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Experimental study on mechanical properties of filling-bulk

ce-menting combination body
ZHAO Bingchao'”, WANG Jingbin', ZHANG Qing', MA Yunxiang', ZHAI Di',
CHEN Panl, WEI Qimengl, GUO Yaxin'

(1. College of Energy Science and Engineering, Xi’an University of Science and Technology, Xi’an 710054, China; 2. Key Laboratory of Western Mine Ex-
ploration and Hazard Prevention, Ministry of Education, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: In order to study the influence of caved rocks in the goaf on the backfilling body in the backfilling mining, uniaxial compres-
sion test are carried out on the backfilling body-cemented granular body combination with different granular heights, discrete element li-
thology and backfilling body strength. The uniaxial compression failure of the combination body specimen is monitored in real time by us-
ing the three-dimensional acoustic emission positioning technology. The deformation and failure corresponding to the AE events in the
loading process is characterized by combining the time parameters of AE events with the starting time points of the four stages of the stress-
strain curve. Based on this, the failure model for the interface of the combination body is established. The results show that the height of
granular is negatively correlated with the strength of the combination body, and the uniaxial compressive strength of the combination body
with the backfilling height ratio of 1:4 is only 55.0 % of that of the single backfilling body. The discrete element lithology and the strength
of backfilling body are positively correlated with the strength of the combination body. Although high-strength backfilling body can im-

prove the uniaxial compressive strength of the combination body, the higher the strength of filling body in the combination body, the more
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serious the strength reduction of the combination body. When the particle lithology in cemented bulk is siltstone with low strength, the uni-

axial compressive strength of the combination body is only 42.9% of that of single combination body. The siltstone with smaller compress-

ive strength will have a fracture plane due to shear failure during the failure, and the limestone with larger compressive strength can with-

stand shear load by using the shear strength of the granular particles. When the cementing matrix in the cemented granular fails or the

particles in the cemented granular are broken, the interface of the backfilling body and the cemented granular undergoes non-uniform com-

pression deformation, resulting in the stress concentration on the backfilling body on the interface damaged by the cemented granular, res-

ulting in the shear failure of the upper backfilling body locally, and the failure of backfilling body is the contribution of both axial stress

and non-uniform deformation of the interface.

Key words: backfilling mining; caved rock mass; backfilling body - cemented granular body; acoustic emission events
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Table 2 Uniaxial compression test results of filling - bulk cemented combination body
. YU EE/MPa B
el Hs I AR /mm KRB % — - FOURMREEFIIME/MPa BPERR/GPa
iFfa i Fb

C-80-10  HlEbAE 80 10 3.60 3.47 3.54 0.24
c-70-10  HEME 70 10 3.97 3.85 3.91 0.25
C-60-10  HlEbAE 60 10 4.11 420 4.16 0.25
A L2 C-50-10  HEA 50 10 421 433 427 0.27
C-40-10  HEME 40 10 430 476 4.53 0.32
C-30-10 KA 30 10 4.94 4.94 4.94 0.34
Cc-20-10  HEMA 20 10 6.06 6.20 6.13 0.54
S-50-10 K 50 10 4.98 5.10 5.04 0.34
A P C-50-10  HlEbA 50 10 421 433 427 0.27
F-50-10  Bibé& 50 10 2.84 2.67 2.76 0.23
C-50-05  MEbA 50 5 2.87 2.51 2.69 0.22
FIARREEA  c-50-10 MEME 50 10 421 433 427 0.27
C-50-15  MEbA 50 15 4.99 5.23 5.11 0.33
S-100-10 K 100 10 5.95 6.47 6.21 0.31
C-100-10  H#bE 100 10 4.81 531 5.06 0.24
i L F-100-10  BEbE 100 10 2.57 3.05 2.81 0.21
A-100-05 — — 5 3.08 3.14 3.11 0.13
A-100-10 — — 10 6.15 6.73 6.44 0.90
A-100-15 — — 15 7.47 8.19 7.83 0.79
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Table 3 Mass ratio of paste
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KU MR B Ok
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245 95 300 125 10 78
365 75 300 125 15 78
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Table 4 Calculation results of strength reduction factor of

filling body
g5 AARTEPUERE/MPa S%E/MPa PR ALK
C-80-10 3.54 6.44 0.550
C-70-10 3.91 6.44 0.607
C-60-10 4.16 6.44 0.646
C-50-10 4.27 6.44 0.663
C-40-10 4.53 6.44 0.703
C-30-10 4.94 6.44 0.767
C-20-10 6.13 6.44 0.952
C-50-10 2.69 3.11 0.865
C-50-10 4.27 6.44 0.663
C-50-10 5.11 7.39 0.653
S-50-10 5.04 6.44 0.783
C-50-10 4.27 6.44 0.663
F-50-10 2.76 6.44 0.429
65 < a P B R TR SR 1.0

