    In addition to groundwater, geostress is 
another significant environmental factor that affects 
the rock mass stability when being excavated. The 
initial geostress is characterized by the ratio of 
maximum saturated uniaxial compressive strength 
of the anisotropic rock mass (Rcmax) to the 
maximum principal stress in field (σ1). According to 
BQ system [8], initial geostress state is classified to 
three levels, i.e., low or intermediate geostress with 
Rcmax/σ1≥7, high geostress with 4≤Rcmax/σ1<7 and 
extremely high geostress with Rcmax/σ1<4. No 
correction is needed for ABQ score under low or 
intermediate  geostress .  On the o ther  hand, 

 
Table 5 Correction factor of groundwater for tunnel engineering rock mass (Kwt) [8] 

Groundwater condition 
description (tunnel) 

Hydraulic 
Pressure (p, MPa) and outflow per 10 meters 

length in tunnel (Q, L/(min·10 m)) 
 

ABQt 

＞550 550−451 450−351 350−251 ≤250 

Completely dry No  No correction 

Damp/wet p≤0.1 or Q≤25  0 0 0−0.1 0.2−0.3 0.4−0.6 

Dripping 0.1<p≤0.5 or 25<Q≤125  0−0.1 0.1−0.2 0.2−0.3 0.4−0.6 0.7−0.9 

Flowing p>0.5 or Q>125  0.1−0.2 0.2−0.3 0.4−0.6 0.7−0.9 1.0  
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meticulous corrections should be put forward for 
rock mass with varied initial ABQ score under high 
and extremely high geostress, which can be indexed 
in Table 6. 
 
Table 6 Correction factor of initial geostress (Ks) 

Initial 
geostress 

state, cmax

1

R


 

ABQt 

＞550 550−451 450−351 350−251 ≤250 

>7 No correction 

4−7 0.5 0.5 0.5 0.5−1.0 0.5−1.0 

<4 1.0 1.0 1.0−1.5 1.0−1.5 1.0 

 
    With two correction factors of Kwt and Ks, the 
corrected quality scores [ABQ]t for the anisotropic 
rock mass in tunnel engineering should be 
determined by Eq. (13).  
[ABQ]t=ABQt−100×(Kwt+Ks)               (13)  
3.2.2 Slope engineering anisotropic rock mass 
    Similarly, the intersection angle between strike 
direction of anisotropic structure and slope (α2), the 
dip angle of anisotropic structure (γ2) and the slope 
dip angle (γs) are adopted to determine the quality 
of anisotropic rock mass in slope engineering 
denoted ABQs. The ABQs should be scored as 
ABQmax under the most favorable condition, i.e., 
α2≥30°, γ2≤20° and γ2>γs, as ABQmin under the most 
unfavorable condition, i.e., α2≤10°, γ2≥35° and  
γ2<γs, and as 1/2(ABQmax+ABQmin) under other 
conditions. 
    The quality score of anisotropic rock mass in 
slope engineering should be corrected by 
groundwater condition. The groundwater condition 
is rated as completely dry, damp or dripping, 
streamline flowing and flashy flowing, and 
quantitatively divided by hydraulic head. Generally, 
the rock mass of lower quality is more sensitive to 
groundwater, which results in higher correction 
factor. The correction factor of groundwater for 

slope engineering rock mass (Kws) is shown in  
Table 7. 
    With the correction factor of Kws, the corrected 
quality scores [ABQ]s for the anisotropic rock mass 
in slope engineering should be determined by    
Eq. (14).  
[ABQ]s=ABQs−100×Kws                              (14)  
3.2.3 Quality classification 
    The anisotropic rock mass quality is classified 
to five grades according to the corrected quality 
scores [ABQ]t and [ABQ]s (Table 8) [8]. The quality 
of the rock mass reduces from Grade I to Grade V. 
 
3.3 Stability assessment of anisotropic rock mass 

in engineering 
    After presenting the classification of 
anisotropic rock mass in the previous section, the 
stability assessment of tunnels or slopes is 
recommended in this section. The suggested 
stability assessment is developed empirically based 
on large amount of rock engineering projects in 
China. 
3.3.1 Stability assessment of tunnel engineering 
    When adopting the suggested stability 
assessment for tunnel engineering, the span of the 
tunnel should be smaller than 20 m. The stability 
status, stand-up time and the most likely failure 
modes are presented for varied grades of rock mass 
quality (Table 9) [8]. 
3.3.2 Stability assessment of slope engineering 
    When adopting the suggested stability 
assessment for slope engineering in this study, the 
slope height should be lower than 60 m. The 
stability status, stand-up time and the most likely 
failure modes are presented for varied grades of 
rock mass quality (Table 10) [8]. 
 
