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Abstract: This paper presents and discusses tbe two recently established rock mass classification systems in 
China, namely the Basic Quality (BQ) and Host Rock Rating (HRR) systems. The establishment of the BQ 
and HRR rock mass classification systems in China is based on huge amount of experiences gathered in the 
design stages and later verified in the construction of rock tunnels and undergronnd structures in China. 


The BQ system was originally used for classification of a rock mass in terms of strength and degree 
of fractures only. It is empirically related to the uniaxial compressive strength of the rock and the 
volumetric joint count. It was later amended by applying correction factors to external conditions such as 
the in-situ stresses, groundwater seepage and joint orientation of the rock mass, such that supporting 
measures required to keep an underground opening stable could be estimated in the design stage. 


On the basis of the amended BQ system and analysis of case records, China published in 1993 a rock 
mass classification system called HRR that has been specifically designed for underground excavation 
related to water resources and hydropower projects in China. Five factors relating to rock strength, rock 
intactness, joint conditions, groundwater conditions and joint plane orientation are used in arriving the HRR 
value. 


The BQ and HRR systems were compared with the commonly used rock mass classification systems 
such as the RMR and Q systems. An examination of the all parameters in the different systems suggests that 
there are lots of similarities among these different systems. Most of the methods incorporate strength of the 
rock, geometric conditions (block size, frequency of joints), conditions of joints (spacing, size, aperture, 
infilling, roughness), orientation of the joints relative to opening axis, groundwater conditions and in-situ 
stresses etc. The major difference is the different weightings given to similar parameters and in the use of 
distinct parameters in one or other schemes. 


Two case records have been given in this paper on the use of BQ and HRR systems for the design of 
supporting measures in underground excavation in China. The projects were completed successfully, 
verifying the support design based on the two classification systems was adequate. 


Keywords: Rock Mass Classification System; RSR; RQD; RMR; Q; BQ; HRR; Compressive Strength; 
Intactness; Joints; Groundwater; In-situ Stresses. 







1.0 Introdnction 


China has been experiencing a strong economic 
growth over the last decade and in order to further 
support sustainable economic growth and 
development at different regions in China, the 
Government of China has committed huge 
expenditure on infrastructure development 
involving highways, railways, dams, bridges and 
tunnels construction in the coming years. Over I 
million kilometer of highways with major bridges 
and tunnels have been constructed, allowing 
traffic to reach even the very remote parts of 
China. Figure I shows the highway networks in 
China which have been committed and to be 
implemented in stages in the next few years. 


As a result of these massive projects, huge 
amount of experiences have been gathered in the 
design and construction of rock tunnels in China. 
Based upon analysis of case records, China has 
developed its own rock mass classification 
systems known as the Basic Quality (BQ) for 
describing the rock mass condition and the Host 
Rock Rating (HRR) for designing of support 
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system for tunnels and hydropower projects III 


China. 


The objective of this paper is to introduce 
these two rock mass classification systems, 
compare with the two commonly used rock mass 
classification systems (RMR and Q) and provide 
case records that have been successfully 
completed using the two new rock mass 
classification systems in China. 


2.0 Review of Commonly used Engineering 
Rock Mass Classification 


During the feasibility and preliminary design 
stages of a project, when very limited information 
on the rock mass, stress states and 
hydrogeological conditions are available, the use 
of a rock mass classification system can be of 
considerable benefit. 


The design of support systems in 
underground excavation is sometimes based upon 
rock mass classification systems that are empirical 
in nature. It is empirical rather than exact science 
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because the designs 
and judgment of 
present and future 
works are based 
upon systematic use 
of accumulated 
knowledge and 
experiences of past 
projects. 
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The design 
of rock engineering 
problems seldom 
relies only on 
precise analytical 
methods. For 
example, the time 
that a tunnel will 
stand unsupPOlted 
before optimal 
permanent SUppOlt 
or mitigation 
measures are to be 
installed can only be 


answered 
approximately even 
with the help of the 
most advanced 
analytical or 







numerical methods. This may be partly due to 
very limited ground information is available at the 
time of the preliminary design stage, detailed 
design stage and even during the construction 
stages. 


Judgment and experiences are therefore 
important steps in engineering design when 
detailed infonnation of the rock mass, stress 
conditions, hydrogeological conditions, ground
support interactions and comprehensive analytical 
tools are not available. 


The use of a rock mass classification 
system will serve as a checklist to ensure that all 
relevant information has been considered. The 
use of one or more rock mass classification 
systems simultaneously will help to build up a 
picture of the composition and characteristics of a 
rock mass to provide initial estimates of support 
requirements, and to provide estimates of the 
strength and defonnation properties of the rock 
mass. 


A number of rock mass classification 
systems have been developing for over 100 years 
since Ritter (1879) attempted to fonnalize an 
empirical approach to tunnel design. The use of 
such classification systems must be exercised in 
great cautions when applying to rock engineering 
problems which are outside their original 
application and case records. 


Summaries of the more widely used 
classification systems will be presented in this 
paper before the recently established rock mass 
classification systems adopted in China (BQ and 
HRR) are discussed. 


The earliest reference to the use of rock 
mass classification system for the design of tunnel 
support is from the paper by Terzaghi (1946) in 
which the design of the steel sets to support the 
rock loads are estimated based on qualitative 
description of the rock mass characteristics. The 
magnitude of the gravity load acting above the 
steel arch-supported tunnel is related to the 
characteristics of the dominant rock mass 
behavior (intact, stratified, moderately jOinted, 
blocky and seamy, crushed, squeezing and 
swelling). 


Lauffer (1958) proposed that the stand-up 
time for an unsupported span of a tunnel can be 


3 


related to the quality of the rock mass. It is 
interesting to note that for the same quality of a 
rock mass, the stand-up time for a small tunnel 
will be longer than that of a large tunnel because 
the stress increase and the number of weaknesses 
intersecting a tunnel is less for a smaller tunnel. 


The Rock Quality Designation Index 
(RQD) was first developed by Deere (Deere et ai, 
1967) to provide a quantitative estimate of the 
rock mass quality from drill core logs. It was later 
related to Terzaghi's rock load factors and to rock 
bolt requirements in tunnels by Cording and Deere 
(1972) and Deere and Deere (1988). RQD is a 
major component of the RMR and Q rock mass 
classification systems which will be described in 
the following. 


