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Abstract: In order to study the diffusion mechanism of grouting materials in geotechnical and
mining engineering, the rheological properties of three types of cement-based slurries under five
water-cement ratios were analyzed. Based on the time-dependent viscosity of the slurry and the
characteristics of fractured rock masses, a theoretical calculation model for grouting slurry
diffusion was established to elucidate the diffusion mechanisms of different cement-based
slurries. The results indicate that the slurry of the nano-silica sol composite system has a
relatively low density (1. 25~1. 35 g/cm’) and high fluidity (260~425 mm). The slag—fly ash and
graphene oxide composite systems exhibit low bleeding rates (< 30%) and good stability. The
viscosity of the slurry demonstrates time-dependent characteristics, with a fitting function (7(f)=
n,+k,e*). Time-dependent characteristics weakens as the water-cement ratio increases. The
diffusion radii of the three slurries are obtained through computational procedures, revealing that
grouting pressure, slurry type, and water-cement ratio collectively influence the diffusion. Under
the same diffusion distance, grouting pressure is positively correlated with the time-dependent
viscosity characteristics. The graphene oxide composite system requires the least grouting
pressure at a given distance, making it easier to diffuse.

Key words: fractured rock mass; grouting slurry; water-cement ratio; rheological property;
diffusion radius

FERBARE T TRPEZEQPF T Z—, 2 s I8 8 i i DL T 45

Wi HHEE: 2024-05-15

HEETIE: FRARREEES YT H (52204089,52374082,52174070) 5 HE 4 J5 Rl2# 5 4: % B H (2022M720680) ; i1 T4
B AR R4 e BT H (2024BSBA21).

EERN: 2E8:(1978—) B 1L TRAMH N ARAC R 2302, A S0l s XIHEER (1981—) 3B IR EN , RICR =842, 1+
A S0



%12 4

ZE2E RBIKRA KR AR RATHEL T HKpLE 105

Fa B3 7K, %k T P bt T 23 ] A AR M AN e vk L
AR A Rk 5 DA I =K
FEEIIVE T A2 24 sl R s kb Bl S
TE B A B MK 5 T8 8 0 [ %) 33 2, DA i b o
Rt e ERURERE . Bar TR A E
KA B AE oK P FE SR AWk i 15K
Bh IR SR B SRR B R kL2 K e
FORHEA AL G P 5R E A IR L
PRI SRR, S H AT R T Z TR AR 2
— A Y K e B OB E AR AR M 2% R
BAR HE LAVE A G/ NS4 4 S i o DRI, A
KU HEHRH LA |, T HOB R AR T RN
A BE R R S T N Ah 2= B BT A A

b QKRB SR G R S A R T B PR
PRSI . G & e B A L g A 7 43 R Tl [
JB , i o 1 2 e 5 ) b 5 K R TS e R R
A Sk —Fob 30 78 ) I 1 2 € TO ML M 5 4 R 2
SR IS A BB AR T B i IR A R
pyPERE, W& T -IE - A B REWIKR T
WEE T L RIBIK A Py R AP 2 7 A I R] A X
B B MEHOIE A ; Zhang 558 & 1 156 #2408
JE K (MFA) | 40 K i 35 e (NS) T i 2108 7K 5]
(SP) AR 4R 7K PE BT, WE 9T 1 AN [R] Sl X
A RHR AR R R ) 2R R L AR LA SR A
EAE L S P 7 27 PERE R = %) LE 3 T RRURD
AT SO B A RO K R R E A A
B HEGR NG Gao S5 L B Tl g A b
A1 S5 T — 5 = Wk R AT DL A S A )
H I FR A3 7K U8, B AR I AR ) 3t A (] i i — 25
B OB T Bl M RE AN ) 2EPEBE ; Ling 5538 1
TEIK Y FEIR WL 48 A A8 Al AT 55 05 08 I 1Y) Kk
AVERE RN ZW 1 20 B, 25 R W S A A 2506 1Y
B S 1 R S Y — 2 4 A AR R B
IKFS RIRFEAR , H A A 3800 RE 3 R Y 38
PERHEE . R AR SCES & TR SRR SO Tk £
BN Ve EE S A RIS IR5E T 0 i -k Mt
JK (slag—fly ash, SF) 48 {t.f1 554 (graphene oxide,
GO) VU S KA VS e 3 3 oo 70 2 €00 22 55 A LX)
I USRI BRAN S 2 R A B s AR ]

