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Abstract ; In order to investigate the expansion law of high flow grouting material and the creep
mechanical properties and pore structure of coal after grouting, a new nonlinear viscoplastic element was
created and a creep mechanical model was constructed. Firstly, the high flow grouting material was
prepared and injected into the coal body to simulate the coal body grouting around the borehole. Secondly,
mercury injection experiment and uniaxial fractional loading creep test were used to test the pore structure
of the coal after grouting and the creep performance of the coal under different stress levels, and the strain
variation law of the coal at different creep stages was obtained. Finally, based on the creep test results, a

new nonlinear viscoplastic element was constructed and introduced into the Boedin-Thomson model.
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Finally, the relevant parameters of the creep model were obtained by inversion, the reliability of the model

was verified, and the creep instability failure law of the coal after grouting was obtained. The results show

that the expansion rate of high flow grouting material is 92% higher than that of ordinary cement material ,

which effectively improves the shrinkage problem of cement-based grouting material after curing. After the

high flow grouting material is injected into the coal body, the critical load of instability failure of the coal

body is 15. 3 MPa, which improves the stability of the coal body to some extent.

Keywords: high flow state; grouting material ;

loading; pore structure

0 3| &

B AL B RE R DR AR T FLHTAT AR A
FHEISCHE P ER . AR TR SRR, B L] R A 5
PR MEAE AR = A S 2 2B, BETTIE A
T8 T A, S R R B LSRR IR, A Ah
RACE, WG I T 2 A= W, Mgk
LRI AR | ARAT 1 TSR A FL B 254 15 0557
RS R, X T 1Bl LA 9 3 kA 2 il
AL IR, BA RS X

Y, EF TR Z AR T R Al L LA 27
FEMEJRIF WS, B4 . T A5 B9 40 4 0 I
AR AR R AL H L A X RS A o A A A o ]
Tk IRBIREAEST BT o 2 B AL R R AL AN, T
e T EALSE, RRZERE H s AFIBC LY CF
AR il I A S 7 B CF RERHE A2 R
i Fe PUIE L DL 2 T T B FL B LA SR 5Kk
SRR L PR I A R R O O A 1
BALSCH RN, R B A I T FU T R AL
TR -5 VAR TR BU T I8 3% B 52 0, R T
S8 FUSTA R B AL A0 B AL A6 A5 W 5 IR D
B AL IR AT AT AL SR B AL R SPEOR . BR

material expansion;

creep characteristics;  graded

B A RO — IR AR ) AR SR [
RS E SR, LR TAR 258 T R
WAL LA LR AR e I , mixt T 8 AL
Ji FEREAAR (4 B A AL S AR TR BT S i A X e

ST I, 2 U R R 0 A U R G R R oK
IR G, W9 e Ui 25 B AL AR IR A 0 DA 2 2
JE A R G AR R AR i 5 | AJE MRS T
1 B LA IR BAR I AL S 2T LU oA ™ T
e FCH R Al FL AN & AR A RO HR 2%

1 BRAHFLA PR KEERR

1.1 E##

R FLAA RS Sy o A0 ik PR R 7K U, LA UR
RIREKY R, £ W R 2 BUM A8 bR 34 45 6 i 2
SR IR T FH R AR A SR A - B R A A i
R 2 51 WA 1 RBR K (PCE) Y5
HEE AR, G T K K Z 20% ~ 35% ;5%
EER ISR , FAMI R AR R, 50 i TK IR
S IC I R R A . 25 TS N 3 S i AR SR
RFR b 2 RS T, 45 VA R v T SRR K BT o L
K1 130,

&1 EMEHMLZEK

Table 1 Chemical composition of raw materials

K| Sio, Al O, Fe,0, Ca0 MgO S0, PN i
B Ak Rk Ak e 20. 57 9.89 3.08 57.65 2 2.7 2.6
FALEE - RS 2 & K 4.96 8.52 0.99 64.18 2.67 16.97 1.19

1.2 RXEEdE

TERFE A e R vy, 45 K R0 L Ik 3R | 2 g
FIE A B0 9 8 8% ~ 10% .0.3% ~ 0.5% .
0.03 %~ 0.05% , 5 & WK R2 & 8% Ik 5 &=
0.5% GefEHB 1 0. 04% , FHEE A /K e 5 5 m iR
Bl ER MR, KK I 1 R G G T2
HIEFE 3 min, EHHEEEE T 50 mm x 100 mm M5

HN R AER N @ S B LSRR R AR,
FRRE N A T A B2 e [ 5 22, R 1 s
1.3 SRSHAMEERTHEE

P MK PRI s B 52 vk DA B (OO e b
S BEAARAEY (GB/T 17671—2021) , X il % J5 4
AR AT U Sl I AT 3 3 00

& 2 by K e A LA RE AR AR fk



%510 11

RIS U AT AR IR S AL R I 5T - 145 -

o

o R
E‘llii Ef[}l
w'f.. - _»
KL AN SRS

TEHA - ] 45

B1 iRz
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Fig.3 Pore diameter distribution curve of coal after

grouting with different materials
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Fig. 4 Relationship between mercury volume
and pore size of coal after grouting with

different materials
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Table 2 Axial loading parameters for creep test

g% | o,/MPa 1H # 15} 6]/ min Jn# Al min
1 4.5 180 10
2 8.1 180 10
3 11.7 180 10
4 15.3 180 10
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Fig.5 Graded loading creep curves with hole

grouting samples
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Fig. 6 Creep rate curve
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Table 3 Parametric inversion results under non-yield

stress (o,<o,) conditions

0,/MPa | E,/GPa | E,/GPa |71,/(GPa+h) |n,/(GPa - h)

4.5 206.04 | 7.048 0. 87 347. 65
8.1 22.83 9.87 0.61 3.07x10°
11.7 17.15 11. 66 0.63 4.16x10°
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Table 4 Results of parametric inversion under

yield stress (o, =0,)
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n

15.3 126.95| 4. 69 0. 49 126.28 | 2.39x10° |2.88
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