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Influence of interaction between gangue particle size and mass concentration on
properties of backfilling materials

WANG Shushuai', LI Gang', LI Yongliang2, YANG Qinghe'

(1. College of Mining, Liaoning Technical University, Fuxin 123000, China; 2. School of Energy and Mining Engineering, China University of Mining &
Technology-Beijing, Beijing 100083, China)

Abstract: Gangue particle size and mass concentration have an important influence on the performance of
backfilling materials. The size grading of gangue was characterized by the fine gangue content (the percentage of
0—5 mm gangue in the total gangue), and the influence of the fine gangue content, concentration and their
interaction on the flow performance, rheological properties, mechanical properties, ultrasonic wave velocity and

microstructure of backfill was analyzed. The results show that with the increase of fine gangue content and
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concentration, the slurry flow, bleeding rate and the total porosity decreased, while the rheological parameters,
uniaxial compressive strength, modulus of elasticity, splitting tensile strength and ultrasonic wave velocity
increased, making the backfill more compact. The slurry belonged to Bingham fluid, and the fluctuation of slurry
shear stress curve decreased and the homogeneity became better with the increase of fine gangue content. In the
interaction of two factors on the rheological parameters and mechanical properties, the increase of one factor
promoted the enhancement of the other factor, but the influence of concentration was greater than that of fine
gangue content. The response surface of each property to the interaction term could be fitted as parabola function
surface. The splitting tensile strength was mainly 0.11-0.12 times of uniaxial compressive strength, and a
significant linear positive correlation lied between them. The uniaxial compressive strength was positively
correlated with ultrasonic wave velocity and the content of micropores and capillary pores, but negatively
correlated with total porosity and the content of large pores and multi-damaged pores, with the fitting degree
greater than 0.9. The findings demonstrate that the performance of acoustic wave velocity and microstructure in
describing the influencial mechanism of these two factors on backfill strength.

Key words: gangue particle size; mass concentration; interaction effect; rheological properties; mechanical

properties
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Table 1 Experimental design scheme
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A4 60 80 5.7 3.8 3.75
A5 60 81 5.7 3.8 3.52
A6 60 82 5.7 3.8 3.30
Bl 80 76 7.6 1.9 4.74
B2 80 77 7.6 1.9 4.48
B3 80 78 7.6 1.9 423
B4 80 79 7.6 1.9 4.00
B5 80 80 7.6 1.9 3.75
B6 80 81 7.6 1.9 3.52
Cl1 100 74 9.5 — 527
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C3 100 76 9.5 — 4.74
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C5 100 78 9.5 — 423
C6 100 79 9.5 — 4..00
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Fig. 2 Influence of mass fraction of fine gangue and slurry on

slump flow and bleeding rate

H 1] 2(a) WL, BEE BRI R B s n, 3 F
AN TR AT 5 A B RL SR T B 08N . I 2 sk
o IR — B Ve R4 A oK 5k & A K AR N,
—HBAEN B K AL AR R 1w, (R H
Hishtk. 7EHARARAE RGO T, BB 5
SYELR I, H K SRR, sk T A
F 7K AL L BE 7, [ AR J0A 2 T ) A 5 JE2 88 sk /N,
LI T B RO 22 8] (432 SIIR A F 7K 3 T R
% T AR SR IR 22 ) (1% B 8, B in T R [R] £
FESE R, TR IORLIE B T R /N2,

B B AN 55 A0 5 5 40 4503 WA 5, (7]
At A7 ORI A 52 M o AR REIR 0T 4 404K (77 %~
79%) FH I 554, Bl AhT o o E 1 m, B
WY B AR e N N R R Y AR
T 60% AN F] 80% I, Ak PR AT Uk ek
b KA RIURE 22 8] 9 BE 488 7 0N, LR R A T
BN, MANGT R S BUH 80% HEINE] 100% A, B
SRR 22 1] B JEE 482 07 /IS, (B ER T 4B B JB0RE /)N,
SIS TIE A A= o N P R PR T o i Y /R € 4
fih % e ARG n, DRI UGB TOREIR A R A
INT R R,

