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Analysis of fracture strength of rock mass considering fissure
additional water pressure

LI Dong-qi, LI Zong-li, LU Cong-cong
(College of Water Resources and Architectural Engineering, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: Disturbance induced by the construction of dams, tunnels and other engineering activities occurs in the surrounding rock
mass and causes additional water pressure in the water of rock mass fracture. Thus, the unstable rock fracture propagates along the
fissured surface under the disturbance load and fissure additional water pressure. Firstly, an analytical expression of fissure additional
water pressure caused by the disturbing load is derived based on the inclusion theory, which is verified by numerical analysing. Then
variation regularity of fissure additional water pressure is analysed under different rock mechanical properties, fracture shapes and
inclination angles. Secondly, considering the influence of fissure additional water pressure, an analytical formula of fracture strength
of rock mass is deduced by using the compressive shear fracture criterion. Finally, the effect of fissure additional water pressure on
fracture strength is further investigated with an example. The results show that fissure additional water pressure reduces the fracture
strength and increases the inclination angle range of fracture failure, which makes the rock mass more prone to hydraulic fracturing
along the fissured surface. In addition, rock elastic modulus, fracture shape coefficient and inclination angle can have a significant
influence on the additional water pressure. The fracture strength of rock mass increases with the increase of rock elastic modulus and
fracture shape coefficient, and its increasing trend is more significant with the increase of fracture inclination angle.
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Table 1 Comparison of fissure additional water pressure
between analytical method and FEM

q/ MPa

B/ ) WRZE/ %
L 1T IR ICH
0 4.687 4717 0.640
30 14.062 14.128 0.469
45 23.436 25.337 8.111
60 32.811 31772 -3.167
90 42.185 42,011 -0.412

4.2 ZERFINKH 2Rk AR

il (100 573, ZLEHINK P2 far 2k (1
HOKMER, B A BIE KN, AT
FUIL A 2 B ZEBR N K s 52 m, B o, =
50 MPa, ¢=1. BEC0AAMNIIERREREAT 04T
FRPE KB R A0 a S WA A (A
BTG, 5 EBL20~200 GPa, 23H7 24858 i
Iz Fs 1R AR A A

Pl 4 A 2R BB N 7K s Bt 25 e A 114 2 A
gk, MEIHRTLUE H, ZEBREHINZK Bt e A

PERSREROHOR T I o BEA AT SRR (R
HWAEPLE AT EAE N AT, B R KK AR
FEsAN, BRI ) o

50

—— a=30
—a— a=45
L —— a=60°
v w
< 30F
o
=
s 50l M
ol M
0 1 1 1 1 )
0 40 80 120 160 200

E/ GPa

B4 AR E BRI R R
Fig.4 Influence of rock elastic modulus on fissure
additional water pressure

Fok, RERGEREAT 00T, X REBIBARE T
¢ B 0.001~0.010, 7342885 B 7K Hs PR AR A B AEE o

5 AL B in 7K s Bl 4 BT TR P 22 £ A i
2o MR LIE 2B B oK s b AE 2EUEAR
PR Rk o MR A, ZLRURAR B
SR IOF: NI E S8 N i S e S A
Jy¥E, B AR AS TR, T R BB 0
IR o

50 - —— a=30"
—a— =45
¢ < < —— a=60
40 | —— a=90°
< 30F ¥
¥
= A
= 20

10

0 L L L L )
0.000  0.002 0.004 0.006 0.008 0.010
4

B 5 BRI RBRAN DK B B e
Fig.5 Influence of fracture shape on the fissure
additional water pressure

Jihh, K 405 FET g, BRI K
(Kasmi, FEAHIRI KA A s B MRS, 2
BT, BINZK B AR A 5
4.3 ZRKR YA HS o A Wi 4 B 1Y)

3 IR AN RS R BN K P PR e AR BT 2R i
7 RS AR I TN A Hs (105 1A 268 2 b 15 DL EA T 20
Wt SRR BB AN K o) A 2R i B8 PR S

Kl 6 o i BB B BT A AR A 2. AT



59

AR G IE RN N A S PR AR T iR L 23K 3179

TRILVEH, BAEEREI KR, AR
B o g 6.3° ~28.1° YU N R AWIBIR, 7F
HABJE IR A E A B S BR, HYa=17.2° I,
o, =134.5 MPa, %08 E R AR R I IR, 2
AR T IR BRTHT RAS R I U ) o T 4% LR R
BRI, A RYEa h 3.4° ~81.4° Ju P kE
W 2L IR , 78 HARYE B AR A A H SR, H
a=42.4° I}, o,=37.2MPa, % AR K E
VER R AR R R AR AR, OIS S AR it a2t
NTEATREE