2.1 Rock Structure Rating (RSR) 


A quantitative method known as the Rock 
Structure Rating (RSR) for describing the quality 
of a rock mass and for selection of appropriate 
support was proposed by Wickham et al (1972). 


The significance of this system is that a 
semi -quantitative rock mass classification system 
is developed based on the concept of rating each 
of the components listed below to arrive at a 
numerical value ofRSR~ A+B+C. 


Parameter A is related to geology which is 
a function of the rock type origin (igneous, 
metamorphic, sedimentary), rock hardness (hard, 
medium, soft, decomposed) and geological 
structure (massive, slightly faulted/folded, 
moderately faulted/folded, intensely 
faulted/folded). 


Parameter B is related to the effect of 
discontinuity pattern with respect to the direction 
of the tunnel drive on the basis of joint spacing, 
joint orientation and direction of the tunnel drive. 


Parameter C is related to the groundwater 
inflow and joint condition on the basis of overall 
rock mass quality combined from A and B, joint 
conditions (good, fair, poor) and amount of water 
inflow (in gallons per minute per 1000 feet of 
tunnel). 


Details of these parameters can be found 
from the three tables from Wickham et ai's 1972 
paper and the maximum RSR is equal to 100. 







Although the RSR rock mass classification 
system is not widely adopted today, Wickham et 
aI's work provided the first semi-quantitative 
framework where factors governed by geological 
material, geological structure and water inflow are 
numerically combined to fonn a single parameter 
for support design and lead to the subsequent 
development of the RMR and Q rock mass 
classification systems. 


2.2 Rock Mass Rating (RMR) 


A rock mass classification system known as the 
Rock Mass Rating (RMR) was proposed by 
Bieniawski (1976) and later refined based on 
additional case records (Bieniawski, 1989). 


The following six parameters are used to 
classify a rock mass using the RMR system. 


I. Uniaxial compressive strength of intact 
rock; 


2. RQD; 
3. Spacing of discontinuities; 
4. Condition of discontinuities; 
5. Orientation of discontinuities; 
6. Groundwater conditions. 


A rating for each of the six parameters 
above can be found from Bieniawski's 1989 paper 
and the ratings are sururued to give a value of 
RMR. RMR ranges from 0 to 100. 


Based on the detennined RMR, 
Bieniawski (1989) published some guidelines for 
the selection of support type in tunnels in rock. It 
should be noted that these guidelines have been 
published for construction of a 10m span 
horseshoe shaped tunnel using the drill and blast 
techniques in a rock mass subjected to a vertical 
stress of less than 25 MPa. Different excavation 
sequences and the use of rock bolts, shotcrete and 
steel sets have been allowed for in these 
guidelines. 


2.3 Rock Tunnelling Quality Index (Q) 


A rock mass classification system Imown as the 
Rock Tunnelling Quality Index (Q) and the 
corresponding tunnel support requirements was 
proposed by Barton et al (1974) on the basis of an 
evaluation of a large number of case histories in 
underground excavations. 
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The numerical value of Q is defined by the 
following and it varies on a logarithmic scale from 
0.001 to a maximum of 1000: 


Q~RQDx~X~ 
J, J a SRF 


(1) 


where, 


RQD 
I n 


J, 
Ja 


J" 


SRF 


Rock Quality Designation 
Joint Set Number 
Joint Roughness Number 
Joint Alternation Number 
Joint Water Reduction 
Factor 
Stress Reduction Factor 


The first quotient (RQDlJn) represents the 
structure of the rock mass or a measure of the rock 
block size. The second quotient (J,lJa) represents 
the roughness and frictional characteristics of the 
joint walls and filling materials. The third 
quotient (J,,ISRF) represents the total stress state 
of the rock mass which is affected by the presence 
of weaknesses and water inflow in the joints. 


Barton et al (1974) provided an additional 
parameter which was defined as Equivalent 
Dimension (D,) in an attempt to relate the Q index 
with the support requirements of underground 
excavation. D, can be obtained by dividing the 
span, diameter or wall height of an excavation by 
a quantity known as the Excavation Support Ratio 
(ESR) which is related to the intended use of the 
excavation or risk exposed (e.g., temporary usage 
or pennanent nuclear power stations etc.). 


In the paper published by Grimstad and 
Barton (1993), D, is plotted against Q to define a 
number of support categories (bolt spacing, fibre 
reinforced shotcrete, ribs and cast concrete lining 
etc.) required in an underground excavation. 


3.0 Engineering Rock Mass Classification in 
China 


Based upon analysis of case records, China has 
developed its own rock mass classification 
system, Imown as the Basic Quality (BQ) for 
describing the rock mass condition and the Host 
Rock Rating (HRR) for designing of support 
systems for tunnels and hydropower projects in 
China. 







3.1 Basic Quality (BQ) of a Rock Mass 


China has published its national standard for 
engineering classification of rock masses (China 
Planning Publication No. GB 50218-94) and the 
Basic Quality (BQ) of a rock mass is defined by: 


BQ = 90 +3Rc+250Kv (2) 


where, 


R, = Uniaxial compressive strength of 
intact rock (in MPa) 


Kv = Intactness index of a rock mass 


Vpm 


Vp, 


= (VPffi J' 
Vp, 


= Velocity of longitudinal elastic 
wave in rock mass (km/s) 
Velocity of longitndinal elastic 
wave in intact rock (km/s) 


It should be noted that the engineering 
symbols used in China are sometimes different 
from that normally used internationally and in this 
paper, the original symbols used in China are 
retained so that people who are familiar with 
Chinese language cau easily cross reference this 
paper with the original publication which was 
written in simplified Chinese character. 


The strength of the rock is described in a 
qualitative manner (e.g., from hard rock to 
extremely weak rock, etc.) by correlating it to the 
compressive strength of an intact rock R" as 
shown in Table 1. 


