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Influence of joints set with different dip angles and anchorage
effect on rock mass behaviour

WANG Wen, ZHU Wei-shen, MA Hai-ping, ZHANG Lei

(Geotechnical and Structural Engineering Research Center, Shandong University, Jinan 250061, China)

Abstract: Using DDARF (discontinuous deformation analysis for rock failure) method, the uniaxial and biaxial compression
experiments of double-fractured rock mass are numerically investigated. Influences of fracture angle and lateral stress on behaviour
of rock mass are studied and the corresponding stress-strain relationship curves are analyzed. Moreover, crack initiation stress and the
peak strength of specimens are obtained. In the biaxial compression experiments of double-fractured rock mass, strength envelopes of
45° fractured specimen under different lateral pressures are obtained. Using DDARF mothod, the axial load-displacement curves and
crack propagation for four kinds of specimens with different anchor angles are obtained, which can simulate the anchorage effect on
fractured rock. The simulation results and the previous splitting tests under similar conditions agree well with each other. The
parameters obtained from biaxial compression experiment are used in a practical engineering example; and the differences of damage
state between intact rock mass and fracture rock mass are analyzed after excavation of underground cavern by means of the
equivalent mechanical character. At the last, the DDARF method is adopted to analyze the stability of an underground cavern with
four groups of random joints; and then crack propagation process of jointed rock mass around the cavern are obtained. Besides, the
effect of anchor on fractured rock mass are studied through monitoring the displacements of the key points.
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Fig.1 Double-fracture layout diagram
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Table 1 Mechanical parameters of the blocks and joints
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/(kN/m®)  /GPa T MPa /MPa /()
Yedk 25.0 10 0.25
MEAU T B 3.5 5.6 30
LY 0 0 30
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Fig.2 Crack propagation process (a =45°)
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Fig.3 Crack propagation process in test
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Fig.4 Stress-strain curves under uniaxial

compression (a =45°)
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Table 2  Stresses of different fractured specimens
under uniaxial compression

B W R /% FSE IV o /% L))
/(°) /MPa /MPa /MPa
0 13.00 99.85 9.61 88.96 11.70
30 9.12 69.85 6.87 63.65 6.87
45 7.61 5827 4.00 37.08 3.78
60 8.68 66.43 5.98 55.34 6.44
90 12.50 96.30 7.27 67.29 12.58
SERAA 13.06 10.80
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Table 3 Peak strengths of fractured specimens
e Hs g /470 s AN TFI 2L A IR SR (i 58 ) /M Pa

/% a=30° o =45° o =60°
0 9.12 7.16 8.68
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15 15.90 1542 16.95
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Fig.5 Peak strengths of specimens with
different fracture angles
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Fig.6 Fitting strength envelope of specimens with 45°
degree of fracture angle
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Fig.7 Axial load-displacement curves
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Fig.8 Propagation process for fractures
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Fig.9 Anchor bolt, fissure materials and
splitting test device
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Table 4 Peak strengths of anchor specimens

B AEE/C ) RIRAR/KN  BRIER/AN EIRE/ %
30 20.10 18.69 7.01
45 20.23 21.87 8.11
70 19.82 20.06 1.21
85 19.41 18.21 6.18
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Fig.12 Plastic zone for jointed rock mass
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Table 5 Mechanical parameters of Table 6 Comparison of displacements of
rock mass and joints key points after excavation
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Fig.16 Displacements of key points

4.2.3 HIARBY LR

TS TR R e ] PR 2Rt e o e ]
17 Jrzn: JoHIR 200 A o AE T U 4Bt 28
Jo AR LR AN B IE, B S I S s R
Bt (H 247 S 5 Bl LB 2B, 2B
RGNS o S, I ) Y B R AR AT e
S il & R E .

(b) FFZH 45

B 17 AT R
Fig.17 Crack propagation process of surrounding
rock of the carven

5 4 @

(1) K F] DDARF 7387 5 1ERT TR B 52
JEJE W - NAR G R, L ih & BAT LR 21 4
MrBetE, 5—cna 12R 5 4 A B TE R S
Fefbho RN Iy 2R e 52 40 A RE R e B X,
DA 5 i 2R A P K S IV A AR, R
FJER 4501 B/

(2) NEMBUA AR SZ I, 2B i s i
BN T I O, VAL 5 8 B A 00 s PR T
BHK, —w A& PR m AT DL . 2R A
JEE Ay 45O AR B (10 e i 5 A B AR 1 o