4 Application to case studies 
 
    In order to illustrate and explain the reliability 

 
Table 7 Correction factor of ground water for slope engineering rock mass (Kws) [8] 

Groundwater condition 
description (slope) 

Hydraulic head (pw, m) 
and slope height (H, m) 

ABQs 

＞550 550−451 450−351 350−251 ≤250 

Completely dry No No correction 

Damp or dripping pw≤0.2H 0 0 0−0.1 0.2−0.3 0.4−0.6 

Streamline flowing 0.2H<pw≤0.5H 0−0.1 0.1−0.2 0.2−0.3 0.4−0.6 0.7−0.9 

Flashy flowing p>0.5H 0.1−0.2 0.2−0.3 0.4−0.6 0.7−0.9 1.0  
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Table 8 Quality classification of anisotropic rock mass 
engineering [8] 

[ABQ]t or [ABQ]s Classification Description 

>550 I Very good 

550−451 II Good 

450−351 III Moderate 

350−251 IV Weak 

≤250 V Very weak 

 
Table 9 Stability assessment of tunnel engineering 
anisotropic rock mass [8] 
Quality 

class Stability assessment 

I Span ≤20 m, long-term stability, 
falling rocks occasionally, no collapse. 

II 

Span <10 m, long-term stability, 
falling rocks occasionally. 

Span: 10 m−20 m, fair stability, 
falling rocks or small collapses locally. 

III 

Span<5 m, fair stability; 
Span: 5−10 m, stability for several months, rock 

block dislocation and small or intermediate collapse; 
Span: 10−20 m, stability for several days to one 

month, small or intermediate collapse. 

IV 

Span: ≤5 m, stability for several days to one month; 
Span: >5 m, general instability, rock block dislocation 

and deformation, small collapse to intermediate or 
strong collapse in several days to months. Loosening 

destruction in the arch zone at small depth, while 
plastic flow deformation and squeezed crushing 

failure at great depth. 
V Instability 

Note: ① Small collapse: the height of failure zone smaller than   
3 m, or volume smaller than 30 m3; ② Intermediate collapse: the 
height of failure zone between 3−6 m, or volume between      
30 m3−100 m3; ③ Large collapse: the height of failure zone bigger 
than 6 m, or volume bigger than 100 m3. 
 
and practicability of the developed ABQ system, 
two case studies are presented in this section. 
 
4.1 Phyllite rock mass tunnel engineering 
    A case of layered phyllite rock mass in tunnel 
engineering was presented by SHA et al [46], which 
is Liangshui tunnel of Lanzhou-Chongqing railway 
located in Gansu Province. The phyllite rock mass 
has a highly anisotropic structure as presented in 
Figure 3. 
4.1.1 Anisotropy degree classification of phyllite 

rock mass 
    The steps to reach anisotropy degree of the 
phyllite rock mass and the results are presented in 
Table 11. 
    The results show that Ian of the phyllite rock 

Table 10 Stability assessment of slope engineering 
anisotropic rock mass [8] 
Quality 

class Stability assessment 

I Slope height ≤60 m, long-term stability, 
falling rocks occasionally. 

II 

Slope height<30 m, long-term stability, 
falling rocks occasionally. 

Slope height: 30 m−60 m, basical stability, 
local wedge failure possibly. 

III 

Slope height <15 m, basical stability, 
local wedge failure possibly; 

Slope height: 15−30 m, stability for several months, 
plane or wedge failure of block cut by anisotropic 

structure or other discontinuities, or toppling 
failure by anti-dip structure. 

IV 

Slope height <8 m, stability for several months, 
local wedge failure possibly; 

Slope height: 8−15 m, stability for several days to 
one month, plane or wedge failure of block cut by 
anisotropic structure or other discontinuities, or 

toppling failure by anti-dip structure. 
V Instability 

Note: The dip angle of slope in the table is larger than 70°. 
 

