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Determination of grouting layer and stability analysis of slurry-resisting
overburden in separation grouting
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(1.School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China; 2. Collaborative Innovative Center of Coal Safety
Production in Henan Province, Jiaozuo 454000, China)
Abstract: The technology of bed separation grouting subsidence reduction is one of the important means of protecting sur-
face buildings and infrastructures in mining areas, the selection of the grouting layer and the integrity of the slurry-resist-
ing overburden below are the key factors affecting the effectiveness of subsidence reduction. By means of theoretical ana-
lysis, on-site test and field monitoring, the determination of grouting layer in separation grouting and the stability of the

Slurry-resisting overburden are studied. The theoretical analysis method was used to study the deformation characteristics
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of the slurry-resisting overburden in the separation grouting technique. A deflection curve equation for the slurry-resisting
overburden based on the elastic foundation beam theory was established, and the elastic foundation coefficient of the rock
mass below the slurry-resisting overburden was calculated according to the degree of rock damage zoning. The maximum
bending subsidence value of the grout slurry-resisting overburden under grouting pressure was obtained; based on the fail-
ure condition of strata, the stability analysis method of the slurry-resisting overburden is given, the height of the free space
below the slurry-resisting overburden before and after grouting was calculated, and based on the relationship between the
maximum bending subsidence value of slurry-resisting overburden and the free space below, the integrity of the slurry-res-
isting overburden in the state of fixed-support beams and elastic foundation beams was judged; on this basis, a new dis-
crimination method of the grouting layer is proposed by considering the grouting stratigraphic conditions and the stability
of the slurry-resisting overburden. This discrimination determines the potential grouting layers by calculating the height of
the water conducting fracture zone and each key strata, and then distinguishes the feasibility of each potential grouting lay-
er according to the integrity analysis of the slurry-resisting overburden, the safety factor is introduced to evaluate its stabil-
ity. Taking the 11090 working face as an engineering application example, the reasonable grouting layer was determined
through the discrimination method, and the overburden bed separation grouting is successfully implemented at 139.1 m
from the coal seam. Combined with the measured data from the surface observation station and the estimated surface sub-
sidence, the maximum surface subsidence value after grouting was 230 mm, the subsidence coefficient was 0.12, and the
subsidence reduction rate reached 77.6%. The maximum inclination value of nearby residential houses is about 0.8 mm/m,
and the horizontal deformation value is 0.7 mm/m, effectively protecting the surface buildings and infrastructures, while
ensuring the normal progress of underground mining, verifying the rationality of the grouting layer discrimination method,
and providing reference for the design of separation grouting layer and the control of surface subsidence in the mining

area.
Key words: grouting bed separation; slurry-resisting overburden; grouting layer; surface subsidence control; elastic
foundation beam
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Fig.1 Schematic diagram of overburden bed separation grouting technology
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Fig.2 Schematic diagram of overburden bed separation grouting slurry-resisting overburden

WA 7 o 22 i X B 2 2 AR I 1 B AT
SrAT, B R UUH A RS S R B A S R AR,
WAL )R B R, OF BAR R A B2 G
Ferf, IR N 7 2250 2 IR R 2 4E R = X
IR E AR, SOR BRI JZ A SRR & (M

AR 25 (6] 250, U, B 20T s, P
SR i S A U, I DR B T A A R DL
(P 3)o Bt 18] SRS R R O, B 2= P 25 i
NUUEREEZ N, 5 E 07 G R R AN A L
AR T I I 2 IR A ], B, XA 2

JZ4), AT H AT R AR MRS 25 T R sl s I
L, WA i fea e = 45 AL e B

BEE TARmSEEst, bEARR T2 LEZER
gy, KRz XA (a5 i =R Z T 07, A fHhah 2

()8 2 2 A A T ORI RO F— e TR T, XSGR =
PEAT SCHER RIS, 3 i /b 1 HE R I s [a] g B, AT
BRI U0 . AR R “ LR R AR,
BRI 12 A f e — PR, AR S T s

L (BT

AT R —

b )=

: .-.:-x:—-—:‘—‘“ % d: :

e s T R R
NZIE TSN EST R P S R

K3 BEAEZHR IR B AR

Fig.3 Movement and deformation characteristics of slurry-resisting overburden in overburden bed separation grouting
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Fig.4 Mechanical model of slurry-resisting overburden elastic foundation beam

WA 4 Fros, M348 Winkler F50P4: b L 2 B2, R
2Rl R 7S X A B S R R AR AR
PRt B3R 2 AR L B2 3R R D0 77 AR i 4
i g VER, Rl 52k A BEAEFIR = X F T4 2

