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ABSTRACT To explore the influence of steel fibers (SFs) on the mechanical properties and damage/failure mechanisms of backfill,
fiber-reinforced cemented tailings backfill (FR-CTB) is taken as the research subject to investigate the impact of SF content on the
backfill mechanical properties. Digital image correlation (DIC) technology is employed to monitor the full-field strain of specimens and
track crack development. Additionally, the microscopic strengthening mechanism of SF on backfill is studied. The results indicate that
with increasing SF content and curing age, the uniaxial compressive strength, splitting tensile strength, and shear strength of FR-CTB
increase to varying extents. The optimal strengthening effect occurs at an SF content of 20 kg-m>, but this effect diminishes notably
when SF content exceeds 20 kg-m™. The presence of SFs significantly restrains crack expansion in the backfill, reduces stress
concentration at crack tips, effectively prevents crack propagation, and improves overall specimen deformation. Compared with

nonfiber-reinforced backfill, steel fiber-reinforced backfill exhibits characteristics of resisting microcracks without fracturing. DIC
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damage evolution images captured at various loading stages illustrate the initiation, propagation, and penetration of cracks in backfill
specimens during different failure processes. Furthermore, from a microstructural perspective, the addition of SFs results in a more
complete and denser structure where tailings particles, fibers, and hydration products such as hydrated calcium silicate (C—S—H) gel,
flocculent ettringite (Aft), and large calcium hydroxide (CH) crystals interact. During loading, the strengthening effect of SFs is mainly
manifested through bridging and pull-out mechanisms within the tail-cement matrix. The presence of hydration products increases the
roughness of the SF surface, thereby enhancing friction between SF and the cement-tailings matrix. This improves the ability to absorb
external loads and enhances the mechanical properties of FR-CTB. As the SF content increases, more fibers absorb fracture energy by
effectively pulling out when specimens crack. Optimal mechanical properties of FR-CTB are achieved at an SF content of 20 kg-m™.
However, exceeding this threshold (25 kg-m®) negatively impacts the cement matrix structure, increasing porosity and consequently

decreasing the mechanical properties of the backfill. Finally, SPSS curve estimation is employed to establish a strength calculation model

for backfill at various ages. This model exhibits high accuracy in predicting the strength of steel fiber-reinforced backfill.

KEY WORDS cemented tailings backfill; steel fiber; mechanical properties; damage evolution; microscopic characteristics
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Table 1 Chemical component of total tailings %
CaO Fe,04 SiO, Al,O4 TiO, MgO Na,O Others
59.09 10.84 10.59 3.43 1.18 1.14 0.43 1.5
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Table 2 Physical parameters of steel fiber

Fiber type Length, /ymm

Diameter, d/mm

lfd, Density/(g-cm™) Tensile strength/MPa

Steel fiber (SF) 13 0.2

65 7.9 2500

F3 BT E

Table 3 Test proportioning scheme

Serial No. Mass fraction/% Cement sand mass ratio SF content/(kg-m )

1 75 1:10 0
2 75 1:10 10
3 75 1:10 15
4 75 1:10 20
5 75 1:10 25
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Table 4 Calculation result of ¢ and ¢
Curing age SF continﬂ ¢/ Growthrate ¢/  Growth rate
(kg'm™) MPa of ¢/% ©) of ¢/ %
0 0.204 0 32.82 0
10 0.223 9.31 31.57 —3.81
3d 15 0.268 31.37 2830  -13.77
20 0.306 50.00 26.78  —18.40
25 0.320 56.86 26.87 -18.13
0 0.276 0 31.23 0
10 0.296 7.25 30.87 -1.15
7d 15 0.415 50.36 24.07 -22.93
20 0.458 65.94 21.94  -29.75
25 0.414 50.00 22,62 2757
0 0.404 0 29.55 0
10 0.420 3.96 29.37 —-0.61
28d 15 0.449 11.14 29.35 —0.68
20 0.519 28.47 27.21 =7.92
25 0.470 16.34 27.69 -6.29
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Fig.8 Cloud image of full-field principal strain damage during uniaxial compression
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Table 5 Failure mode of backfill specimens with different SF content and curing age under UCS test

Failure mode

Curing age
Fiber content 0 Fiber content 10 kg'-m >  Fiber content 15 kg'm >  Fiber content 20 kg'm™>  Fiber content 25 kg-m*




AEHA TR 55 LT 40 0 R AV R4S SRR 19 J1 A PR RE 5 10 15 L o

-+ 243 -

B[] ) 384 1, 24 S8R d ek 2D HL A R T I 4 A5
F| e 3. SF B M 0 BN = 25 kg'm ™, FLIEIRBE IR
TE 745 2R B 7 L 54 4% 320 i ok /D, 5B n 4 o 1 B0
LA WA RS, TR BB 22 2 g, 3 REAT Tl LA
TRAF AR, B RIS, Rl e e 52 3 5 ]
(28 d), St R AEH T JLT-AS H BB AR R 5 B4, ik
A AR ST AN T, A B Z AT 7 42, JF R4 R AT
1) 8 A1 2 2 34 o 70 LA R A2 19 0 AR L R £F
Y 35 S IE AR KAT 22, T2 R 27 4k A 4
YERI AT ABH IR Fe sk ih 24 8 1 b e, DR S R &7
O 198 5 70 AP AH HL, 4K 2T 2 194 a8 7 SRR 2 BH M
U240 08 24 BN W 284 1) R A

