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Abstract: The integrity of rock mass is an important parameter in evaluating the quality grade of hydraulic rock mass. The
traditional methods often adopt a single index that cannot fully reflect the comprehensive influences of geological conditions
such as structural plane, groundwater, and unloading on the evaluation results. An intelligent evaluation method for the
integrity of hydraulic rock mass is proposed by coupling with multi-source survey information. Firstly, the synthetic minority
oversampling (SMOTE) algorithm is used to balance the survey information data to improve the data set structure. Then the
random forest algorithm is used to predict the original rock mass integrity data and the pre-processed data, respectively. Based
on the data of actual projects, the validity and applicability are verified, and the predicted results are discussed and analyzed
according to different factors affecting the integrity of rock mass. The results show that the proposed method can effectively
improve the evaluation accuracy of the integrity of a few rock samples by balancing the data sets. By coupling and mining the
deep information of different integrity indexes, the intelligent evaluation of rock mass integrity can be realized, which provides
a new method for further assisting the evaluation of rock mass quality.
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Table 1 Evaluation standards for rock mass integrity
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Table 3 Multi-source survey data of engineering rock mass
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Table 4 Correspondence between output results of two models and

rock mass integrity
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Table 5 Sectional evaluation results of engineering rock mass
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Table 6 Characteristics of fracture development

4H T 22 i ZARR LT PR SkIFRE KRS o FELN W

g PR gt Gmom apmkE  mm g RE Tgaen

1 N40-60°E/SE £ 65-80°  —f>1, MMl 0.1~0.5 —fF 1~3 0~2 R /DR iR TIHIRRE TR

2 N30-50°E/NW £25-35° H—r 2 >2 0~2 i Ay BEEL ] U A
SV SR i

3 N5-20°W/SW £ 50-70° 5= 1~3 0~5 HLRE T@;gﬂ%\ SEMITH 1w
SRS

4 N30-50°W/NE £25-30° EE >1 0~2 sy T@;gﬂ%\ SEMITH 1w

AN 7 7] B [ e
*' AW i

M &
E\AAL

\W/ )
%

k

f;;?

130’
131
s 1ls /) \\\l =

|
|
|
L. |
95 | 301.5
4 PDO1 EERRFFE
Fig. 4 PDOI partial expansion diagram
R7 ZEFTERZEMETERERSHE
Table 7 Basic situations and characteristics of three groups of structural zones in rock mass
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Table 8 Correspondence between output results of two models and
rock mass integrity
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Table 9 Sectional evaluation results of engineering rock mass
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Table 10 Description of dike characteristics of engineering rock mass
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Fig. 8 Evaluation of various methods
FUAE Y, AR EAN 7 i R BE AR 23 1 E
WA R S BEARE, BOV R . MG 2RSS Bk
P A] DL/ DR B — FR bR I R DR 22, S INE A e B
PEVHN I HER 2, A BT TR IMAEREAT 7 41 Eh Rt 1)
W R 1 73 2K DL o

4 & B

A 5 T TR e M VA e (L) R B — 35 b
SEUENRE 2. MRS, R T2
VSRR ) SMOTE-RF BT, St FLp TR 5
VMR R 45 BOtHAT 52 BRI 4047, 73 3ILLT 3 A
sEif,

(1) 32 T2 BT 7 20 R AT UL B,
A UK TR R . I AR A SRR (S
7R LA BO AE GR35, AN R B %07 A5
KICR LA G TRUF, TT LA R 2 — F b S
PRI BB 2. MR RS I, AL
1 2000 R ST e 7 E 1 o

(206 T T R A 5 e e 4 KR E 51
$9 1, R SMOTE S35 A SR A 47 3557
BEALED, (I S MR M, S KRS, it

MR RE WLAS 5 SRR TRE 5 ik 5 B 1 o B s
HAT TN S50, HER RS BRI X HoAth
THREHEAT T MR, it — Ui T SMOTE-RF #i4!
AR, HARE: RF B A R 58 v T 45 SR 5 i
Bt o S IR A, UE B T AR Y 1A A5 R S 1 o

(3) Tl 5 5 il oy Ay : OFEARK R & — BHH 2
oM RENE P EER R, DRI S B
AN, FECKRDERS K N2 HET: @4
KT i A ERE, fl4n PD46 H RQD, Jy, K N
74.6, 9.13, 0.56, #K¥EFR 1 I NETEHAIR, H)
FR TR ZE AR O LIRS HS FERORIT, 1l
PD107 #' RQD, J,, K,fH77 0 86, 9.85, 0.32, ¥
FERCR R A &S50 % IR AN, Rk n) 5 805
FAHE.