(3) {EBEZLRK, Wil DDARF A{EHHl L
& ARG HEAT X LA 21 1) ar 20— % 1 28 11 Ve 1 53t
JERE 2, IR BRI R AR 5 R



53 +

SCAS s ARV 5 2R ] 25 o) o (AR P ) 5

893

2k i EE

(4) IR B PRI BAE USRS o 2%

LTS o o MWHUE, LN T—ANh
N AR R MR S BOE LN T T T VE S
13 3] 22 SR PRI F PRI A0 DX L S A AT = 1
AR 2.5 /2 b

(5) BEALA R 4 AUERBCA PRI S ) B N

HE)E, B U i A b i Ay
(EHS LEJC B SCH I LR R/, MR BE N 5%~
20%, FHERT UL, BT 0 B 1 R s, R
B T A T o P Y IR

(2]

[3]

[4]

(3]

[7]

2 % 3 MR

SHI G H. Discontinuous deformation analysis—a new
numerical model for the statics and dynamics of block
system[D]. Berkeley: University of California, 1988.
ATHRAE . PR R G0 0 A 2 AR T B 3 BT 5 VA M.
RS, bt B, 1993,

CHANG T C. Nonlinear dynamic discontinuous
deformation analysis with finite element meshed block
systems[D]. Berkeley: University of California, 1994.
LN, S YEARES AR TR M T A TS [D]. s
I RRE BB 12 E WU, 2000.

AR, SRR, R S EERE AT
DDA & [J]. AL TR, 2000, 22(6): 727 —
730.

CHENG Rong-ming, ZHANG Yong-hui , WANG Ke-jun .
Coupling of FEM and DDA method [J]. Chinese Journal
of Geotechnical Engineering, 2000, 22(6): 727—730.
MACLAUGHLIN M M, SITAR N, DOOLIN D M, et al.
Investigation of slope

stability kinematics using

discontinuous deformation analysis[J]. International
Journal of Rock Mechanics and Mining Sciences, 2001,
38(6): 753—762.

HH. ZHEARIESATE M 5 A IRTH & AT ST [D).
R KIEB TR, 2001.

BRiE, T W, WRIEE, 5. DDA {ES b iisc it
NHUCR T LR AT SRR 7 R 0 N RIS
A S TR, 2006, 25(1): 1—8.

WU Ai-qing, DING Xiu-li, CHEN Sheng-hong, et al.
Researches on deformation and failure characteristics of
an underground powerhouse with complicated geological

conditions by DDA method[J]. Chinese Journal of Rock
Mechanics and Engineering, 2006, 25(1): 1 —8.

(]

[10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

KB, A, ARG N A ARABEL Rl VA Dedk
BT[], A J1%, 2008, 29(1): 119—124.
MA Yong-zheng, ZHENG Hong, LI Chun-guang.
Applying natural neighbor interpolation to discontinuous
deformation analysis of block system[J]. Rock and Soil
Mechanics, 2008, 29(1): 119—124.
LM, FAE. A TRAESEA IR ik S
FTIB). A4 1% 5 TRER, 2007, 26(10): 2014
—2026.
JIANG Qing-hui, ZHOU Chuang-bing. Some issues in
discontinuous deformation analysis for geotechnical
engineering[J]. Chinese Journal of Rock Mechanics
and Engineering, 2007, 26(10): 2014—2026.
M. FeT DDA [RRBUA K RS G HEFE[D]. F
i K, 2010.
R, KHEW, XPRA, 55 AR T /T ik
BRG], A0 aE 5 TR R, 2007,
26(4): 682—691.
JIAO Yu-yong, ZHANG Xiu-li, LIU Quan-sheng, et al.
Simulation of rock crack propagation using discontinuous
deformation analysis[J]. Chinese Journal of Rock
Mechanics and Engineering, 2007, 26(4): 682—691.
SR W I8 B A A o e 1) B 7 B T R AT
FUD]. BB EBEABE DU TR, 2007.
SR, SR, MR, 55 MKt DDA J7iAH
WA BBEERGEVE]. 0%, 2007, 28(8): 1710
—1714.
ZHANG Xiu-li, JIAO Yu-yong, LIU Quan-sheng, et al.
Modeling of stability of a highway tunnel by using
improved DDA method[J]. Rock and Soil Mechanics,
2007, 28(8): 1710—1714.
LR, KA, FEF. BHITT LA BB e R
DDARF J5i£[M]. dbst: Bhez ik, 2010.
ARUE, BRILE, W MEBRSE R K W
FLTPERHITTIE[I]. AT 22224, 1998, 19(4): 355—
360.
ZHU Wei-shen, CHEN Wei-zhong, SHEN Jin. Simulation
experiment and fracture mechanism study on propagation
of echelon pattern cracks[J]. Chinese Journal of Solid
Mechanics, 1998, 19(4): 355—360.

K7 BT D] o 2 B A ) 27 P RE S M 11 % A
A HT[D]. Brrg: 1AK%, 2009.



