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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
; Cc Cu s ; Cc Cu Sl
o8 (um) O'¥e u‘“),s) (I"lm) O'9e
(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) 211.4 112 220 | 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
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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. 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

D60 (um) | D50 (um) | D30 (um) | D10 (um) dasie IVEL GV
S IVA f7V/a8 YYSIVE AN« oeSilee
ARIAA oYY H-y YY&IY - S las
YAIF - ARVA ARVIA YIgA Jslos>
\ 00/ VY& \a% \VY/O Vgl Sl Sy ,oun
OFY FEY/0 YYVI§ VY pyes Syl
Yv- YA Vo¥ID A- "ale
YAVIO YYF/f \Ye /8 V- £10 TSl e anels
£¥ITN O-17Y YeIfy \YAY oSl
MRS AN AIVA ARVATA Sl
Y74 AR VIYA </F¥ Jslas>
YV/¥ VV/AY a/-y ATAR Jol S, S
IR FYIY YY/IAD AR pyws Sl
o ARVA \YIVO YIVY aleo
Fo/50 YAy VE/AY £/ Sl b anels
vf-a8 YEYSe | VEeYUYD | FReVIO0 eSile
OAF - fYy.. AR YYo- JrigRes
FYE. Y.. y.q. qy Sl
VFAFY/O yeav. FYYO .- Jsl S > S
fYy- - ¥.q VWeeo ‘T2 pyw Sl
YEO- - 1440+ YAYO V£ &l
YYYYYIO 144y AYYVO Yavo Sl ol als
fOr- A0 a4 YO | bl al )l o> sl ailaSe
17 First quartile 19 Median

18 Third quartile 20 Interquartile range (IQR)


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html

[ Downloaded from system.khu.ac.ir on 2026-06-28 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

v Oslee oS 5l se Sk (g Audils lasiie ) YVY

Glaclad )5 eolaiul 5,50 005 Slge olos Slasine 15 5 g pie Jelse 5l T Golul w58 ogi g laasls o5l
slalad caisS 5 slgs glgil apd gl age gonails Slasin 0)90 j0 (B Sledbl sgs cwl w600
2o j9ye pole aslllae jo ailioe olas ;0 Slge al 655G 5 A 53 39290 Slaily ) (Suse (S
S92g0 aobio laml bl cpl jo .l ool ploxl sy olae ;o eolauwl 850 0aiiS p Slge glail (guails Clasiv
ool e 0 ‘5)51@.? s § (6 e ¢ Sdgyad (slodiiS  Jeld  Sase 00isS yy olae gleil dslllas 4 jo
A ooliinl 090 oS (gauaily 4y by jo Slastive waisS p olge lgil 51 Gy sl (b jo oals &8l slaosls
Omized g 0aiiS p dlge 31 G o gl eolainl 090 (saAls 08guste pad Sl adlllas Blawl g ales ol
sl 0393 (D50 5 CC CU) Ll g0 g B19S5 oy daails Hhad Sl alax 3l gunails Slasin dulxe
6ol 0dga0me a5 sl lid S 9 (Sdgy0u (6 e 00liS A (gudils G e cw) 2 g eyl Jeol ol
9 L':‘i”“’ o~.\.1.25).3' ‘UL».A U"‘ 5 S )ijim YeFAeooo 9 AR AR DR TR l_v).»lj.: Y] 0.\3.15).: »
Ste 03l ) 55 (Slg o oS g Wlesged Cud 355 5l golal slwosgasme () 5 (TS CoS 4 e
MalS oo 4y Ko 00 5 o 9> b Sy oum 00iiS ) ey 0o 45 50k 4 sl 4285 gl 0aiS 45 ol
G5 ,18 5l S oasS y plu b (28b 50 ailaSn 31 Lol> ouisS 5 lojod puw 5 5 (o) 2 gl ad)ls Bldail el
sl Lol s (219250l o adlie 99 lojed (o) o Col (K 5 (Sl yoem 00iiS (5550 03905t ;3 Gaails ()l
3,6l b gillas doadlie o0 ol 5o o Ve g #0 FF (oo 5 ay aS olo lis  Saw g (6 med «(Sdg oum 0ailS 5 4w
GIals 5o E88 1y Fowlio o Kiw 00iS g (1 Foewliol « S 0 0S5y adly j0 .35l 118 lxe o5l 40 abogy e
©lroaisS 5 slp glass jlogad SuSTy Sbj,l g, Gub (D50) aails 1 Klee Had ioran . dlodgas ol 05 511,
W10 13 g Sie YIO-AA g YV/A-OFV (Fe e —FYY e v ooguome 10 ol 0 (6 med 5 (Sulg i « S
‘_,’-;‘\))M
(Iran National Science Foundation (INSF)) ,525 ol ,5ls g o)l Kiags 5l Colas Ggaio Colex b pol> jiagh
Oye0 sioles 5l dllie palie dliwg pmas .Sl oals ploxil ST Sais ol8isls ;o 5 A1V FFAY o )leds 44 )b 0S5 L
ilei oo (Gloya8 w8 S
&L
ool )5 aelibl s ) (6,000 )0 0aiS 5y lse laie 4 Sleislu slaallu 5l solaiul meiw el NN L0 glass
0 WSl o oBiils (e pole 0uSiils )|
S SSane sl dled o S 0S5y 8lge ganails Slaseive cw, p ATVl w055 op ol oy wo i ygallac w8 ¢ gloss