> b Pk A SR
o AR H) Bl I R 0.9
* 9&12%)?«/&?:?5& 0.8

W [*))
W (=}
ko
T 0t d

LA PRI R 5 /M Pa
(e}

45t

4.0

3.5

3.0 - - . : : 0.3
8:2 7:3 6:4 5:5 4:6 3:7 2:8

FEfH L b

B7 F#m x4 6 kiR E g
Fig.7 Effect of ratio of filling and dispersing height on strength
of combination body

I/INEE 0.653, Ui BHIG N se LA B T DA R s 4l
G R BREE, (R AR i FE ISR B, 45
AR R B BB ™
3.2.3  HURE AT AAR TR L0 R

H 3% 4 AL 9 AT LA, MM = B R e A
5 — R I, A1 AR BT B N5 AT U R K
SRS R E A OGO R, B S 1 AR B R
T 78 Ay v 5t JBE R A B, 2 PR 3 DA 2.76 MPa
HG N ZE 5.04 MPa, 58 47 0 R 20 0.429 15 &=
0.783, YA Ak S it B A 55 PR 0 5 s, 541
5 AR B SRR FE 1Y) 42.9% .

4 ETHERSASERBIRFIES T

PRSI T A AT TR AL S5 RO ML ] 14 E 2L
303



2023 4F55 7 HH

# £ A F H# K 551 %

6r < a iR F IR SRR 109
. > b B R R
sl O T R R
S e BITITRAM 108 =
S . &
= | ®
g 4 =
RI= T
£ {07 =
B 5| -
-
) X L L L 0.6
3 4 5 6 7 8
75 HUATE E/MPa

B8 LRI E A AR TR R B B
Fig.8 Effect of the strength of filling body on strength of com-

bination body

550 < a Wl RPLRE 10.9
50l " b AP A BT SR
S U o BT R R 408
st o BETRAK 5
= 0.7 8§
£ 40 e
E 0.6
235t |
ég\[ ! 105

251 : 0.4

W FbE K

BliAa 1

B9 Bpks ot 46 1R %
Fig.9 Effect of discrete element lithology on strength of com-
bination body

F-BEZ —, M JH P e G = 22 1) s o7 P mT LA i 4
WZEBN LS AR I EGE 2 AR SRR | 5
JE R RERR/IN, I, o) Uil id AE SRR G
PR AE Bl T 4 a6 o e b AR R SR BT A L
RN ARS8 v 7 3058 WL A Jon 2% 2 6
1 mm/min, R e iR ER AL H 04 R 7 0778 it 2 3 2
FALBRE B BL, B IE B R R BRI
PR e Iy B, 5 2ok R g AR 2R 4 B B R B
I I) 5535 75 A 58 A S 4 B ] 2 J0RH % iz, BT AT
FREIANIR 32 16 B AE ZF =4EE 07 18], I s
S5 A FF 4 A4S Fr B B 3 i 56 & 4n 51 10
Fi7R

i ZE UL AR s (DS A 5 SR i 7 A 32 R
Ry g ER, kTl B AR A S
R, ERSISEBUA S 22 SRR, e AR FAFY A4
B th R T A, T B A 2 B e R
AT WU SRR I, PR P S 245 o B R 4 b
PN B0 2 B A T ST A AR 38 AR, IS BUAR N AR Y
304

AE H0F Bk [ T HUAIIUR 4 BT D1 IR TR 45 2
JR AR, TR, G A e B R IR 2 TR R 45
HUARN Y AE S0 AR AT F A, RIVATE e
SEHOARTE R HGS R P R BIR R AE . QF LA
14 & e A1 K P A S AR S A i 7 iaURE 2 i, S A m]
VAT 0 5 Lk PR Joy 6 7% T 3 01 AE SR 4
RABABINE DL, 75 A SRSk Al LR A 2R PN AL
A ARARE T I S B0, I, ol LK AE SRR R AR
IR TN 7 10772 K 4 A B BEAGE fh Fsf B] s AR R,
ENA A AR FBY B AE A543 A FRAE, I AL
ST A LA R R A TE B RRAEDT. @ 41K
FERY NN ], AR AE SRR BT R A2
O BN S AR X

