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Reinforcement Mechanism and Application of Deep and
Shallow Hole-High and Low Pressure Coupling Grouting
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Abstract; Taking the reinforcement of the broken surrounding rock of the belt roadway in 20101 working face
of Wangjialing Coal Mine as engineering background. the fluid-solid coupling model of surrounding rock grou-
ting was established by numerical simulation software COMSOL Multiphysics, and the reasonable grouting
pressure of deep and shallow hole-high and low pressure (DSH-HLP) coupling grouting in engineering was de-
termined. A plane fractured rock mass model was built to reveal the mechanism of coupled grouting and to ana-
lyze the different supporting effects between DSH-HLP coupling grouting, and the common grouting. The ac-
tual engineering using the coupled grouting reinforcement process was monitored and analyzed. In order to dis-
cuss the reinforcement of broken surrounding rock in the belt roadway under the action of advancing pressure
in the process of mining 20101 working face, the FLAC’ numerical simulation software was used to compare
and analyze the support effect between the original support method and DSH-HLP coupling grouting method.
The results show that the coupled grouting process can better control the surrounding rock deformation and
maintain the safety of the roadway.
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Fig. 3 Compressive stress of surrounding rock surface under different grouting pressures at monitoring point
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Fig. 5 Pressure distribution of the slurry in rock mass after 1 minute common grouting

2.3 RERIL-BREBSERME

REAL-ERER S TERME 1 min 5 A KN BRI 70456, an &l 6 s, AR EE R R K E
2 000 mm M TER AL, H3KE 1 2 MPa. B 6 Ca) AT 81 14 28 25 2 B2 3 2 5 - o] LUK R BB A 2R 1T 2 000
mm 76 A7 P B R L S 45 TS0 A o DT 3 15 SR8 B, T2 8 907 088 W 4 » [ B (% 7 TR AL - 1 T T 3 I 2
1 Ah B B i . YR AL -5 R T 3 SR K B R 5 000 mm iV FL . T3 6 J1 k9 5 MPa. iy T2 75 R FL-1R 5
TE IR el b AT T2 I DA VAL IR T 2800 L 00 5 10 0 L i i R4 4 BB 13 3R 1 1 80Kk
WAG KAERKING. HIE 6 Ch) Al A A m M E S R 488 TR B & Re ), ol 1 30 B &R
T AN 25 3 B0 HLE 2R 0 728 TR R IR O i L0 13 S8 M [T o 5 38) 5 3 b o i 4 i 5 iR AL T 3R K
ARG A S [T A
p=5.0 MPa
p=4.5 MPa
p=4.0 MPa
p=3.5 MPa
| p=3.0 MPa
I p=2.5 MPa
| p=2.0 MPa
p=1.5 MPa
p=1.0 MPa

p=0.5 MPa
p=0 MPa

(a) WAL MRETHKET) N 2 MPa (b) HAL-FEERIETI N 5 MPa
K6 RS | min )55 TE S A B9 R ) 20 A
Fig. 6 Pressure distribution of the slurry in rock mass after 1 minute coupling grouting
2.4 REIL-SREBEERMENESH
5 3H T AT [ 0 3 T g RS B 3 AN Gy A [ 8 SR e A AT 0 R L T 3 A O
18 3 % T B 0B A S 4 T SRR S A s 2l P RS G0 %) 2R B L B TS B S i SRR R IR AR L o TR

http: // www. hdxb. hqu. edu. cn



£ VFE. &5 TR AL - RS R A T 2 [ BB i 737

T IS 4 J8— A~ FAT B e AR AR I T S A A (0 L L A R 2 R R R ) R RE ). 7E B AL
J T 25 1% Al _E R AT TR L - TR 2K L RE RS HE — A0 4 v [ B IR [ R B B RE - 37 RS iR &
9 7R 28 1

BN 22 TRV L R 3 T 2 9 it 077 36 2 dle il aod e LB T 3 2 O R AL - T 3 R 4R I A
{18 3 25 it 2% APF » P e TR AL~ e T T 3 A 9 L0 M 3 9 52 B A T b i A 2 RO R 5 R L g
Rt 4% ) T AR A T L PR R T L DR O Y K AR E