Ol SIS sio oBiils (e pole (g9lS 0ols (o uiljaiS™ crn oz s 05

2l GolS, 5 Ssyom 00isS ) alaSin sla Sing anlllae VT Yo ws (oo ep 3y siusgy w0 epgallas 0 o Slis

Ol SIS sris oRiils ) pole (595 ools (Jo il j2iS e )l


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html

[ Downloaded from system.khu.ac.ir on 2026-06-28 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

VEOY DALY e (eadia dor dige el &5
YYA

0P WY 58 (65,40l 9 e lojlus w gine) s ol Zlimeinl (sloolS )15 0,5 5 Jeadl jgiws YA YAY o lods alals
02 VoA eiS (63 ,aeliy g Co o Glejle L Faxe Slge sanails Jeallygius AYAF VY - o leds alails

Sl ;;Laz’cﬁmﬁaﬁf;l;“lgolﬁisl Odre Gy iy slad (10,5 5 S slgy e albly sl eslaiul o LAY e S5
PITY (s olBiils pwaige g (&8 0uSiiils ol )l cwlid )15 asliybl oaisS s olge
02 YO g li wg,0ls  cais oRiils ol izl pgo al> ce) ) 6,0 VAT (o lac

00Stils i) ol S asbipghl U o SlSe Slakie 5 (S wlas oy Jsow 5B sy VTN o cdranld
02 W il i Jle el densge (iige

olas 53,5 55 30 Sadg e 15 00l s comlie LS b 1 VYAV wp woolililysd ) oLy (TS o e pllas o o, liiS S
TYITY N ey i gl

ooles oas a8 el g oad zl sl slaallol 5l oolial AYAA wp wooljolslys, ol (S PIL cp o pllas op ¢ LS s

AYA-YAA

02 PAY s Olpl olre 5 mlis oKl pgo Gl cyane swdige Jgol AYAD o (el o

Al-Bakri, A., Haitham, A., and Mohammed, H., 2023. Eco-Sustainable Recycling of Cement Kiln Dust (CKD)
and Copper Tailings (CT) in the Cemented Paste Backfill. Sustainability, 15(4), 3229.

Arioglu, E., 1983. Engineering Properties of Cemented Aggregate Fill for Uludag Tungsten Mine of Turkey.
In Proceedings of the International Symposium on Mining with Backfill in Lulea University of Technology.
Lulea. Sweden.

Arioglu, E., 1984. Design Aspects of Cemented Aggregate Fill Mixes for Tungsten Stoping Operations. Mining
Science and Technology, 1(3), 14-209.

Asgari, A., Ghorbanian, T., Yousefi, N., Dadashzadeh, D., Khalili, F., Bagheri, A., Mahvi, A., 2017.Quality
and Quantity of Construction and Demolition Waste in Tehran. Journal of Environmental Health Science
and Engineering, 15(1), 1-8.

Associates, F., Village, P., 1998. Characterization of Building-Related Construction and Demolition Debris in
the United States. Environmental Protection Agency, Office of Solid Waste and Emergency Response.
ASTM. 2019.ASTM International. C136/C136M-19 Standard Test Method for Sieve Analysis of Fine and

Coarse Aggregates. West Conshohocken, PA.

Attia, T., Nehal, E., Amr, H., Mohamed, E., 2021. Quantifying Construction and Demolition Waste Using Slam-
Based Mobile Mapping System: A Case Study from Kafr EI Sheikh, Egypt. In 2021 International
Conference on Data Analytics for Business and Industry (ICDABI), IEEE, 63-459.

Behera, S K., Ghosh, C N., Mishra, K., Mishra, V P., Singh, P., Mandal, P K., Buragohain, J., Sethi, M K.,
2020. Utilisation of Lead—Zinc Mill Tailings and Slag as Paste Backfill Materials. Environmental Earth
Sciences, 79 (389), 1-18.

Behera, S K., Mishra, D P., Singh, Prashant., Mishra, K., Mandal, S K., Ghosh, C N., Kumar, R., Mandal, P
K., 2021. Utilization of Mill Tailings, Fly Ash and Slag as Mine Paste Backfill Material: Review and
Future Perspective. Construction and Building Materials, 309, 120-125.

