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Study on the Full-Time Stress Evolution Law of Cemented Rock-Tailings Filling Body in Deep Phosphate Mine
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Abstract: In response to the engineering difficulties of strength design of filling body during deep phosphate mining, a
combination of on-site monitoring and numerical simulation was used to monitor the stress of the cemented backfill in the full-
time (filling stage. curing stage, bearing stage) of the mining site, so as to obtain the internal stress evolution law of the filling
body. Numerical simulation analysis shows that after the first stage of mining and filling is completed, the stress is mainly
generated by the reserved pillar bearing the overlying rock mass. After the completion of the second stage of mining and filling,
the stress distribution of the filling body in the mining area is uneven, with a stress distribution pattern of “large in the middle
and small at both sides” inside the filling body. The average stress on the filling pillars is 3.0 MPa. The on-site measured data
analysis shows that the filling body is a passive bearing body, and it gradually begins to bear after blasting and mining the
adjacent pillars of the filling body. After the backfilling of the side pillar of the filling body, the maximum vertical stress
reached 0.714 MPa. The mining area adopts a filling body with a design strength of 3.0 — 3.5 MPa, which can resist the
disturbance stress generated by blasting mining, and the filling body is in a stable state.
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Fig.1 The schematics of strip filling mining
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Table 1 Physical and mechanical parameters of rock layers and filling materials in the mining area

P B/ (g/em®)  BEIJ)/MPa KK/ GPa A H PURIo B/ MPa NEEHE A /(0 IRBUBLE: /GPa B Y BE4E/GPa

T 2.70 12.56 2.480 0.24 5.800 46.00 1.60 1.000
W 2.70 5.00 3.000 0.13 3.000 35.00 1.35 1.320
A=A 2.70 10.00 2.480 0.24 4.000 40.00 1.60 1.000

FEHR 2.10 0.30 0.060 0.21 0.100 47.00 0.05 0.023
FEE 2 1.70 0.08 0.035 0.35 0.003 50.00 0.04 0.013
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Fig.7 The stress monitoring curve of the

stope after the first stage of filling
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Fig.13 Full-time stress sequential evolution data of the filling body

(1) I B, FEE 7817, 78 R
ENCITPARZ S!S N N LIy R I DDA R S N
K2 0.280 MPa,y J7la N 13K % 0.165 MPa, «
Iy e R 1K % 0.121 MPa,

(2) FRAP B Be . BeaRHE B K 2 88 B A —
SE R B Y TSRO, 1 2 e 2 ) [ B (N Rk
N S SRR YR ) 3% N Of T RRE . H
D51 R 3/ T 0.030 MPa, y J5 6] B S /N T
0.020 MPa,a J7[a] v JJk /N T 0.020 MPa,

(3) R B, FEMEBIF R EER T, 5
SRR PN 05 1 7 FF 0 38 R (g U % 1 98 iF 2.8 ~ 3.0
m) ., W& HE B 5, 78 58 A AL T 50 00 25 By
B T3 % 5 15 e 235 78 LR o LN T K. Ik
BBt = Jr s KN S8 0.714 MPa, y J5 [ B KR
175 0.480 MPa,x J7 [l 5 KW 7124 0.330 MPa,
X SR T 58 BE hy 3.0~3.5 MPa By S LA | BE 5 4%

PR 7= 2 W B Bh R 7 L FE SRR AL F R RS

5 W B A IRUOR S, T AR R TR
TR, FEE MR TR BT B A R R
B AR R Sy 1 FE AR N R B, T LR iE A B
HRE Y B, LN R K

HRE Y B, TR 45 A B A 1 BT
AR T R AR R e Ak B R T
PRSI SR FH 2R B 28 042 42 Hh i 22 56 0 20T 345 1
(4 78 LR 38 B2 AV R 0.30~0.35 MPa, Jiij 75 344 7K 28
ARR Sk F] 0.714 MPa, #EH H#HL%HA
X, 2 S BT ET FEREBE AR T RES KTk
KR E TR E 75 TR

PRt 35 T 70 B A iR B2 5 40 DB e SRR ) A 1
T B G I 52 B Hb T 4% 1R LK SO A TR D7
J A b bR T KNS R A SR T T R 3 3 S
SCHE ST B o BT AR, 25 G 4 BT IS R IR AT TR LA R

