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Analysis of size effect for shear characteristics of rock mass based
on 3D fracture network
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Abstract : In order to study the size effect of the shear characteristics of complex fractured rock mass, taking PDC3
adit of Songta Hydropower Station in Nujiang, Tibet as an example, on the basis of on-site fracture information
collection, based on PFC™ software, a 3D fracture network was generated by statistical method and Monte Carlo
principle, and the equivalent rock mass was constructed. The shear strength, internal friction coefficient and
cohesion of fractured rock mass were obtained by large-scale direct shear test, and the size effect of the fractured
rock mass was studied and the REV size under different parameters was determined. Then, the related parameters
and sample sizes were fitted by nonlinear regression to explore their functional relationship. The results show that
the shear strength, cohesion and internal friction coefficient tend to be stable with the change of sample size, and
the REV obtained from different parameters are different. Comprehensive analysis of REV size of different
parameters shows that the REV size of fractured rock mass for the shear characteristics in the study area is 11 m x
11 m x 11 m. By fitting the function relationship, there are exponential function relationships between shear
strength, cohesion and internal friction coefficient and sample size. These results provide a basis for studying the
mechanical REV of complex fractured rock mass and reasonably determining the mechanical parameters.
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Fig.1  Overview of the research area
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Fig.2 Two-dimensional trace diagram of fracture
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Fig.3 Results of fracture grouping
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Tab.1 3D Fracture network simulation parameters

a5 A B - A HREE/ (m® m ™)k
i/ (o) Mif/(o)  WE/m FE/m HHEE WE/m FE/m AR
1 31 180.3 89.8 1.04 0.23 E& 1.32 0.37 E& 0.058 12.18
2 37 278.2 85.0 1.20 0.17 L& 1.53 0.27 & 0.063 10.61
3 179 118.1 32.2 1.14 0.37  XMHES  2.02 0.16  XMHUES 1.380 6.67
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Tab.2 Data comparison
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Fig.5 Schematic of equivalent rock mass
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Tab.3 Meso-parameters of parallel bonding model

IS HL TS
A T/ MR o R G DIk . BPEAR HhBE
PRI /m k2 /m PR /GPa AL PREE/MPa BREE/MPa PRI /GPa W/ MPa
1 0.016 1.5 25.982 3.5 28.471 76.87 0.577 33.0 89. 1
2 0.032 1.5 38.054 3.5 41.092 110.95 0.577 34.3 89.3
3 0.048 1.5 27.649 3.5 40.771 110.08 0.577 33.4 88.7
4 0. 064 1.5 26.510 3.5 39.349 106. 24 0.577 32.5 88.6
5 0.080 1.5 27.000 3.5 40. 000 100.00 0.577 32.2 88. 1
6 0.096 1.5 27.794 3.5 40.341 108.92 0.577 32.7 88.5
7 0.112 1.5 28.000 3.5 40. 000 100.00 0.577 33.0 89.7
8 0.128 1.5 28.000 3.5 40. 000 110.00 0.577 33.7 88. 1
9 0.144 1.5 28.968 3.5 40.518 109. 40 0.577 34.3 88.3
10 0. 160 1.5 27.205 3.5 39.120 105.62 0.577 32.9 89.4
11 0.176 1.5 28.295 3.5 39.907 107.75 0.577 33.9 89.9
12 0.192 1.5 28.586 3.5 39.812 107.49 0.577 33.8 88.6
13 0.208 1.5 29.091 3.5 40. 165 108.45 0.577 34.6 88.5
14 0.224 1.5 28.821 3.5 39.722 107.25 0.577 34.6 88.7
15 0.240 1.5 28.214 3.5 38.907 105.05 0.577 33.8 88. 1
16 0.256 1.5 29.126 3.5 39.503 106. 66 0.577 34.1 88.5
17 0.272 1.5 30. 000 3.5 40.000 110.00 0.577 34.3 88.7
18 0.288 1.5 30.238 3.5 39.692 108.74 0.577 33.5 88.3
19 0.304 1.5 29.228 3.5 39.782 108.32 0.577 34.1 89.2