KU F5 I ) I 7 AR o BT K
R I Ty Bt (R 4 E S, R K
WA P EORE Y Y 48 4% 14 . Zhao FFM L) CS
(cement-sodium silicate) 3¢ i N S A , 7 75 JE LT
ARREE TR BESE T IR AL SO R S8
[ B 28 AR AL R e T /KK HE S5 L L S50

N B IE R 5 B SCZE AR SRR T LI
AR SRR I AR R AT B s B R R A
TR R SO B AR YERE R TR E
) IS A8 PE R, 8 N7 T AR R R T IR RO
I ; Zhang %52 3 F 25 B0 1, WF5E T K e -
IK B B AE AR L R BB R IR T
FLAE AR N (R Bh 4 HIUCRAAE .

[, H T 2B A N T 2R R B O BT
UL, X T2 SOUL B A i o, e HJR O sl ad R
FY ) YL A3 A AREAE R0 AR R B S T ) B g3
ATRRAE LA B D) 3 A i 258 o A 30 5 e
A —E 1 JR B, BB D 3 IR e
HEF 5T F B . Hao X B A Wy P — 24
WY BT T AL, A ST A A B AL T
AT HER E REWERFE P HUES s
HI VA A1 3 4047 5 Crandall 550K 72 L RE
Ji 2% 5 38 12 Navier—Stokes ZU{E #5784 1 5 1) 24
Bl A5 S e FR Ak, ST T B LA 45 A4 R RS
JERRE ST S RIS & A UL, TR AR
DL I Sh AR A A, R T RS 5 B A A
TF 5% 48 75 SR AE 5 VR LB N ) Ik Bl R AIE S i 7
FRARE.

AR IR AR RIK K R SFE AR
GOE G AR LI KNS G R 3 Rk JeHH i)
AR S EGHEA TR B AN AT, WSS TR K e
SR U A K 6k R I AR 1, ST P T AR
FHRE 24 B U () VR SRR B T R O
BT R HOCE AR 408 IL4 BRI B i
) 52 e L

W RN

R 4 B 7 it T 28 55, 16 LS Fh KK L 0.8,
1.0, 1.2, 1.4 1 1.6 BY KWK , FC & oK Je FE Y SF &2
HIRFR .GOE AR AR LI NS B A 1R &1 3 Fk
VLI, MR R M RE S 4L
1.1 REHRIRIEE

RIS FEF R PO42. SR EER R /K U8 b
JK.S95 B A L Tolk 9 B2 A Ak A S5 4 L IN=-30
BT R OK R I TC . 36 T A e 1) 32 PR B S
F VR N E A (O pral) CEE R (43
Brat) R = Pk B ZK A

SFE AR KUE 0 5 8 5K i o =
Fe R 10:1: 1, M5 NaOH B 8 4 5770 0 o+ 40 %
K 3% 5 ik — 20 P i VR A PR B W TSR R R ik



106 AR FFR(ERHAFR) % 46 %
ARG, AR 3 JE R BT Y 0.6%.
F1 KEEMRIERESE
Table 1 Performance parameters of raw material for experiment
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Experimental process for slurry flow characteristics
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Fig.2 Slurry performance parameters
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Fig. 3 Time-dependent viscosity curves of cement-based slurries with different water-cement ratios
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Table 2 Function fitting results for time-dependent viscosity

ERAY LN KK EE n,/(mPa-s) k, k, WA E R
0.8 427.296 72 59.508 70 0. 044 58 0.992 75
1.0 126.453 17 48.292 98 0.025 26 0.990 24
SF 1.2 119. 024 67 41.574 14 0.034 01 0.994 11
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1.6 98. 880 28 32.258 44 0.020 93 0.993 15
0.8 307.336 46 42.987 24 0.048 42 0.996 73
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GO 1.2 113. 485 38 21. 88544 0.028 63 0.962 95
1.4 95.473 79 19.289 15 0. 024 86 0.994 98
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0.8 239.998 83 55.03183 0.061 91 0.985 94
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NS 1.2 121.936 01 35.158 25 0.052 74 0.987 20
1.4 93.861 27 23.713 38 0. 044 63 0.997 48
1.6 76. 625 62 21.679 18 0.039 72 0.988 41
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Table 3 Viscosity function expressions
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