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Classification of Rock Mass Quality for the Shanhu Tungsten Mine and
Strength Estimation Based on the Hoek-Brown Strength Criteria
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Abstract: The rock mass strength is a key mechanical parameter for the safety and stability analysis of mining engineering.
Combined with the key project of small-scale mechanized mining technology in Shanhu Tungsten Mine, based on the detailed
investigation of rock mass structural plane, three methods of BQ, Q and RMR were used for classification of rock mass quality
and stability evaluation. Then, the rock mass strength was estimated based on quantitative GSI and Hoek-Brown Criteria to
obtain accurate and reliable parameters of rock mass strength. The research results are concluded as follows. Firstly, the
dominant joint plane strikes NNW-SSE or NW-SE, inclines NE or SW, and the dip angle is large. The volume joint number J,
is 7.07 —9.88/m?*, the integrity coefficient K, is 0.55 —0.63, and the integrity evaluation is relatively intact. Secondly, the
[BQ] value, Q value, and RMRg, value of the limestone rock mass are 380.96, 5.58, and 59, respectively, and the grade of
rock mass quality is III or average. Thirdly, according to the BQ classification results, when the span of roadway or stope is
less than 5m, the surrounding rock can be basically stable. According to the Q classification results, the maximum unsupported
span of roadway or stope is about 6.35 m. According to the RMR classification results, when the span of roadway or stope is 5

m, the average standing stability time of surrounding rock can reach 7 days. Finally, based on quantitative GSI and Hoek-
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Brown criteria, the Hoek-Brown strength parameters and equivalent Mohr-Coulomb strength parameters of limestone rock

mass are obtained. which can provide accurate and reliable mechanical parameters for mining design and the stability analysis of rock.

Key words: Classification of rock mass quality, Rock mass strength, Hoek-Brown strength criterion. Geological strength index
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Table 1 Physical and mechanical parameters

of surrounding rock
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Fig.2 Stereo-projection maps of structural planes of rock mass
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Table 2 Investigation results of structural plane characteristics of rock mass
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Table 3 BQ classification results of rock mass quality
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Table 4 Q-system classification results of rock mass quality
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Table S RMR classification results of rock mass quality
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Table 6 Results of parameter estimation of rock mass strength
Pt ey - s \ \ kN EReT AR
e EEER upm pa HB T S AR R e
B AR BB L o ) BEHEM RO E RS
- - gk W7 R W B -
E:/ v B o/ GSI D ) ) b b - /MPa o/ Gem/ En/
GPa MPa i "o s ¢ ‘ @) MPa  GPa
20.49 0.25 138.09 59.47 0.0 9 2.116 42 0.011 07 0.502 95 6.031 4 16.9194  3.44 45.69 28.44 10.41
0.5 9 1.306 33 0.004 50 0.502 95 5.164 1 11.674 5  2.57 42.50 21.79 5.41
1.0 9 0.497 69 0.001 17 0.502 95 3.6614 6.5146  1.70 34.82 13.22 2.42

BT R A E R R H-B 5 B A 45 51 % H AR L
M-C 5 FEHEATINA 45 R WA 3, &l 3 Al LA,
34 M-C 5 Ul & HL R hE R R ¥R
0.99 . 405 FEAR o , R WAL T 45 2R T g

507 v=6.031 47+16.919 4
| R=09897 =~
40t '
s 30f 55164 Le+11.674 5
S 251 R=0.987 6.
S 20[ 7 7=3.661 4+6.514 6
150 R=0.9878
10F"
- — M-C BENAS
-------- H-B BEB%E
0 ‘
0 1 2 3 4 5 6
o/MPa

3 EFMCEESHBREMAGER
Fig.3 Fitting results of equivalent M-C
strength and H-B strength

R M-C 58 B & B R & FEE o, A
MR AR F AR S M-CIRESH c.e.
HAAKX QD MA A RN R £, 858 0%
6. MR 6 Al BT AR HF D HMAFEN A
R A —EER. M D=1, WAEKZI =
FURE AR /N B R T ¢ N 1.70 MPa, P B
i o M 34.82° WLESRIE 0., N 13.22 MPa; 2§ D=0
B, B 25 A 32 A6 2 55 B, 25 A5 B e KL B R )
}3.44 MPa, WEEHEM ¢ R 45.69° FLERE 0., N
28.44 MPa, X M8 b BL 3 5 38 IO 45 2R — 2,
HE— 25 F W T AR SO 1k B b S B0 o W R ) S

