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Fig. 1. (a) Example of hydraulic backfill texture (b) wall made of porous bricks
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Table 1. Gradation components of hydraulic backfill curves

. D50 , D50
s) (um) Cc Cu Ol UM (I"lm) Cc Cu Olye
(Kiipper et al., 1992) 462.5 084 | 221 | HB-14 gf"cgoeltg) 314 | 111 | 12.30 HB-1
(Kiipper et al., 1992) 547 0.99 173 | HB-15 gf'csoeltg) 2124 | 216 | 7.37 HB-2
(Urdanivia et al., 2020) 3020 206 | 2872 | HB-16 8f'°2"091t9) 26 | 125 | 338 HB-3
(Urdanivia et al., 2020 2120 | 115 | 1825 | HB-17 gf'czeoeltg) 265 | 111 | 251 HB-4
(Chen et al., 2003) 255 127 | 300 | HB-18 '(E:Ihugoeltg 1261 | 548 | 1547 | HB5
(Lian et al., 2019) 2114 | 112 | 220 | HB-19 (D;ICSSB 1992 | 094 | 487 HB-6
Blight and Melentev., ) Liuetal.,)
(1954 58.8 096 | 213 | HB-20 2017 502 | 133 | 7.46 HB-7
Volnin and Pinalov., ) ) Liuetal.,) )
1981 137 050 | 11.78 | HB-21 cowt 1216 | 118 | 8.89 HB-8
Volnin and Pinalov., ) Liuetal.,)
(1961 21.9 103 | 636 | HB-22 (2017 202 | 102 | 15.24 HB-9
OYAY ojSan s s ) | 1455 | 109 | 1618 | HB-23 C(OZOOlBei ) | a02 | o077 | 862 | HB-10
TRV St 5 565 ) 401 089 | 560 | HB-24 c&%%el, ) | 145 | 406 | 1039 | HB-11
P'e(rzzg’lnf' ) | 3228 | 108 | 228 HB-12
OFRA o e 3 i ) 529 032 | 851 | HB25 oo oo
. 1902 218 | 113 | 168 HB-13
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Fig. 8. Evaluation of coefficients of uniformity and curvature of hydraulic backfill used in mining activities
S oS 0SSy (gusuaild
Slp v ol 5o el ool &l (g ped slroasS p Slalllas ool (5 yslaex ganaily sla e A JSS o
FegySae /0 ) 5l eaisS g5 opl Ho Bl slal cads sl ool a8 ks S PBY ol lgie (6 yued sla s
Vo B sgam oS cnl sla e @ea 0 SO 4 5380 (IS L el Jleg S Ve Sl i B
Wgad Glgie arcwl iy 5y sbrawle U oy slal sga 10 Sld ojlasl LI s S)le 4wl Sgpuie oy ,S
ol 0015 1,8 oolatul 550 (6 ped 00iiS A H0 &laSiw Glexe 1) (g5 9 oy allbly a5 PB-00 sunails e
(nl g oodle cuwl cols plaisl 0g5 @ |y yieg S YV v Bgus Jlade cpidan U eg,Sie of0 ) lade op S
Sl ojlail gezs 51 .cwsl PB-50 sosails oo 4y bgsye pols> IS sla poxie (ym 50 00 s 5 03L 0 55, 5
3 A, (6w 0aiiS  j0 O3 o3Il sdas wigd ool I3 auslae 550 KuSG b (6 med g (Sdgyded 00iS
S Gilo > Byl 3logd s ol ralS Corge 0uiiS p oole (o dilaSw fog ailo gy cwl (S aue 0aiS
s Sl ) Gt anpe a5 0l b slSemg o Lay 4z g St iy ls > sboolfiws 4y 5l AlaStew 03,5 jo9

ol algs> S ) Gt 0diS

14 Paste Backfill (PB)
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Fig. 9. The graph of particle size distribution curves collected from paste backfill studies
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Fig. 10. The range of particle size distribution curves of hydraulic backfill of paste backfill
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Table 2. Gradation components of paste backfill curves