Table 1 Strength Description of a Rock Mass based on Uniaxial 
Compresssive Strength Rc 


Rc (MPa) > 60 60 30 30-15 IS - 5 <5 


Strength Hard Relatively Relatively Weak Extremely 
Description Rock Hard Rock Weak Rock Weak 


Rock Rock 


Kv is empirically related to the volumetric 
joint count (number of discontinuities per unit 
volume, Jv) as shown in Table 2. 


After Rc and Kv are determined, the value 
of BQ is calculated from Equation (2). The value 
of BQ ranges from less than or equal to 250 to 
greater than or equal to 550 (see Table 3). Five 
different classes (Classes I to V) are assigned and 
for each of the class a qualitative description is 
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provided to indicate the relative hardness and 
degree of fracture of the rock mass. 


Table 2 Empirical Relationship between Intactness Index Kv and 
Volumetric Joint Count Iv 


J, <3 3 10 10 20 20 3S > 35 
(Number of 
Joints per 


m~) 


K, >0.75 0.75 0,55 0.35- < 0.15 
0.55 0.35 0.15 


K,~ (vpm r 
VP' 


where, 
V,rn = velocity of longitudinal elastic wave in rock mass (km/s) 
V, = velocity oflongitudinal elastic wave in intact rock (kmls) 


Table 3 Basic Quality (8Q) of a Rock Mass 
Class Qualitative Description BQValuc 


I • Hard Rock, Intact > 550 
II · Hard Rock, Relatively Intact 550-451 


· Relativelv Hard Rock, Intact 
III • Hard Rock, Relativcly Fractured 450 351 


Relatively Hard or Interlayered of 
Hard and Weak Rock, Relatively 
Intact 
Relatively Weak Rock, Intact 


IV · Hard Rock, Fractured 350-251 


• Relatively Hard Rock, Fractured to 
Relatively Fractured 


· Relatively Weak Rock 0' 
Interlayercd of Weak and Hard 
Rock with dominant Weak Rock, 
Relatively Intact 0' Relatively 
Fracturcd 


· Weak Rock, Intact Of Relatively 
Intact 


V · Relatively Weak Rock, Fractured <250 
Weak Rock, Fractured to Relatively 
Fractured 
Extremcly Weak Rock, Extremely 
Fractured 


Ouantitative Relationshin 
BQ-90+3R:+250 Kv 
where, 
R: = uniaxial compressive strength (in 
MPa) 
Kv = intactness index of a rock mass 


Source: National Standard fOf Engineering Classification of Rock Masses 
(OB 50218-94), 1995. 


The BQ value can only be used as an index 
to classify and to qualitatively describe the 
hardness and degree of fracture of a rock mass. 
Its practical application to engineering problem is 
constrained because the stress condition, joint 
orientation and groundwater conditions, similar to 
those used in the RMR and Q systems, are not 
incorporated in Equation (2). 


China has therefore modified Equation (2) 
taking into considerations of additional factors 
such as the stress conditions, groundwater 
conditions and joint orientation of the rock mass, 
where a combination of these factors could affect 







the stability of an underground opening. The BQ 
value is amended with three factors given by 
Equation (3) as follows: 


[BQ] = BQ - 100 (Kl+ K 2+ K 3) (3) 


where, 


[BQ] 
BQ 
Kl 


K2 


= Amended Basic Quality Value 
= Basic Quality from Equation (2) 
= Correction Factor for 


Groundwater Conditions 
= Correction Factor for Joint Plane 


Orientation 
K3 = Correction Factor for In-situ 


Stress Conditions 


Correction factors KI, K2 and K3 are 
presented in Table 4. 


Table 4 KJ, K2 and K3 values - Correction Factors for Groundwater 
Conditions, Orientation ofPianes of Weakness and In-situ 
Stress Conditions 


KJ values BQ 
Groundwater >450 450 351 350 251 <250 
Inflow 
Conditions 
Wet or dripping 0 0.1 0.2 0.3 0.4 0.6 
Shower or 0.1 0.2 0.3 0.4 0.6 0.7 0.9 
intlow 
P<O.iMPa 
Q < 10 IIminlm 
Shower or 0.2 1.0 
inflow 
P< 0.1 MPa 
Q> 1al/minlm 
P=Flow Pressure 
Q=Flow Rate 
Relation of K2 values 
Structural Plane 
to Tunnel Axis 


a< 30 
0 0.4 0.6 


13=30° _75
0 


a> 30° 
0 0.2 


13> 75 
0 


Other 0.2 0.4 
combinations 
a - angle between strike of structural plane and tunnel axis 
13 - dip angle of structural plane 
KJ values BQ 
Initial Stress > 550 550 45<>- 350 <250 
Stale 451 351 251 
Extremely High 1.0 1.0 1.0 1.5 1.0 1.0 
Stress, RJO"I<5 1.5 
High Stress, 0.5 0.5 0.5 0.5 0.5 
RJcr]=IO-5 1.0 1.0 


ai-major QrinciQal stress ---_.-


3.2 Host Rock Rating (HRR) for Underground 
Excavation Projects in China 


On the basis of the developed BQ system and 
analysis of case records in China, the Ministry of 
Water Resources and Ministry of Electric Power 
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published in 1993 a national standard which 
describes a rock mass classification system that 
has been specifically designed for underground 
excavation related to water resources and 
hydropower projects in China. 


This rock mass classification system is 
defined by the Host Rock Rating (HRR) which 
can be described as: 


HRR =A+B+C+D+E (4) 


where, 


A 


B 


C 


D 


E 


= Rating Factor related to Rock 
Strength (provided in Table 5) 


= Rating Factor related to Rock 
Intactness (provided in Table 6) 


= Rating Factor related to Joint 
Conditions (provided in Table 7) 


= Rating Factor related to 
Groundwater Conditions 
(provided in Table 8) 


= Rating Factor related to Joint 
Plane Orientation (provided in 
Table 9) 


The rating factor A varies from 0 to 5 for 
weak rock to 20 to 30 for hard rock. 