 
Figure 3 Stratified phyllite rock mass in Liangshui 
tunnel engineering [46] 
 
mass in Liangshui tunnel is about 2.68, which 
indicate that the anisotropy degree can be classified 
as E (very highly anisotropic rock mass) initially. 
    According to the measured minimum principal 
stress in field, the anisotropy degree is adjusted as 
D (highly anisotropic rock mass) eventually. 
4.1.2 Quality classification for Liangshui tunnel 

engineering 
    The rock mass quality of tunnel engineering is 
rated according to the occurrence of anisotropic 
structure, and then corrected by factors including 
groundwater condition and initial stress state. The 
corrected score is then adopted to classify the rock 
mass quality. The results are shown in Table 12. 
    The stability status of Liangshui tunnel can be 
assessed according to Table 9, which indicates that  
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Table 11 Anisotropic degree rating of phyllite rock mass 
in Liangshui tunnel 

No. Rating 
parameter 

Existing 
parameter Rating score 

1 Rcmax Saturated uniaxial compressive 
strength, 13.6 MPa 13.6 MPa 

2 Rcmin 

Saturated strength anisotropy 
degree, 5.0; saturated uniaxial 

compressive strength, 
13.6 MPa 

2.72 MPa 

3 Kv−ra Jv−va, 0−1 0.8 

4 Kv−an Spacing of anisotropic 
structure, 20mm 0.075 

5 ABQmax Rcmax; Kv−ra 383.3 

6 ABQmin Rcmin; Kv−an 126.95 

7 Ian ABQmax; ABQmin 2.68 

8 
Adjustment 
of confining 

stress 
3 c

4/ = =0.29
13.6

   

Move one cell 
left in the 
anisotropy 

degree 
 
Table 12 Rock mass quality rating of Liangshui tunnel 
engineering 

No. Rating parameter Depiction Rating 
scores 

1 Initial quality 
score, ABQt 

Anisotropic structure 
occurrence, α1=5°, γ1=65° ABQmin 

2 
Correction factor 
of groundwater 
condition, Kwt 

Dry No 
correction 

3 
Correction factor 
of initial stress 

state, Ks 
 Ks=1 

4 Corrected quality 
score, [ABQ]t ABQt; Kwt; Ks 26.95 

 
the tunnel is unstable as it is characterized as grade 
V. As reported, large deformation occurred around 
the tunnel section after excavation, and even 
continued for a long period after the installation of 
the primary support. It is obvious that the prediction 
is in accordance with what was encountered during 
tunnel construction. 
    If BQ classification system is adopted, the 
corrected BQ score is 209.55, which also falls in 
grade V but has a much higher score compared with 
ABQ. In the BQ, no guidance is suggested to 
determine Rc of anisotropic rocks (here saturated 
uniaxial compressive strength with loading 
direction perpendicular to the anisotropic structure 
is used), and the weight of weak planes is too small 
as just one of correction factors. Last but not least, 
the anisotropy degree of the rock mass cannot be 
obtained in BQ system, which can give an overall 
estimation of the anisotropic rock mass 

characteristics for engineers. 
 
4.2 Slate rock mass slope engineering 
    The slope of a quarry that is located in Jiujiang 
China was reported by CHEN et al [47] and 
SAROGLOU et al [12]. The slate has a well- 
developed slaty structure that was widely 
encountered in this site (Figure 4). 
 

 
Figure 4 Slate rock mass of Jiujiang quarry slope 
 
4.2.1 Anisotropy degree classification of slate rock 

mass 
    Through similar procedures with that was 
presented in the classification of the phyllite rock 
mass, the rating results are presented in Table 13. It 
is obvious that the anisotropic degree IBQan of the 
slate rock mass in Jiujiang quarry slope is about 
1.876, which indicates that the anisotropy degree 
can be classified as C (moderately anisotropic rock 
mass). The classification should not be adjusted for 
the relatively low confining stress. 
4.2.2 Quality classification for Jiujiang quarry slope 

engineering 
    After similar procedures of the quality 
classification tunnel engineering, the results of 
quality classification can be reached as shown in 
Table 1. It is shown that the quality score is about 
326.84. The quality of Jiujiang quarry slope is 
classified as grade IV (weak) according to Table 14. 
The slope height is about 8−15 m, which indicates 
that it will remain stable for several days to one 
month and the wedge or toppling failure are the 
preferable failure modes. 
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Table 13 Anisotropic degree rating of slate rock mass for Jiujiang quarry slope engineering 

