GEA i,

2]

I | Resources
TMAM KHOMEINI ngineering
INTERNATIONAL UNIVERSITY
VoY BYY axmio I1A4 Hlg o) osled aomiy 098 S mlo (wigo 4 i
Vol. 5, No. 1, Spring 2020, pp. 77-102 Journal of Mineral Resources Engineering
(JMRE)
DOI: 10.30479/jmre.2019.8968.1140 5 cailooly

sl Joo (S HU ST ISL Y 00 (syl0a9l 9 g sloalold ySU goue (g iludu
Sy oy g

Toolj paxe Lo yanzmo 5318y olog

Olded (grio oKASls (yame (gwdiges 0,5 ¢ Lokiwl -)
Ol giaiio olKiils (e (swdige 09,5 (ase gl Sl al ) owlis IS -

(YFAY/-S1F b s AFAY/FIYR 2 53)

ouuS

9510 505 (55l oy Iy Db o nrd (G Siuwodgi ) sl )T (53l 30 (SalS Gl ol T (S (o ) Dy Sl
i 539 (3Lwylul 53 6 Gapiiuw 3 (S lgne 4 LIRSy Ll yheS (6,055 cuas loj 3 o) ! &5 659k
3l eoliwl b.oyls (SKws byl cuai cots 4 ed 98Ty 0 Sloe . Cowl (ruo ) Canglio i l338] ddcd STy (Lol i 03510 8,5 Sow
45 Sl (2B g 31 500 5l goue sl ilwand .l pllo LIRS el oS 5l Glgi (o0 ygllS e g S-S S sahy)
axdlbo (o 3234 (0! (B LojT anlllae b oS 1) cd STy ooz )L ) ()lgd (o0 o sbgy ol 59 )10 3 52,5 cd e ST, 5L, addllan (sl 2
e 6 3ludte JSEBY 63 595 2 STy Gyb 3l 63,15 59y U franc 2d 1580 55 3l ooliias! b 45 canol o0t sauw allie cypl 45 5,5
9IFr Ve dee e B Fe Ve (@) S5 0550 & Commnd S95 0)y0 dagly ol 4253 A+ 9 FO o (B) B8 0 Comnd S50 03,0 gl
S8 ey 0550 Ju BY g (] 30 .Cawl S0 Joba a cawlda g3a 2a g, Jlocl Jxo 35 50 310550 alold .Cawl az y0 19+
ol (G 55 3 030 Wy Slaad (g pidien 39 o0 0030 0553 Wby () YT B Ll )3 g (g2 ylloy Wbl (Bl 0jy0 &5 (> po B
Szg¥ 4l aby Sloa oyl 9 (I Sl 53 K98 AL o) (b S (g2 yillin bl 4250 FO 381 ) Cond Sy )0 rglj &5
ol 0obd! 5Ll 331 4 Coomd a2 50 FO @ gl 40 jui 00

oS wlols

.&loakold (g loa gl 00 iy (LY 0,0 dranc 2d (cdp ST,

Email: vahab.sarfarazi@gmail.com &5 Sls sdgs 5 J st av\;..«.:};*

\A4 1129 Jlgy o) olod oy 399



S Bl guigo 4yl

001 e Lo yunme (5318 g Olng

amio )b GRlPl 4 e &5 webioe LU o3y
S1) bedgpST) blus! a8 g 0 DNV ] 098 0 65,0
9 Sl ooy o515 Sl Wiy oo ((bluil slacdy,
el K Cenglite a3l

shoslitul g1y 3 Sles (owyp sl Jyore 0)
Slalas NAA- ans blgl 51l ST, pns jiolesl
ploul alizes slocans [0 oSl cuas 550 40 (godxe
59 3 WeST) 68 ,L Wy, ipeu,d DYVl s
o2lie 53,5 (owyp |y STy sl o (L5 sla s
Glhe [\YIsls wll 1) g Jsb 5 o5 ahi wileas
oSl SeST) 5o heme o &5 Sloj eplie
OleSs sim ahad (o CleST) s Kiwosy olals
slacdssl) (b sl o2k, Jae ST anl el
Sk Dol 55 al)l Sodygia¥l JLos llas olégo
gLl b alal; p3 (6,508 (o, slae VPl Tl Sen
ol Ks oldllas s S 4l SdgnST) 51 o Kwosss
3,0 pogie s ahats (o sl Jhisd a5 Sley wssls
L Glbl Sw 5 ST, o 205,00l asdllae [VV-Y-]
2 6985 onl el (Dbl BB b -5l (65955 5 eslil
2o dae Ty IV el 3, SVl 6 yes el
8, lgsce o ool a5 sls ayl )l ¥l (6,55 ol
L¥yls s aslas | cdgus, pas

