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Fig.1 Schematic diagram of layered cemented

paste backfill test scheme
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Fig.2 Effect diagram of the experimental mold
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Fig.3 Preparation process of layered cemented paste

backfill specimen
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Fig. 4 Relationship between layered angle and uniaxial compressive strength and elestic modulus under

different cement—sand ratio and middle layer height
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Table1 Uniaxial compressive strength and elastic modulus
of different layered cemented filling body specimens

s UCS/MPa  E/MPa ' UCS/MPa  E/MPa
A-20-0 5.42 210 B-60-5 3.11 155
A-40-0 4.91 199 C-20-5 3.22 148
A-60-0 4.48 188 C-40-5 2.35 145
B-20-0 4.19 179 C-60-5 2.00 141
B-40-0 3.34 168 D2 5.95 230
B-60-0 3.30 162 | A-20-10 473 185
C-20-0 3.28 157 A-40-10 4.58 177
C-40-0 2.40 156 || A-60-10 4.30 162
C-60-0 222 150 B-20-10 3.81 158

D1 6.0 233 B-40-10 3.31 142
A-20-5 5.09 196 B-60-10 3.06 140
A-40-5 4.63 189 C-20-10 3.12 140
A-60-5 4.37 170 C-40-10 2.32 138
B-20-5 3.86 165 C-60-10 1.96 135
B-40-5 3.32 158 D3 6.08 238
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Table 2 Initial damage of different filling body specimens

G

AN 2SR TRV %

0 5° 10°
A-20 9.82 15.31 21.30
A-40 18.30 22.96 23.79
A-60 25.46 27.29 28.45
B-20 30.28 35.77 36.61
B-40 44.43 44.76 44.93
B-60 45.09 48.25 49.08
C-20 45.42 46.42 48.09
C-40 56.74 57.57 60.40
C-60 63.06 66.72 67.39
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Fig. 5 Fitting results of uniaxial compressive strength of

filling body specimens with different layer angle
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Fig. 6 Relationship between cement—sand ratio and uniaxial compressive strength and elastic modulus under

different middle layer height and layer angle
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Fig. 7 Fitting results of uniaxial compressive strength of

backfill specimens with different cement—sand ratios
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Fig. 8 Relationship between middle layer height and uniaxial compressive strength and elastic modulus

under different cement—sand ratios and layer angle
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Fig. 9 Fitting results of uniaxial compressive strength of

filling body specimens with different middle layer heights
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Table 3 Analysis results of variance

S IR AME BJF F N

JRAD L 23.201 2 11.601 67.429  0.015
HREZEEE 3126 2 1.563 9.084 0.099
YIRS 0.564 2 0.282 1.640 0.379
i 453.406 1 453.406  2635.401
2

W2 0.344 0.172

x4 MESWER

Table 4 Analysis results of range

Tt K- KWL hHZEEE SEAE
1 32.96 26.94 26.26
K1E 2 24.37 25.76 25.52
3 19.29 23.92 24.84
W2 R 1.57 0.42 0.27
FeHEKF 1.00 1.00 1.00
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ik, 2L SR s £ 1B BE, B R B
R N S e e 0 N ik B NI P R
WA (L 548 J3E 7 F) S 07728 1) LU 481 e A s 7 IV B B, FE
PR TR IR B DA Hh 8] 2= DX S Jie o B o 2
T2 R0 FEFRAR , SRZRE RN, D T 1 1
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Table 5 Comparison of regression analysis predicted
value and actual value

EERe) SCBRAE B E EThe SCPRE PIME

A-20-0 5.42 541
A-40-0 491 491
A-60-0 4.48 4.55
B-20-0 4.19 4.10
B-40-0 3.34 3.45
B-60-0 3.30 3.26
C-20-0 3.28 3.19
C-40-0 2.40 241
C-60-0 222 2.19
A-20-5 5.09 5.13
A-40-5 4.63 4.65
A-60-5 4.37 4.37
B-20-5 3.86 3.85
B-40-5 3.32 3.30

B-60-5 3.11 3.16
C-20-5 3.22 3.12
C-40-5 2.35 2.34
C-60-5 2.00 2.01
A-20-10 4.73 4.84
A-40-10 4.58 4.56
A-60-10 4.30 4.28
B-20-10 3.81 3.78
B-40-10 3.31 3.28
B-60-10 3.06 3.02
C-20-10 3.12 3.10
C-40-10 2.32 2.32
C-60-10 1.96 1.96
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Fig. 10 Stress—strain curve of layered filling body under

uniaxial loading
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Fig. 11 Stress—strain curves of layered filling body with different influencing factors
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Study on Mechanical Response and Deformation Characteristics of Layered
Cemented Filling Body

YU Qingjun', LIU Juan’, KANG Mingchao’, LI Qianlong’, ZHAO Dongsheng', YIN Yuanchi’,
WANG Bingwen’

1.Chifeng Shanjin Hongling Nonferrous Mining Co., Ltd., Chifeng 025450, Inner Mongolia, China;

2. School of Energy and Mining Engineering, China University of Mining and Technology (Beijing), Beijing
100083, China

Abstract: To elucidate the mechanical response mechanisms and the deformation and failure characteristics of
layered cemented backfill under the influence of complex interlayer parameters, this study investigates the stage
subsequent filling method employed in an iron mine. The research systematically examines the effects of
stratification angle, cement-sand ratio, and intermediate layer height on the mechanical properties and damage
evolution of backfill through comprehensive uniaxial compression tests. The findings indicate that both the
uniaxial compressive strength and the elastic modulus of the backfill decrease with an increase in stratification
angle, a decrease in cement-sand ratio, and an increase in intermediate layer height. The sensitivity of these
factors to strength is ranked as follows: cement-sand ratio>intermediate layer height>stratification angle. Further
analysis reveals that the relationship between these three factors and compressive strength adheres to a
logarithmic function. The multivariate nonlinear regression prediction model developed in this study
demonstrates high accuracy and serves as a quantitative tool for predicting strength. Analysis of the stress-strain
curve indicates that the layered structure results in the characteristic four-stage deformation behavior of the
filling body. As the layer angle increases, the cement-sand ratio decreases, or the height of the middle layer
increases, the post-peak ductile deformation capacity of the filling body diminishes, rendering the failure
process more brittle. This study elucidates the mechanical weakening mechanism of the layered filling body.
The findings provide theoretical guidance for optimizing the design parameters of interlayers in the filling body,
predicting its macroscopic mechanical behavior, and managing the stability of the stope.

Key words: layered cemented filling body; deformation and failure; damage evolution; uniaxial compression
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