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Abstract: This study presents a 3D rough fracture grouting model on an engineering scale, specifically
investigating the diffusion mechanism of slurry under different fracture surface roughness, openness, grouting

pressure, fracture inclination, and slurry viscosity in fractured rock bodies. Using the software COMSOL
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Multiphysics, the study examines the slurry flow law within the fractures. It is observed that the profile of the
slurry diffusion surface is influenced by the roughness of the fracture surface. A rough fracture surface hinders
slurry diffusion and is a key cause of anisotropy in slurry diffusion. Furthermore, a quadratic polynomial
relationship is identified between the grouting rate and the degree of opening. Large fracture opening results in
smaller losses in grouting rate. Injection pressure is found to weakly affect the slurry diffusion profile, mainly
changing the diffusion radius of the slurry. There is a positive correlation between injection pressure and diffusion
radius, with a quadratic polynomial relationship with injection rate. Higher injection pressure leads to lower loss
in injection rate. The effect of slurry viscosity on the slurry diffusion pattern depends on the range of viscosities,
primarily changing the range of slurry diffusion. This study sheds light on the slurry diffusion pattern in rough
fissures and provides a theoretical basis for grouting prediction and management in extraction area.
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Fig.1 Rough fracture surface with different H values
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Fig.3 Construction of a rough single fracture
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Fig. 4 Rough single crack grouting model
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Table 1 Rheological equation and flow mode of grout
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Table 2 Rheological equation of cement grout with different water cement ratios
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Fig.5 Grout expansion in rough cracks with different H values
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Fig. 6 Serous distribution of single fracture with different H values at different times
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Fig.7 Contour maps of slurry pressure for fractures with different H values at different times
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Fig. 8 Curves of grouting rate and grout diffusion radius under different roughness values
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Fig. 9 Relationship between grouting rate and H value at different grouting stages
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Fig. 10 Velocity distribution at each transversal under different roughness values

22 FEXMERT BHZME

TR L BUMURE BE S H = 0.5, FE 2K J1 Pl 0.2 MPa, K JK H w/e h 1, ZEBRABUf 0 0°, AL M0 78 24 BT 13, F
FABRIFEE D A HE Y B . S TSR R ORI LS AL R B 2R S 8 mo Y LY
B IR B3 A 2 VR R TR 7 25l R IR R AT 20 b7, A IR L1~ J81 12 B o fl I 10 ] 230, 0 3 T 7 RO A B A
A T3] B Z00 AN (] 3 4 B S8 T A 7 B5CRS JE R AH ), JERE ) £ = 15 s BF, R B2 2.5 mm (9 22 B 0 SR AR B 5
FEEE Sy 1.5 mm (4 5 9 T8 58 B DA B 1 mom 9 VT A % S AT R ] o (FL SR B B AR SRR R T BICE AR EOR
FEE S S AR N 6] TF B2 4B b R BT A A 22 R, AT UL R B T R T SRV T R S O R B S e A L (H R
X S WA R

B2 4R TR 20, R 6 F B2 2B 0 SR S or A . S5 SRR R I B B (1= 5 s) , 24 BRIT B
TR, I T3 1 43 A5 S B B T SR R O AT NI ) SR g S (R R O A SN A A, S ] ¢ =
25 s flt =50 si, JF 8 D= 1.0 mm B, J F7 S5 (26 3 A5 bk D= 3.0 mm B 50 25 45 | 4 BT J3 /N, SRV ok
PRIME , AR iR . T 11 SR, R 7 45 (2 52 BN A0 ) [, 4 B BB /N | S 2R T RS 0 . R it
SEAH LRIE AR5 2B T P R 2 B 3R DR RS 85 120 RE OC | 4 B O B R R R 3R T B R ) AR LR TR IR
] T B0 ) BRI 5 i =2, R 0 S5 (B 26 T R B AN )

B13 25 T 78 2% 3 B v S [) F 38 SR8 B 1) ¥ 2 0 5% o o) 1) A8 il 4 o W 2 YO0 o T 1sF ) 2 47 AR 4315 3
IR RO Y Sk AR b ] A AR A il 2R IR 13 B SRR TR . S5 IR R RN TR T R B K 0
Jab T YA S AT 23R S ] ) A TR A [, 349 7 T SR IO e R b 3k B R (R, PR R TR AR, e B TR
R ) JF B 1) S Bt A 5 10 A 0 ol 3 e (R 2 0 R, A i i el R o, e Sk A i 28 o P JRE 174 38 R i
K, D, =3.0 mm B, V5 5 I (E B K, 759.53 L/min, J& D, = 2.5 mm B {3 3¢ UK 19 1.454% , /& D, = 2.0 mm
A IR R 1 239 4%, & D, = 1.5 mm B A9 4.8 1%, & D, = 1.0 mm B () 14.73 % . TSR0, B D, =
1.0 mm [ 7 3¢ 3 R AR T 47.85%, JF B D, = 1.5 mm {9 13 3 8 R KK T 38.98%, JF ¥ D, = 2.0 mm [ FFEAK T



% 4 KOV R R B AR B P R R R 75

30.22%,D,= 2.5 mm [ FFEAL T 22.64%, D, = 3.0 mm [ FEME T 16.47% , K bt , 24 B FF BE 00K, 73 ¢ ok i v v 3K
SURENIUE PRy

1.0
5s
0.9
0.8
0.7
0.6
25s
0.5
0.4
0.3
0.2
50s
0.1
0.0
Dr=1'0 mm Df=1.5 mm Df=2.0 mm Df=2.5 mm Df=3.0 mm
11 AEHEFEMNERT#SHEE
Fig. 11 Cloud image of slurry diffusion distribution at different fracture apertures
MPa
5s
0.20
0.15
25s
0.10
0.05
50s
0

D=1.0 mm D=1.5 mm D=2.0 mm D=2.5 mm D=3.0 mm
12 AERBEFAERBEEHNEEEZE

Fig. 12 Contour map of slurry pressure at different fracture apertures
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Fig. 15 Velocity distribution at each transversal position with different fracture apertures
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Fig. 20 Velocity distribution on each cut line under different grouting pressures
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Fig. 25 Velocity distribution on each section line at different fracture angles
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radius in fractures with different grout viscosities grout viscosity at different grouting stages
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Fig. 30 Velocity distribution on each section line with different water-cement ratios
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