20 0.320 1.5 30. 102 3.5 38.537 109.73 0.577 33.8 88.9




RBEIN, 45 ¢ FET = 4R R 255 ) A BT UL P RS 200 20 <15

FE3
[
Ay
S
)
=
% 1.5+ 7=0.140.693¢
B R>=0.999 2
1.0+
0.5 : : : .
1.0 2.0 3.0 4.0
IEN #76/MPa

B8 RERMEEEGSKL

Fig.8 Envelope of fracture shear strength

3 REV R-t# <

Wit PRCXF 20 ANAS 6] ]RSF 1 S5 300 Rk
PEAT 2 .3 4 MPa 1ER 1 F B9 B 5556, B0 Hopi By
o AL 2R SR M PN BE 8 R RO N I T AR B AN ]

22
20
18

©/MPa

16

14
12

10

D/m

9 REAERNEHT

26 \
24|

12

WERE R ABTBY 3 B, LA K P R 42 2R H5ORN 9 23R g A
Wr REV ),

3.1 HEEE RS

AN )RS 8 T BT R B0 ok e By s B, 15

PLATSRIE - SRR D R E, WIE 9, MIE 9
ATLE W, PUBT ok B« B RE K D B9 A8 1k i %
B, VAR B0 5Y 5 B A7 A ROT RN, 7RI
JED MO0 ~T7 mBFREAL,7 m UG ZEHETRE, T
LS R B By, i T LR T S Aok Ak
B R/NA E REV RSF, & 2 H L% R
wEALFEDR, 22 ETF/ N T 10% Hﬂﬁ%ﬂa%ﬁiﬁ’a

REV RHPY AR AR
R =| PP (5)
Pi—l
AR, WEMEAR, P, N | NREE B
B, P, W5 i -1 MRARET SR,

14

TERE » SIHERKE D HXRHEL

Fig.9 Relationship curve between shear strength and sample length under different normal stress condition

POy 3R () 2 (AR LR UL R 10, & 10 P LA
EHLIEN S o 2.3 4 MPa i 3 FERSFE 11 m x
11 mx11 m ZJ5 ZEZRTE 10% LT, Hit,
EMBEA TR REV RSN 1T mx 11 mx 11 m,

40! —=— 2 MPabiBy 5
—<— 3 MPaffiBY 38 &
< 30} 4 MPafiBYsR E
= 201
el
ot
0 2 4 6 8 10 12 14 16 18 20

D/m

E10 EEETUEX
Fig. 10  Difference change rate

3.2 MERESHR TN
P JEE 42 28 J8OFT N 3R ) AR A R B 5 J32 1) o
ESH, BT LRASRIE R SN M08 58 B KA
BLRPEARFRIE SR AN [A] RO IR B 59 5 22 24k, |
WNEEHE R BN Ty, ARESRAG 09 N R R K e N
R I153 B H S R RS OC R WA 11,
HEL 11 FH, MR R B f AN R ) ¢ AR
PR, H AR [m] . N B AR S AR R K
D0 ~4 m RFZ R, B B T RUE R K
FER O ~6 mBf, NERT ¢ BTN, FE9 ~11 m B}
PN RSN, [FIRER 22 (022 Ao ok Ak i sl i)
/N DA R BAE REV IR bR, N BEHEE R %K
FRNET) ¢ A ILIE 10, HIE 10 7TH,
NEEE Z B fAEIAFER ST 6 m x6 m x6 m LU Y2
HAAL RN T 10% R, DN BESE R AL f I dE s



- 16 - S NS D A N - ¢

5556 4%

B REV R5FH6 mx6 mx6 m, WERIIEIRFER
S mx 11 mx 11 m 25 B3R A 22 (AR 1 R
INF10% , FIE VAN TT ¢ FAEFRAY REV ]RSF R
11 mx11 mx11 m, AW, PORRFEISECN IR 2
) REV RSTASS AR, Horb A4 4 23R 07 P JBE 452
RECR P REV RSF 2080k, N EE#: REEiR 3
FaE