S N



FEAR R R R RAIE G AR B A AR R[]]SR ,2025,45(4). 7

BBt
4 Hib

BE XS RSB A5 FE BT R SE R SR B B 1Y
S AR [A) T, AR SR BB AU 5 B 37 S50 1) 7 1%
RGN T SRR A N i AR A AR
FELE®,

(1) BB BTl 15, 55 — B Be R 45 i s
FE U A R AR A R T P AR R o
W B ok 7845 U R 3 FE B R ) 20 A AN 150, FE I
AP B 52 L e ) O 7 Sk /N Y B g A A A, FE A
252 71709 3.0 MPa,

(2) fy 337 92 D0 B A o3 A AT R, 58 SR 7R 3807
73O B e R) 2 Al S a] gy Sy e BB B SR 9 B
B R B B, Hrb FE B B LA bR 2B B ST AR
WERRL )BT R BRI A E AL
([0 SR G- e s AL [ WA = U NI - 9 ND VAP IS
0.714 MPa,

(3) it FE UM iR B 55 4] I8 78 A 1) G 1k
ANRE AR 20 00 2 N EUH L M b T B A
57 4 S5 26 A R SCARAE VTR D7 X LL K0 5 ) g
RNFEGRERR 0T BT X2 BB R TR 5
B R TSR Y 3.0~3.5 MPa iy FE 31K,
RE 8 HK 470 18 W™ A B9 40 3l 7 g SE SRR Ab T AR E
£ % Uk (References) :

(1] ZRIE.oRHE XM, 5 L RMBET 15 R X 50 R 45 5%

BUFR IR PR R [J ] 07 WF 5 597 % 2024, 44(6)

10-18.

NIE Zheng, ZHANG Dianji, LIN Manging, et al. Optimal

selection and experiment of strip cemented filling mining

scheme for the first mining area of a deep phosphate mine
[J]. Mining Research and Development,2024,44(6) :10-18.
(2] JHER3C, sk BERE R A5 B 10 SR 23 X 4545 1R BT 5% 25
W] %42 5HE T ,2022,29(4) :220-230.
ZHOU Yiwen, ZHANG Tao, DUAN Longchen, et al.
Summary of research on comprehensive treatment of mine
goaf in China[ J]. Safety and Environmental Engineering.
2022,29(4) :220-230.
(3]  FEIE, RITH 3R, 5. 4 8 5 1L 58 UK 5 F A A B AR
MW FEERRT ] & /A 111.2020(1) : 7-25.
YAN Baoxu, ZHU Wancheng, HOU Chen, et al.
Interaction between backfill and rock during metal mining: a

review[ ] ]. Metal Mine,2020(1) ;7-25.

[4]

(5]

L6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

ELIE WG Sl A5 I A 58 R M I 25 B R A R e
PERIWEFELT R0 5 % & T #2441, 2015.32(6) : 936-942.
JU Feng, CHEN Zhiwei, ZHANG Qiang, et al
Surrounding rock stability control in gob-side entry retaining
with solid backfilling in coal mining technology[]J]. Journal
of Mining & Safety Engineering,2015,32(6):936-942,

R 47 A7 R T R 3 5 BOMRR E kB 4 A L) L AR
W, 2016, 32(1) : 20-23.

ZHANG Yaobin, YANG Chun. Numerical simulation
analysis of filling body stability of large scale stope[ ] ].
Modern Mining,2016,32(1) :20-23.

WAQAR Muhammad Faisal, 25 ik %, 2 4, % WAL H B
A ¥ 7% B R B2 R AR E M BT[] R DU 2 2 4 (L
2R ,2022,55(8) : 773-780.

WAQAR Muhammad Faisal, LI Shuyi. YAN Dongping. et
al. Mining stability analysis of sinian phosphate rock in
Zhangcunping, Yichang, Hubei province[ J]. Engineering
Journal of Wuhan University,2022,55(8) :773-780.

FEPRUR KM A B AR AR R R BUR Z 1 4 B B g L) .
MR 516 T,2018,41(4) 1 5-8.

YAO Zegiang, GAO Yongge. Analysis and research of
filling body stress in gob-side entry retaining[ J]. Coal and
Chemical Industry,2018,41(4) ;5-8.