Béket Dalcé, J., Li, L., Yang, P., 2019. Experimental Study of Uniaxial Compressive Strength (UCS)
Distribution of Hydraulic Backfill Associated with Segregation. Minerals, 9(3), 147.

Blight, G E., MELENTEV., 1994. The Master Profile for Hydraulic Fill Tailings Beaches. Proceedings of the
Institution of Civil Engineers-Geotechnical Engineering, 107(1), 27-40.

Bdrgesson, L., Johannesson, L E., Gunnarsson, D., 2003. Influence of Soil Structure Heterogeneities on the


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html

[ Downloaded from system.khu.ac.ir on 2026-06-28 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

v Oslee oS 5l se Sk (g Audils lasiie ) *va

Behaviour of Backfill Materials Based on Mixtures of Bentonite and Crushed Rock. Applied clay science,
23(1-4), 31-121.

Bosiljkov, V., 2003. SCC Mixes with Poorly Graded Aggregate and High VVolume of Limestone Filler. Cement
and Concrete Research, 33(9), 86-1279.

Chen, J., Lin, C., Lee, W., 2003. Cemented Behavior of Hydraulic Fill Material. In ISOPE International Ocean
and Polar Engineering Conference in Ottawa. ISOPE, ISOPE-I, Canada.

Cooke, R., 2001.Design Procedure for Hydraulic Backfill Distribution Systems. Journal of the Southern African
Institute of Mining and Metallurgy, 101(2), 97-102.

Cui, L., Fall, M., 2017 .Multiphysics Model for Consolidation Behavior of Cemented Paste Backfill.
International Journal of Geomechanics, 17(3), 4016077.

Dalcé, JB., Li, L., Yang, P., 2019. Effect of Segregation on the Geotechnical Properties of a Hydraulic Backfill.
In Eighth International Conference on Case Histories in Geotechnical Engineering, American Society of
Civil Engineers Reston. VA, 76-269, USA.

Dong, H., Nuraini A., Shafri, H., Kamarul, A., 2023. Computational Fluid Dynamics Study on Cemented Paste
Backfill Slurry. Construction and Building Materials, 369, 130558.

Eker, Hasan, and Atac Bascetin. 2022. “Influence of Silica Fume on Mechanical Property of Cemented Paste
Backfill.” Construction and Building Materials 317: 126089.

Ercikdi, B., Baki, H., Izki, M., 2013. Effect of Desliming of Sulphide-Rich Mill Tailings on the Long-Term
Strength of Cemented Paste Backfill. Journal of environmental management, 115, 5-13.

Eshun, S., Gidigasu, S., Gawu, S., 2018. The Effect of Clay Pozzolana-Cement-Composite on the Strength
Development of a Hydraulic Backfill. Ghana Mining Journal, 18(1), 32-38.

Fall, M., Benzaazoua, M., Ouellet, S., 2005. Experimental Characterization of the Influence of Tailings
Fineness and Density on the Quality of Cemented Paste Backfill. Minerals engineering, 18(1), 41-44.

Feng, Y., Qi, W., Zhao, Q., Huang, Y., Ren, Q., Qi, W., Kong, F., 2023. Synthesis and Characterization of
Cemented Paste Backfill: Reuse of Multiple Solid Wastes. Journal of Cleaner Production, 383, 135376.

Gautam, B P., Panesar, D K., Sheikh, S A., F J, Vecchio., 2017. Effect of Coarse Aggregate Grading on the
ASR Expansion and Damage of Concrete. Cement and Concrete Research, 95, 75-83.

Golosinski, T S., Wang, C., Ganeswaran, R., 1997. Investigations on the Composition and Properties of
Cemented Rock Fill. Mineral Resources Engineering, 6(04), 27-221.

Greberg, J., Abubakary, S., 2020. Analysis of the Current Challenges for Deep Underground Mines: Labour
Productivity Improvement. Tanzania Journal of Engineering and Technology, 39(1).

Guner, N U., Yilmaz, E., Sari, M., Kasap. T., 2023. Cementitious Backfill with Partial Replacement of Cu-Rich
Mine Tailings by Sand: Rheological, Mechanical and Microstructural Properties. Minerals, 13(3), 437.
Guo, L., Yang, X., Xie, L., 2014. An Experimental Study on the Mechanical Properties of Cemented Rock-

Tailings Fill. Advanced Materials Research, 941, 19-2611.

Guo, Zh., Qiu, J., Jiang, H., Zhu, Q., Wang Kwek, J., Ke, L., Qu, Zh., 2023. Experimental and Modeling Study
on the Transient Flow and Time-Dependent Yield Stress of Superfine-Tailings Cemented Paste Backfill.
Construction and Building Materials, 367, 130363.