LEG WP REV RSF | N BEHE R 5 REV
JOFA KW E T REV RSP, 88U 1T m x 11 m x
11 mfE A RBA AR BT VIR REV RST

20 12.0

160 * L taaaa s, 1.6
< 12 ° 1.2
(=¥
g ~
S 8 {0.8

4 ¢ 104

1 1 L 1 L 0
0 4 8 12 16 20
D/m

BE11l HNEZRHBSAEBEHcSHEAERKEDHNXFR
Fig. 11

Relationship between internal friction coefficient,

cohesion andsample length

3.3 EYISMRBXRENE

J TR IR 124 S B2 R SRR 2
[ 2 A5 A SRR, XA [ R SE ORI R 1 R Y
BB 5 LA K P 3R T R P JEE 4 R B0y i AT eR AR
e

L ARG AT R Proyss i N
T3 VA e P FEE 4 Z S R R ST =22 TR 77 R AR B R B
KF ., HTR R PR, 7 BB 5 B Y 4 B A LA
2 MPa 1ER 1 A5, PUBTsm g N R F1 DL N R AR
B IREE R ST 2Z a4 A A G 22 50050 0. 85,
0.89.0. 89, UGB EERAT, &l 12 ~ 14 PR, G
KZAHH

T =14.25 +10. 49 x0. 69" (6)

c=11.39 +12.25 x0. 64" (7)

1.42 +0.37 +3.67 x (0.013 = "*¥) D <3
T11.4240.37¢ PV ps3

(8)

Xfr NPIBYSRIE, c NNER I N EE R,
D Rk

FRAE DA U4 56 R aCnT 0, M3 AE RH# T8
I BUBYSRIE R S N R B ST A
TEAE, FF A RT3 2 238 ) 2 S 8056 BN R 2 1Y)
FFAE , UL IAIE T 55 P R %0 4 7 7 R RR A

KAXMEENE, I EHTHT5R RN RS 5 R
THRARBTH y =a +b x e KRB, Hi )y
PUBTOR L/ IR TT o AR Ja,b,c AHEL,

22¢
20!\’ o HEBME
— AL

18+

£ 16}

2 .

S 14} B e
12+ 7 =14.25+10.49%0.69”
10} R*>=0.85
8

é 1I0 1I2 1I4 1I6 1I8 2‘0
D/m
B 12 HESEE - SiEFEKED IE

Fig. 12 Fitting of shear strength and samplelength

0 2 4 6

20
o BERAME
18) °\. — WA
L, 16t ¢=11.39+12.25x0.64°
E 14l R>=0.89
< .
121 \'\ik\,,g.i -
10} ‘
8 1 1 1 1 1 L 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20

D/m

E13 ARHc SABEKED BE
Fig. 13 Fitting of cohesion and samplelength

2.0 o BUEBHME
. — WAL

1.6}

1.2
~ 1.42+2.37+3.67%(0.013-e %), D<3
08 f=
1.42+0.37¢"®3675) D>3
04r =089
0 2 4 6 8 10 12 14 16 18 20

D/m
EH14 HNEZER#HfFS5KEKEDNE

Fig. 14 Fitting of internal friction coefficient and samplelength

4 #

ARSC UL IS VTRA B 7K i ol UR S R M F 50 42
BTSRRI 1 PR = Y R 25 AR
AU PRC™ 2L 1A ) RS A 28028 1) o A 1 B A
ORI, I BTUIREIE ) B o7 T SR IR S5 A TR R
SRV, BB

1) WS XU AR R P BT 3 R 1 N
BB A R RON R RO A — 7 i
PR, ST 8 B | A 3R ) B RO A3 i
17T PR 4 2 R URE ST A8 R/



53

RBEIN, 45 ¢ FET = 4R R 255 ) A BT UL P RS 200 20 <17 -

2) BT 2EAH A A A E T BT D) ) 2 SR
ALFEE LA E REV RST, 25 R W BT 8y s & N
B NEEEREUN REV RS AR 582 —2, 5 R
[) A TR 73 30l 25 R R, SRy 22 4 UL, AR SC
LEETENITE X IUR E R BT RE REV RS R
Il mxIl mx11l m,

3) i AR 2 M 1 4005 23 B, S B BT 9
R N B R HCS AR R Z R (A 7E

BECRBOC Z 4R Je B o W98 IX RS S AR e By
SRES RS

5% ik

(1] EAE, FiF. HT =200 4% 00 2L BUE (R R AR ST IR AT 5T
[J]. H+0%, 2012, 33(12) : 3775
AN Yuhua, WANG Qing. Study on the unit body of fractured rock
mass representation based on three-dimensional fracture network[ J].
Geotechnical Mechanics, 2012, 33 (12) . 3775. DOI. 10. 16285/
j.rsm.2012.12.024