i1l 2(b) AT %0, BEE AT FUREE Al 5 2 s
i, B A K SRR W /N . WK S TR A
BHERE LS, BEAOR #E 5 ) Ve R 1 Fig gl
I 7K — 8538 K RS 2 [ A0, —5 43 A X
LA MR RTH, R IAIK . AT —4IAT 44K
PUREE, BE AR TR 2 208, B A K S
WIS, BRI R T I A B O, AR AORE I o
KR TR B FTREAR, PR UL I AR/ . R
F NS B BT, AT B s, 1E
A7 ARSI O R, 40T Bek /N, iF A R K T

I, b FA e A PR SO Y 5K
2 fb TR I, PR e RO SR T Y A K
SN, AEXT IR IE S A oK S 2N, #
S SRLY) Y/ N
22 KEFTERERTH

AN R AT FIUREIR A I 53 B0 B J 45 7 3
R AR YUl S e s 3 i . mE 3 A,
il Ak SR It A B B, A — AT - B
SRR BTUI N ¥R, Bl AT T E R,
L BT Syt 3 n, ELIS g i 28 ik 3h 95 Rl .
YT B0k 60% I, BEAS e 25 LK HhoRL ATt
R 22, MRS ROT RN HAr i A5, il
LB T S AT A Rl ST YR (D sl K
Wil 2 205 2 43 K0 14 o, RS R R SR A 2
e S A AR OO D, BRI B U R B Bl
FRIEL/IN; S AUET i R 100% B, PR i
B ER N ARGT, 5 15 AT fik I 5 172 1) 18 0 38 5

—=— ARG — ALILE L
—o— AWM —— A2 L
—— ARG —— AL A L
AR AALA 2L
ASTRIGE ASTLA 2R
AGIRIG A AGHLA Hh 2R
1000 -
800 |
£
R 600 |-
I8
5 40 M
s S

0 20 40 60 80 100 120
B R /s
(a) 4IfT 5 #160%

—=—BUAIME — BlILAHIZL
——B2iRIGH — B2l ALk
—— B3I E — B3RS
—— B4RIE — B4l Az
——BSIAH —— BSilA sk
—— BRI —— Bofl oLk

1000 -

(=N
(=3
(=]

BIY) N F3/Pa
s 8
S (=]

2001 S eIt l TS

0 20 40 60 80 100 120
Y]k /s
(b)) 4HHT 7 57 5180%

0480314



TRINEE: R4 5526 TRE2AR Vol. 7, No. 4(2025): 048031

= CHAEME  —— ClA L
—— CQ2RIE  — Col ALk
- C3RIBME —— O3 AL
—— C4IRMH  — C4f Bk
e C5IRIRME —— CSLAHRLE
—< COIRIMH  —— Cofl&ihzk

800 +
700 +
L 600
(=
_i 500
= L
= " M

0
=R 300
200 F M
100 - =
0 L L 1 L L ) )
0 20 40 60 80 100 120
) s
(¢ ) ZMAT &5 4100%
FI3 AR AUREAC 05 B 5 OO S
SYYI LTI B i)

Fig. 3 Influence of mass fraction of fine gangue and slurry on

shear stress of cemented slurry
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Table 2 Rheological parameters of cement slurry under

different mass fraction of fine gangue and slurry
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Al 1=74.47+0.58y 7447 0.58 0.496
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A3 r=218.14+1.16y  218.14 1.16 0.732
A4 0=331.13+145 33113 1.45 0.816
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A6 1=614.06+2.65y  614.06 2.65 0.842
BI 7=91.42+0 44y 91.42 0.44 0.833
B2 £=140.76+0.78y  140.76 0.78 0.859
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Fig. 5 Variation of slurry rheological parameters with fine

gangue content and concentration
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Fig. 12 Influence of interaction between fine gangue content

and concentration on rheological parameters
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Fig. 13 Influence of interaction between fine gangue content

and concentration on backfill strength
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