BT FIRAECE T S5 SR ), MR IRA
WHot: 256 AL TREEGE, MingdnaE, g mT
FE b o BURRAEAR LB L, T30 A B0 e U 5 8
WL ) EE S PN AR e — DRl s, RTHER T
TRIHERR

SE -

(1] RITRER, XI—¥, #Ris, & 2 Ta SRR I
s 7 BB A VAN [T, & TR AR, 2021, 43(5):
968-974. (LIU Feiyue, LIU Yihan, YANG Tianhong, et al.
Meticulous evaluation of rock mass quality in mine
engineering based on machine learning of core photos[J].
Chinese Journal of Geotechnical Engineering, 2021, 43(5):
968-974. (in Chinese))

2] B o, HEEE, RNE, F FBEASEEIEDIRIRER
RV R B R I [0). A R R AR, 2021, 43(6):
1039-1049. (LIANG Jing, CUI Shenghua, PEI Xiangjun, et al.
Initiation mechanism of earthquake-induced large landslides
considering structural damage[J]. Chinese Journal of
Geotechnical Engineering, 2021, 43(6): 1039-1049. (in
Chinese))

[3] NIKAFSHAN R H, JALALI Z, JALALIFAR H. Prediction of
rock mass rating system based on continuous functions using
Chaos—ANFIS model[J]. International Journal of Rock
Mechanics and Mining Sciences, 2015, 73: 1-9.

[4] GHOLAMI R, RASOULI V, ALIMORADI A. Improved RMR
rock mass classification using artificial intelligence

algorithms[J]. Rock Mechanics and Rock Engineering, 2013,
46(5): 1199-1209.



1682 A= T

T

2y

B ¥ R 2023 4F

[S] ZHANG Y Z, I H G LI W G, et al. Research on rapid
evaluation of rock mass quality based on ultrasonic borehole
imaging technology and fractal method[J]. Advances in
Materials Science and Engineering, 2021, 2021: 1-9.

[6] 7KFI/KHL TAEHL R EHE Y5 : GB 50487—2008[S]. dbxt:
FRE &I AR AL, 2009. (Code for Engineering Geological
Invcestigation of Water Resources and Hydropower: GB
50487—2008[S]. Beijing: China Planning Press, 2009. (in
Chinese))

[71 BARTON N, LIEN R, LUNDE J. Engineering classification of
rock masses for the design of tunnel support[J]. Rock
Mechanics, 1974, 6(4): 189-236.

[8] HOEK E, BROWN E T. Practical estimates of rock mass
strength[J]. International Journal of Rock Mechanics and
Mining Sciences, 1997, 34(8): 1165-1186.

9] WFEk, B 8, £ K % AE2HBQE RMRIIKLR
KEENESHMA I A TR, 2014, 36(1):
195-198. (XU Hongfa, CHEN Feng, WANG Bin, et al.
Relationship between RMR and BQ for rock mass

classification and estimation of its mechanical parameters[J].

Chinese Journal of Geotechnical Engineering, 2014, 36(1):

195-198. (in Chinese))

BT, S, BOOh, S TR SR O ) A

SERME L RPN HTRIR 5 0T AT a0 i 5 TR

223K, 2020, 39(10): 2060-2068. (LI Mingchao, SHI Bowen,

(10]

HAN Shuai, et al. New index and analysis method for
multi-scale rock mass integrity assessment based on P-wave
velocity[J]. Chinese Journal of Rock Mechanics and
Engineering, 2020, 39(10): 2060-2068. (in Chinese))

[11] IR, EEAN, 85K, 5 AT RERLCE 81T
o e B IR AR IR B AL D). A+ TR, 2021,
43(4): 679-687. (CAO Ruilang, WANG Yujie, ZHAO Yufei,
et al. In-situ tests on quantitative evaluation of rock mass
integrity based on drilling process index[J]. Chinese Journal
of Geotechnical Engineering, 2021, 43(4): 679-687. (in
Chinese))

B, A, FETAZEE > FRASLEE RQD H
AN ITET R[] B TR, 2020, 42(11):
2153-2160. (LI Qingbo, DU Pengzhao. Automatic RQD

[12]

analysis method based on information recognition of

borehole images[J]. Chinese Journal of Geotechnical

Engineering, 2020, 42(11): 2153-2160. (in Chinese))
[13]GUO H S, FENG X T, LIS J, et al. Evaluation of the integrity

of deep rock masses using results of digital borehole
televiewers[J]. Rock Mechanics and Rock Engineering, 2017,
50(6): 1371-1382.

[14] BUIME, sk, TLEAE, & AR EECRAE S &
e RS M TR B IET ). & 1%, 2021,
42(4): 1133-1140. (YIN Minglun, ZHANG Jinxun, JIANG
Yusheng, et al. Study of correction of the structural plane
category based on the rock mass integrity coefficient
characterized by the volumetric joint count[J]. Rock and Soil
Mechanics, 2021, 42(4): 1133-1140. (in Chinese))

[15] SONG Y H, XUE H S. Correlations between rock mass
intactness index (Kv) and other rock mass classification
indices (RMRs9 system and GSI)[J]. Bulletin of Engineering
Geology and the Environment, 2021, 80(10): 7807-7816.

[16] PELLS P J, BIENIAWSKI Z T, HENCHER S R, et al. Rock
quality designation (RQD): time to rest in peace[J]. Canadian
Geotechnical Journal, 2017, 54(6): 825-834.

[17] DEERE D U. Technical description of rock cores for
engineering purpose[J]. Rock Mechanics and Engineering
Geology, 1964, 1(1): 17-22.