(21T A, TREUE, sREEI, 45, BARRIE AT RSB e 1)
BAEBAL )], A L TR, 2013, 35(6) : 1121
ZHU Wancheng, ZHANG Minsi, ZHANG Hongxun, et al.
Numerical simulation of determination of unit size of jointed rock
mass[ J]. Journal of Geotechnical Engineering, 2013, 35(6) : 1121

(3150, B5EIE, ALK, . LA MRAE ST 538 LR
FELI]. BT TR, 2005, 24(8) : 1355
LU Bo, GE Xiurun, ZHU Donglin, et al. Fractal geometry study of
jointed rock mass[J]. Journal of Rock Mechanics and Engineering,
2005, 24(8): 1355. DOI. 10. 3321/j. issn: 1000 - 6915. 2005.
08.013

[4] HUANG M, LIU D, HONG C, et al. Representative sample
sampling method for size effect experiment of jointed rock mass[J].
Geofluids, 2020, 2020 1. DOI. 10.1155/2020/8870387

[5]YANG T, LIU H Y, TANG C A. Scale effect in macroscopic
permeability of jointed rock mass using a coupled stress-damage-flow
method[ J ]. Engineering Geology, 2017, 228. 121. DOI. 10.
1016/j. enggeo. 2017.07. 009

[6 VIV, 1R W, A%, 5. ST EBoTmiHeR T HA AR
PR RSFRONFFE (1], TARJI%, 2015, 32(3) : 90
NI Haijiang, XU Weiya, SHI Anchi, et al. Study on the size effect
of equivalent elastic modulus of columnar jointed rock mass based on
discrete element[ J]. Engineering Mechanics, 2015, 32(3): 90.
DOI: 10.6052/]. issn. 1000 —4750.2013. 09. 0849

[7]LIU Y, WANG Q, CHEN J, et al. Determination of geometrical
REVs based on volumetric fracture intensity and statistical tests[ J].
Applied Sciences-Basel, 2018, 8 (5): 800. DOI. 10. 3390/
app8050800

[8]ZHAO M, SONG S, WANG F, et al. A method to interpret fracture
aperture of rock slope using adaptive shape and unmanned aerial
vehicle multi-angle nap-of-the-object photogrammetry[ J]. Journal of
Rock Mechanics and Geotechnical Engineering, 2023, 224 (23 ).
1674. DOI. 10.1016/]. jrmge. 2023.07.010