Table 5 Rating Factor A related to Rock Strength 
Descriotion of Rock Strenoth 


Hard Moderately Relatively Weak 
Rock Hard Rock Weak Rock Rock 


Uniaxial 100-60 60-30 30-15 15 - 5 
Compressive 
Strength of 


Saturated Rock 
(MPa) 


Rating Factor 30-20 20-lO 10- 5 5-0 
A 


For Uniaxial Compressive Strength R" > 100 MPa, Ratin Factor A is 30 


The rating factor B is a function of Ky and 
strength of the rock. It varies from 4 for weak and 
fractured rock to 40 for hard and intact rock. 


The rating factor C is a function of the 
joint conditions and strength of rock. The 
conditions of the joints are rated in terms of the 
aperture of the joints, infilling material in the 
joints, waviness and degree of roughness of the 
joints. C varies from 4 for weak rock with clay 
infill to 27 for hard rock with no infilling. 







Table 6 Rating Factor B related to Rock Intactness 


Description of Intactness 


-" -"~ "d 


1 H ~B ~ ~ t . " 00 '~ -§ 
~>-< ~] 03 ~ 


"'''' '" 
Intactn 1.0 - 0.75 - 0.55- 0.35- < 0.15 


'" 0.75 0.55 0.35 0.15 
Factor 


K, 
lIard 40 30 30 22 22 14 14 6 <6 


00'" Rock 
llli . ~ Weak 25 19 19 14 14 9 9 4 <4 "'", 


Rock 


- - ._- ---


Table 7 Rating Factor C related to Joint Conditions 


Aperture Filling Evenness, Hru-d Relatively Weak 
(mm) Roughness Rock Wo,", Rock 


Rock 
Closed < Undulating, 27 27 18 


0.5 Rough 
Planar, 21 21 14 
Smooth 


Slightly No Undulating, 24 24 17 
Open Filling Rough 


0.5 - 5.0 Undulating 21 21 14 
Smooth, or 
Planar Rough 
Planar, 15 15 8 
Smooth 


Surface Undulating, 21 21 14 
Staining Rough 


Undulating 17 17 II 
Smooth, or 
Planar Rough 
Planar, 12 12 8 
Smooth 


Clay~ Undulating, 15 15 10 
fraction Rough 


Undulating 12 12 8 
Smooth, or 
Planar Rough 


Open> Planar, 9 9 6 
5.0 Smooth 


Surface 12 12 8 
Staining 
Clay~ 6 6 4 
fraction 


For joint plane with a length < 3m, rating would increase by 3 for hard and 
relatively weak rock. 
For joint plane with a length < 3m, rating would increase by 2 for weak 
rock. 
For joint plane with a length> 10m, rating would decrease by 3 for hard 
rock. 
For joint plane with a length> 10m, rating would decrease by 2 for 
relatively weak rock. 
Ifapcrture >lOm and without filling, rating is O. 


In the presence of water inflow through the joints, 
the rating factor D decreases the HRR by applying 
a negative correction factor which is a function of 
the water inflow rate (or water head) and 
sununation of rating factors A, Band C. Rating 
factor D varies from 0 (no correction) when the 
joint is slightly wet and the sununation of A to C 
is 85 to -20 when the joint has large inflow and 
the summation of A to C is less than 25. 


! 
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Table 8 Rating Factor D related to Groundwater Conditions 


Sum of State Wet, Small Large 
Rating Dripping inflow Inflow 
Factors Flow Rate <25 25 - 125 > 125 


(A+B+C) (I1m;nJm) 


0' 0' 0' 0' 
Water Head < 10 10 - 100 > 100 


(m) 
100 ~ 85 Rating Factor 0 0 ~2 to "6 
85 - 65 (D) Oto -2 o to "2 -6to-1O 
65 -45 -2 to-6 -2 to-6 -10 to -14 
45 - 25 -6 to-lO -10 to -14 -14to-18 


<25 -10 to -14 -14to-18 -18to-20 


Table 9 Rating Factor E related to Joint Plane Orientation 


Angle 
90° _60° 60° _30° <30° between 


Strike of 
Structural 
Plane and 
Tunnel 
Axis 
Dip 
Angle 


~ 0 'n 0 ~ 0 


'" '" '" '" '" 0 I I 0 0 I I 0 0 I I 0 
~ 


~ ~ '" ~ 
~ ~ '" ~ 


~ 'n '" A ~ '" V A ~ '" V A ~ '" v 


'" ~ 0 "' '\' 
0 


"' '\' ~ ~ '\' ~ ~ ~ 
i e 


u 


'" '" .~ " 0 0 


~ '" ~ "' '\' "' 0 '\' "' "' 0 


"' '\' 0 


:9 
00 , , , , , 


The rating factor E provides another 
correction factor to HRR by considering the 
orientation of the joint plane relative to the tunnel 
axis. The rating factor E is a function of the dip 
angle of the joint plane, angle between the strike 
of the structural plane and tunnel axis and the 
location of the joint plane intersecting the tunnel 
crown or sidewall. E varies between 0 to -12. 


It can be seen that these five factors A to E 
are somewhat similar to that of the Bieniawski' s 
RMR system and both RMR and HRR have a 
range of 0 to 100. 


Different types of support systems have 
been designed based on the value of HRR and 
they are presented in Table 10. For HRR equal to 
about 85, very little support is required. For HRR 
equal to about 25, shotcrete with systematic 
bolting, mesh and concrete lining may be 
required. 


For each of the rock class or HRR in Table 
10, the required shotcrete thickness and rock bolt 
length are presented in Table 11 for different 
support span width. 