7 — LI E B
FRPEAR T B

A TR B
— TR R BE

[0} &

B 10 BA R MEY AR F 4 4 0B E AT Bk R
Fig.10  Colour correspondence between stress-strain curve and

four stages of AE events

4.1 AEHESENASEBEIRSFES T

10 3 T J2 45 EUA 725 B oA 20 ~ 80 mm Y AE Z{F:
G347 B 5 RRE 1) B A B IR T S HEA X L, 43 BT AS [
B = B A A A PR B IR ARAE . BR TR e, SCH NS
SR 25 B 30, 50, 70 mm 9 AE F R4 AR iR
R4S 137N 7

T 2o X BN [ 8 T v B P AL R 7 R S
1 R e AW B S (& 11) T LA Y, i g s %
TR A ZH B A (B B 1 9 20 ~ 50 mm) 78 24808 e By
BORMIBEIR & R B AE %, HEEEPE L
TR FEIA AR, IREEHUAN Y AE S B A rEfL
Bt e 235 B B AL AR T B B, 56 P R B AR P e 25
BUARTE LA AR R B A AT 2 B BOF IR IR, 5
S FH e B IR A e 55 e 2 I mT LA %
NFE B IRGE Y, RS TE A A IR BN & R By
BEATHR AT L] FH B ARk 18] A g A5 7R HH 21 1A Y R 4
2, DR UE FESUARTE 20 A R 1 280 JR PR I & e
W B RSARER A T o 8 a E A  BE RAR
TR B YR 25 T R A& B, 4L T P R S e =
B PR SR T R AT, A HIOUR 1 R ORI 45 A A
IR B S ORI R 5 T R A 1



BRI FEBUA-HUA RS A R T AR R 5T

2023 457 7 1)

(a) HUM s B2 30 mm

(b) #itfAmE 50 mm

AR BRI B
R R TEW B
BB TR B
BTN
FLIRIE W B

AE $if-fEE/
(mV * ms)

100
200
300

(o) B BE 70 mm

Bl 4A%= K4 AE F4 =04

Fig.11 Three-dimensional distribution of AE events

A s B AR A A B AR A L, IO v B R
CHUAR = R 50 ~ 80 mm) AL A RFE RS BB B
1) AE 4 32 B4 e SRR N, IR & R B Bt
1) AE S0 = AL e R A sl N, E B v
BRI e 285 5 A A 2 AR R 38 v U 2 A OR
T o X6 R A SRR A R S B8 A A TT LU Y 4
EEREN 29187 N N W T E N E T 2 sl = I =N
PR IR i %) A %) B8 1 DAL B Sy, X R
DR A e Sl o) 5 I VE T, e 285 AR 1 g ) i
AT IR, R it 1) AR T fof e 45 AR SR IR
PRI RIS 8 25 A UL T % | OAE [] Je 45 R T R A0, AEAT
TR A B AR, X — G I 3 T 23 A v ) 3
i e WY G, EE DA S B B I 5 1 25 T R i 45
ARFNN AL R T, B 45 A R IR &
FHLAD 5 U 8 IR I O B i) e 2R 1, 245 4R P S 7y 24
R TS E

THEEE R, ik C-60-10, C-70-10 2 C-80-
10 FY R AN TR A HE A B ) — U SE R B 42,
1 ST 0 11 Je 245 AR e B, R T R — 0 1 fle &4
RO FIURE (1] %) e 25 /6 FH AR e %, Hofwe ™ 2k 25 i
A 0 R 28 kA R B, R 2B AR — i

JERES B B 225 2308 SR ST AR T, S HLIUIA,

B RO RS B HUAR 4 (60 ~ 80 mm) 72 55 H B

LT 20 T A A A A AN Y ST R BRG] 7 g A
FRLLI I, JOA G S A AN 50 A7 B W ) TR
ST & AR, FEALA RBEIR I H 0 (R B A
ISR HI A A v, 2 AR N SR R 2 —
42 AEHEEENA S EBIRFES T

B 12, B 13 B 14 43025 T B A oA
W (6=31.2 MPa) . 304 (0,=13.7 MPa) X JK 5
(0:=47.1 MPa) [ 41 & R 1 e AN E A, X EE
IR AR A A 20 B R IR R