(91 EmEW], Hag, AR, 55 JLT =4E 24P R M A pa kR
TESRICIAMIE )], A 1% 5 TR 2R, 2013, 32(H T 2) .
3297

WANG Xiaoming, XIA Lu, ZHENG Yinhe, et al. Study on the unit
body of fractured rock mass based on three-dimensional fracture
connectivity[ J]. Journal of Rock Mechanics and Engineering, 2013,
32(Sup.2): 3297
[10]SONG S, SUN F, CHEN J, et al. Determination of RVE size based
on the 3D fracture persistence[ J ]. Quarterly Journal of Engineering
Geology and Hydrogeology, 2017, 50 (1) . 60. DOI. 10. 1007/
12205 -016 - 1223 -9
(111 E e, XInedE, THE. HETHRRE M E 2B R LA S
T[], St J1%, 2010, 31(12) ; 3991
XIA Lu, LIU Xiaofei, YU Qingchun. Determination of
representative unit of fractured rock mass based on the degree of
blockiness[ J]. Geotechnical Mechanics, 2010, 31 (12): 3991.
DOI: 10.16285/j. rsm. 2010. 12. 048
[12]5Kk3C, BREIT, 3T, 5. BT =48BI 251 ROD N 4L
BES AN M BEFE 1], &4 9128 5 TR AR, 2012, 31
(7). 1437
ZHANG Wen, CHEN Jianping, YUAN Xiaoqing, et al. Research
on size effect and space effect of RQD based on three-dimensional
fracture networ[ J]. Journal of Rock Mechanics and Engineering,
2012, 31(7): 1437. DOI; 10.3969/j. issn. 1000 — 6915. 2012.
07.017
[13]HUANG H, SHEN J, CHEN Q, et al. Estimation of REV for
fractured rock masses based on geological strength index [ J].
International Journal of Rock Mechanics and Mining Sciences,
2020, 126 1. DOI: 10.1016/j. ijrmms. 2019. 104179
[14]JCHEN Q, YIN T, NIU W, et al. Study of the geometrical size
effect of a fractured rock mass based on the modified blockiness
evaluation method[ J]. Arabian Journal of Geosciences, 2018, 11
(11):286. DOI; 10.1007/s12517 =018 —3645 -9
(151 WS, AR, RBUE AR ATTERM R IR, Sa )
5 TSR, 2005, 24 (8T 2) : 5686
XIANG Wenfei, ZHOU Chuangbing. Research progress of
characterizing unit body of fractured rock mass[ J]. Journal of Rock
Mechanics and Engineering, 2005,24( Sup.2) : 5686
[161Mr 55, M B, EHERNL SRR RN RSB0 1]. A+
2,2003, 24(HEF 1) . 47
YU Yong, XIAO Guoqiang, WANG Fagang. Size effect of
deformation modulus of rock mass[J]. Geotechnical Mechanics,
2003, 24 (Sup. 1) : 47. DOI: 10. 16285/j. rsm.2003. s1.012
[17]# L, R, 77K, 45 BT 3D STER A AR A ) et
TR A EHRT ] A7, 2023, 44 (38T 1)« 107
LUO Guoli, ZHANG Ke, QI Feifei, et al. A preliminary
investigation on the size effect and anisotropy of mechanical
properties of fractured rock body based on 3D printing [ J].
Geotechnics, 2023 ,44 (Sup. 1) 107. DOI; 10. 16285/j. rsm.
2022.0757
(181 AR, =K. IWERRIERICATR REV—a 122 240
BUER— N HEA R )], TR, 1999, 7(4) : 332
ZHOU Chuanbing, YU Sanda. On the representative elementary
volume of a rock mass, REV—a fundamental problem in the
valuation of mechanical parameters of a rock mass[ J]. Journal of
Engineering Geology, 1999, 7 (4): 332. DOI. 10. 3969/j. issn.
1004 —9665.1999. 04. 008
[I9]BRTLE, ¥, a0 s i, & RBUAWERE W %2805
(J]. Af % 5 TRAER, 2008, 27(8) : 1569



- 18 - ®oOROE Tk

5556 4%

CHEN Weizhong, YANG Jianping, ZOU Xide, et al. Study on
macroscopic mechanical parameters of fractured rock mass [ J].
Journal of Rock Mechanics and Engineering, 2008, 27(8) ; 1569.
DOI. 10.3321/j. issn: 1000 - 6915. 2008. 08. 005

[20 14 F, BRI, UK. RBa BB R RTINS 1 .
AHIRITIELI]. A1, 2011, 32(5) : 1538
YANG Jianping, CHEN Weizhong, DAI Yonghao. Study on size
effect of deformation modulus of fractured rock mass I: finite
element method [ J ]. Geotechnical Mechanics, 2011, 32 (5):
1538. DOI; 10.3969/j. issn. 1000 —7598.2011.05.039

[21 XV, A0k REV FI2E SO BERAL[ ], MR Tolk K2
2F4R%, 2009, 41(4) : 236.
LIU Chun. Numerical simulation of rock REV and mechanical
parameters[ J |. Journal of Harbin Institute of Technology, 2009,
41(4): 236. DOI: 10.3321/j. issn:0367 —6234.2009. 04. 055

[22] FEH5d, X4, Do, 5. BT B ORI 000 25 14 5 1A 2% 1) S 1
BUR - ECRME TR [)]. B A %5 TR, 2023,
42(3T 1) : 3266
WANG Peitao, LIU Cao, MA Chi, et al. Anisotropic Mohr-
Coulomb characterisation of rock body based on discrete fracture
network[ J ]. Journal of Rock Mechanics and Engineering, 2023,
42(Sup. 1) : 3266. DOI: 10.13722/j. cnki. jrme. 2022. 0627

(23 XL, ok, ERMEL, S BRI XA M iy o e 2
BOSHRORFFE[ 1], TREMLR A4, 2009, 17(3) : 367
LIU Shungui, CHI Yongxiang, WANG Sijing, et al. Study on size
effect of shear strength parameters of columnar jointed basalt[ J].
Journal of Engineering Geology, 2009, 17 (3): 367. DOI. 10.
3969/j. issn. 1004 - 9665.2009.03.014