—A— R BN K He (R A
—o— N LGB K He F) A Aot e

0 1I5 3I0 4I5 6I0 7I 5 9I0
al(®)
B 6 BURHIAHT & AT BRI

Fig.6 Influence of additional water pressure on fracture
strength of rock mass

LT AR, A AR B B K e e T
AR T I E R RIR A, M 7 6.3° ~28.1
° YR DY, ZEBRE K R B T A R s
Mo fF 3.4° ~6.3° 1 28.1° ~81.4° JGHEINK,
BB K e T A AR E S, t sk A
H SHEIR AR R VR BRI T 2R o 2B B bk s e
I T A AR R FL3E K T 25 A A A W R 11
PN P P =g AN MEE ST S/ E
4.4 FHRBMEEE. AR SR A XA A

BERZW

FATEASTE . ZABUEAR LA e SRR A 5
M) 28 5T B 7 s T 50 2 A T 2R i 5 ] 6 T,
a0, 907 I, AR AENRMEIN, B}
a BL 10° . 30° . 45° . 60° . 80° , XfEHL 20~
200 GPa, X} ¢ HX 0.001~0.010, 43 H7 A7 bR
eV 2N E N ViR PR UNGTE T NP AL TS

M 7. 8 FLLE t, 5 PRIk 2 B A s
Bt ZEBURR AL L5 BB K s 1) A2 4k
AR, 5 1AW 245 32 I A A o A R 2R
FEAR IR 7 IR R o 3K A2 DR g Bl 2 A e A

AR BURARE 7 K, BRI E s/, A
17 B T 2B BN A e X AR B R T, S ECS
(ERGTEATIERE DN

240

200 —=— a=10°
—— a=30°
o 160 | —a— a=45"°
=] —— a=60°
Z 120} —— a=80°
&
80 |
40

160 200

0 4I0 8IO 1 I20
E/ GPa
B 7 AR S ARG

Fig.7 Influence of rock elastic modulus on fracture
strength of rock mass

—a— a=10°

180 —o— a=30°

—a— a=45"°
150F o a=60°
120 b —— a=80°
90

o

30 1 1 1 1 1
0.000  0.002 0.004 0.006 0.008 0.010

¢
B8 RN A BRI M

Fig.8 Influence of fracture shape on fracture
strength of rock mass

CT]/MPa

AN, IWE 7. 8 FIER LA H, AR
AR RBRIEAR T, BERBR M 3R, A
AW Z4sR BE R el B . il 7 FoR, BEE S A
PPER R R G, AN R R A 1 A W 5 i A
PRSI S, B 45T 10° F 60°
BRI 2 T 30° F145° (SO0 A FT s e T,
LU R RS T 20 GPa N, BRI T
45° K 60° (1925 VR WAL 0 5 1 23 ) LU 2R Bl 11 551
30° F110° A R A, (R RE 7 S A
HINHER, MBRASET 45° F160° [FF R Wid o0
JERRTCR P, MR ST 80° I, B A
AT I, AR TR R T K, H
AR BE AR, AR R AR R R R A
FH SR,

5 4w

(1) IR BIEHE S M s g 2P 5 12 (154



3180 b +

71

2 2018 4F

BB A R IR AR 5, I U AT AT B0 0E
ZLBR BN I KN 5 A7 1 2 T A BB T
PR BRI LR BATEA K. UAKE
FANSIENE LA e i, SRR K H B 2 A7 5
R8I BT I NI By N T/ 4 N = I B3
FIIRER, BN R I8/ B 4 J

(2) I F R BY T4 vk 4 S 2 ES SRR B in 7K
PR A W it R T 5o SRR PR K R AR T 2
PRWT LR, 1T HI KT 25 A R A I 2R ¥ Bl
e N M T S E o

(3) VAT 2R i 3 A e P A R L BT R
P ERp DN(Tp: 7N i E- 23S e G N =R N
L0 R A . AR AT B IR A 1B
3B M AR B IR e LA S AR T 2450 B i, 56
Pk REL ¢ I HUELE T O — BT . TR e
B, AR IR URE SO B L BRI RS R TR S B AT T
ST, W15 2 42BN RS A T A 1E )i 4t
TAER I RE.