Hane, I., Belem, T., Benzaazoua, M., Magsoud, A., 2017. Laboratory Characterization of Cemented Tailings
Paste Containing Crushed Waste Rocks for Improved Compressive Strength Development. Geotechnical
and Geological Engineering, 35, 62—645.

Haruna, S., Fall, M., 2022. Reactivity of Cemented Paste Backfill Containing Polycarboxylate-Based
Superplasticizer. Minerals Engineering, 188, 107856.

Hu, Y., Yin, Sh, Li, K., Han, B., Zhang, B., 2023. Formation Mechanism and Thermal Decomposition
Properties of Hydration Products of Superfine Tailings Cemented Paste Backfill. Arabian Journal of
Chemistry, 16(8), 104977.

Hu, Y., Li, K., Zhang, B., Han, B., 2023a. Development of Cemented Paste Backfill with Superfine Tailings:


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html

[ Downloaded from system.khu.ac.ir on 2026-06-28 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

VEOY DALY e (eadia dor dige el &5
YA-

Fluidity, Mechanical Properties, and Microstructure Characteristics. Materials, 16(5), 1951.

Hu, Y., Li, K., Zhang, B., Han, B., 2023h. Effects of Mixing Time and Nano Silica on Some Properties of
Superfine-Tailings Cemented Paste Backfill. Construction and Building Materials, 378, 131188.

Huang, B., Wang, X., Kua, H., Geng, Y., Bleischwitz, R., Ren, J., 2018. Construction and Demolition Waste
Management in China through the 3R Principle. Resources, Conservation and Recycling, 129, 36-44.

Hughes, P., 2014. Design Guidelines: Underhand Cut and Fill Cemented Paste Backfill Sill Beams.Ph.D. thesis,
Univ of British Columbia, VVancouver, 369p.

Hustrulid, W A., Richard L B., 2001. Underground Mining Methods: Engineering Fundamentals and
International Case Studies. SME, Colorado, 718p.

Ibishi, G., 2019. Stability Assessment of Post Pillars in Cut-and-Fill Stoping Method at Trep¢a Underground
Mine.Ph.D. thesis, Univ of Eskisehir, Turkey, 215p.

Jiang, H., Ren, L., Gu, X., Zheng, J., Cui, L., 2023. Synergistic Effect of Activator Nature and Curing
Temperature on Time-Dependent Rheological Behavior of Cemented Paste Backfill Containing Alkali-
Activated Slag. Environmental Science and Pollution Research, 30(5), 12857-12871.

Jiang, H., Fall, M., Li, Y., Han, J., 2019. An Experimental Study on Compressive Behaviour of Cemented
Rockfill. Construction and Building Materials, 213, 10-19.

Ke, X., Hou, H., Zhou, M., Wang, Y., Zhou, X., 2015. Effect of Particle Gradation on Properties of Fresh and
Hardened Cemented Paste Backfill. Construction and Building Materials, 96, 82—-378.

Ke, X., Zhou, X., Wang, X., Wang, T., Hou, H., Zhou, M., 2016. Effect of Tailings Fineness on the Pore
Structure Development of Cemented Paste Backfill. Construction and Building Materials, 126, 50-345.
Kesimal, A., Ercikdi, B., Yilmaz, E., 2003. The Effect of Desliming by Sedimentation on Paste Backfill

Performance. Minerals Engineering, 16(10), 11-1009.

Khandani, F S., Atapour, H., Yousefi Rad, M., Khosh, B., 2023. An Experimental Study on the Mechanical
Properties of Underground Mining Backfill Materials Obtained from Recycling of Construction and
Demolition Waste. Case Studies in Construction Materials, 18, e02046.

Komurlu, E., 2023. Use of Microgrid Fibre as a New Reinforcement Additive to Improve Compressive and
Tensile Strength Values of Cemented Rock Fill Mixes. International Journal of Mining, Reclamation and
Environment, 1-9.

Kipper, A A G., Morgenstern, N R., Sego, D C., 1992. Laboratory Tests to Study Hydraulic Fill. Canadian
Geotechnical Journal, 29(3), 17-405.

Lamontagne, A., Pigeon, M., 1995. The Influence of Polypropylene Fibers and Aggregate Grading on the
Properties of Dry-Mix Shotcrete. Cement and concrete research, 25(2), 293-293.

Li, L., 2014. Generalized Solution for Mining Backfill Design. International Journal of Geomechanics 14(3),
4014006.

Li, Z., Yu, B., Guo, L., Xu, W., Zhao, Y., Peng, X., 2022. Numerical Study of the Layered Blasting Effect on
a Cemented Backfill Stope. Metals, 13(1), 33.

Lian, J., Xu, H., He, X,, Yan, Y., Fu, D., Yan, Sh., Qi, H., 2019. Biogrouting of Hydraulic Fill Fine Sands for
Reclamation Projects. Marine Georesources & Geotechnology, 37(2), 22-212.