A MIRFE F-50-10 0 e 25 HUPR e 1 31 06
S 22 ik EL IR, H R TR R 4G A R 2 8
BN R RIS AT 5, SRR SR
Yo SRR N A R BR ALY R, HEA S
IR, I 13 0T LA, 441k F-50-10 B UREAF
FE R B D RAE, T AR S ORI O e,
FRAE SRR S 100 0 ) B T rh IR R SR R B 3R S 1)
WD A T, AR TR 5 A Je 65 A R A AR A K 2%
AR R D A AR B I IR S i 24, 1 B
52 48 BAAAAS AN L ] P R e ) ) g R e 4 3 I
TE B B JR 25 AL R A% 33 N ), B FH A
B A B BT 3 AR A2 B V7 28

A MRIEE S-50-10 AR 2 & A 7E L)
FeIEAHR, F R A A RS A B R DATE 4 A iR Y

(a) UM 2 30 mm

Fig.12

(@ﬁ%%ﬁmﬁﬁ

K12 AeEREHRIBA

Failure pattern of combination body specimens

(o) UM B2 70 mm

305



2023 4F55 7 W

H A A FHK %51 %

B 13 F-50-10 AR A K A3 0 E
Fig.13 Failure pattern of sample F-50-10 and fracture surface

of granular particles

FLBR 2 B B Al s AR IR B BE b AT R e R 3, 2
A RIEARLLY” &y BOFI IR & e B BEn, e
FARA BT AR, TS B S 55 v 1) AR ik
JEM RS, 7T LS Y se BRI W) R 3
BHB R EWIR . & 14b AT LI ), 2K
BRI Py it B B e ) S I, T AR AR IR A4 A
ASCRT DL — b PR % AR 35 U REIR I 8 A b i 2 T
TR A B A A B AR R 7 25 0 R, R B AR ) IR
Bt S STV vt WR I S0 IR &

T A TR, A A 7 J 2 A v 8 4
FERIAE LI 24577 1 OZHC B R BURL 8] A1 H
WS T I A R, B SRR A Y 25 BRI K ey
PRI HEATIFOTE, 25 IR A8 HIUA R 32k v i 280, 1%
A RIURE ) AF EL 0 B4 B R4 1 S R4, [l I ]
P DRI DA BT 5 5 R X R A A ] 149 7 14T
FIORNAG ik 5 (225 B S5 BIUR IA 14 R 5 4 R AR,
[ J P 32 ke 8 A A A BB T S8 7 SR AR T, TR 4
TRIN B R EOZE T 1R 4 8 A, 8 oA URDRE
HRZ PRUBORE T R 1T 7 R B R 0, A PR 22 Y,
FIATIORL I 248 1Y K SR8 7 1) A= B DI 3 E i )
DL B 2R T
4.3 AEFEEEENHSERIREFES T

P15, 181 12 K J&T 16 23 B 46 T e A K I8

306

A

(2) S-50-10 R RERL IR 25 K 244 5

W2
(b) $-50-10 SRFHILA BRI T
H 14 S-50-10 RAEFB IR A KA AR SR % 4 T

Fig.14 Failure pattern of sample S-50-10 and fracture surface

of granular particles

BN 5%, 10% K 15% B4 4K AE Fk=
Y53 A7 B 5 IR IR A BN E RS, X EL A MRS R 78
SR B (14 20 A R 7 e S 1 A e L 3R
FHIE

M AR P FEIERSR B Ol 3.11 MPa B, 2 Ak
FEREIR R SR B AE S50 2 242 v e b3 73
TR, TERIRES RN 1 AR Fift R B AR 7R A1k
B AR IR RS JRE B B, U B S 25 AR B2 5 1
FEIR K AR AR T REIR, IS 45 B W B SR i 0 2 22 3%
S e T E SR ket | AT =y a1 N L E N
DA A B B R 8] 1 158 G 7R PH 4G A 1Y) S 40 £ 282,
H 0L AR SRR SR B A ARG, AR H A1 AR T 1) 254
T B8R 3 70 LA R 32 5 ) faf 28 AR R 1Y) 51 2
S48, JEF B A AR SRR