MBS T, 53500 ke koo LAAETH 2630 5
T B3 2 BB 25N IR ESL AR B &R xoy, SRS IX
—W> x BAIETT ), HERTT 1Ny BHIETS ), B AR
KR 2L, Fratt xR 2 B AT 7 Bt 3. R



5514

FROCIRAE: B BRI RO M FRdR E AR eV ETIE 269

P - B, R BRI o T AR I BRI

d4
EISZ = g—kyo (0<x<2L)
Elw :q—kca) (X<O,X>ZL)

K o HRIHE, m; E N FBIRIZ RSP, Pa;

N A T=bR /12, m*s b N B A A BRI v
W b=1, m; h A IZIERE, m; ky, k, 7358 R 28 XN
LA B 5 H I R4, MPa/m;

IR BRI 4 X By R BN DU I AR AR
FRURRAEI Y J7 R, B0 5 R I ik ph X o7 5 U O R 1Y
M AR ST O R AR 2 AN, 255 a0 F

wi (x) = e (C,cos fx + Cysin fx) +e ¥ (Ccos fx + Cysin fx) + ki O<x<2L)

Wy (x) = e™(Cscos ax + Cgsin ax) + e~ *(C,cos ax + Cgsin ax) + ki

Hr, €, Gy, -+, Cy WAL 0, B FFIE R B
Ho=k/@EED), p=kn/GED . HAE0FRE, LR
23 XA L 2R, s TR AR BUAH R,
Xt < LIKSRI 2 2EAT 152000, RS R 25 A I
yASWIEEE

_do(x)
o) = dx ,
d“w(x)
M(x)=-EI i 3)
Ew(x)
00 =—EI—

e T AL 224 X SR . 25 AT 17
B, 45 2 PP M R 1300 T 46 P e B,
TR TR

VRS 26 P 2 K RUBERE A2 AL BRE | 547 . 25
Y AR

w1 (0) = w, (0)
61(0) = 6, (0)
M, (0) = My (0) @
0,(0)= 0, (0)

5 A Rezs X HREREE A BT J1 ok 0, 18 gt
AR U= M g/k: -
Wy (—00) = g/ k.
6,()=0 (%)
0, (D=0

W 2 0 oy BOHE BE o T R DA SR T O R A
MATLAB iz B84, 456 BT i il 45 1k B 4y B i
SRV, XTRR IR 2 M He B T R E T oR i, S AORAS R
BF, Ef, a=1+e? b=1-e%,

q(ke — k) (ba* — bo?f* + 2apa’)
 kok(26203f + abo® — 2abot P +abf + 2b*af’)
_ qbo(o? + ) (ke = kn)
 kekm(2a203B + aba? — 2abo2B’ + abBt + 2b%af’)
C; =e?C,
C, =-e*’Lc,

C1=

G

i (@)
(x<0,x>2L)

_ b q(ke — kn)(—aa® + 2boff + afi*)

 kekm(2a203B + aba? — 2aboB’ + abBt + 2b%af’)
abB’q(ke = kn)(e® + )

- kekn(2a203 B + abo* — 2abof* + abf* + 2b%ap’)

C;=0

Cs=0

5

Ce =

(6)

1.3 JFXEEEEEMERE
S b R B R T )2 B W EE R R K g

bl TAFEAWHEDE, =08 fE K 5 e A B Rt
HOR TGN, A N R B AR O 52 B, Rl
WD T A 2 R A v B, #5  JZ svk dh
FE Rk TT DARYE A7 R 5 AR kT, BT
R e RV H 2 P i B e, n AR T A T
A IBEATEEE , 43 DT AL 2 S5 80 E i &R
B, S R .

T
- LTI
. A i el
T U Ve *
: wERA | 44NV YN/
L ! wERN Y LA
' , ¢l
i BRI Xk, A | BB A
b el ) 1 —~ ~7 7
LR LA e | e ;
| LLLX 7777, i
Yethtiks |

K5 )24 00 X L 240

Fig.5 Elastic foundation coefficients of various strata zones
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Table 2 Distribution of potential grouting layers in 11090 working face

HIRT S HIZATER A JELRE/m K SR 5 E /m R /m FLIRTEN I J1/MPa
32 FICHE b 31.71 416.62 98.78 3.26
29 WCHEZ4 WA 64.25 337.64 145.22 5.23
23 W3 s 50.91 240.44 255.76 7.66
19 T2 e 31.41 191.08 324.62 8.90
12 W E e 63.62 64.16 419.33 12.07