Sl VAV Jlo & bgy e eedpnST, 5l solial gl
oobee ;01 o 5l leedguST, 5l eslitul wix ,a [YY]
A gl 1Sl

Sl Iy 4 bape oS Slind asllhe (ol
ol b cow eSSy kb, saalin 5 6, NECIeST,
ool Ll yo AVF] el © syl Glidss 4 bgje
ol NATM g5 sl ole; bedesST) 5l soliul
Sy gouse Sliass VA 5 VAV bl b oy
JO A 158 1 f IRV P PRV R P P PV PN N CE
STy sl a8 ols olas [YE-YV] 7 oo byl VA Lo
S Ceaglie Bl 4 y2ie Wlgh oo (i 2l 3
WS Gl ) B s )la g 098

IS ol Oglite bedpdS], samailb oy
@ Ol & Sl cead gy el laganadd ()l
M o5 oLl slegs 5 (SlKe ( Shasl slacdgsT,
5 Jbd slocdnsST) 4 o6, (Ghipand jo b [YA-F-

1749 sle o) oslod caexiy 0590

doddio —)

JEal 4y oy, gwlidpe; @l gloonyay 31 5o
05,5 JBSl cnl 5 (o o5 wigd o0 yall Sl 3 (55UsS
Sglate lacad b aiesl 03,0 900,55 p 5l aS cl JSBY
sloyally 51 (S eein) Sl slul gl se ol
Sy wams b Siwesss (o .l ol g)lal jo galls
3 e ol 4 pskas w515 (o8 (5l Gl erleo S5
S b a ks el el 56 IS el (e
S8 S )l 4 U cwl 2Vl po (IS5 s
pymyre BgnST) Sl oolinal L3l slaJle b s oS
SIS g 5 (S plsre 4 laid ST, ol ous
DT s )ls 00,15 Saw cwiige sbrojp s3loylaul 5o
Al Glaal o b Siwzy 00,15 alids 4 v b
Ot slabig )3 ohg 4 b Jigs dlalgos dacad 4 stz
So S 08yl Jl jo leslodgr (938059 ol 5
Slooylgs g hts (535 @Sotns SOSESS (5 2ol
9 MO0 Dygo & Dy o d Ly glakali 2 o el o by
B lSwgn 0,15 0,5 colaiwl lacKawgn 5l los o0 IS
9 S (o0 5 sl S axkad () Syl 5l ook w>
Slosliul aS J)50 j0 a8 oo obul b figi 1o (susie alaie
a1 b Jig arie ahaiie (s0¥5d oS )T 5 52 (5,105
i Jilao yo (Do Jg 200 oo 2l g JB
S Dype & 6N 50 S oo ol olee o sl
S Dyge 4 (G) G368y Lo S
e 255 sl (Rl &5 998 oo ooliin] salesl gt
IV] Wl e s 4y g0V 58 slacs')]

el ey Canglie il dacdgnST, Lol i
Lol (St bl coms coiS 4 biedeyST, o Skes
[f] jobies s o [¥] clgnsl, poS slo b, 5l ool
Slkas gdls 8 b s ST, e Sk 5 lyios
Sl g0 a5 i) 558 sloogS B, S 5l (6 135 ST,
G Eel Ko sy & 5,0 Jlesl b s Gk 5l
Hobme S p STy 5l 0] s o K0Sy 4 aY
cdgr STy LAl il st wl)l ounite liize Lawgs
Wgboe Y )55 b leost gyl el ks &
loedgsT, [V o] sims s Lialidl 5 1) S oo aSb
Odgl o s e plol (goumine slap il L) lacJled
axio B0 50 SBhol Cuglis g A5 Gl el o8