Libos, I., Loan, S., Liang, C., Xinrong L., 2021. Effect of Curing Temperature on Time-Dependent Shear
Behavior and Properties of Polypropylene Fiber-Reinforced Cemented Paste Backfill. Construction and
Building Materials, 311, 125302.

Lingga, B A., Derek B A., 2018. Shear Properties of Cemented Rockfills. Journal of Rock Mechanics and
Geotechnical Engineering, 10(4), 44-635.

Liu, G, Li, L., Yao, M., Landry, D., Malek, F., Yang, X., Guo, L., 2017. An Investigation of the Uniaxial
Compressive Strength of a Cemented Hydraulic Backfill Made of Alluvial Sand. Minerals, 7(1), 4.

Liu, L., Xin, J., Huan, Ch., Qi, Ch., Zhou, W., Song, K., 2020. Pore and Strength Characteristics of Cemented
Paste Backfill Using Sulphide Tailings: Effect of Sulphur Content. Construction and Building Materials,


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html

[ Downloaded from system.khu.ac.ir on 2026-06-28 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

v Oslee oS 5l se Sk (g Audils lasiie ) YA

237, 117452.

Liu, R., Yujing, J., Bo, L., Liyuan, Y., 2016. Estimating Permeability of Porous Media Based on Modified
Hagen—Poiseuille Flow in Tortuous Capillaries with Variable Lengths. Microfluidics and Nanofluidics, 20,
1-13.

Liu, R., Bo, L., Yujing, J., 2016. Critical Hydraulic Gradient for Nonlinear Flow through Rock Fracture
Networks: The Roles of Aperture, Surface Roughness, and Number of Intersections. Advances in Water
Resources, 88, 53-65.

Moretti, J P., Sales, A., Almeida, F C R., Rezende, M A M., Gromboni, P P., 2016. Joint Use of Construction
Waste (CW) and Sugarcane Bagasse Ash Sand (SBAS) in Concrete. Construction and Building Materials,
113, 23-317.

Nasharuddin, R., Luo, G., Robinson, N., Fourie, A., Johns, M., Fridjonsson, E., 2022. Cemented Paste Backfill
Compressive Strength Enhancement via Systematic Water Chemistry Optimisation. Construction and
Building Materials, 347, 128499.

Orejarena, L., Fall, M., 2010. The Use of Artificial Neural Networks to Predict the Effect of Sulphate Attack
on the Strength of Cemented Paste Backfill. Bulletin of engineering geology and the environment, 69, 70—
659.

Peterson, S M., 1996. Cemented Rockfill Optimization in Vertical Block Mining. MS.C. thesis, univ of Alberta,
Canada, 232p.

Pierzyna, P., 2017. Disposal of Coal Combustion Wastes in the Hydraulic Backfill Process. In IOP Conference
Series: Materials Science and Engineering. IOP Publishing, 12011.

Portocarrero-Urdanivia, C., Ochoa-Cuentas, A., Arauzo-Gallardo, L., Raymundo, C., 2020. Hydraulic Fill
Assessment Model Using Weathered Granitoids Based on Analytical Solutions to Mitigate Rock Mass
Instability in Conventional Underground Mining. In Proceedings of the 5th Brazilian Technology
Symposium: Emerging Trends, Issues, and Challenges in the Brazilian Technology, Springer, 2, 23-215.

Potvin, Y., Thomas, Ed., Fourie, A., 2005. Handbook on Mine Fill. Australian Centre for Geomechanics, USA,
179p.

Qi, Ch., Fourie, A., 2019. Cemented Paste Backfill for Mineral Tailings Management: Review and Future
Perspectives. Minerals Engineering, 144, 106025.

Qi, Ch., Fourie, A., Chen, Q., Zhang, Q., 2018. A Strength Prediction Model Using Artificial Intelligence for
Recycling Waste Tailings as Cemented Paste Backfill. Journal of Cleaner Production, 183, 78-566.

Rafraf, G., Belem,T., Mrad, H., Gélinas, L P., Krichen, A., 2023. Experimental VValidation of a Prediction Model
of the Compressive Strength of Cemented Rockfills.

Ruan, Sh., Liu, L., Zhu, M., Shao, Ch., Xie, L., Hou, D., 2023. Application of Desulfurization Gypsum as
Activator for Modified Magnesium Slag-Fly Ash Cemented Paste Backfill Material. Science of The Total
Environment, 869, 161631.

Ruan, zZh., Fu, H., Wu, A., Birger, R., Wang, J., 2023. Utilization of Rice Straw as an Inhibitor of Strength
Deterioration of Sulfide-Rich Cemented Paste Backfill. Journal of Materials Research and Technology, 24,
43-833.