o4 ('ai]o) Cc | Cu | o= oA (a?no) Ce | Cu | oy
v.(garlle%ngt ) | 504 |120| 995 | PB-27 | (Beheraetal,2020) | 388 |1.16| 410 | PB-1
V'(%Teaz%égt ) | 168 |1.15]|12.16 | PB-28 Har“”E(‘Za(;?ZFa"" ) | 355 |148|1422| PB2
Zho(‘;g;g"' ) 32 |089| 963 | PB-29 (Hu et al., 2023) 241 | 161 | 998 | PB-3
Yin ?ggz\gan, ) 16.9 | 1.27 | 11.23 | PB-30 (Libos et al., 2021) 1865 | 1.60 | 9.97 | PB-4
G“?;E‘)tzg"' ) 85 |098| 550 | PB-31 NaSha“(‘gg;'; etal.) | 56 | 1181991 | PBS
Xiar(]goeztsal" ) | 14488 | 158 | 595 | PB-32 | (Ruanetal., 2023) 339 | 1381838 | PB6

Su?z%tzﬂ" ) | m2 |122| 995 | PB-33 | (Ruanetal,2023) | 405 |185| 933 | PB-7
Zha?goeztsal" ) | 363 | 1221008 | PB-34 (Shi et al., 2022) 6.42 |1.09 | 880 | PB-8
zha?goeztSal-l ) | 838 |113| 700 | PB-35 (Shi et al., 2022) 172 | 124 | 357 | PB-9
Zha'(‘goe;;"' ) | 605 |[128| 397 | PB-36 | (Songetal,2022) 88 | 1.01| 7.60 | PB-10
Y“fzztzg'" ) 33 | 173|1206 | PB-37 | (Zhangetal.,2022) | 1001 | 1.69 | 3.80 | PB-11
Wa’zgoezt;"' ) 346 | 058 | 1555 | PB-38 | (Zhaoetal., 2020) 102.7 | 252 | 13.74 | PB-12
R“igg;g"' ) | 25025 |1.03| 205 | PB-39 | (Wangetal,2022) | 359 |1.11| 664 | PB-13
Wa’zgoezt;"' ) | 1073 |o085| 431 | PB-40 (Yan etal., 2022) 2775 | 1.32 | 1531 | PB-14
G“”fzroezt3a"' ) 374 | 124 | 841 | PB-41 | (Wangetal,2021) | 11.85 | 0.98 | 6.89 | PB-15
(Huetal, 2023) | 2478 |175|11.14 | PB-42 | K& a”(g(;azsce””’ ) 358 | 146 | 568 | PB-16
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A"Biggze;a"') 239 | 107 | 275 | PB-43 (Tuylu, 2022) 284 | 119 | 17.13 | PB-17
A"sz'ggze;a"') 89 |06L| 952 | PB-44 | (Xinetal.,2022) 2116 | 1.04 | 2.46 | PB-18
W‘g;g;,o!") 10.76 | 0.85 | 434 | PB-45 | (Wangetal., 2022) 52 |083| 374 | PB-19
Wa’gg(fzt;"') 22 1095|1413 | PB-46 | (Zhouetal., 2019) 448 | 1.76 | 1645 | PB-20
J'a”(%ggg'") 765 | 1.36 | 2541 | PB-47 (Hu et al., 2023) 206 | 146 | 929 | PB-21
Zha(‘;g;g"') 25 | 077 | 487 | PB-48 | (Sarietal, 2023) 3645 | 1.20 | 8.95 | PB-22
(Lietal,2022) | 238 |1.18|1536| PB-49 | (ZhouandFall,2023) | 224 |1.78 | 16.48 | PB-23
Wargggzt;"') 522 | 083 | 9.89 | PB-50 (Zhu et al., 2023) 2175 | 155 | 4.07 | PB-24
Liuetal, ) (Wangetal., 2023) | 27.7 | 1.80 | 23.03 | PB-25
s 232 | 056 | 6.16 | PB-51
( (Feng et al., 2023) 45 | 163 | 846 | oo
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Fig. 11. Evaluation of coefficients of uniformity and curvature of paste backfill used in mining activities
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15 Rock Backfill (RB)
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Fig. 12. The graph of particle size distribution curves collected from rock backfill studies
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Fig. 13. The range of particle size distribution curves of rock backfill
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Table 3. Gradation components of rock backfill curves