4 Hk

(1) 2 VR 235 4 T 81 A 2R SF 88 5% 43 B 45 2
TR R B AR BT B TE E [ NNW-SSE 5
NW-SE, fiii 1] &y NE 5 SW, {5 1 38 K, # 43 BE i ; 10
ST P E S 1) 5 b )2 E ) T R OR A B A AL
RFRTBEEL ], o 7.07~9.88 & /m®, 5E 8k R AL
K, 7 0.55~0.63, Ak Bk 583,

(2) AT E BQ.Q 1 RMR 4r 44 45 R BR,

R [BQIMH Ay 380.96, i i % 4k T 44 Q fH
9 5.58 A W i — B RMR o fH R 59, Bt it 40
Mg, 3 FAE I ER WS REA -2,

(3) M4l BQ 7r & 2R, A% 1 8ok 3 85 B /)
T 5 m I, Bl AT AR E s R Q - AR R IE
BRI ) B KON S BS L2 0h 6.35 ms RE RMR
SPRER Y BIE SR E N 5 m W, [BlA Y
H L ASE R [ ATk 7 d,

(4) SRAHE T2 & GSI M H-B i W Y 7 4 i
JEAGTEIT 2 4048 T KA AR B H-B s S50 JF
i I AU T A B AR M-C s B S50 B 5T 45 2R
AW J5 B2 R AT BT A MRS RE T 23 BT 2 4t o A T
15 4
% % LK (References) :

(1] THEER, XM X R8 , 45. & J8 i 1L SR 37 B g 1 O # O 12

Jee 5 B[] b k. 2023,32(6) :96-103.

YIN Yantian, LIU Huanxin, LIU Zhen, et al. Advances

and prospects of stope stability evaluation methods in metal

mines[J 7. China Mining Magazine,2023,32(6) :96-103.

(2] WAL XVREE ™ PEIC, 55 B R 1o 10 ) 52 24 b J2= A 3 1R 4

P 5r X SR BES N FHERF L) ] 8B 111, 2023(8) - 171-180.

LEI Xianquan, LIU Fuchun, YAN Qingwen, et al.

Research on damage zone and load-bearing structure

characteristics of surrounding rock mass of roadway in

complex strata with overburied depth and high in situ stress

[J]. Metal Mine,2023(8) :171-180.

(3] XUBR, E DU . KM 55 T Hoek-Brown 5 BE iz U i 5% 47 7 2R

B AR P M [ AR VLR 2 Be e 412 5 2020, 37(3) : 162-169.

LIU Shuo, WANG Hanxun, ZHANG Bin, et al. Stability

analysis of anhydrite cavern group based on Hoek-Brown

failure criterion [ ] ]. Journal of Yangtze River Scientific

Research Institute,2020,37(3) :162-169.

[4]  EVER AELESR KM, S &N — 0 XIS E PR e

PEREBAUBTFE [T ] R H AR, 2022,22(1) : 66-69.

WANG Xianlai, CUI Jigiang, ZHANG Pengqgiang, et al.

Numerical simulation study on support stability of deep

roadways in Jinchuan No. 2 mining area [ J ]. Mining

Technology,2022,22(1) :66-69.

[5]  EE REH AR . F BRI AR NESHNLETH

YR MR ) BURME BUE A B LT A G &R (s,

2022,74(4):95-101.



164 F kB RL5 A 2025,45(1)
MA  Yuting, CHEN Junzhi, REN Chunfang, et al ZHANG Xiaohui, JIANG Chunyu, CHENG Xiaohui.
Numerical simulation on sensitivity of mechanical Optimization and innovation method and application of

L6]

(7]

(8]

9]

[10]

[11]

[12]

parameters of open-pit slope rock mass to final slope
stability[ J]. Nonferrous Metals ( Mining Section) , 2022, 74
(4):95-101.

oA, FAd, AR F 5 TA R 4 3807 1 0 1 B iR )
2 HORE S 3 LT BHE Gl A 2022, 38(9) (147,

XIANG Ronghua, WANG Jian, SHI Zuoyan, et al.
Mechanical parameters determination of jointed rock mass
based on rock mass classification systems and its application
[J]. Bulletin of Science and Technology,2022,38(9) :1-7.
TR R BT LR 55 75 88 KA LA A 0 2 S B R i BT
WEFELI ] T 2 ] 5 TR 2440, 2022, 18(3) :925-934+954.
XU Lei, DU Shigui, ZHU Yijun. Application research of
rock mass mechanics parameter estimation in open-pit mines
£J1
Engineering,2022,18(3) :925-934+954.