Sainsbury, B., Gharehdash, S., Sainsbury, D., 2021. Large-Scale Characterisation of Cemented Rock Fill
Performance for Exposure Stability Analysis. Construction and Building Materials, 308, 124995.

Sainsbury, D P., Sainsbury, B L., 2014. Design and Implementation of Cemented Rockfill at the Ballarat Gold
Project. In Mine Fill 2014: Proceedings of the Eleventh International Symposium on Mining with Backfill,
Australian Centre for Geomechanics, 16-205.

Sari, D., Pasamehmetoglu, A G., 2005. The Effects of Gradation and Admixture on the Pumice Lightweight
Aggregate Concrete. Cement and concrete research, 35(5), 42-936.

Sari, M., Yilmaz, E., Kasap, T., 2023. Long-Term Ageing Characteristics of Cemented Paste Backfill: Usability
of Sand as a Partial Substitute of Hazardous Tailings. Journal of Cleaner Production, 401, 136723.


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html

[ Downloaded from system.khu.ac.ir on 2026-06-28 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

VEOY DALY e (eadia dor dige el &5
YAY

Saw, H., Prentice, S., Villaescusa, E., 2011. Characterisation of Cemented Rock Fill Materials for the Cosmos
Nickel Mine, Western Australia. In Proceedings International Conference on Advances in Construction
Materials through Science and Engineering, Canada.

Sheshpari, M., 2015. A Review of Underground Mine Backfilling Methods with Emphasis on Cemented Paste
Backfill. Electronic Journal of Geotechnical Engineering, 20(13), 5183-5208.

Shi, X., Wang, X., Wang, X., 2022. Dual Waste Utilization in Cemented Paste Backfill Using Steel Slag and
Mine Tailings and the Heavy Metals Immobilization Effects. Powder Technology, 403, 117413.

Shrestha, B K., Tannant, D D., Proskin, S., Reinson, J., Greer, S., 2008. Properties of Cemented Rockfill Used
in an Open Pit Mine. GeoEdmonton, 8, 16-609.

Shrestha, B., 2008. Properties of Cemented Rockfill at Diavik Mine. MS.C. thesis, Univ of
Alberta, Canada, 178p.

Sivakugan, N., Rankine, R M., Rankine, K J., Rankine, K S., 2006. Geotechnical Considerations in Mine
Backfilling in Australia. Journal of Cleaner Production, 14(12-13), 75-1168.

Sivakugan, N., Kelda R., Julie L., William H., 2013. Flow Rate Computations in Hydraulic Fill Mine Stopes.
Indian Geotechnical Journal, 43, 195-202.

Sivakugan, N., Veenstra, R., Naguleswaran, N., 2015. Underground Mine Backfilling in Australia Using Paste
Fills and Hydraulic Fills. International journal of geosynthetics and ground engineering, 1, 1-7.

Song, X., Hao, Y., Wang, Sh., Zhang, L., Liu, W., Li, J., 2022. Mechanical Properties, Crack Evolution and
Damage Characteristics of Prefabricated Fractured Cemented Paste Backfill under Uniaxial Compression.
Construction and Building Materials, 330, 127251.

Sun, W., Gao, T., Zhao, J., Cheng, H., 2023. Research on Fracture Behavior and Reinforcement Mechanism of
Fiber-Reinforced Locally Layered Backfill: Experiments and Models. Construction and Building Materials,
366, 130186.

Thomas, E G., 1979. Fill Technology in Underground Metalliferous Mines. M.SC. thesis, Univ of British
Columbia, Canada, 168p.

Tuylu, S., 2022. Effect of Different Particle Size Distribution of Zeolite on the Strength of Cemented Paste
Backfill. International Journal of Environmental Science and Technology, 19(1), 40-131.

Vieira, C S., Pereira, P M., de Lurdes Lopes. M., 2016. Recycled Construction and Demolition Wastes as Filling
Material for Geosynthetic Reinforced Structures. Interface Properties. Journal of Cleaner Production, 124,
299-311.

Vigneaux, P., Shao, Y., Frigaard, | A., 2023. Confined Yield Stress Lubrication Flows for Cement Paste Backfill
in Underground Stopes. Cement and Concrete Research 164, 107038.

Volnin, B A., Pinalov, | V., 1981. Results of Investigating the Physical and Mechanical Characteristics of
Hydraulic-Fill Fine-Grained Tailings. Hydrotechnical Construction, 15, 18-612.

Wang, B., Li, Q., Dong, P., Gan, S., Yang, L., Wang, R., 2023. Performance Investigation of Blast Furnace
Slag Based Cemented Paste Backfill under Low Temperature and Low Atmospheric Pressure. Construction
and Building Materials, 363, 129744.

