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Multi-Factor Strength Optimization of Waste Rock-Tailings Cemented Backfill Based on Response Surface Methodology
ZULIYAR Yiliziati', CHEN Yin®*, WANG Enqi', YE Jian', YAO Junhui'
(1.School of Geology and Mining Engineering, Xinjiang University, Urumgi, Xinjiang 830049, China;
2.Xinjiang Kalatongke Mining Co., Ltd., Altay Prefecture, Xinjiang 836199, China)

Abstract: To optimize the mechanical strength performance of mine waste rock-tailings cemented backfill, the Box-Behnken
design within the response surface methodology (RSM) was used to conduct a three-factor-three-level test. The synergistic
effects of waste rock particle size (0 to —5 mm, +5 mm to —10 mm, +10 mm to —15 mm), mass concentration (84 %,
86 %, 88%), and sand-to-binder ratio (53% ., 60% ., 67%) on the uniaxial compressive strength of backfill at different curing
ages (7 and 28 days) were systematically explored. At the same time, the traditional orthogonal test was introduced to compare
the prediction accuracy and efficiency with the RSM. The RSM results reveal that particle size of waste rock predominantly
governs the early-stage strength of the backfill, while mass concentration significantly influences the later-stage strength. The
synergistic interaction between particle size and mass concentration is the most pronounced. jointly regulating the skeleton
stability and interfacial bonding properties of the backfill. After experimental verification, the accuracy (R?) of the backfill
strength prediction model obtained based on RSM is 0.994 9 (7 d) and 0.983 7 (28 d), respectively. The corresponding optimal
filling material proportion condition are waste rock particle size of +5 mm to —10 mm, mass concentration of 85.5% . and
sand-to-binder ratio of 58.6%. The results of the orthogonal experiment indicate that the particle size of waste rock plays a
dominant role in the backfill strength in the early and later stages. Research has shown that RSM can effectively analyze the
nonlinear coupling relationship of multiple factors, and the prediction accuracy is significantly improved compared to traditional
orthogonal experimental methods.
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Table 1 Physical properties of waste rock and tailings
MR B/ MR E/ ESEAE/ LR/ AT KR/
HW (g/em®)  (t/m?) (t/m?) % o BM/CO %
A 2.74 1.611 1.789 41.20 35.9 1.90
B®  2.92 1.830 1.923 37.32 30.5 2.40
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Table 2 Chemical composition of waste rock and tailings
4k % s V]
ZH Fe, O3 CaO  MgO  AlO; SO S HoAth
B4 26,12 33.53 2,11 6.19  29.35  0.77  1.93
B 26.23 33.58 1.19 541 27.24  3.11 3.24
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Fig.1 Particle size distribution of tailings and mining cement

2 BRI R

21 BRRERRAEEITRIRAEHS

A 56 10 L Al SR FH s o R Ry [ R R D L
(B S AR E R, FREORN 1 4,08
ARAE N +5~—10 mm, i B E R 84% ., bR
(BbM A B B Er Aol h
50% . TEHLIZIRIS T, 0 BIWE S T 0 A R AR (0~
—5 mm,+5~—10 mm.,+10~—15 mm) . i F ¥
JE(80%.82%.84% . 86%.88%) Fl ) (33%,
40% .50% .60 % .67 %) XF K A — R AD I 45 FedE AR
FPERERY I . R E T 11 A EURRRC L L AL
5ARAE . bR S B B I T A T 0 5 R X U
A TR A R 45 T A BF 5 B SR ot

AR A% S B BIES B 1L T TR
RARAE I (GB/T 51450—2022) 3 T 75 & i
= 2 IR OB U R A3 N 5 (1l

(1) i 43 1 e B A B RHAR 5 kL 42 A ) 2
104, 0~—5 mm, +5~ —10 mm M + 10~
—15 mm;

(2) BEde B AR R D i R RK Ué 4 L 6
WAL 647 58 00 T4 B S AGE &Y
IKIEFTHEFE  SRUEIR A 3857 5

(3) TFEBL R 45 19 8 ORI 40 U AR A
(100 mm X 50 mm [BIFEA , 73 )2 47 78 0 IR #5 , F
FHAR 2l 65 8 120 P9 38 19 5% 43 25 ACHE S B DR URE 1Y
S SR R i

(4) J Y 4, A8 FR 4 24 h ST R AT IR G 4
QbR

(5) FE4 L AT A 7 d R 28 d IFRIETR Y.