No. Rating parameter Existing parameter Rating score 

1 Rcmax Strength anisotropy degree, 2.66; uniaxial compressive strength, 104.9 MPa 79.62 MPa 

2 Rcmin Strength anisotropy degree, 2.66; uniaxial compressive strength, 104.9 MPa 29.93 MPa 

3 Kv−ra RQDra,45% 0.35 

4 Kv−an Spacing of anisotropic structure, 40 mm 0.15 

5 ABQmax Rcmax; Kv−ra 426.39 

6 ABQmin Rcmin; Kv−an 227.29 

7 Ian ABQmax; ABQmin  1.876 

8 Adjustment of 
confining stress σ3/σc<0.15 No change 

to rating 
 
Table 14 Rock mass quality rating of Jiujiang quarry slope engineering 

No. Rating parameter Depiction Rating scores 

1 Initial quality score, ABQs Anisotropic structure occurrence, 
α2=10−20°, γ2=42−45°, γs>40° 1/2(ABQmax+ABQmin) 

2 Correction factor of groundwater condition, Kws Dry No correction 

3 Corrected quality score, [ABQ]s ABQs; Kws 326.84  
 
 
5 Concluding remarks 
 
    In this study, the A-BQ system is developed as 
an extension of BQ system (GB 50218−2014) in 
order to classify anisotropic rock masses. The A-BQ 
system classifies the anisotropic rock mass by 
incorporating the anisotropy degree as well as the 
quality of rock mass. The maximum and minimum 
saturated uniaxial compressive strength are adopted 
to characterize the inherent anisotropy, and the 
integrity index stemming from the anisotropic 
structure and other discontinuities are adopted to 
characterize the structure anisotropy respectively. 
The restrictive conditions are presented to limit the 
effects of extreme cases of rock strength and 
discontinuities. Furthermore, an equation 
containing saturated compressive strength and 
integrity index is adopted to determine maximum 
and minimum quality score of rock mass resulting 
from anisotropy. 
    The anisotropy degree of rock mass is 
characterized by the ratio of maximum to minimum 
quality score (IBQan) and classified in five grades, 
i.e., massive or isotropic rock mass, slightly 
anisotropic, moderately anisotropic, highly 
anisotropic and very highly anisotropic rock mass. 
The confining stress is taken into account to adjust 
the eventual classification of anisotropy degree. The 

quality of rock mass is determined by the 
anisotropic structure and correction factors. The 
procedures to evaluate the quality of slope and 
tunnel engineering are clarified respectively. The 
quality of rock mass is characterized by quality 
score and classified in five grades, i.e., very good, 
good, moderate, weak and very weak. The 
assessment of stability status and probable failure 
modes are also suggested for tunnel and slope 
engineering in various quality grades. Finally, two 
case studies are presented to illustrate the 
application of the developed classification system. 
    In the system, rock mass anisotropy degree 
and rock mass quality are distinguished clearly. The 
basic, key and corrected factors are incorporated, 
which cover most of the factors in the existing 
classification systems, i.e., basic factors are the 
strength of intact rocks and rock mass integrity 
index, the key factor is the anisotropic structure 
occurrence and correction factors are the stress state 
and the groundwater condition. 
    It should be pointed out that it is preferable to 
use the wave velocity ratio rather than the 
volumetric joint count, joint spacing or RQD in 
order to determine the rock mass integrity. The 
former index is comprehensive while the latter 
indices just indicate the density of discontinuities, 
which means that characteristics such as the type 
and surface conditions are absent. In addition, the 
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anisotropic structure is considered as one group, 
and all the other discontinuities are classed as the 
other group. This simplification may result in 
underestimation of the anisotropy degree and 
conservative evaluation of the rock mass quality to 
a certain extent. The three different quality scores 
according to the anisotropic structure occurrence 
may also result in some errors, which is acceptable 
for the early stage of assessment. 
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中文导读 
 

A-BQ，一种基于 BQ 的各向异性岩体质量分级系统  
 
摘要：自然界中岩体的力学行为多数表现为各向异性，现有的岩体质量分级方法大多是基于各向同性

假设，因此远远难以满足工程要求。本研究在中国岩体质量分级标准 BQ 的基础上，提出了一种各向

异性岩体质量分级系统 A-BQ。该系统可用来评估岩体的各向异性程度，同时还可以对各向异性岩体

的质量进行评估分级。系统中考虑了岩石的固有各向异性和岩体结构的各向异性，分别采用岩石强度

的各向异性和岩体完整性系数的各向异性表征。岩体的各向异性程度通过不同作用方向下岩体的最好

与最差质量得分之比确定，并由围岩应力进行调整。基于岩体各向异性结构的产状，结合岩体最好和

最差质量得分，可计算各向异性岩体的基本得分，再通过应力状态和地下水因子的校正，获得各向异

性岩体的 ABQ 值，在此基础上将岩体质量分为 5 级。针对不同岩体质量级别给出了隧道和边坡工程

可能的稳定性状态和破坏模式。最后以实际的各向异性岩体隧道和边坡工程为例，对该分级方法进行

了应用。 
 
关键词：各向异性；岩体；基本质量；分级；隧道；边坡 