Table 10 Host Rock Ratin for Tunnellin,g Projects in China 
Rock Stability Host Strength/Stress Support Typc 
Class Conditions Rock Ratio (S) 


Rating 
I · Long teml 100 >4 · No support 


stability 85 · Local 


· Generally bolting or 
no unstablc thin 
block shotcrctc 


II · Overall 85- >4 maybc 
stable 65 ifS<4,goto required 


• No plastic III · In case of 
detormatio large span, 
n use 


· Localized systematic 


rock fall bolts, mesh 


may occur with 
shotcrcte 


III · Poor 65 >2 · Sy,tom,ti, I 


stability 45 ifS<2,goto bolts, mesh 


· Local IV ,nd 
plastic shotcrete 
dcformatio · Ifspan = 


nm 20-25m, 
collapse concrete 
may occur lining is 
;[ needed 
unsupporte 
d 


fV · Unstable 45 >2 · Systematic 


• Short self- 25 ifS<2,goto bolts, mesh 
standing V ,nd 
time concrete 


· Large-scalc lining 
defomtatio 
no, 
collapse 
may occur 


V · Extremely <25 No Limits 
unstable 


· Short self-
standing 
timc 


· Severe 
collapse 
may occur 


Host Rock Rating (HRR) Rating Factors A+B+C+D+E 


Source: Technical Spccifications for Water Resources and Hydropower 
Projects, The Ministry of Watcr Rcsources and Ministry of 
Electric Power of China, 1993 


4.0 Comparison of Rock Mass Classification 
Systems 


A comparison is made, as shown in Table 12, 
between the commonly used rock mass 
classification systems (RMR and Q) with that 
recently established rock mass classification 
systems in China (BQ and HRR). 


An examination of the all parameters in 
the different systems suggests that there are lots of 
similarities in describing the characteristics of the 
rock, joints, groundwater and stresses in arriving 
at a quantitative value of their rock mass quality. 


Most of the methods incorporate strength 
of the rock, geometric conditions (block size, 
frequency of joints), conditions of joints (spacing, 
size, aperture, infilling, roughness), orientation of 
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the joints relative to opening axis, groundwater 
conditions and in-situ stresses etc. The 
similarities being these different systems use very 
similar parameters (although terminology may be 
different) in calculating the final rock mass quality 
rating and the major difference is the different 
weightings given to similar parameters and in the 
use of distinct parameters in one or other scheme. 


5.0 Examples of Hydropower Projects in 
China using the BQ and HRR Systems 


An underground powerhouse with a dimension of 
252m long, 26m wide and 61m high was 
constructed in Xiaolangdi along the Yellow River 
at Henan Province in 1999. The powerhouse is 
located at a depth of 100m below ground where 
the parent rock is mainly argillaceous sandstone. 
Rock mass classification using the HRR system 
was carried out during the design and construction 
stages. Based on the parameters selected, the 
value of HRR ranges between 45 and 85, 
suggesting that the rock class is II to III where 
support measures such as rock bolts, shotcrete and 
wire mesh are to be expected. 


The support system adopted during the 
construction stage includes installation of 32mm 
diameter rock bolts at 1.5m spacing and 
application of 200m thick shotcrete at the crown. 
Details of the support requirements are presented 
in Table 13 for both the powerhouse and the 
transfonner cavern. The preliminary design was 
carried out using the HRR system and it was 
confinned with minor adjustment during the 
construction stage. 


For the Three Gorges project in China, the 
BQ system was applied to the granite and the 
following shows that the granite at the project site 
can be classified as Class I to II: 


Amended BQ ([BQ]mox) 
Amended BQ ([BQ]m;n) 
Amended BQ ([BQ]ovg) 


~610 


~ 518 
~ 564 


Table 14 shows the calculation arriving the 
amended BQ value at the Three Gorges project 
site. 


:'1] 







Table 11 Design of Shot crete and Rock Bolt for Different Span Width 
Span width, 8 (m) 


Rock B<5 5 <B < 10 10<8<15 15<B<20 20<8<25 


Class 
I No support Shotcrete 50mm (1). Shotcrete 80-100mm Shotcrete Shotcrete 120-


(2). Shotcrete SOmm, bolt 2.0- lSOmm, mesh, bolt 
2.5m 3.0-4.0m 


II Shotcrete SOmm (1). Shotcretc 80-100mm (1). Shotcrete 120-1S0mm, Shotcrete 120- Shotcrete ISO-
(2). Shotcrete SOmm, bolt I.S- mesh if necessary lS0mm, mesh, 200mm, mesh, bolt 


2m (2). Shotcrctc 80-120mm, bolt bolt 2.S-3.0m 3.0-4.0m 
2-3m, mesh ifnecessarv 


III (1). Shotcrete 80-100mm (1). Shotcrete 120-1S0mm, Shotcrete 100-ISOmm, mesh, Shotcrete IS0-
(2). Shotcrete SOmm, bolt 1.S- mesh if necessary bolt 2.0-3.0m 200mm, mesh, 


2m (2). Shotcrete 80-120mm, bolt bolt 3.0-4.0m 
2-3m, mesh if necessary 


IV Shotcrete 80-1 OOmm, bolt 1.S- Shotcrete lOO-200mm, mesh, Shotcrete lS0-200mm, mesh, 
2m bolt 2.0-2.Sm at bottom arch if bolt 2.S-3.0m at bottom arch if 


necessary necessary 


V Shotcrete 120-1S0mm, mesh, Shotcrete lS0-200mm, mesh, 
bolt I.5-2m at bottom arch if bolt 2.0-3.0m at bottom arch if 


I necessary necessarY 
Source: National Standard (GB-J86-8S, revised) fOf Tunnel Support Desi n in China 


Table 12 Com arison of Different Rock Mass Classification Svstems 
System Range Number of Variables in Main Factors Considered 


Equation 
RMR 0-100 6 · Rock Uniaxial Compressive Strength 


· RQD 


· Joint Spacing 


· Joint Condition 


· Joint Orientation 


· Groundwater Condition 


Q 0.001-1000 6 • RQD 


• Joint Set Number (J,,) 


· Joint Roughness Number (Jr) 


· Joint Alternation Number 0.) 