AR R TR AERIRE , 5RO L B s TR R S 80
RAZEME AT LT])7 P9 K24 CH AR B M0, 2022, 47
(6):1682-1691.

Chinese Journal of Underground Space and

LI Xuefeng, SONG Yongjun, LI Hequn, et al. Determination
of rock strength parameters and stability analysis of slopes
in open-pit mines [ J ]. Journal of Guangxi University
(Natural Science Edition),2022,47(6):1682-1691.

rfAs N R SR EE B R & i, h e A R T 5%
o B AG A R B R TR AR O bR E GB/T 50218—
2014[ST. AL R R34 Hh p kL 2014,

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China, General Administration of
Quality Supervision, Inspection and Quarantine of the
People’s Republic of China. Standard for engineering rock
mass classification: GB/T 50218—2014 [ S]. Beijing: China
Planning Press.2014.

B R BB ARk, 45 25 8T R W Y MR AR T A A
PR it (1] 8 A J1 %5 TR 24, 2023, 42 (3 ) 1) .
3219-3225.

YANG Zeliang. LYU Qing. SHEN Jiayi. et al
Quantitative evaluation of rock mass basic quality index
considering influence of joint surface[ J]. Chinese Journal of
Rock Mechanics and Engineering, 2023, 42 ( Suppl. 1):
3219-3225.

BARTON N R, GRIMSTAD E. Q-system: An illustrated
guide following 40 years in tunnelling[ EB/OL].[2024-02-
09]. http://www.nickbarton.com/publications_all.asp.
JK/NKE  ZEAR T B /ME BT Q R GEMY A AT PO PR I
PR Iy R LA B a R (0 I #843) . 2022, 74 (4)
102-109.

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

quality based on Q system rapid evaluation of rock mass[]J].
Nonferrous Metals (Mining Section) ,2022,74(4) :102-109.
BIENTAWSKI Z T. Engineering rock mass classifications: a
complete manual for engineers and geologists in mining.,
civil, and engineering [ M |. New York:
Wiley,1989.

WM, ERGWT L £ B SFCa IR BT 4 9 RMR B 098 I &
REALI ] A5 5 97 % . 2022,42(5) : 127-131.,
HU Sheng, WANG Yiming, WANG Shaoyong,

petroleum

et al.
Modification and application of RMR method in rock mass
rating[ J ]. Mining Research and Development,2022,42(5) ;
127-131.

RBA R XUAR A L BR 75, A5 20 MURE R W™ DKL AR AL B T 1 7
JRE S5 A T A LA L 38 LT . 0k BF 5 5 0T K, 2024, 44
(2):14-19.

XIONG Youwei, LIU Fuchun, ZHANG Jun, et al. Similar
simulation experiment on flat-bottom structure ore removal
by mechanized shrinkage mining method in steeply inclined
extremely thin veins[J]. Mining Research and Development,
2024,44(2) :14-19.

RT3 B e  WRALAE A ) s e ISRM g i 05 ik 1
PRt g AL [ ] A A J1 % 5 TR %41 2010, 29 (12)
2456-2468.
ZHENG  Hong, FENG  Xiating, CHEN  Zuyu.
Standardization and digitization of the ISRM suggested
methods of rock mechanics tests [ J]. Chinese Journal of
Rock Mechanics and Engineering,2010,29(12) :2456-2468.

HOEK E, BROWN E T. The Hoek-Brown failure criterion
and GSI—2018 edition[ J]. Journal of Rock Mechanics and
Geotechnical Engineering,2019,11(3) :445-463.

HOEK E. KAISER P K, BAWDEN W F. Support of
underground excavations in hard rock[ M]. Rotterdam: A.
A. Balkema,1995.

RGN, 5 8, 3K 7 U, %18 IF Hoek-Brown o W Ay 45 2%
Mohr-Coulomb 3 B 2 ¥ £ Jr ¥ Wh5E[1]. 4 £ J1 2. 2019,
40(11) :4165-4177.

WU Shunchuan, ZHANG Min, ZHANG Shihuai, et al.
Study on determination method of equivalent Mohr-Coulomb
strength parameters of a modified Hoek-Brown failure
criterion [ J]. Rock and Soil Mechanics, 2019, 40 (11);
4165-4177.

HOEK E. Estimating Mohr-Coulomb friction and cohesion
values from the Hoek-Brown failure criterion [ J J.
International Journal of Rock Mechanics and Mining Science

&. Geomechanics Abstracts,1990,27(3) :227-229.