IFE C-50-10( FRIFIATR R 6.44 MPa) Fl C-50-
15(FEHARTR R 7.83 MPa) 7EAS A B Y AE 544
B AR S8R C-50-05 (FEIEARBR S 3.11 MPa)
FEARIEA, AR E R, FE C-50-15(FE I AR B
7.83 MPa) 7ES5F4 THI FFHE B IR 2 R B B ) AE i 4F4%
fifZ HRgmER, Ui 41 A IR TEBEIR & B B i
IR B P g A I L, s R, EEERE R
T LA B KT R A A Y B, 2R R Y
Ji 45 WA SR S AR 2420 A8 B (0 25 W TET I, 13 )
FEIARE AL T RS TE B B, H AE SRR, &
Bk A TR S AR Y M S5 R T A i HE R RO Ok
IR PR FEIELR (1) B AN ALY 5K



RIERAS . TR AR S 4 A ) R G i o 2023 4E55 7
AE SR REF B AE %Hﬁﬁiﬁ)’l‘ﬁ&
TR R B TR FE i B
RAY M B Ry R B
PRI RY B LA TR B
LB 2B B FUBR B B
AE FiffheE/ AR HifFhE R/

mV ¢ ms mV ¢ ms
80 100
3160 200
P [y~
240 : 300

R N

(b) C-50-05 RAFMIR TS I K44 77 Hi
B 15 C-50-05 & ¥ 7= K 4T = R AT A

Fig.15 C-50-05 specimen acoustic emission events and failure

mode

o TR, N[ i B ) e LA I AR i
S5 (R SRR T v Rt AR ], SR P e 45 T 1Y) 52
EAE—EES, Bt FexTE 15b, & 12b F1E 16b
AL Y, BE A PO B 235 v S A T vk FE A 184 0, e
SEHUA R B AR A h 248 B0 | KM SE Yy
AT IN, R R B EE AR R U ORI 45 F 1K,
HRSFRF A B RRRAR) A AR B (/)

5 AEEEHEIERIE

A MR BIR A S B A TE | m R TE
SR BEAOG, o532 B SE AR IR 25 R 2 (8] 2544
T P 35 2522, AL 4% 4L AR 1 R B R
AT LUA Y, A A s A B AR S TR R LR,
B S5 F T HERHBURL A9 9 FA T A SESEA
FUSRUAR S BRI AR -4 fi v 12 B ] S A 2
B, ST, HSr LA MR TR A R g 2 B Y, 7y
iy FESFAR A I 2 2 PR A 2 R T AR AR LR

FEHUR B 25 4L R ) AL TE W DR o T 7y
2 A Be: OSSR BIR A 7E i, &
TRUAC | TR FI A B G5 A TR 4 P %5 L A 17 V77
ARG R, SRS RIS A5 B 32 A A Bl ) TR 4R AR,
TR A O B Bl 1) A2 R T SRR, A RN
FRR RSO IR K B 1 s B il 1) 7 ) At — 28
i PN SN TR A 2 4 N RIS A€

(a) C-50-15 ikt AE St =4E40 A5

. B . i i Y "
(b) C-50-15 IRFERE IR S 24 5% 7 A

B 16 C-50-15 &A= K45 F 1 RHR B A
Fig.16 C-50-15 specimen acoustic emission events and failure

mode

A, B RUURL ] P e 4% 2R TS8O TR B 25 44, T4
BUASE T e AR R AR GRS, WK 172 s . @45
HTARR 50T, SESRA IR i B i 1) 157 B9

o

T o
G S e
0 0

% % Jicge3giN
GOS0

tretrts
(a) JEAS HUABEIR

A

TR )5

s T ST
e \ 2 (‘(’S—’{ X ,E\* )L—;! )a

I
" 6 “
////////

s Vo e
D

Pl Ay Ay A

(b) S5 FTHIE T 7o i A
H 17 HAERREEGERIT ) FHER

Fig.17 Mechanical model of compression failure of combina-

tion body specimen

307



2023 4F55 7 HH

# £ A F H# K 551 %

HE— 2D, B AR 2 B 4 IR SR B i IR r
55 i A AR BBER R AR, WA IE SR B 1 4 SRy R T
AR BRSO 12 1 PR P R AR 4 25 i 2805 | e 1 R
T3l , S BOTHUAE25 oA 4 45 4 T 2R AR
YY) R , B S BUARLE B R ) S H T L
FEAETTYING F1, 51 SSRGS R T A N ) 4R
LR, SR T B9 ST DN ) e 2 S BOT B R T Kk
A BT UIWR, WAL 170 B, X 2 Feds AR B v T
LS HAR, (A A iR LRI, SR IR A 85
REABER A