3 LI RIT LA

3.1 HEITEER

FRWEHEY 20101 AR RS AR A T I P G v i & 7 B M b &+ 733, 0~ +966. 5 m,
AR AR+ 543~ 4565 m. B2 HIETUN MDA 2 WU B 0 8 S A2 L3 % B 8 Il # ib
v AR T TR IR RN 5 R AR S R SR AR L A A OB L e R R A 2% THUAR A B P S L — A
1.7~2.4 m; IS ETEE — MR 1. 0~1.5 m, JHFEF] 4. 0~5.0 m. H 7K X 58 X & H 50 m X 50
m X 50 m P REAEL X R i A 1) K RS AR A A% 7 b 2R T 0 2 R S B AR B E AR R
F Mohr-Coulomb il S5yl U], TS0 Y o () L 25 07 2 2800, n 3R 1 s s FLR(E B AU A0, &1 7 Jor
R Do) HRREEE G BT UIR & K ARTRB G s e RS J1 5o HNEIE A R, NPTHLaR .

£ 1 EBE R R AR RS R

Tab.1 Mechanical parameters of coal and rock mass in calculation model

HEM oo /kg e m™? G/GPa K/GPa ¢/MPa o/ (D R,./MPa
e 2 700 9.23 2.43 1.83 30 1.57
R =y 2 750 9.24 2.45 1.73 32 1.57
2% fit 1412 1.42 1.20 1.13 25 0.59
T 2 468 5.23 1.32 1.42 28 1.23

T E 2 700 9.13 2.50 1.83 30 1.57

N T HC A S 5 A5 TR AL AR R 1 1 O [ Dy 2UAE T SR a2 A e A I £ T R A T
B SCAPRICR R R R AT SIS S 2 IR DR 4 8 T SR T g 4 b AR ORI il T A T A A2 i
A 1 fe AN 1 O AR TR T
3.2 RXpAXBBEELS N

20101 A I w5 1T 27 BRI Al 4 2F . 5 Z& Wr 2 5. 60 m X 3. 55 m MHETE. AR A AF >R A ¢22
mm X 2 200 mm f 26 FE T BRSO SAT L B HERE 9 1 000 mm X900 mm ., &EHE 6 HL THUH AT 5 T A 4 %
K $17.8 mmX 8 250 mm P4 K . [HHEEE J7 2 000 mm X 1 800 mm; # FEFF2E ] $20 mm X 2 000
mm () 72 Ji€ o 5 3 02 SCR B AT L (B HEE N 1 000 mm X900 mm, F3HE 4 MREHFT. 20101 T4 i 5 45
JE 405 A Ak 8 FoR.

2000

b)Y
W
b)Y
C

30T 000 [ T000 [ 1000 {1000 1000 3
1% J1
bR 3 | |
Wb 5600
Bl 7 (AR 8 20101 T AF 18 iy 45 St 347 77 20 (B A7 - mm)
Fig. 7 Numerical simulation model Fig. 8 Original support of belt roadway

in 20101 working face (unit; mm)

http: / www, hdxb. hqu. edu. cn



738 A R e Al CA R B 2R O 2019 4

FH FLAC™ 1) Cable, Shell £5 14 55050 B BT MR BE £ ¢ 2 ) )5 5240 J7 207 8 ik T AR
PR BB AE R A& 9 iz, e P9 AT« 6 A TR ik TR iR F T I A T i A R 50 1
R JRE B & e R 8 i) 32 A 0 1 18 568,402,200 mim s B3Pk DX R TR 73 301358 4. 5.5, 0,3.5 mu Bl 1
BUAT SAP R T A 1 B8 o o SR B8R R R I 58 » TG ik 78 73 A 4 i 38 I AT 1A 1 R AN BE R o JB iy 5 7 T4
T A 2o A ) B A E

— 612 B /m
4.016 4x107! )
3.500 0x10*1 PRI
2500 0x10~ —
1500 010! il
5.000 031072 ” "
‘ ; —5.000 0x1072 AT VIR,
' -1.500 0x10'i AR
—2.500 010~ PEERER A
5 %,
St
5500 0x107" AR
-5.675 0107 B PRER