Wang, J., Fu, J., Song, W., Zhang, Y., 2022. Effect of Rice Husk Ash (RHA) Dosage on Pore Structural and
Mechanical Properties of Cemented Paste Backfill. Journal of Materials Research and Technology, 17, 51—
840.

Wang, X., Wan, W, Liu, Y., Gao, R., Lu, Z., Tang, X., 2023. Analysis of Factors Influencing the Flow
Characteristics of Paste Backfill in Pipeline Transportation. Sustainability, 15(8), 6904.

Wang, Y., Lu, H., Wu, J., 2021. Experimental Investigation on Strength and Failure Characteristics of
Cemented Paste Backfill-Rock Composite under Uniaxial Compression. Construction and Building
Materials, 304, 124629.

Wang, Y., Cao, Y., Cao, C., Wang, H., 2023. Effect of Curing Temperature under Deep Mining Conditions on
the Mechanical Properties of Cemented Paste Backfill. Minerals, 13(3), 383.


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html

[ Downloaded from system.khu.ac.ir on 2026-06-28 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

v Oslee oS 5l se Sk (g Audils lasiie ) YAY

Wang, Z., Wang, Y., Cui, L., Bi, C., Wu, A., 2022. Insight into the Isothermal Multiphysics Processes in
Cemented Paste Backfill: Effect of Curing Time and Cement-to-Tailings Ratio. Construction and Building
Materials, 325, 126739.

Wang, Z., Wang, Y., Wu, L., Wu, A., Ruan, Z., Zhang, M., Zhao, R., 2022. Effective Reuse of Red Mud as
Supplementary Material in Cemented Paste Backfill: Durability and Environmental Impact. Construction
and Building Materials, 328: 127002.

Wang, Z., Wang, Y., Zhang, M., Wu, A., Ruan, Z., Yu, G., 2023. Effect of Curing Pressure on the Stability of
Bottom Cemented Paste Backfill under Different Types of Barricade. Case Studies in Construction
Materials, 18: e01732.

Warren, S N., Raffaldi M J., Dehn K K., Seymour J B., Sandbak, L A., Armstrong, J., 2018. Estimating the
Unconfined Compressive Strength (UCS) of Emplaced Cemented Rockfill (CRF) from QA/QC Cylinder
Strengths. Society for Mining, Metallurgy, & Exploration,

18-31.

Wei, C., Apel, D., Katsaga, T., 2022. Coupled Finite-Difference and Discrete-Element Method for Modelling
Direct Shear Tests on Combined Rock-Cemented Rockfill Specimens. Mining, Metallurgy & Exploration,
1-21.

Wu, F., Xiao, B., Yang, F., 2023. Rheological and Strength Properties of Steel-Slag Cemented Paste Backfill:
Link to Gypsum Type and Dosage. Minerals, 13(3), 421.

Wu, J.,Jing, H., Yin, Q., Meng, B., Han, G., 2020. Strength and Ultrasonic Properties of Cemented Waste Rock
Backfill Considering Confining Pressure, Dosage and Particle Size Effects. Construction and Building
Materials, 242, 118132.

Wu, J., Yin, Q., Gao, Y., Meng, Bo., Jing, H., 2021. Particle Size Distribution of Aggregates Effects on
Mesoscopic Structural Evolution of Cemented Waste Rock Backfill. Environmental Science and Pollution
Research, 28, 601-16589.

Wu, J., Wong, H., Yin, Q., Ma. D., 2023. Effects of Aggregate Strength and Mass Fraction on Mesoscopic
Fracture Characteristics of Cemented Rockfill from Gangue as Recycled Aggregate. Composite Structures,
311, 116851.

Xiang, J., Li, Z., Qiu, J., Wu, N., Cheng, H., 2023. Investigating the Potential for Porous Ceramics as Bacterial
Carrier in Self-Healing Cemented Paste Backfill. Ceramics International 49(9), 500-13490.

Xin, J., Liu, L., Jiang, Q., Yang, P., Qu, H., Xie, G., 2022. Early-Age Hydration Characteristics of Modified
Coal Gasification Slag-Cement-Aeolian Sand Paste Backfill. Construction and Building Materials, 322:
125936.

Yan, B., Jia, H., Yilmaz, E., Lai, X., Shan, P., Hou, C., 2022. Numerical Study on Microscale and Macroscale
Strength Behaviors of Hardening Cemented Paste Backfill. Construction and Building Materials, 321:
126327.

Yang, L., Yilmaz, E., Li, J., Liu, H., Jiang, H., 2018. Effect of Superplasticizer Type and Dosage on Fluidity
and Strength Behavior of Cemented Tailings Backfill with Different Solid Contents. Construction and
Building Materials, 187, 98-290.

Yao, N., Liu, Y., Wang, Q., Oppong, F., Huang, T., Zhou, Z., Du, P., 2023. Experimental Study on
Delamination and Strength Characteristics of Cemented Waste Rock Backfill. Construction and Building
Materials, 365, 130058.

