[ Downloaded from system.khu.ac.ir on 2024-06-30 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

vof \f-v);gr;)u.ﬁm»‘fwfu;w%z

S0 5101 308 4 (w0 § 9 ) 9okro DU g 8190 (SR AIURW (GUals Dlasiw (w3
Sl Jbu 1 Jolo alasiw ganails
Foves Slpes o1y hwgy hluao TFyglhe ol ) SIS wlolw o5l

Sl smio oBiils opny pole swdige 0aSiils (SLilSogsy (guadigee 05,5 (i SlSo gudigee 0yl ol 57N
STyl gaio oBiils () pole cwdiges 00l (SlSogs) (gwdigw 09,5 JLobiwl .Y
STyl gaio oBiils ¢y pole cwdige 00SiSlS (SSlSog) (guidige 09,5 leisls Y
Oyt S oKl ¢ pwiige 5 (S8 0uSiils (S SlSs 09,5 (S Sl ot 0l ol IS F

VEY QYD iy gl VEY/ BT il s b

oS
Loyl aloSow gamasly Slastin 45 Cosl waige pllas glgl 5l Sore e slalas oSy olge
ol Jlxe A S D50 Sla o) g bl 2010 Blge (nl (Su3d g (S olyS p (cerditns 55U
yols dlie jo el sais &l o)y ol 0aisS 5 Slge slaailaSin (sanals Slasiv 996 4o
Jolss game slooaisS y glgil jo oolainl 550 sbaailaSin sasnails Slasivn g laals ojlail slaosgase
é)L».A ‘L‘J.,.u‘) u;‘ 50 4\.»3; )‘)5 SR D)ee é"“’ oAJ.JS).é 9 (G o> oAJ.JS).é sﬂs)dﬁ.@ o..\.S.JS).;
aails golal odguza o Lg”TéA? ool wlul 5.al 6)516"-?' 0dsS 3 Olge glgil die) 10 39250
Oeileo aloz 5l yolae 00isS 5 dlge 51 Sy (gaails Slastin w0 s oaisS 1SS s 0
sy 3l el bl 8 dulxe (CC) Ll gy 9 (CU) 2316y g o (D50) Laails jlad
(e 0aiiS 0 laaily a5 ol lis w5 (S yuue (g slaonisS y ganaily slo s
Slasin Coles jo anil oo olul osgame (35, B o iaad )0 s cod 4 (60 5 (S 00
Sy ganaile b g Sl was euisS (S lgie 4 gleiBle sladlu 5l oad angd 0uisS p (guuails

30 50 wleitl alis 5l oals agd caisS y sanaily e ol las ol al anslie boasS

.\))‘é )|)5 ‘;..w o..\.uS)J 6«)[}_" o\)ju\.?oo LSH”L’ )}A 9 L_:,—i‘Jj)M oJ.A.S).' ‘_g\)l:.s‘ 005..\.790 G»Yb

Al Sleitlo dlbs (gandils Slastie ( cus) ) 6 Sane 0alS 5 dlge (o Flguls

DOI: https://doi.org/10.22034/JEG.2023.17.3.105984 h.atapour@arakut.ac.ir : Jgiue eaiw 5


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 2024-06-30 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

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

doddo

ol s (Solite Gla S b JB slalad fael wsy coge b))l b (Same lge gl Seal 5 (e n) oS0
Ol aizman aijls o 50 gzl sl GlaslS IS Glbl slaslgs sl |y (i, @lbs wdal 54y 4 JIB slalas
Cwl JB slalad nl oS b, Ohlas 5l sisy Lad e mhaw (g3, 0ol &8ly slacsle ) gl canis
g ALBINS gl 4 Fame oole plB3 gol> sbbal Wb L )53 &l et 5l 5Ky Saa L .(Sheshpari, 2015)
Li, ) wgd 5 cowlio olgo b JB slalas cpl b b« salgs cass 5l Same oole 5l g0l idu &g ol 4o o
odds Jol> laKiw 4 g co sime) ) 600 31 LU JIB slalad 0,5y (sl adsl mlas § sl 5 (2014
e ‘6)5])3 <ul_>)15 dLmleolJ 8 “\’5)(5‘° )Lo...u L cJ....S).' 0‘5.41 LS‘J" @5? é)Luo as o; o)l...u‘ ‘5....9)).‘) C‘W‘ )‘
axlllas (\Y‘Af ‘@Ua.c) A:s.w UL?LA)‘ OJ.».JJ.: b‘s.o 0‘9,\.: L Ml}"d ‘ML ailas 6)94.00}} ML} 0‘946 aS @)9@
Iy ool SOl 5 (S8 olem b oasS 5 adgs Sl (g (polas 0uiiS  Slge Slasin s Jolge il
b 4 b olul mjei 09 5 olal 0aiS y Slge Cglan jo braslaSis sla el )b (i bse 31 (SO S so L
VYo o leds alals) Conl ot ) K das soin S S g 4 LK baailoSies samails Giles JS8 el T gl
Oy 4 45 wlas (CC) Tlssl o o 4 (CU) Y 31550 o po amed oo el b omails Jloges 5l eolaisl L.V VAP
Woled joas ail e a4 b g ganails (VAT YAY o Ll alals) 59 wiples awlxe b cigd oo b (oo5
abgs o pllas yiion 4> ;o ol ST cel 3 (ralS es g oS | baals ey e (JBB slad aasls
QOYAY ( Sie s Aroglu, 1984) o salss i o] Cawglie 5 ogase (39 bl yiiw wllas ;o o515 4,8 aigd
uLo...w )‘ u‘ysa oolawl Sy90 6[.@4)‘&»..» WLA.A 6.\.@4;‘& L> ‘o.\.\.»S).’ Q‘}A ) ua.?b.wo wsl&u &: U'))si Cewd gA.Q.‘>
olaidl 48 1o 4y poeie coolainl 090 00iiS y 0ol o> Ay Az g byl (ol 0,8 ol sasilans ool lgie 4y (5 5eS