WA GB/T 514502022 36 T e JF4K J7 2% 1%
B 1 A0 25K, R e - U7 RE R 50 L e B 7k
o TR EE D . I A B 67 B 45 o A =X, DUAE E
R 0.5 mm/min FEFT 5l ) 02K, B0 08 005 0T R
56 WEFRRAS 2w B 1R K,

2.2 MM EENIEIT RIiX S E

FE PR ZR 0 0 JE At b i — 20 DUR AR
W BEFNRDARAE S 1 AR 5 R, SR w1 T P Y Box-
Behnken AT = K &R =K P IESS IS, DRiH
RE 7 d A28 d i T He 3 AR S i 07 A PEAR A%
RZ B P FEE R RS, 38 o A AR A By, E— 25
ek e e A b X5 [ A2 6 PR 3R K g
W 3. LB T 17 4Kk, B 5 MRFE.

AR omB RS 2.1 FAT AR .



56 o R 5 A

2025,45(10)

£33 BITEERSKFHD

Table 3 Design factors and level codings

KFG EARARSEA/mm REWE B/% ®ERC/%
—1 0~—5 84 53
0 +5~—10 86 60
1 +10~—15 88 67
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Table 4 Factors and levels in orthogonal experiment
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Table 5 Response surface experiment results of

backfill mechanical properties
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Table 6 ANOVA of the strength response surface
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Fig.4 3D Response surface plots of factor interactions on 7 d and 28 d compressive strength
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Table 7 Comparison between predicted and actual

X 100% (3)

compressive strength after mix proportion optimization

%= 7 d PR 28 d B 5

A/ B/ C/ WME/SME/ D/ BI{E/LM{E/ D/
mm % % MPa MPa % MPa  MPa %

5~10 85.5 58.6 3.869  3.71 4.29  7.159  6.90 3.75
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SOIT 5 R I 5 SIS DAL 2 ) P AR T 452 25 266 X (L
D BIKF 5% , 3 B BT g 57 19 [l 9 A A B AT 45 1
TR BE X A - D 4G e AR S B A Ak B
B—EWMSEMME. FEEM EETE 1 m®
o BUAS B LA Y TR A R AR UL 2R 8, 15 B A4 R
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A 95.37 J6/m’,
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Table 8 Material cost JG/t
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Table 9 Orthogonal experiment results

of mechanical properties of backfill
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Table 10 Range analysis results of orthogonal experiment

& A kAR /mm JE W/ % /%
$a b 7d 28 d 7d 28 d 7d 28 d

WRAE/ SREE/ WRBE/ SREE/ WMBEE/ MR/
MPa MPa MPa MPa MPa MPa

k1 2.56 5.39 2.65 5.65 2.64 5.54
ko 3.39 6.43 2.87 5.85 2.82 5.86
k3 2.17 5.12 2.6 5.46 2.66 5.56
R 1.22 1.31 0.28 0.39 0.18 0.32

. A % LR 58 BE / MPa
T R /mm REWE/ % /% 7d 284
1 0~—5 84 53 2.54 5.38
2 0~—5 86 67 2.66 5.49
3 0~—5 88 60 2.49 5.31
4 +5~—10 84 67 3.21 6.24
5 +5~—10 86 60 3.77 6.94
6 +5~—10 88 53 3.19 6.12
7 +10~—15 84 60 2.21 5.32
8 +10~—15 86 53 2.19 5.11
9 +10~—15 88 67 2.11 4.94
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