YA



P Bl guigo & 5

e JKDY 0338 G18 4905 9 Glddol WE sous Sile S

03,0 89y y STy raS il alas ol o sols sl
Y oj,0 ool sl Gubizs jo (5,9l JS8 Y 6,0 Sl
Syl 18 Ko (o cewl dae ) QT slawy a5 G

6}L»J-\.n -Y

< 5 bl franc 2d 15806 5 b (g jldow lie ol 5o
a L g plxl Casca ,lj8le 5 slas o (gomasis lal
9 ool e s franc 2d 1581s 5 o g ool 45
O Jgoz) o Jleel [a5 5 50 oole Slasine

Jae olol ol aisl e Ae Ve e Xolal b Jaw lal yo
05y 5 B sl ay Jaw slay e aS ool Gl S a0 4
Joe canly 5 o G oo all ails alold Sy
X S 50 Joe @Vl (Bl 50 g ol ALY 9 X S o
&lo S ez slapldl 5l oslwacs ol jo .cunlonis o .8
oo plo ) Ols> Sl 3adzs ol o ol ool ool
i 50 50 Sasl ay5ly 5 (Sains ol 00l o)
Y § JEKubEe ¥ S5 o) Jlade a5 ol ouds Ll
S0 JRable Ve (paiST (2 e e el a2 )0
3o ST S oaipoliey a5 ol Jlasl diges ool azg
S5 o les Sl Sae (6,105, dwain pl .l e oyl
Ol alBisle] slacusgame JuJs a5 aS il b s
oS 42 55 ol 3 it 33n ] (sl L
ods ol oo 4y cd ST, s S5 Canns 3o SdguST
el 51 U5 1y A5 it 09 ) S8 el o Jlael
AR oo yioled S 3

Bgd o dbml ASEY S 5 digad jo o yiad Jlosl 3l e
s3a2al plpyaSHLU Joo ol axg bS5 55 0 alold
A2 oo lis ) S5 Jeba el oo ools yisles sl 4a
el 0als ools Lzd ¥ IS 0 S 5 Glasie

s 42,5 e g ¥0 o P agl; ojlail ildae nl 5o
VEe VeV Ae e Fe Ve S0 aglyojlasl g auS oo
30 00 oy SBAIges Sladtive .ol it a0 VP

] 00 00)51 Y J5J..>

e S B sk 4 Ned oo e Jld s
gD o0 oS E55 95 4 iceal By 9 0 ,Ses gos

labai o b locKinges -

7 b Jsbeles Jleo b oSz ¥

S wiloolaiwl 8,90 059 el i LKz 51 (6,550 glsil
ol Jie lp Wsdioo (b o> lyd
SlacKiw jo a5 3y ab 1) corkes g55 (o5 slaSKiuzmny
.[Y]o)la S8 o b cans

5 ST o Slae 5l lg oo by Oldlas L x> 2
plxl (J5 2,5 S 1) vt Sledlbl S b ] a5,
S e Glagiludnd il dujep 5 JSie )15
0,5 cdgrSTy ks, andllae (sl oS Cenl sladg, 5l s
L oSy SanST) oduzm ,U8) (lsise gy, oul 5o o)l
2,8 addllae s 3y Il alioles] aslllas

Sgolp 2losl b ederST) o oo pué s VoY 5 5m
oo [FY] s 9% 168 [V ] aisls ploxil | saiscalan
Y95 308 gy 1) Jsene lubigs o Jlb it ST,
3y 59, » oless oo g il 3wl IFY] oK
aols 18wy 990 1) STy jo Glégs Dsol 3 2lsal
oo Dloogas g dwiin 10 [P ouls (65 5 sl
3l 18 g 950 1) STy G 557 55 95 2
Sinaodgs 50K sy g S )3, [F0] " J o ez
(6] T by w5 08 0,5 (awyp [y YU 25 b ailaie o
dgame ledl gy wlal p olége sles cde STy (g5ludas
G5 5T sy o [EVT Wom asols plowl 1) asdly anwgs
Sl g,y [FAl () Kaa ¢ Tl 0,5 5 lacd ST,
STy S | 6 S sl o s o, Kl Sl 1,
gove il ae [FA] Len 5 e sl 4yl
S b cos olegs pled slacdgST, o cuSs Lal
Sy0 0 DS (0] Ve giling Sainile, plxil @ |,
cdg 0, 8e 59, 2 (0SS Ggim Sl 5 IS IS,
1y el (Sl ,ls, [0V] ) IKen 5 SIS g
Ol 5 M SSilar WS (o2 ez JU5 Golae 03l
, 2lgs derST) pieaw 5o wlégs S5 s3ludoe [0Y]

oolo Wlasine ) Jgo

Ol 0

(g/cm3 ) J&= Cowls

MPa) KL Jgoe oole £

| Foer Sofeg ]

