Eo2BE 4 B TR Vol. 52 No. 4

20254F7 A Drilling Engineering Jul. 2025:129-138

SRRMGEAMERT F2A2BUa RTINS LR 52 55 v

MR, kA’ BRIRARC, & ORC, EU%JU T AL, R g7
(L. B EEHERE VAR AT, HE S F831800; 2. EF W k2R FES5HILAZZRE,ITH %M 221116;
S.HBLAEER,HE B2 KF 830023)

FEE A0 I KR4S TR v 38 g R e B A R R B s FLR P i T AR T N .
AR5 IR0 T H 25 A 3 R DR 2R R S 3 X S B R i B s ), DA B B R N (S R A R G TR
JB (49 5 WAL, A8 FH 7K D8 R S5 A5 el 4 — 2 AL L T A T LRSS0 2 B0 S Ty 27 AR 1 1) AR BB R 38 o X SR R T 3
IR IR R ) SRR B 5 DR 3R R AT AR DG 2 S 4l 23 i U TS HLAL B L TCAILSZ & 4 RE LU AT BILAE X 2L 50
PRHEAT TR o 38 5 A 003 Ml DX A A PR R 4R A, 6T 45 28 TR FR R AT AH DG IR B, BRI 43 A 4% 28 IR 3R 6 3
[E5] P9 2 00 5 e i AR A 0 2 2R L XV R S B AT O A B AR AR 8 o R PG R L DX e R L R R 1 B e
b BT 5% 1 Rk S5 B A5 AT I SR T T 58 T B W X 32t DX AR At b BT R R DX SRR AR AR R 1 B8 R A i 3
B i B — s i S 2 L

SRR < VR AR P 5 LB S TSRO [ 5 88 R i 4

PESES:TD32 XEkFRIZAD : A X EH S :2096-9686(2025)04-0129-10

Research and application of grouting and reinforcement mechanism of
fractured rock mass under freeze-thaw cycle

TAO Xuewei"”, ZHANG Kaiheng”’, LANG Zhenwei’, HUANG Shun’, FENG Jianye®’, JIANG Jie', ZHOU Chang”
(1. Zhonglian Runshi Xinjiang Coal Industry Co., Ltd., Changji Xinjiang 831800, China; 2. School of Resources and

Earth Sciences, China University of Mining and Technology, Xuzhou Jiangsu 221116, China; 3. Xinjiang Institute of
Engineering, Urumqi Xinjiang 830023, China)

Abstract: The construction technology of improving the engineering properties and strengthening the strength of
fractured rock mass by grouting reinforcement has been widely used in mining and water conservancy projects. In order
to study the related effects of various grouting factors and grouting methods on the strength of fractured rock mass in
grouting reinforcement, as well as the effects of freeze-thaw action on the engineering properties of fractured rock mass
after grouting reinforcement, cement mortar and other materials are used to make similar materials that can simulate
the mechanical properties of fractured original rock according to a certain similarity ratio. By controlling the relative
variables of slurry water-cement ratio, grouting velocity (grouting pressure) , grouting temperature and other factors,
the fractured rock mass is reinforced by grouting with inorganic materials, inorganic composite materials and organic
materials respectively. Through the simulation of the climate and other environmental conditions in this area, the
relevant tests of various factors are carried out, and then the influence of various factors on grouting reinforcement is
analyzed. Finally, according to the test results, the grouting parameters are optimized, and the grouting reinforcement

scheme is designed and monitored according to the engineering geological conditions and geological environment of the
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slope of Zhonglian Runshi open-pit coal mine in Zhundongxiheishan mining area, Xinjiang, which has certain reference

significance for slope disaster prevention and control in this area and other open-pit mines with similar geological

characteristics and regional characteristics.

Key words: freeze-thaw cycles; fractured rock mass; grouting reinforcement; open-pit mine slope

0 318

B 25 & [ JE V8 Hb X 28 BF 10 & R LA Je K P b Y
FF R MOk 2 B R E I TR AR %R, 4N i R
BRI TR N RN B TR SR A S LT B T U ik
Aib 7 R 58 AR AR AR E TR B A A T A R
6 B4 45 Ak 55 R BB e R 1) A R L B e
ol Y A 4 DX 28 S A e U TR i L 3k 8 R IR
HVRB R , FLL X [T 22, i oM o 35 R, A AR ik
il 4 ) B0, SR R B TE BXORP AR 2 AR R X
HEAT 58 K TF R B, i1 3l M Ra s Tk A 2 L XN L T
GEENR Sz o T TR IR i e A S RO A — A
B AR o A8 3 R B R TR R
5ty L5 BE B it T T AR L A KOR] TR R AR B T
Iz R o 5T AR Y T [y SO (H BE A 22
W2 T B8 A R TR Y 32 ) A5 R Ny 2# R RE L A
A5 A 1 i 3 R AR M R R v, T LA REAR
R B Ml FRAR T R A, IR 759 B R 2 B 42 -