· Joint Water Reduction Factor (Jw) 


· Stress Reduction Factor (SRF) 


BQ <2S0 - >SOO 5 · Rock Uniaxial Compressive Strength 
(amended) · Rock Intactness Index (Kv) 


• Correction Factor for Groundwater Conditions (K1) 


· Correction Factor for Joint Plane Orientation (K2) 


• Correction Factor for In-situ Stress Conditions (K]) 


HRR 0-100 5 · Rating Factor A related to Rock Strength 


· Rating Factor B related to Rock Intactness 


· Rating Factor C related to Joint Conditions 


· Rating Factor D related to Groundwater Conditions 


· Rating Factor E related to Joint Plane Orientation 


Table 13 Support Required during Construction Sta e Xiaolangdi Pro'ect, Henan Province) 
Support Design 


Cavern Type Location Rock l'ype Rock Class Bolts Reinforced Shotcrete 
Main Top ~4 fII I3olt: 8$@20x20cm 


Powerhouse 1 32$@3x3m,I=8m,p=ISOkN 8=20cm(C20) 
32$@3x3m,I=6m,p=lS0kN 
Cable: 
\=2Sm,4.Sx6m,p=lS00kN 


Sidewall 4 III Bolt: S$@20x20cm 
Tl to 32$@3x3m,I=10m,p=ISOkN 8=20cm(C20) 


3-2 32$@3x3m,\=6m,p=lS0kN 
T, Cable: 2 rows at argillite layers 


1= ISm,p=SOOkN 


Transformer Top r,4 II 32$@2.4x2.4m,l Sm,p lS0kN 6$@2Ox20crn 
Cavern , 32~@,2.4x2.4m,l=4m,p=ISOkN 8=20cm(C20) 


Sidewall r,4 11 32$@2.4x2.4m,I-6m,p-ISOkN 6$@2Sx25cm 
1 32~@2.4x2.4m,l=4m,p=lS0kN 8= IScm(C20) 


4 . T fi . d d 7i = Massive Sl Iceous l11e~grame san stone 


Tj3-2 = Massive argillaceous and calcareous silty fine-grained sandstone 
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Table 14 Amended BQ value for Granite at the Three Gorges Project Site 
Parameters Value/Condition Rating 
Rock Unia."(ial 100 -110 MPa 
Compressive Strength, 
R, 
Rock Intactness fudex 0.75 -1.0 
(K,) 
Correction Factor for Wet or dripping 0 
Groundwater 
Conditions (Kd 
Correction Factor for 


0.=30
0 


_60
0 0.1 


Joint Plane Orientation 
(K,) 13>75


0 


Correction Factor for High Stress 0.5 
In-situ Stress RJcrl=lO 
Conditions (K3) 


BQ 90 +3Rc+250Kv 90+3(100)+250(0.75) 578 (min) 
= 90+3(110)+250(1.0) = 670 (max) 


Amended [BQJ BQ - 100 (K1+ K2+ KJ) 


= 578-100(0+0.1+0.5) = 518 (mi~) 
= 670-100(0+0.1+0.5) = 6IG (max 


6.0 Summary and Conclusions 


A number of rock mass classification systems 
have been developing for over 100 years and the 
most popular ones are the RMR and Q systems for 
which this paper provided a qnick snmmary and 
review. 


This paper presented and discussed the 
two newly established rock mass classification 
systems in China, namely the Basic Quality (BQ) 
and Host Rock Rating (HRR) systems. The 
establishment of the BQ and HRR rock mass 
classification systems in China is based on huge 
amount of experiences gathered in the design 
stages and later verified in the construction of 
rock tunnels and underground structures in China. 


The BQ system was originally used for 
classification of a rock mass in terms of strength 
and degree of fractures only. It is empirically 
related to the uniaxial compressive strength of the 
rock and the volumetric joint count. It was later 
amended to take into considerations of additional 
factors such as the stress conditions, groundwater 
conditions and joint orientation of the rock mass, 
such that supporting measures reqnired to keep an 
underground opening stable could be estimated in 
the design stage. The amended BQ value is 
corrected by applying factors related to 
groundwater conditions, joint plane orientation 
and in-situ stress conditions. 


On the basis of the amended BQ system 
and analysis of case records, China published in 
1993 a rock mass classification system called 
HRR that has been specifically designed for 
underground excavation related to water reSOlU"ces 
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and hydropower projects in China. Five factors 
relating to rock strength, rock intactness, joint 
conditions, groundwater conditions and joint 
plane orientation are used in arriving the HRR 
value. 


An examination of the all parameters in 
the different systems suggests that there are lots of 
similarities in describing the characteristics of the 
rock, joints, groundwater and stresses in arriving 
at a quantitative value of their rock mass quality. 


Most of the methods incorporate strength 
of the rock, geometric conditions (block size, 
frequency of joints), conditions of joints (spacing, 
size, aperture, infilling, rougbness), orientation of 
the joints relative to opening axis, groundwater 
conditions and in-situ stresses etc. The 
similarities being these different systems use very 
similar parameters (although terminology may be 
different) in calculating the final rock mass qnality 
rating and the major difference is the different 
weightings given to similar parameters and in the 
use of distinct parameters in one or other scheme. 


Two case records have been given in this 
paper on the use of BQ and HRR systems for the 
design of supporting measures in underground 
excavation in China. The projects were 
completed successfully, verifying the support 
design was adequate based on the two 
classification systems. 
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Table 1 Strength Description of a Rock Mass based on Uniaxial 
Compresssive Strength R, 


Rc (MPa) >60 60-30 30- 15 15 5 <5 


Strength Hard Relatively Relatively Weak Extremely 
Descriptio Rock Hard Rock Wcak Rock Week 


n Rock Rock 


Table 2 Empirical Relationship between Intactness Index Kv and Volumetric Joint Count Jv 


J, <3 3 10 10 20 20 35 >35 
(Number of Joints 


per m3
) 


K, >0.75 0.75 0.55 0.55 0.35 0.35 0.15 <0.15 


~(V'm J' K, 


V" 
I where, 


Vpm = velocity oflongitudinal elastic wave in rock mass (km/s) 
V, = velocity of longitudinal clastic wave in intact rock (km/~) 


Table 3 Basic Qualitv (BQ) ofa Rock Mass 
Class Qualitative Description BQ Value 


I · Hard Rock, Intact > 550 
II · Hard Rock, Relatively Intact 550 451 


Relatively Hard Rock, Intact 
III · Hard Rock, Relatively Fractured 450 351 


· Relatively Hard or Interlayered ofRard and Weak Rock, Relatively Intact 


· Relatively Weak Rock, Intact 
IV • Hard Rock, Fractured 350 251 


· Relatively Hard Rock, Fractured to Relatively Fractured 
Relatively Weak Rock or rnterlayercd of Weak and Hard Rock with 
dominant Weak Rock, Relatively Intact or Relatively Fractured 