Y4

1744 Sl o) oslod (A 098



S @lio (gulige 4 5

0315 pxe Lo yjoosxo (831 P g Sy

(63104313 B Y 0353 (6558 Jora 31 (Sl (slos Y JSL
G5 Jlas! Jomo 5 o sl Jsb «JS5 ¥ 0359

L digol Wlasin Y Jous

5 Sl Jeb G e ) U

a’ B° H Joe a’ B° H Joe
Y q- Ya Yy f ) Ya \
¥ Q- Ya YA 7o . Ya Y
5. 3. va va A . va v
A q- va Y ¥ £ va ¥
Voo 3. va ) 5 £ va )
VY- q- va Y A N va 5
\F- Q- va YY Voo £ va v
15 % ra v Y- £ va A
¥ : Ya Yo 2 ¥o Ya q
5 fa Y5 ¥ A va V.
A fa YV 5. A va X
¥ 0 fa YA A a- va WY
5. 0 fa ¥4 Voo q. va X
A 0 fa f- VY- q- va Ve
Ve £ fa ) VEe 3. va V0
VY- N fa Y VP 3. va Vs
Ve N fa Y ¥ . va VY
Vo 0 fa ¥ 5 . Ya \A
Y- 3. fa £ A- va V4
¥- q- fa s ¥- 2 Ya v
Fe q- fa Y 4 0 Ya A
A q- fa A A 0 Ya Yy
Yoo q- fa fa Voo 0 Ya Yy
\Y- Q- fa e \Y. 0 Ya \A1
\F- Q- fa AN \F- o Ya Yo
\F. Q- fa oY \Fe o Ya Y#

174 sl o) osleds (g 09



S @lio (guige 4 5

e JKDY 0338 G18 4905 9 Glddol WE sous Sile S

Feooagly ol lade plcul Ko cdls g0 5l 5L ol e
oS Jb o canlonds ool JLLE V- 21 () Jow) a0
VYEY g VVOA polde ol @ a0 Ae g £ ayly ol
500 e 90 0 S S el sads cud KWL
Sl Sz a5 ls 5o Lol Sglis 5 ol o & 4 Lo )85
Cowl (88l Lo )35 4z 10 £ aygly 40 00 poS B S oS
03,5 oy slatel e s a4 a0 A gl o Jg
el Ve 5l i 30 Y Joe oyl g lad s aS el
Sgd o0 0330 Y sl Joe T mijei j0 A (6,500 Dyl
@ Joe 0 a8 ol (o] X)) cidS iS5 ok 4 bgaye
JELBEL NYY AL ol Jlade ool V Jow j0 0l oo 99>
Oeizred g Sl Joe ds o (i )0 lade () eS A5 ol
e (005 50 ol 6558 e 00 Jae g0 BB,
ol e Jawe go sl as Jb jo ol 28l O g0 a9 S
polie g Cewl STy paiS i Jleel alads (o ¢ Joco
YOYY o YOYY L ol i p ¥ 5 ¥ Jow gl on lag]

B=45° _Y-\-¥

5A‘ s?‘ ‘f’ (_SLQQJS‘) L’ ‘ﬂ L’ f (.SLQJM MJL> UJ‘ )é
O ayel O S aS aigle 13 as 0 VFe g VY Y.