ST HBUA RN E I, R EE %Y Sang
S B UA R T ROR R IR BT R M T G 5, B
FE TR R R S RO S O R AR A, S
T VA A5 E o PEC X8 B A R E A7 % il g8, 743
HE T TR B T VR R A 2L 2 6 R A DL 5 Saeidi
R — RO T TR R G0 R T R R AR
b, 7 B A R TR AL B R R N R )5 L 5 A
AH E AR FH R P X 2 A TR M AT R 5 o ) e AR
SR BIF 5 T N T2 %o S B A T 2 M Y R
LA, UEAT T v 2 1 25 AR 9 i 2K 50, IF 9 4
SR R T SO [ S 2R A R 1 W (E B BY SR R
FRATURE AT BRI . TR T N R
MR AR BRI AT T — R A, S5 R
71N TR T 6 T SR ek 2 790 el G o, HG 9 5 ] A
7 /0N, ELSRORE A0 A B SR T BT R SR B <<1 MPa.
BRIt 2 41, Yao 2517 b ER SC 2 XK SR S A 5
T UM KA RE BTN M AT A ok P A K YR R A T
A e A5 R R T R R PR BE S R T L . R U
S5 SE o E AR AL Y LR A AT T R O
S AT R BR G d KR T p KR B om B B R R

Z B ST BCE AR R IR U 1F B B0 s o 5
P IS 75 280 K 09 52 W AL R A1) 22 18] 9 A EL G
Fo GiPRERW REEE d.pom WIEANTTHE R , 30 R
R FMHNREp, HIKIEd om. BRILZAM, 5k — 5
AU B AR PN % AR BB R A B T 1
WSS T RBA I Y O

B X S v M DX SRS A TR R, BB X T R [ 4
TR 3 2 PR RE A0 BIF 50 3 8 R 4R T T 3RS 0 (] 4 1K 0
JE£ 1 [ 45 1A 72 T8 R AR 2 O T o ok R AR 3E o Xk 26
A U 22 2 B R B HG T R [ 45 AT B el AR
K VR RS BIESE T R R PR R 2 R S A A Y
BN A &5 0 S 7 Bl LB B R i 22, o A
IV A8 R A (L % I R, Y R R B 2 B — o
JEE o 07 AR 5 A (AN 4385 R, (HL AR B R I 2
R PLAE 1 T RIS VR R B AR T AR R T
SRy EVERE B AL AL LA, TR T A [ A0 2R U R Y
PROK R Rl o 25 2 3 WA B VR T 08 30 O R I, 2
Bt 1R R S ] 45 A 1) T ek ST 9 5 e, EL BT iR
5k A% ik BE I U fil U B A 3 0 2 R o Nasir
S Tian 55 0SR = N BT OB B9 O L BESRE T
TE [ 25 A 1 B VIR AIE o &5 2R 107 T 0[] 45 1R B
DIAETE i 2t B0 T T A U L 5 1) 5 R R Ak A 0
I

AR SC LA S AR PG SR LU X B i B KR
IR AR WE ST B, SR TR AR B 2B A
W58 FEAEAS [A) 1 J 25 1F T ol B2 A AR AR 1S 0 o AR )i o
T DL M DX T A PR AR IR T A VR BTG BF 2%
PR 6 e SR B PR AT oA T A i, B T 3
Al JBE SR PR BB AR T S [ ) e i R AR A
RV SRR i3 TRE R vasE U RE & S i P N (o4
T AR 20 3 ) TR M T AR A AT I N 1 5
BT, XoF 122 3t DX HG At 3 5 R P e DX R AR
ALY 8 XA 3 0 Bl if oA — e R B

1 ABEHES KT
1.1 RBUE AR AR
2, WF5E X R AR R i 2.89 g/em?, ik



5240 41

Wi 2 25 - R RO B T 2 B R R T ML BRI 52 5 R 131

B fE 32.14 GPa, A JE it 18.61 GPa, #i % 71 4.72
MPa, P BE 81 46.93°, Hi JE 3 )& 35.71 MPa, Hii 4 %
JE 2.34 MPa. A IS0 T AR 30, AR 8 0 5 IX
AR Z B AR R R 25 A R IR T —
B LA 1) K e D 3 VR X B K e D 3R B 5 5
X R AR AR S 2 e AR — B, RE MR
P.O 42.5 %0 ik fR £h /K U , 40~60 H K dE 4 ab , R %t
FoK PSR o BRHEC L (T b ) A s K U 4R RD
K IR BE A+ FLER ) =1:0.5:0.4: 0.02, i il & 4 50
mm .5 100 mm ) & AR

pRE AR RIS BT

(1) 43 50 4 BORC LE 19 03 3t 7 0BG RR HCK U 4
b IR LSRR RIK SR 5 4 R B 1) R824
fr ol R A 350, IR BE R 5 B 5 3~5 min;

(2) % T 11 e 14 7K D8 A0 35 T 80 N T3 e T 9 )
B, 25 R B LB AN 2 A5 B 1 R e A
T 7 AR A 2 A b R R R 45 4R R 2o v i Ak T
T B A F 3R A R — AR T 3 mm K JE
15 mm R 457 — 45 T 24 I

(3)TEMRE 20 CH2C, HARFKITU +2% MtR
HESAF T 3597 24 h, Z SR PRl , P5 BRASE 5L B 5 22 B
NFEWA

(4) PR B J5 X il R 20 A7 6 L Bk b A7 & i B0 22
SRBGECRE I [RURE Y 2500 T 3547 28 d, T il 24 B 25
AR WA 1,
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Fig.2 Concrete freeze-thaw machine

30 ¢
20

O 10 |

S~

o0

= -10 -
20 |
230 |

2 0 2 4 6 8 10 12 14 16 18
[ /h
B3 aEhimEERT

Fig.3 Freeze-thaw temperature design
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Fig.4 Grouting bonding interface of different materials
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Fig.5 Rock acoustic parameter test system
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different grouting materials
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on the compressive strength
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Fig.9 Loading failure characteristics of grouting
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