2 % 3 MR

(1] BeSRus, Ty, XIZRM. A0S TRM] bt
R AL, 2002.

CAI Mei-feng, HE Man-chao, LIU Dong-yan. Rock
mechanics and engineering[M]. Beijing: Science Press,
2002.

2] A, B, VRRER, . KB AR BARR
LN R[], A Ji 2%, 2016, 37(10): 3003 —
3010.

SHI Lu-yang, LI Jian, XU Xiao-rui, et al. Influence of
hydraulic fracturing on natural fracture in rock mass[J].
Rock and Soil Mechanics, 2016, 37(10): 3003—3010.

B]1 KRELE, WIE. REUKEXEAEAREREZmI]. a0
22,2000, 21(1): 64—67.

ZHU Zhen-de, HU Ding. The effect of fissure water
pressure on rock mass strength[J]. Rock and Soil

Mechanics, 2000, 21(1): 64—67.

[4] IS, SRIORE, EVE. KPR AR B T ]

FAT 5 TRE2AAR, 2003, 228 1): 2154—2158.
TANG Lian-sheng, ZHANG Peng-cheng, WANG Yang.
On fracture strength of rocks with cracks under water
pressure and chemical damage[J]. Chinese Journal of
Rock Mechanics and Engineering, 2003, 22(Supp.1):
2154—2158.

(5]  AoMl, sKZE, AR, 55 A REUK IR
S SRR A 1%, 2005, 26(8): 1216 —

(6]

(]

[10]

(11]

[12]

1220.

LING Zong-li, ZHANG Hong-chao, REN Qing-wen, et al.
Analysis of hydraulic fracturing and calculation of critical
internal water pressure of rock fracture[J]. Rock and Soil
Mechanics, 2005, 26(8): 1216 —1220.

REAx S, B, MR K. S KSRER R K LR ) BRI
IKIIBEZ M), A )15 5 TR, 2005, 24(7):
1226—1230.

SHENG Jin-chang, ZHAO Jian, SU Bao-yu. Analysis of
hydraulic fracturing in hydraulic tunnels under high water
pressure[J]. Chinese Journal of Rock Mechanics and
Engineering, 2005, 24(7): 1226—1230.

RRE, H W, B, K CLBER A RAT R K
FERERTARD). 012, 2012, 33(8): 2429—2436.

BIAN Kang, XIAO Ming, HU Tian-qing. Analytical
solutions of critical water pressure when cracks
propagating in surrounding rock of hydraulic tunnel[J].
Rock and Soil Mechanics, 2012, 33(8): 2429—2436.
INAE, SR, R ARK ) B R LR D). At
J1%#, 2004, 25(2): 330—336.

XIE Xing-hua, SU Bao-yu. A review of fracture rock
hydraulic Rock and Soil
Mechanics, 2004, 25(2): 330—336.

SR, AR, XA, 5. HIBRGUK A AT
BYRA RRITILI]. A 1%, 2011, 3208 T) 1):
297—302.

DENG Hua-feng, LI Jian-lin, LIU Jie, et al. Research on

fracturing research[J].

propagation of compression shear fracture in rocks
considering fissure water pressure[J]. Rock and Soil
Mechanics, 2011, 32(Supp.1): 297 —302.
SHAFIRO B, KACHANOV M. Materials with
fluid-filled pores of various shapes: effective elastic
properties and  fluid  pressure  polarization[J].
International Journal of Solids and Structures, 1997,
34(27): 3517—3540

KACHANOV M, TSUKROV I, SHAFIRO B. Effective
moduli of solids with cavities of various shapes[J].
Applied Mechanics Reviews, 1994, 47(1): S151—S174
ey, XUk AR, WEPEADRH S BT (0], KRR,
1982, (7): 63—69.

ZHOU Qun-li, LIU Ge-fei. Compressive shear fracture of
brittle material[J]. Journal of Hydraulic Engineering,

1982, (7): 63—69.

FEEEE 3194 T