(18] 7K 3¢, BRSIE, 444, 45 T =4EREM 45 RQD
€ K ML B RN A+ TR, 2013,
35(2): 321-327. (ZHANG Wen, CHEN lJianping, NIU Cencen,
et al. Determination of RQD and number of optimum
scanlines based on three-dimensional fracture network[J].
Chinese Journal of Geotechnical Engineering, 2013, 35(2):
321-327. (in Chinese))

[19] Bk, BAILAE, Tk, A RS HTH 0 25 B B0 5
M. A+ TR, 2016, 38(7): 1351-1356. (XUE
Qiuchi, ZHAO Qihua, HE Yunsong. Improvement and

of of

discontinuities[J]. of

Engineering, 2016, 38(7): 1351-1356. (in Chinese))

application network  simulation rock mass

Chinese Journal Geotechnical

[20] ZHANG L Y. Determination and applications of rock quality
designation (RQD)[J]. Journal of Rock Mechanics and
Geotechnical Engineering, 2016, 8(3): 389-397.

[21] FALLS S D, YOUNG R P. Acoustic emission and
ultrasonic-velocity methods used to characterise the
excavation disturbance associated with deep tunnels in hard
rock[J]. Tectonophysics, 1998, 289(1/2/3): 1-15.

[22] BitZE, VRS, ‘& fAoe Bk 2R 80 i SR v g S LA i
AR [T]. DA 23R, 2013, 21(4): 548-553. (DUAN

Shiwei, XU Xiane. Discussion of problems in calculation and



% 8 FUH, 5 a2 IS B RK AR e B R R R 7T ik 1683

application of rock mass integrity coefficient[J]. Journal of
Engineering Geology, 2013, 21(4): 548-553. (in Chinese))
(23] Bk 4, FMEESS, VRIS, S5 A PUBORE - MR AR S
ER RN, A TRE2ER, 2010, 32(5): 757-761. (CHEN
Xiang, SUN lJinzhong, TAN Chaoshuang, et al. Relation
between P-wave velocity and stress of rock samples and their
Chinese Journal of Geotechnical

unloading effect[J].
Engineering, 2010, 32(5): 757-761. (in Chinese))

[24] 7K 770 o AR R 220075 : GB/T 50287—2016[S]. dbit:

[ TR R, 2017. (Code for Hydropower Engineering
Geological Investigation: GB/T 50287—2016 [S]. Beijing:
China Planning Press, 2017. (in Chinese))

[25] TARERS FbnitE: GB/T 50218—2014[S]. dbat: HEtH
X H kA, 2015. (Standard for Engineering Classification of
Rock Mass: GB/T 50218—2014[S]. Beijing: China Planning
Press, 2015. (in Chinese))

[26] H/NRYKFIZK B TR B g2 SL 55—1993([S]. db
W o E KR 7 B R A, 1994, (Specification  of
Engineering Geological Investigation for Medium-Small

Water Resources and Hydropower Development: SL

55—1993[S]. Beijing: China Water&Power Press, 1994. (in
Chinese))

[27] ¥R, KT, FH. FET BQ RGHIMHE EE TR
H 2 NRGO1 S5 LA TR IFO[I]. TREHB AR, 2019,
27(6): 1208-1215. (HAN Zhenhua, ZHANG Luqing, YUAN
Guangxiang. Rock mass quality assessment of borehole
NRGO1 in bayannuorigong Alxa based on bg-system[J].
Journal of Engineering Geology, 2019, 27(6): 1208-1215. (in
Chinese))

[28] CHAWLA N V, BOWYER K W, HALL L O, et al. SMOTE:
synthetic minority over-sampling technique[J]. Journal of
Artificial Intelligence Research, 2002, 16: 321-357.

[29] BREIMAN L. Random forests[J]. Machine Learning, 2001,
45(1): 5-32.

[30] B& 8, &1 4%, & R, 5 ARETEREKERE A
AL AR R )] S 1, 2013, 34(9):
2527-2533. (CHEN Xu, YU Jin, LI Hong, et al
Experimental study of propagation characteristics of acoustic
wave in rocks with different lithologies and water contents[J].
Rock and Soil Mechanics, 2013, 34(9): 2527-2533. (in
Chinese))

ELXTEM®BLIE (2023) —S @A

AL TTREmHEE (2023) #5E T 2023 4F 10 A 20—22
AESUNTER LB . IR, Ik 2 [/ R AR F7E
RERRIRI, VP25 TR BRI
MR ) R R R BN AR R, A A D AR AR 1 £
filt ke AT IMBRECARAZ A, AEHEWTT I T 2 ) IF Ak b s LR
HORIE— R AR, iR E W AR RS, &

KW RN “WTH N AR R s L TAR R .
RIREWRT, B FElGeZ ERA LG R K FEH S 5 TR
WIRIE RAIAAEE 7 W (Wi 2 (R R A L AR
JEY, FHAE B Tl H AR AL AR . IO 567 [F] 4T AR
2 5B RN RFFI(0571-88208775, xysong2020@163.com)
TR 25 BB RIS www.geo-forum.cn.

G KB T A+ TR b, A R TREVEIR IR AR )