(a) B fr % (b) X
B9 RS s 2UTE B TR A TR Ao 5B A 42

Fig. 9 Numerical simulation of original supporting method under advancing pressure
3.3 REAL-SRESAIZMEAXNHEERUS T

20101 “CAE W BHF AR 0T 27 B AR I 2E , AR JE T Oy 5. 60 m X 3. 55 m AEIE. e ATk AL-ILE
TEH A RS $38 mm X500 mm., R I XUESFTIR . fLAR (¢) 2 45 mm, fLEH 2 000 mm, [A]HE R
1200 mm > 900 mm ;13 3% 5% B /K U -7K 3 B M, /K DR A Y 42. 5 038 5 kR £R 7K 8 o KK L 48
TE 0. 8~1. 0, /K BE I (145 & Ry /K &1 320 ~520 1 K 148 I 7E 2 MPa £ 47, WAL -1m HETE K AE vk
LI T 2 T 1 T8 B A [ P R i L L R T T)— 3 R A T R R B AL AT AL FLAR S 28 mm, fL
WA 5 000 mm s 3 5 R K U KW 1328 = D 45 46 5 MPa Z2 4. R AL - S AR R A 1 A 1 &L a0
K 10 frs.

[ H 1 7
) 1 n 0 I} ! ' i H
W " 1 “ ¥ } ! ! §
» " 1 @ " r"ﬂ:// = t:;\\ AN =N
1] n " » .
IR . p : ‘ PERALHESAT :
$38%500 : \ 11 ﬂ / .. $38x500 \ ﬂ ﬂ l .
TTEEN R CORN [y h
AEFERALTERAL i i } PEERILIERAL i i
$45x2 000 | S $28%5 000 ’ S5 {5
3
-~ F - | big
- e . & o For,
5600 5600
(a) WAL-KIEER (b) AL~ 2

B 10 PR AL - MR R 4 T 2 A A B CRLAZ - mm)
Fig. 10 Layout of DSH-HLP coupling grouting pipe (unit; mm)

SR 8] 2 M) P S 0 7 L e 2R A A T L SR B A SR T L DN R A A S W B 2 B T
PR ERCE R RS, 27515 1.1 AL e AT S0 18R 5 4 2 v 4 T 0 9 BT TR R TR AL - i TR
T3 ) S T e AL 5 3 B PN M (R S IR I 45 A TR Y ) B ) 2 5 S A7 0 2 R 2 DT A48
SN 5 B S B R A AR TR RIS R 5 000 mim Y ] AR AT IR T AL - v A R U i R (.
B 25 2R AN A 11 Frs.

AT 1T TR« A A TR AR A TR L R I A8 20101 Ji s A T L JR A K A8 T 14 e K 1 1) A
4300 10423949 mm Kl He 5 S 05 3003 BB T 8206 410676 04« fie K 8 Tl (5 %45 B A 20 b 4
1] s PR DX d R JE 703 O 4. 555,043, 5 my 5 JRUSE 4P 7 UM HE i8R (EL I P DX T AR A A0, ey %K

http: / www, hdxb. hqu. edu. cn



£ VB 5. BERAL- R R RS G 2 & AL 5 0 739

(EREIBLAS SR T DL o 8 L - I A 4 3 RO [ D 545 iS4 05 5OAR L » BB 8 B At 42 o Al e 2 TR
TR i A H o iR e A T (9 A8 T2 55 B5EOR » PRAIE T T 408 T Jel SR 9 1) 1) 2 2 R

W Ji) (Vi % /m
2387 6x107
2500 0x107!
2.000 0x107!
1.750 0x107!
1.500 0x107!
1.250 0x107!
1.000 0x107!
7.500 0x1072
5.000 0x1072
(2).500 0x1072
-2.500 0x1072
-5.000 0x1072
~7.500 0x1072
~1.000 0x107!
-1.043 4x107"

() BmAH% (b) MPEX
POLL R 1y A R TR AR T B B B AU

Fig. 11 Numerical simulation of coupled grouting support under advancing pressure
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