PR, e SR BRI AS HUR AR AR, 5
PR F ST LA Y RSN S i 16 18 A R T 24 2
AT AL I F &5

6 & it

1) 414U A BRI HE 3 5 A Ok v N 7
SRR B IEMISE R, SHUAR R ALK R,
LA AR B AT D80 2R B85 1A v R SR LA R 2 £
IR, SRR AR EHEER; Aa i
SRR SR g , 2 AR 11 i P T el ™ B

2) B AR (20 ~ 50 mm) F 45 AR AR 240 & 14
TR R B B HT 2 B B E IR, B R oA
REE s 3 T AR B AR e B B R A I BB A
B UREE R RS Bl RS 235 TR 1 BE 3, v B
(60 ~ 80 mm) 1Y i 45 A AE 4L A (A R 3R v s 913
IR, T L 468 150 1 B 285 4 7% oy s R 0RE 4 T 5
AR, S EU A PR IS Ra st A i) — T A

3) &5 PR AS LA 0k e ] 9 v 5 S e
S5 3L Y B B SR S5 R R RGBT, R
FRCARIBURT 1 B B0 BT 58 3 AR 37 B I fer 2, M EUAR Y
R T, AR ORI R A 1 & TR T 10 & AR BT )
BRI ST L A S5 ¥ T

4) FE BRI 235 T A 445 g T e il 1) 157 T %
A A5 R AR AR Y, SO 50 AR AR SO IR (1 254
17 b AR R AR R, B R A T A SR & A B
VISR, A M rp 70 SR (4 R I 2 B 1) 102 7 RN 25 44
T Y5 AR I L TR F A 285 5

5% ik (References):

(1] WA0EE, XIMSse, & g, 5 R E FEHURIEHE A b & J
RO BERBIEAEA, 2020, 48(9): 39-47.
HU Bingnan, LIU Pengliang, CUI Feng, ef al. Review and devel-
opment status of backfill coal mining technology in China[J]. Coal
Science and Technology, 2020, 48(9): 39—47.

(2] S, SKRETT, BEEEF, 55, b ST R UK M 5E kR [T].
TR, 2020, 45(1): 151-159.

308

FENG Guorui, ZHANG Yujiang, QI Tingye, et al. Status and re-
search progress for residual coal mining in China[J]. Journal of
China Coal Society, 2020, 45(1): 151-159.

[3] VFZMK, FFRE, AR IR, 45 M0 FEHUR B BOR BT 5 52
BR[I]. BERAEE, 2015, 40(6): 1303-1312.

XU lialin, XUAN Dayang, ZHU Weibing, et al. Study and applic-
ation of coal mining with partial backfilling[J]. Journal of China
Coal Society, 2015, 40(6): 1303—1312.

(4] WG, KA, BF 2L, 55 Rss KISVE A NI AR 1B e

L5 B BRI R D). Za5HE TR, 2022, 29(1):
128-134.
XU Shuyuan, ZHANG Yongbo, SHI Hong, et al. Flow character-
istics and experimental study on the permeability of mining-in-
duced fractured rock mass in caving zones[J]. Safety and Environ-
mental Engineering, 2022, 29(1): 128—134.

[5] M&A&R, AEFH. S Ras KB EFREER I B 5], W
FTHZE, 2020, 297(4): 9-10.

DENG Niandong, DAI Yuchao. Study on coal pillar recovery
method by paste filling in strip goaf[J]. Inner Mongolia Coal Eco-
nomy 2020, 297(4): 9—-10.

(6] PhAyZE. WA T R h FESRUMA S BE 37 [0]. R B2 R,
2011, 39(5): 33-36.

SUN Xikui. Analysis on backfill material strength of replacement
for belt coal pillar mining[J]. Coal Science and Technology, 2011,
39(5):33-36.

(7] o ), ED%, 58, 55 KRR TAERER 2 KIS AT A

MIBESES8 [J]. SRR, 2020, 45(S1): 38-48.
SUN Chuang, YAN Shaohong, XU Naizhong, et al. Experimental
study on the stiffness of waste rock of gob of fully mechanized
mining with large mining height[J]. Journal of China Coal Society,
2020, 45(S1): 38-48.

[8] FEalA JERUIFABYEB Vi IS5 B AT 28 RS AR

AIRFSEID]. dbat: BEBRLABTTE B BE, 2001.
WANG Jianxue. Damage-plasticity coupled model for jointed rock
mass to subsidence control and the technology of goaf stowing
with cement materials[D]. Beijing: China Coal Research Insitute,
2001.