. D50 . D50
o) (um) Cc Cu Ol o) (um) Cc Cu Ol
(iangetal., 2019) | 4690 | 2.82 | 12.37 | RB-11 Basa?ztggé )| 12400 | 2,08 | 3505 | RB-1
(Sainsbury., 2021) | 75300 | 1.07 | 2.06 | RB-12 | (Guoetal,2014) | 64000 | 2.17 | 21.00 | RB-2
Wa”(ez%itga"' ) | 18500 | 2.09 | 35.03 | RB-13 | (Guoetal,2014) | 40200 | 1.12 | 11.96 | RB-3
(Shrestha., 2008) | 20100 | 3.56 | 13.18 | RB-14 | (Komurlu, 2023) | 10420 | 1.40 | 830 | RB-4
Lingga and ) ) )
(Apel. 2018 43700 | 1.75 | 4.33 | RB-15 | (Rafrafetal., 2023) | 15100 | 454 | 41.96 | RB-5
Golosinski et ) ) Sainsbury and ) )
1007 23000 | 137 | 338 | RB-16 | GRIGTVE ) | 26600 | 0.99 | 558 | RB-6
Zhar(‘zgoeltga"’ )| 11100 | 099 | 9.84 | RB-17 | (Sawetal,2011) | 19800 | 1.75 | 2325 | RB-7
H”S”t‘z“(;’oelt al.) | 75500 | 3.38 | 2022 | RB-18 | (Weietal, 2022) | 7050 | 1.37 | 5400 | RB-8
H”S”t‘z“(;’oelt al.) | 23200 | 083 | 17.38 | RB-19 | (Wuetal,2023) | 3740 | 099 | 538 | RB-9
(Peterson., 1996) 27800 | 2.95 | 47.25 | RB-20 (Yao et al., 2023) 3000 294 | 46.67 | RB-10
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Fig. 14. Evaluation of coefficients of uniformity and curvature of rock backfill used in mining activities
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Fig. 15. Different sources of aggregate used in underground mine backfill materials
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Fig. 17. (a) The used jaw crusher (b) the aggregates of waste components
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Fig. 18 .Particle size distribution curves of components of construction and demolition waste
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Table 4. The characteristics of aggregates of construction and demolition waste component
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Fig. 19. The partical size distribution curve of recycled aggregate with the partical size distribution curve
ranges of various conventional backfill aggregates
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Fig. 20. Box plot related to (a) uniformity coefficient and (b) curvature coefficient of hydraulic, paste and
rock backfill along with the backfill obtained from recycled aggregate
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Table 5. Dimensional characteristics of various backfill material aggregates
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17 First quartile 19 Median

18 Third quartile 20 Interquartile range (IQR)
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Abstract

Backfill materials used to fill underground mines are a type of engineered material whose particle
size distribution (PSD) directly affects their mechanical and physical properties. According to the
authors' review, there is no comprehensive standard for the properties of aggregates used in
underground mine backfill materials. In this paper, the particle size ranges and particle size
distribution curves of various mine backfill materials, including hydraulic backfill, paste backfill
and rock backfill, have been reviewed. The available data on different types of backfill materials
were collected. Based on the collected data, the smallest particle size, the largest particle size and
the PSD curve ranges for each type of backfill material were determined. Then the characteristics
of the particle size distribution curve of each backfill material, including the mean particle
diameter (D50), the uniformity coefficient (Cu) and the curvature coefficient (Cc), were
calculated. The results of the analysis of the PSD curves for paste backfill, hydraulic backfill and
rock backfill materials showed that the particles in rock backfill and paste backfill had the largest
and smallest sizes, respectively. Finally, the particle size distribution characteristics of a new
backfill material prepared from construction and demolition waste (CDW backfill) are presented
and compared with the particle size distribution of each of the conventional backfill materials.
The results indicate that the PSD curve of the CDW backfill lies at the upper limit of the range
of the particle size distribution curve of hydraulic backfill and at the lower limit of the range of
the particle size distribution curve of rock backfill.