[24 1 BREIF. =ML a0 5IRE[T]. TR
#iz, 2022, 30(1): 21
CHEN Jianping. Mechanical framework and prospect of rock mass
with three-dimensional network structure [ J ]. Journal of
Engineering Geology, 2022, 30(1) : 21. DOI. 10. 13544/j. cnki.
jeg.2021 - 0728

[25]SONG S, WANG Q, CHEN J, et al. Fuzzy C-means clustering
analysis based on quantum particle swarm optimization algorithm for
the grouping of rock discontinuity sets[ J]. KSCE Journal of Civil
Engineering, 2016, 21 (4). 1115. DOI. 10. 1007/s12205 -
016 —1223 -9

[26 1 BREIF. B IRBEHLAN ST = 24 M 45 B AR [T]. A+
TR, 2001, 23(4) : 397
CHEN Jianping. Numerical simulation technology of three-
dimensional network of random discontinuities in rock mass|[J].

Journal of Geotechnical Engineering, 2001, 23 (4). 397. DOI;

10.3321/j. issn:1000 —4548.2001. 04. 003

[27]KULATILAKE P, WU T H. Estimation of mean trace length of
discontinuities[ J]. Rock Mechanics and Rock Engineering, 1984,
17(4) . 215. DOI. 10.1007/BF01032335

[28 ]ODA M. Fabric tensor for discontinuous geological materials[ J].
Soils and Founations, 1982, 22(4) . 36

(291 Esk, Eise, TRIR, 4. Bk FRHA@E LT
SR EEUE )], R T K247, 2022, 54(8) ; 100
WANG Haoran, WANG Zhiliang, WANG Haochen, et al.
Strength, deformation and damage characteristics of marble under
true triaxial compression [ J ]. Journal of Harbin Institute of
Technology, 2022, 54(8) . 100. DOI. 10.11918/202110065

(30125, THRME, 20, 45, BTODGIE T BEA b Bk« JE 1E
WEA WHLELBE S (J/OL]. T8 1%, 2023 1(2023-03-
27). http://kns. cnki. net/kems/detail/11. 2595. 03. 20230325.
1855.002. html
CHENG Yi, DING Yaosheng, LI Songling, et al. Study on the
mechanism of “abnormal overlap” of particles in discrete element
smooth-joint model[ J/OL]. Engineering Mechanics, 2023 ; 1(2023-03-
27). http://kns. cnki. net/kems/detail/11. 2595. 03. 20230325.
1855.002. html

[3L1BME K, B2Ear, mlf, 3. RSB R RE A5 A5
BOTERI AR )], R 5% 4 TR, 2023, 40(1) .
164
YIN Pengfei, YANG Shengqi, GAO Feng, et al. Application of
different joint models in discrete element simulation of layered
composite rocks [ J]. Journal of Mining and Safety Engineering,
2023, 40(1): 164. DOI. 10.13545/]. cnki. jmse. 2021. 0706

[32] T/, AR, EhXORE. i TR0k it 25 (B e 1) o BB
REEWHFE[)]. AL Ji%, 2011, 32(4) : 1211
YIN Xiaotao, ZHENG Yana, MA Shuangke. Study of inner scale
ratio of rock and soil material based on numerical tests of paritical
flow code[ J]. Geotechnical Mechanics, 2011, 323 (4) . 1211.
DOI;10. 16285/j. rsm. 2011.04.017

[33 )76 M8, MFE B, T, . ORI B TS A R R Y 50k R
BOMBTSEL )], H 1%, 2018, 39(12) ; 4642
SU Hui, YANG Jiagi, HU Baowen, et al. Study of partical size
effect of rock model based on partical discrete element method[ ] ].
Geotechnical Mechanics, 2018, 39(12) : 4642. DOI. 10. 16285/
j. rsm. 2017. 0945

[34]ZHOU Z, SUN J, LAL Y, et al. Study on size effect of jointed rock
mass and influencing factors of the REV size based on the SRM
method [ J]. Tunnelling and Underground Space Technology, 2022,
127(9) . 1. DOIL; 10. 1016/j. tust. 2022. 104613