(9] Fadee, XK. B A2 BRI TR BRI AT

BT ). B FFR, 2001, 6(1): 4,44-45.
WANG Jianxue, LIU Tianquan. Feasibility study on the techno-
logy of filling the vacant space of the caving rock with cement ma-
terials [J]. Coal Mining Technology, 2001, 6(1): 4,44—45.

[10] e, 2R, AL, SReas X B P2 BR8N T R JUT

REAMIFE ], B T, 2005,37(4): 16-18.
WANG Jianxue, LI Huadong, YANG Bensheng. Study on the
mining technology of reducing ground subsidence by filling
gangue void in goaf[J]. Coal Engineering, 2005, 37(4): 16-18.
(1] 2R &8 W, 0, 55 BT O ST IR S O
i 3 AF 5% [J/OL]. 5 #k % 4l 1-10 [2022-05-20]. DOL:
10.13225/j.cnki.jees.2021.0247.
ZHU Lei, PAN Hao, GU Wenzhe, et al. Experimental study on
flow and diffusion law of gangue filling slurry in caving
zone[J/OL]. Journal of China Coal Society: 1-10 [2022-05-20].
DOL: 10.13225/j.cnki.jees.2021.0247.


http://dx.doi.org/10.13225/j. cnki. jccs. 2021.0247
http://dx.doi.org/10.13225/j.cnki.jccs.2021.0247

BT FERA- AR ES 5 R T RS Y

2023 455 7 A

[12]

[13]

[14]

[15]

[16]

[17]

[20]

[21]

OEH, INEZR, AR, G5 W Kb RER 2 X ST T
5% (3. 4R, 2010, 35(12): 1963-1968.

FENG Guangming, SUN Chundong, WANG Chengzhen, et al.
Research on goaf filling methods with super high-water
material[J]. Journal of China Coal Society, 2010, 35( 12) :
1963—1968.

B, RIZR, BEkOR), 45, R R R e A e LR
SEEEPTIARIATIT V], A 7157, 2015, 36(10): 2869-2876.
CAO Shuai, SONG Weidong, XUE Gaili, ef al. Tests of strength
reduction of cemented tailings filling considering layering charac-
ter[J]. Rock and Soil Mechanics, 2015, 36(10): 2869-2876.
ZHAO Zenghui, WANG Weiming, DAI Chunquan, et al. Failure
characteristics of three-body model composed of rock and coal
with different strength and stiffness[J]. Transacfions of Nonfer-
rous Metals Society of China, 2014, 24(5): 1538—1546.

FHRAE. THUR MR 2 M AR PERE SE R P (D). 35 & LLARFE
HRF, 2018,

YIN Dawei. Experimental study on stabilities of roof-coal pillar
structural body[D]. Qingdao: Shandong University of Science and
Technology, 2018.

WREAZR, FPRAR, RO R, 2. THAR-IEAE S5 A0 PR 0 2 R B H
BEREIRHLHIAE 5T (0], A A 2 5 TR 224, 2017, 36(7)
1588—1598.

CHEN Shaojie, YIN Dawei, ZHANG Baoliang, et al. Mechanical
characteristics and progressive failure mechanism of roof-coal pil-
lar structure [J]. Chinese Journal of Rock Mechanics and Engin-
eering, 2017,36(7): 1588-1598.

TSR, FR IR JORAR B T AR R AR AT (7). 2 %
ZTHA, 2004(1): 1-4,9.

FENG Wensheng, ZHENG Zhi. Tests and researches on engineer-
ing properties of large particlesize fillers[J]. Technology of High-
way and Transport, 2004(1): 1-4,9.

SR PRI MDA A= 1 TR SR FH M. KM - ZORIKOR] ke,
1983.

KRR SC, EiE e, BRI, 55 RORLAR B R AR Y 4
PRI BEIRAM, 2018, 43(4): 1000-1007.

ZHANG Junwen, WANG Hailong, CHEN Shaojie, et al. Bearing
deformation characteristics of large-size broken rock [J]. Journal
of China Coal Society, 2018, 43(4): 1000—-1007.

NG N AT TR B VR X TSR SRR AR A BE OF
FE[D]. #e: s, 2008,

LI Xingshang. Study on mechanism of the grouting backfill in
caving area with strip mining under buildings[D]. Xuzhou: China
University of Mining & Technology, 2008.

s, RO, B AR AN DRI S R AR TR R 1) Al WA

[24]

[25]

[26]
[27]

[28]

[29]

W], A+ 517, 2013, 34(7): 2077-2083.