· Weak Rock, Intact or Relatively Intact 
V · Relatively Weak Rock, Fractured <250 


· Wcak Rock, Fractured to Relatively Fractured 


· Extremely Weak Rock, Extremely Fractured 


Quantitative Relationship 
DQ 90 + 3R,+250 Kv 
where, 
Rc = uniaxial compressive strength (in :MPa) 
Kv = intactness index of a rock mass 


Source: National Standard for Engineering Classification of Rock Masses GB 50218-94 , 1995. 
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Table 4 KJ, K! and K3 values ~ Correction Factors for Groundwater Conditions, Orientation of Planes ofWeakncss and In~situ Stress 
Conditions 


KI values BQ 
Groundwater Inflow >450 450-351 350-251 <250 
Conditions 
Wet or dripping 0 0.1 0.2 0.3 0.4 0.6 
Shower or inflow 0.1 0.2 0.3 0.4 0.6 0.7 0.9 
P<O.l MPa 


_9< 10 l/min/m . 


Shower or inflow 0.2 1.0 
P<O.1MPa 
Q> 10Vminim 
P Flow Pressure 
Q=FlowRate 
Relation of Structural K! values 
Plane to Tunnel Axis 


a< 30° 0.4 0.6 


o 0 
13=30 -75 


a> 30 
0 0 0.2 


J3 > 75° 


Other combinations 0.2 0.4 
a ~ angle between strike of structural plane and tunnel axis 
13 ~ dip angle ofstruetural lane 
K3 values BO 
Initial Stress State > 550 550 451 450-351 350 251 <250 
Extremely High Stress, 1.0 1.0 1.0 - 1.5 1.0 1.5 1.0 
RJO"I<5 
High Stress, RJO"l-lO~ 0.5 0.5 0.5 0.5 - 1.0 0.5 - 1.0 
5 
O"I-major ~rinciQal s!!:~~~ 


Table 5 Ratin.!!: Factor A related to Rock Strength 
Description of Rock Strength 


Hard Rock Moderately Hard Rock Relatively Weak Rock Weak Rock 
Uniaxial Compressive 100-60 60-30 30-15 15 -5 
Strength of Saturated 


Rook(MP,) 
Ratin Factor A 30 20 20 10 10 5 5 0 


For Uniaxial Com ressive Stren th R: > 100 MPa, Ratin Factor A is 30 


Table 6 Rating Factor B related to Rock Intactness 


Description of Intactness 


'" • "'~ ~ 


J ~"t ~,S . ~ I .-§ -S o 0 ·S .a 
• 0 


v..s p.] v ~ 


'" "'"' "' 
Intactn 1.0 0.75 0.55 0.35 <0.15 


'" 0.75 0.55 0.35 0.15 
Factor 


K, 


1f~ 
Hard 40 30 30 22 22 14 14 6 <6 
Rock 


" "'J Weak 25 19 19 14 14 9 9 4 <4 
Rock 


- -----
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Table 7 Rating Factor C related to Joint Conditions 
Aperture (nun) Filling Evenness, Roughness Hard Rock Relatively Weak Weak Rock 


Rock 
Closed < 0.5 Undulating, Rough 27 27 18 


Planar, Smooth 21 21 14 
Slightly Open No Filling Undulating, Rough 24 2. 17 


0.5 -5.0 Undulating Smooth, or 21 21 14 
Planar Rough 
Planar, Smooth 15 15 8 


Surface Undulating, Rough 21 21 14 
Staining Undulating Smooth, or 17 17 11 


Planar Rough 
Planar, Smooth 12 12 8 


Clay~ Undulating, Rough 15 15 10 
fraction Undulating Smooth, or 12 12 8 


Planar Rough 
Open> 5.0 Planar, Smooth 9 9 6 


Surface 12 12 8 
Staining 
Clay~ 6 6 4 
fraction 


For joint plane with a length < 3m, rating would increase by 3 for hard and relatively weak rock. 
For joint plane with a length < 3m, rating would increase by 2 ±orweak rock. 
For joint plane with a length> 10m, rating would decrease by 3 for hard rock. 
For joint plane with a length> 10m, rating would decrease by 2 for relatively weak rock. 
If aperture >10m and without filling, rating is O. 


Table 8 Rating Factor D related to Groundwater Conditions 
Sum of Rating Factors State Wet, Dri iug Small inflow Large Inflow 


(A+B+C) Flow Rate (J/min/m) <25 25 125 > 125 


0' 
0' "' 0' 


Water Head (m) 
< 10 10 ~ 100 > 100 


100 ~ 85 Rating Factor (D) 0 0 ~2 to ~6 
85 ~ 65 o to-2 o to-2 -6to-IO 
65 -45 -2 to-6 -2 to-6 -lOto-14 
45 - 25 -6to-IO -10 to -14 -14 to -18 


<25 -IOto-14 -14to-18 -18to-20 


Table 9 Rating Factor E related to Joint Plane Orientation 


Angle 
90


0 
_60


0 
60


0 
_30


0 
<30


0 
between 
Strike 
of 
Structur 
a1 Plane 
,nd 
Tunnel 
Axis 
Dip 
Angle 


~ 0 ~ 0 ~ 0 
~ N ~ N ~ N 


0 I I 0 0 I I 0 0 I I 0 
~ 


~ ~ 
N ~ 


~ ~ 
N ~ 


~ ~ 
N 


A ~ ~ V A ~ ~ V A ~ ~ v 


OJ ~ 0 <; '" 
0 <; '" " :;; '" 


0 :;; :;; 
! 8 


u 
~ 


00 


.~ '" 0 0 N 


'" • <; '" <; 0 '" c< <; 0 c< c< '" 0 


I 


" ~ 
U; 


14 







Table 10 Host Rock Rating for Tunnelling Projects in China 
Rock Stability Conditions Host Rock Rating Strength/Stress Ratio (S) Support Type 
Class 


I · Long term stability 100- 85 >4 · No support 


• Generally no unstable block · Local bolting or 
II · Overall stable 85 65 >4 thin shotcrete may 