< b ez B
Slasin g, 2 ol oy p OF Y © AT Wl ) en 5 Slais) ouls ploil (L3 Slllas g5 « ol dllas o
E3o90 Camodl a5 el S5 LLE Cunl oals &Il Jol> ol 5 plxl ciw ) olre 0aiiS p slge glgil gamails
k> JB e malS Sl g a5 0550 ey sbolad S5 slal Cde 4y olas 00isS yy 8lge 10 sl gaialls
a5l ol ouisS 5 slge (gudils Glasin @lie anlsl ;o .l Jlo,05 5 (60b ) Sl 3l 0550 yloss ]
Khandani et al., ) ol oo @]l onds sloeiny oz 0aisS  sole 4 oy 4y uilge )b 5l 51 a5 Sleas b

(V) (Slas 52023

' Uniformity coefficient (Cu) 2 Curvature coefficient (Cc)


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 2024-06-30 ]

[ DOI: 10.22034/JEG.2023.17.3.105984 ]

VEey Db s s s Ao dige bt o) 4 25
Yor

GBS a0 58 0SSy g gl

oolo zl )zl 7 5 (ol ool (6)l0eSS g S Jed 5 63)l50 4 lgi o0 0008 5y Slse (5,510 SBlaal (s et |
OYAL (i) o) 0,5 o)Ll conis [0S g bl obsl o8 )5 adw § &S 50 )15 (go5w obul (385 08 ¢ Saxs
‘é..lj)..\.db 6[1&0..\....5)4 J.al.w ‘531.0......4 05; 50 aQ ‘uLo...MJ )‘ oolaw! ‘ad.c lJ salazu! ‘_gLa...a » 0‘94‘59 ‘) o..\.a..S).s 0‘5./0
‘_gLﬂbo..\...S).b 9 (;..m (_gl.bo..\.u:).v c‘_g‘cb‘..\i...m ‘_gl.bo..\.uS); cé...lj)..\...h ‘_gl.bo..\....f).s aosle ‘jLQ-A-A.AJ )...c 9 QSi"“J 9 ‘_g).‘..o_‘>
Slowws 085S 5 lge glgil Byme 4y palie Oyeo 4 aslsl o (Sivakugan et al., 2015) sge gonail glawbs

ol ol aiB sy iil so Syl BB lronisS 4 Cod 45 {95

SHg s 0ulS

oo (Fall etal., 2005) i 8,me o5 (sl 81 ;0 Vol ML yore ;0 148+ ams blsl jo  SJgj0um 00isS
BOrgesson et ) ail axils 095 1o 1) g, So Vo 5l 5SS ailoyy; Olyd slas o Ve mSTas Wiy oo (Sdgyame
@ 0,0 YY-0F O lade g o, £O-YO dul> i b colége JSo 4 lawl jo  SJg,0ue sleoass ,, .@l., 2003
ool Wi e a5l pguasee ke sla 2 5l ool b ailge  Slol LT alss jshiie 4 05 co Jiiie nolS IS
i by V00 B Ve 6 ddei g wload axSle O 5 Gleww cduls oo ol oS5 e 5l Logas Lo,
solatal Jsedsiie (gl > ol yor a5 (Sds 0um 00isS 5l (gldiges ) JSi 50 . (VYAY ¢ J30) w5)ls Sy 0un sleonisS

sl oanlie L5 o

Jodseie sla T 5l oo aisle g (o) (IDishi, 2019) g 0um oaisS 1 il 51 slasges () ) JSis
(Sivakugan et al., 2013)
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
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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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Table 4. The characteristics of aggregates of construction and demolition waste component
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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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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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