Introduction
Mineral extraction involves both underground and surface methods. Underground mining activities
often result in the creation of large underground voids, known as stops, which can range in size from
10 to 1000 meters. Efficient stability management of these stops in underground mines is critical, and
one effective technique is the use of backfill materials. Typically, tailings from mineral extraction or
processing operations serve as the primary source of backfill material. The strength of these backfill
materials is increased by the addition of various additives such as cement, slag, various types of fiber,
fly ash and others. These components are mixed to form a composite mixture, which is then
transported to the excavated areas through boreholes and specialized pipelines. From a geotechnical
point of view, backfill materials are classified as either unncemented or cemented. Cemented backfill
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materials, including hydraulic, paste and rock backfill, are commonly used in underground mining.
The particle size distribution of the aggregate plays an important role in determining the strength
characteristics of cemented backfill materials. However, the lack of standardized guidelines
specifying aggregate particle size limits poses a challenge in the formulation of these materials.
Therefore, this study investigates the particle size ranges and gradation characteristics of aggregates
used in different types of mine backfill, including hydraulic backfill, paste backfill and rock backfill.

Materials and Methods

An extensive collection of literature on different types of backfill materials was collected. The grain
size distribution curves of each sample collected were then analyzed to determine key grading
parameters, including mean grain diameter (D50), coefficient of uniformity (Cu) and coefficient of
curvature (Cc). The study presents a dataset of 96 grain size curves with 26%, 53% and 21% attributed
to hydraulic, paste and rock fills respectively. In addition, the gradation characteristics of C&D waste
backfill, proposed by the authors as a novel backfill material, were compared with the grain size
curves of traditional backfill materials. By investigating and comparing the gradation characteristics
of different backfill materials, this research aims to inform and improve the understanding of optimal
aggregate sizes for different types of backfill used in underground mining.

Results and Discussion
0.1-12000 and 20-680000 micrometers respectively. Furthermore, the investigation of backfill
derived from recycled C&D waste revealed that its gradation falls within the transitional range
between hydraulic and rock backfill. According to established standards, aggregates with a coefficient
of uniformity (Cu) greater than four and a coefficient of curvature (Cc) greater than one are considered
suitable for use as backfill. These characteristics were then calculated for all the grading curves of the
backfill materials. Of the 25 hydraulic backfill curves analyzed, 64% had Cu values greater than four
and 68% had Cc values greater than one. However, only about 44% of the hydraulic backfills met the
optimum aggregate grading criteria when both parameters were considered simultaneously. Similarly,
over 86% of the 51 paste backfill curves had Cu values greater than four and over 76% had Cc values
greater than one, with approximately 65% meeting the appropriate aggregate gradation conditions.
According to the optimum ranges of Cu and Cc, for rock backfill, the Cu parameter was found to be
within the optimum range in 90% of cases, while the Cc parameter met the optimum criteria in 80%
of cases.
Conclusions

The present study places considerable emphasis on the critical aspect of particle size distribution in
backfill materials. Recognizing the lack of standardized guidelines for specifying aggregate
gradation, a comprehensive review of the gradation characteristics of various backfill materials used
in underground mining was undertaken. This involved the collection of relevant literature relating to
hydraulic, paste and rock backfill, followed by the calculation of aggregate gradation characteristics
for each backfill material. The results of the analysis revealed distinct particle size ranges for rock,
paste and hydraulic backfill. In addition, the study of backfill derived from recycled aggregates
together with conventional backfill showed its transitional gradation between hydraulic and rock
backfill. Furthermore, hydraulic backfill was found to have the least suitable aggregate gradation,
while rock backfill had the most suitable characteristics, as assessed by uniformity and curvature
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coefficients. These results provide valuable insights into the importance of defining the optimum
aggregate gradation for backfill materials and provide direction for further research in this area.
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