• No plastic deformation ifS < 4, go to III be required 


· Localized rock fall may occur • In case oflarge 
span, use 
systematic bolts, 


. 
mesh with shotcrete 


III · Poor stability 65 45 >2 · Systematic bolts, 


· Local plastic deformation or ifS<2,gotoIV mesh and shotcrcte 
collapse may occur if unsupported · If span = 20-25m, 


concrete lining is 
needed 


IV · Unstable 45 25 >2 · Systematic bolts, 


· Short self-standing time ifS<2,gotoV mesh and concrete 


· Large-scale deformation or lining 
collapse may occur 


V · Extremely unstable <25 No Limits 


· Short self-standing time 


· Severe collapse may occur 
Host Rock Rating (HRR) Rating Factors A+B+C+D+E 


Source: Technical Specifications for Water Resources and Hydropower Projects, The Ministry of Water Resources and Ministry of 
Electric Power of China, 1993 


Table II Design of Shotcretc and Rock Bolt for Different Span WidUt 
Span width, B (m) 


RoekClass B<5 5<D<1O lO<B<IS lS<B<20 20 <B <25 
I No support Shotcrete SOmm (1). Shotcrete 80- Shotcrete Shoterete 120-


100mm lS0mm, mesh, bolt 
(2). Shotcrete SOmm, 3.0-4.0m 


bolt 2.0-2.Sm 
II Shotcrete SOmm (1). Shotcrete 80- (1). Shotcrete 120- Shotcrete 120- Shotcrete 150-


100mm lSOmm, mesh ISOmm, mesh, bolt 200mm, mesh, bolt 
(2). Shotcrete SOmm, if necessary 2.5-3.0m 3.0-4.0m 


bolt 1.5-2m (2). Shotcrete 80-
120mm, bolt 2-
3m, mesh if 
necessary 


III (1). Shotcrete 80- (1). Shotcrete 120- Shotcrete 100- Shotcrete IS0-
IOOmm 1 SOmm, mesl] ISOmm, mesh, bolt 200mm, mesh, bolt 


(2). Shotcrete SOmm, if necessary 2.0-3.0m 3.0-4.0m 
bolt 1.5-2m (2). Shotcrete 80-


120mm, bolt 2-
3m, mesh if 
necessary 


IV Shotcrete 80-100mm, Shotcrete 100- Shotcrete 150-
bolt 1.5-2m 200mm, mesh, bolt 200mm, mesh, bolt 


2.0-2.Sm at bottom 2.S-3.0m at bottom 
arch if necessary arch if necessary 


V Shotcrete 120- Shotcrete 150-
l50mm, mesh, bolt 200mm, mesh, bolt 
1.5-2m at bottom arch 2.0-3.0m at bottom 
if necessary arch if necessary 


Source: National Standard (GB-J86-85, revised) fOf Tunnel Support Design in China 
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Table 12 Com arison of Different Rock Mass Classification Systems 
System Range Number of Variables in Main Factors Considered 


Equation 
RMR O~IDO 6 · Rock Uniaxial Compressive Strength 


· RQD 


· Joint Spacing 


· Joint Condition 


• Joint Orientation 


• Groundwater Condition 
Q 0,001~1000 6 · RQD 


• Joint Set Number (10) 


· Joint Roughness Number (Jr) 


· Joint Alternation Number (J") 


· Joint Water Reduction,;~~to;?,") · Stress Reduction Factor SRF 
BQ <250 ~ >500 5 · Rock Uniaxial Compressive Strength 


(amended) · Rock Intactness Index (Kv) 


• Correction Factor for Groundwater Conditions (K1) 


· Correction Factor for Joint Plane Orientation (K2) 
.. · Correction Factor for In~situ Stress Conditions (KJ ) 


HRR 0~100 5 · Rating Factor A related to Rock Strength 


· Rating Factor B related to Rock Intactness 


• Rating Factor C related to Joint Conditions 


• Rating Factor D related to Groundwater Conditions 


· Ratin!! Factor E related to Joint Plane Orientation 


Table 13 Support Required during Construction Stage (Xiaolangdi Project, Henan Province) 
Support Design 


Cavern Type Location Rock Type Rock Class Bolts Reinforced Shotcrete 
Main Top r,4 III Bolt: 8~@20x20cm 


Powerhouse 1 32~@3x3m,1=8m,p=150kN o=20cm(C20) 
32~@3x3m,1=6m,p=150kN 


I 


Cable: 
1=25m,4,5x6m,~1500kN 


Sidewall 4 III Bolt: 8~@20x20cm 
T1 to 32~@3x3m,l=10m,p=150kN 3=20cm(C20) 


3-2 32~@3x3m,I=6m,p=150kN 
T1 Cable: 2 rows at argillite layers 


1=15m,p=500kN 
Transformer Top r,4 11 32~@2.4x2,4m,1 8m,p i50kN 6~@20x20cm 


Cavern 1 324,@2,4x2.4m,l=4m,p=150kN o~20crn(C20) 


Sidewall r,4 II 32~@2.4x2.4m,1-6m,p=150kN 6~@25x25cm 
1 32~fa12.4x2.4m,I=4m,p=150kN 3=15cm(C20) 


4 
7j = Massive siliceous flne-grained sandstone 


Ti3-
2 


= Massive argillaceous and calcareous silty flne~grained sandstone 


Table 14 Amended Be value for Granite at the 'Three Gorges Pro'ect Site 
Parameters Value/Condition Rating 
Rock Uniaxial Compressive Strength, R 100 ~ lID MPa 
Rock Intactness Index (K,.) 0,75 -1.0 
Correction Factor fo< Groundwater Wet or dripping 0 
Conditions (K1) 


Correction Factor foc Joint Plane 
a=300 ~600 0.1 


Orientation (K2) 


13>75
0 


Correction Factor fo< In~situ Strcss High Stress 0.5 
Conditions (KJ) RJcrl=1O 
BQ - 90 +3Ro+250Ky - 90+3(100)+250(0.75} - 578 (min) 


= 90+3(110)+250(1,0) = 670 (ma.'C) 
Amended [BQ] BQ ~ 100 (K 1+ K2+ Iq 578-100(0+0,1 +0,5) 518 (min) 


= 670~100(0+0,1+0.5) = 610 (max) 
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