514 SR AE: B B R R A KRR E TR 275
5 =i J2 )5 /m WM | %I [N 5 ik R R ik
37 FAEE 29.85 29.85 19 ElPey 31.41 356.03 ERHEIE2
36 b 19.83 49.68 18 ke 2.66 358.69
35 IR 11.71 61.39 17 ERUES 6.65 365.34 ”‘g’;‘gifﬂ“
34 b 33.56 94.95 16 Mkt 11.78 377.12
33 Jp 383 98.78 15 ERUES 9.9 387.02
3 b | 3171 13049 |F 240 14 sl 2893 | 41595
3 . 744 137.93 13 b 3.38 419.33
0 e 229 14522 mjﬂmls(l(»zw 12 bk 63.62 482.95 |4 |
29 [N 64.25 209.47 |CHEE 1 FE 1792 500.87 Mﬂﬁ“ﬁf [
" 10 eH 26.1 526.97 TJE/KHfézt.lé‘;nm
28 i 10.32 219.79 I
— W LR 9 s | 2014 547.11 | WG
l s 2 ) =0 FrEssTedm | g Wibs | 326 | 55037 iy
26 A% 8.69 234.76 ] - s 5571 %7@\'@:72
» IR 497 2973 6 RS | 8.44 564.15 fl
24 b 16.03 255.76 5 b <7 1287
23 P 50.91 306.67 |EHES . BRIE | 1928 | 3921 *E'F’J“f%ﬁ‘? N
2 b 7.54 31421 3 B | 1458 | 60673 e
2! el 993 || 32414 Soaim | 2 i | 1528 | 62201 Skt LI
20 W)z 0.48 324.62 1 ez 47 630.41
B 11 11090 TCAE A H B A FLAHRR
Fig.11 Geological borehole lithology diagram of 11090 working face

K, = K.—0.0171n H,(H, < 100 m) 27)

Hop, K, WEBETUR G R EG 0, i LR
B EBZZ B E R, m. SRR A E
e e ke r s ik v B B 5 ma Y, 11090 T4
T LA IO Ry b, FLIR AR R AR 2R 4500 3 T Homt
W5 BB R AT I, W2 3. Ah, MH RS 4L
A B, 3 R 45 A DR i 25 1 T 10 RS
WAk R B TEUE

R3 HOREHEKRE

Table 3 Swelling coefficient of rocks after fracture
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Table 4 Parameter calculation of slurry-resisting overburden under fixed beam condition

%% WEIZEEMPa HUBHIEGPa - mY)  FEHRIEE/m B
BURLREE/MPa  BERIRESHE/m  BoREEEE/m  BEEE/m IR SR
5 10.4 2.31x10° 416.62 5.35 422.27 3.73
4 8.4 1.31x10° 337.64 4.84 361.57 2.86
3 6.0 9.73x10" 240.44 5.27 31839 1.65 021 Sk
2 4.8 7.80x10* 191.08 5.18 281.40 1.00
1 1.6 1.12x10* 64.16 5.57 169.08 0.30
x5 BEMERRETRERSHIHE
Table 5 Parameter calculation of slurry-resisting overburden under elastic foundation beam condition
. N— . JEFER IR X AR 3 X R R A
5 HEHREJ/MPa HUEHIE/(GPa - m') e, T B a b
5 3.26 2.31x10° 0.017  0.0063  6.61 107.29
4 5.23 1.31x10° 0.019 0.0072 5.63 64.19
3 7.66 9.73x10* 7.67x107 1.13x10%  1.45%x10° 1.43x10° 0021 0.0078 503 4433
2 8.90 7.80x10* 0.022  0.0082  4.82 38.72
1 12.07 1.12x10* 0.036  0.0134 447 29.90
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Fig.13 Bending deformation values of slurry-resisting

overburden under elastic foundation beam condition
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Table 6 Maximum deflection values and stability determination of slurry-resisting overburden

S HIES/MPa PUEHIEE/(GPa » mY) - AL -
MRS /M AP Em  EXRETUHMREEmMm  RRETENE  HERN
5 3.26 231x10° 274.98 7.88 0.58
4 523 1.31x10° 212.12 7.08 0.53
3 7.66 9.73x10* 178.92 6.36 331 SEkk 0.48
2 8.90 7.80x10* 163.05 6.07 0.45
1 12.07 1.12x10* 93.06 5.44 0.39
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Table 7 Predicted calculation parameters for surface movement
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