HITA X Bz LSS T FLACSD Mmook 2 KA 7
BUAR B R IE A BT L1 ) B 28 BH 2 BR L 2022(1) : 36-41.
XUN Yin, LIU Chang, ZHONG Yiyan. Analysis of
overburden deformation of a phosphate mine goaf treated by
grouting and filling based on FLAC3D[J].Site Investigation
Science and Technology,2022(1):36-41.

AT IGE 3L 5 T 0 S TR 5 SRS B B (A R 43 T [ ] B
Ak ,2019,35(12) :183-185.

HE Xiaowen. Numerical simulation analysis of the required
strength of the backfill body in luohe iron mine[ J]. Modern
Mining,2019,35(12) : 183-185.
GUO Guangli, ZHU Xiaojun, ZHA Jianfeng, et al.
Subsidence prediction method based on equivalent mining
height theory for solid backfilling mining[]]. Transactions
of Nonferrous Metals Society of China, 2014, 24 (10):
3302-3308.

THOMAS E G, NANTEL J H, NOTLEY K R. Fill
technology in underground metalliferous mine [ M ].
Kingston: International Academic Services,1979.
MITCHELL R J, OLSEN R S, SMITH ] D. Model studies
on cemented tailings used in mine backfill [ J]. Canadian
Geotechnical Journal,1982,19(1) :14-28.

LI L, AUBERTIN M. An improved analytical solution to
estimate the stress state in sub-vertical backfilled stope[ J].
Canadian Geotechnical Journal,2008,45(10) :1487-1496.

LI L, AUBERTIN M. Influence of water pressure on the

stress state in stopes with cohesionless backfill [ ] ].

Geotechnical & Geological Engineering,2009,27(1):1-11.



8 F kB RL5 A 2025,45(4)
[15] ZEM 2. 0w Sy 2 AL (M .2 B b5t i 4 Tolk R [19] EfRIea8E whigA: 55, B B 2s Y i J5 70 3 205 14 5 i L
#t.2009. W R L] 4 £ 1% .2019,40(3) : 1105-1112.
CAI Sijing. Foundation of mine backfill mechanics[ M]. 2nd WANG Jun, QIAO Dengpan., HAN Runsheng, et al.
ed. Beijing: Metallurgical Industry Press,2009. Strength model of cemented backfill in subsequent filling at
[16] S dssem A om B M3 [ 1LV A 4 )8 . 1990 the stage of open stope and its application[ J]. Rock and Soil
(2):48-53. Mechanics,2019,40(3):1105-1112.
LU Ping. Strength design of cemented backfill pillars[]]. (207 #pmend , SRAIA . /N e . 45 5 B BeOiE 45 30 AR 4 u i v h
Jiangxi Nonferrous Metals,1990(2) : 48-53. WAL AL T WO AL R W 5 ()] A & %%, 2020, 41 (11D
(177 0, R JR R I8, 45 4 B i 1L B B i 5 70 4000 25 e 4 3613-3620.
B RE Sy 2R M (] + 12,2015, 36(8) : 2370-2376. WEI Xiaoming. GUO Lijies» ZHOU Xiaolong. et al. Full
CAO Shuai, DU Cuifeng, TAN Yuye, et al. Mechanical sequence stress evolution law and prediction model of high
model analysis of consolidated filling pillar using stage- stage cemented backfill[J]. Rock and Soil Mechanics, 2020,
delayed backfill in metal mines [ ] ]. Rock and Soil 41(11):3613-3620.
Mechanics,2015,36(8) :2370-2376. (211 ZEEEAL. Fosn B 2% A8 TR B 7 1 22 4 JF SR M s W
(18] REH: WU R F, 5 A K A 78 U i 4L 38 807 J I LA A AR A AT (1] & 42 5 8 TR, 2022, 29 (4) .

X H bR EE 52 [, o A 4 R 2% 4, 2016, 26 (3)
648-654.

WU Aixiang, SHEN Huiming, JIANG Lichun, et al.
Arching effect of long-narrow cemented paste backfill body
and its effect on target strength[ J]. The Chinese Journal of

Nonferrous Metals,2016,26(3) :648-654.

110-118+204.

L1 Shaojun, FENG Guangliang, QU Dingjun, et al.
Monitoring and spatial-temporal evolution characteristics of
ground pressure for safety mining in deep phosphate mine
[J]. Safety and Environmental Engineering, 2022, 29 (4) .

110-118+204.