ZHANG Chao, ZHAN Xucai, YANG Chunhe. Mesoscopic simu-
lation of strength and deformation characteristics of coarse
grained materials[J]. Rock and Soil Mechanics, 2013, 34(7) :
2077-2083.

HENKEL-D-J Bishop w a. The measurement of soils properties in
triaxial test{[R]. London: Edward Arnold Ltd, 1962.

B R, S8 . A SETRDRE i ELSC IR 5T (1) e
1%, 2009, 34(8): 1076-1080.

HU Bingnan, GUO Aiguo. Testing study on coal waste back
filling material compression simulation[J]. Journal of China Coal
Society, 2009, 34(8): 1076-1080.

FREF, GTME K, sRE L, 55, FEUA-HIA A S AR ZAHHHIES
B0 A WL D). R ™15 % 4 TR 2 i, 2020, 37(6)
1238-1245.

CHENG Aiping, SHU Pengfei, ZHANG Yushan, et al. Acoustic
emission characteristics and damage constitution of backfill-sur-
rounding rock combination[J]. Journal of Mining & Safety En-
gineering, 2020, 37(6): 1238—1245.

FNBR, B, SRENFD, 5F. PIE A R ST I S Kaisers{
SPUGITT IR [J]. &0 1585 TR, 2011, 30(3):
580-588.

WANG Xiaoqiong, GE Hongkui, SONG Lili, et al. Experimental
study of two types of rock sample acoustic emission events and
kaiser effect point recognition approach[J]. Chinese Journal of
Rock Mechanics and Engineering, 2011, 30(3): 580—588.
M. A 2= M. Jss: S5 L, 2021

KT, 2RI, ERIC, 5. BT R AT IR s 4R R R A
BT BB 5 AL R IR 5T (7). 8 2 5 TR A% 4R, 2020,
39(82):3338-3347.

ZHANG Zhibo, LI Shujie, WANG Enyuan, et al. Research on the
damage evolution characteristics of coal based on cluster analysis
of temporal-spatial dimension of acoustic emission events[J].
Chinese Journal of Rock Mechanics and Engineering, 2020,
39(S2):3338-3347.

W, 2Bt FLRBE, S BT PR R G S S EH B8O Y
it b FEHLEE (7], $ERA4R, 2016, 41(11): 2698-2705.

XIANG Peng, JI Hongguang, KONG Lingrui, et al. Rockburst
mechanism analysis based on dynamic loading and unloading ef-
fect of two-body systems [J]. Journal of China Coal Society, 2016,
41(11): 2698-2705.

XVHT, R, R, 45 BEn FRIR A SR K i R AL
HAYHTE L], 5 £ TREAAE, 2004, 26(2): 276-280.

LIU Jianxin, TANG Chun’an, ZHU Wancheng, ef al. Rock - coal
model for studying the rockburst[J]. Chinese Jounal of Geotech-
nical Engineering, 2004, 26(2): 276-280.

309


https://doi.org/10.1016/S1003-6326(14)63223-4
https://doi.org/10.1016/S1003-6326(14)63223-4
https://doi.org/10.1016/S1003-6326(14)63223-4

	0 引　　言
	1 充填体&#8722;散体胶结组合体模型建立
	1.1 模型试验背景
	1.2 模型简化

	2 充填体&#8722;散体胶结组合体试验
	2.1 组合体试验材料选取
	2.1.1 试验散体岩性
	2.1.2 试验散体高度及粒径级配
	2.1.3 试验散体材料孔隙率

	2.2 试验方案及试样制作
	2.3 试验设备及检测方法

	3 充填体&#8722;散体胶结组合体强度特性
	3.1 充填体&#8722;散体胶结组合体强度试验结果
	3.2 充填体&#8722;散体胶结组合体强度特征探讨
	3.2.1 充散高度比对组合体强度的影响
	3.2.2 充填体强度对组合体强度的影响
	3.2.3 散体岩性对组合体强度的影响


	4 基于声发射的组合体破坏特征分析
	4.1 不同散体高度的组合体破坏特征分析
	4.2 不同散体岩性的组合体破坏特征分析
	4.3 不同充填体强度的组合体破坏特征分析

	5 组合体结构面作用机理
	6 结　　论
	参考文献