%6 W T EF APPSR E A
EARF A 4B MAEF RN BEIRIEE, ko6
AL, FE IO A B AP R B I T A IR
B AR FEA VR 25 AR AR P Bl 4R, IR
2 Yk 25 s ) AR O, 38 4F 438 5 e AR R R
W58, KR SE AN TEMIN, I U 2L 4% o B R A3
R BE A SR P I 0 R 3G i, 24809 R AT T el 35 A6y
ERFRPRMT, BE%E SFB RN, T8

FLOU LT i 2 R T, 5 REBUAY T8 D,
55 AR 25 4 3 5tk 8 B O A LU, A9 2T 2 4 5 S
PRI OR 5 T AR X5 g 114 i B2 M e B 1

RETUIA T i T35 1 B 7 F /0N, 1R
F1% T SR T A X 5 D o B, L T A T G R
R A AR B T 2R A B O — B, Nk, AR SR 60°
STUI AT B SRR E R ], 3% 7 S SRR
IAFAEA [F) 27 445 8 i A BIR B 25, 38 7 nl A,
TERFE WY IR 3P W 0T, e A 1 S A 3 Tk
F14 B 1) ThT A AR BT DDA, A I £ 4 i T8 A
PR32 1 ik Bl R AR R AL, B SF 2 5 R9 5,
U BRI B D, FERI — U E Y
DI Y 280 fERE 1 SF BT, BEE SR i
VA3 T, 55U v BT B AR SREGE D, R
v JEE 0 BT DAV B L 72 /D, 3 1 B FE SRR A
(R BIL B 56k J3E 2 T 4

3 AHEIEENERBEEITERR

3.1 HUHIEL
SEM A Aiff 5% e 5 A4 A A R 0L &85 F $ 43 T R 4

F 6 K[ SF & AT PRI A SO TR B R T8 R IR0 T MR

Table 6 Failure modes of backfill specimens under STS testing, varying by SF content and curing age

Failure mode

Curing age
Fiber content 0

Fiber content 10 kg'-m >  Fiber content 15 kg-m >  Fiber content 20 kg'-m >  Fiber content 25 kg-m*

3d

7d

28d
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Table 7 Failure modes of backfill specimens with different SF content and curing ages under variable-angle shear test (shear angle 60°)

Failure mode

Curing age
Fiber content 0 Fiber content 10 kg'm >  Fiber content 15 kg'm>  Fiber content 20 kg'm™>  Fiber content 25 kg-m*
3d
7d
28d
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Table 8 Model calculation results of curve estimation
RZ
Model
V3d Yid Yasd Y3 Y4 Y254
Linear 0.065 0.06 0.067 0.741 0.422 0.015
Log 0.076 0 0.024 0.817 0.494 0.049
Inverse 0.075 0.011 0.04 0.874 0.536 0.092
Quadratic 0.145 0.672 0.749 0.851 0.69 0.706
Cubic 0.182 0.789 0.848 0.851 0.727 0.762
Composite 0.065 0.009 0.08 0.736 0.452 0.011
Power 0.075 0 0.032 0.814 0.526 0.043
S 0.074 0.008 0.007 0.874 0.57 0.086
Growth 0.065 0.009 0.08 0.736 0.452 0.011
Exponential 0.065 0.009 0.08 0.736 0.452 0.011
F£9 ARSI R
Table 9 Absolute error of calculation model
UCSsq Absolute UCSs Absolute UCSas Absolute STS3 Absolute STS7 Absolute STSxs4 Absolute
calculated calculated calculated calculated calculated calculated
value/MPa error value/MPa error value/MPa error value/MPa value/MPa error value/MPa error
0.591 0.0029 1.040 0.0120 1.677 0.0208 0.077 0.0003 0.147 0.0031 0.199 0.0059
0.597 0.0086 1.118 0.0388 1.814 0.0653 0.083 0.0023 0.170 0.0113 0.243 0.0182
0.598 0.0088 1.114 0.0378 1.791 0.0646 0.086 0.0016 0.179 0.0104 0.246 0.0183
0.596 0.0028 1.029 0.013 1.608 0.0214 0.086 0.001 0.172 0.0039 0.207 0.0056
Mean 0.0058 Mean 0.0254 Mean 0.043 Mean 0.0013 Mean 0.0072 Mean 0.012
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Fig.12 Comparison of FR—-CTB strength between calculated and measured values: (a) UCS test; (b) STS test
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