Yilmaz, E., Benzaazoua, M., Bussiére, B., Pouliot, S., 2014. Influence of Disposal Configurations on
Hydrogeological Behaviour of Sulphidic Paste Tailings: A Field Experimental Study. International Journal
of Mineral Processing, 131, 12-25.

Yin, S., Yan, Z., 2023. The Effect of Coarse Aggregate on the Bleeding and Mechanical Properties of Cemented
Paste Backfill. Journal of Central South University, 30(2), 67-555.

Yilmaz, E., Belem, T., Benzaazoua, M., Kesimal, A., Er¢ikdi, B., 2007. Evaluation of the Strength Properties


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html

[ Downloaded from system.khu.ac.ir on 2026-06-28 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

VEOY DALY e (eadia dor dige el &5
YAY

of Deslimed Tailings Paste Backfill. The International Journal of Mineral Resources Engineering, 12(2).
Yue, C., Liguo, X., Zhiyun, Z., Xiangling, W., 2023. Modification of Cemented Paste Backfill with Calcined
Layered Double Hydroxides for Lead-Containing Tailings Disposal. Powder Technology, 414, 118089.
Zhang, C., Fu, J., Song, W., Kang, M., Li, T., Wang, N., 2022. Analysis on Mechanical Behavior and Failure
Characteristics of Layered Cemented Paste Backfill (LCPB) under Triaxial Compression. Construction and

Building Materials, 324: 126631.

Zhang, P., Zhang, Y., Zhao, T., Tan, Y., Yu, F., 2019. Experimental Research on Deformation Characteristics
of Waste-Rock Material in Underground Backfill Mining. Minerals, 9(2), 102.

Zhang, S., Wang, K., Li, H., Zhang , X., Jiang , Y., 2023. Novel SCMs Produced by the Calcination of
Secondary Aluminium Dross with Dolomite and Their Potential Usage in Cemented Paste Backfill.
Construction and Building Materials, 365: 130119.

Zhao, K., Zhou, Y., Yu, X., Yan, Y., He, Z., Shan, P., Zhang, X., Ji, Y., 2023. Strain-Rate Effects on the Crack
Evolution Pattern and Damage Characteristics of Cemented Paste Backfill. Geotechnical and Geological
Engineering, 41(1), 295-310.

Zhao, Y., Taheri, A., Karakus, M., Chen, Z., Deng, A., 2020. Effects of Water Content, Water Type and
Temperature on the Rheological Behaviour of Slag-Cement and Fly Ash-Cement Paste Backfill.
International Journal of Mining Science and Technology, 30(3), 78-271.

Zhou, X., Hu, S., Zhang, G., Li, J., Xuan, D., Gao, W., 2019. Experimental Investigation and Mathematical
Strength Model Study on the Mechanical Properties of Cemented Paste Backfill. Construction and Building
Materials, 226, 524-33.

Zhou, Y., Fall, M., 2023. Mechanical and Microstructural Properties of Cemented Paste Backfill with Chloride-
Free Antifreeze Additives in Subzero Environments. Journal of Materials in Civil Engineering, 35(6),
4023148.

Zhou, Y., Yin, S., Zhao, K., Wang, L., Liu, L., 2023. Understanding the Static Rate Dependence of Early
Fracture Behavior of Cemented Paste Backfill Using Digital Image Correlation and Acoustic Emission
Techniques. Engineering Fracture Mechanics, 283, 109209.

Zhu, C., Liu, L., Pu, Y., Qi, C., Chen, Q., Chen, J., 2023. Effect of Ice Addition on the Properties and
Microstructure of Cemented Paste Backfill at Early-Age. Journal of Building Engineering, 71,106439.


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html

[ Downloaded from system.khu.ac.ir on 2026-06-28 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

Journal of Engineering Geology, Vol. 17, No. 3, Autumn 2023 385

Study of the gradation characteristics of backfill materials in underground mines
along with evaluating the gradation of construction and demolition waste aggregate

Faeze Sadat Khandani !, Hadi Atapour*?, Mostafa Yousefi Rad?® Behzad Khosh*

1. M.Sc, Department of Earth Sciences Engineering, Arak University of Technology, Arak, Iran
2. Assistant Professor, Department of Earth Sciences Engineering, Arak University of Technology, Arak, Iran
3. Associate Professor,Department of Earth Sciences Engineering, Arak University of Technology, Arak, Iran
4. M.Sc, Rock mechanics group, Faculty of Engineering, Tarbiat Modares University, Tehran, Iran

Received: 04 Sep 2023 Accepted: 16 Dec 2023

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.


http://dx.doi.org/10.22034/JEG.2023.17.3.105984
https://system.khu.ac.ir/jeg/article-1-3090-en.html
http://www.tcpdf.org