&

(@=60°) ¥ Joo (o

g 70 Fe laassly sl 0 agly sl f=0° a5 Jloj

@olawi ;o Az 0 VP 5 Ve ayol) e (Sl a0 A
50 a5 0l axlge piwaws gl b g 090 x>l LB aaigas
plnil ly cales o 0b Shgmeidar 5 ol 5l o lse ol
S8 s e dslal o aS al aSle Jae OF dlis oy

oy 9 e =Y
H=2a -\-¥
B=0° V)Y

Ao g 8o o slaagly b b Y gloJos cdl> cpl o
L S5 obml 5l G 25 @ ¥ S8 a5 W)l 18 az o
3OS s B nl o e L baoe (nl o
el 00l sy 0S5 sladiges

51 sbadae o S Y 55 5 e ¥ IS5 o
Sl 00l ooly yLid ¥

a0 Froagly o cal asie ¥ SE o a5 jshiles
S5 S s 4L (535 Jy el 58 S5 e
G Ol oo Gl 3 mizmes Sl YL CSle 4
@ odel Bgzg A diges yo A (¥ SS )0 30,8 K5)) (g ld

(@=40°) ) Joro (I

B=0° Cllo 3o 5 5 slam 5l (g S o8 Y S

¥ due (@

A

Y Jee (@ Y Jow (il

B=0° > 5 S5 by ogou 1F IS

1744 Sl o) oslod (A 098



S0 mlo (wigo 4 g 0315 pxe Lo yjoosxo (831 P g Sy

000 A Jde ;0 S5 S (o yides F JSS s dxgi b D20 oo ol b Jae cpl o1y S5 obul 5l e
Lol 2l S5 SogS 4l 306 Jow cpl jo Ll ol o UF sl Joe )0 JSEY S5 s ogos £ S0 50
o Joe dudy 31 (6 idian S5 (b 5nS £ Jow (Jow ol 5l as el ool oaly ylis 4

(@=80°) 5 Juo (o (@=60°) & Joo (& (@=40°) ¥ Joro (il

.;\

[ N

e agh

(a=140°) 4 Juo (g (0=120°) A Jowo (& (@=100°) ¥ Juw (&

B=d50 Cllo 5o o5 5 Sl 5l g G 395 10 S

$ Jow (& 0 Jow (o ¥ Joo (I

A (z A Jse (& Y Jowe (o

B=45° > 45 S 5 S 0900 3 S

1749 5l o o led (i 0599 AY



e @lo (ouigo 4 50

e JKBY 0330 (5518 4915 9 (Slddkold Wl (soue (il o

S, 18 eSSy Jlasl aats g S5

B=90° —¥—)-¥

Ao Fe Fe Gl LA BN sl o cdls ol jo
& YV USs as wile 8 a0 VP g VFe Y. e
Ao oo lid b Jaw pl o 1) S5 olool 5l e s

Vo sl Joe o K8 Y S5 o,0d g A S o
el 00l ools L)L"'*’ V2 i

odalice lgi oo A JSS 0 0l coly lid sl Jus o
Jao 1o lgs gl ced oy ol S b S Ly @y as s S
o5 948k (ByuS 2l O jge 4 SeeS Sl S5
i @ies A 5l ogdse ond W s MY laJoe 15 o2
ol Joeo jo Ve Jow jo ouds ol caanS ms oY JSS)
VS 50 oads eoly lid sbd Jae 4o Jlaie (p iaS AS

@=80°)1Y Ju (o

(@=60°) 1) Juo (s

Sz 50l S8 4l po 5L oS cunl o plols
MalS S5 oS 50 S5 asls ;36 A Jow [0 o)l
axls oS sl s 0 Jow el 38,50 5 et
AV 5 cloan 3,5 oo A Joo S| o 5SS
Sox oop B s el (L ) 2 JB S5
©olad 15 e piin 55 0SS 0 g lad g oS
3o lade (1 teS ] JLL Ve AY lade LA Jae a
ol JSb K+ VYOV T Jladie a5 col ¥ Jow @ bgoye
LA Joo ar glate Jlade op it o2aS A,k 5l Ll
s 4 50 ke o eS ol JLLKL VYYY ke
O ¥ o 50 5 Joe j0 L ma g8 Hhai 51l plais
AGO sl Jus g cdeSTy Jlasl alass ;o ool oloo] ool
i &5 Joe gl a5 b o el ddais cplay SGo 3

O B D90 4 e (el 0)ls ol e 1S ) ST S

(@=40°)\+ Juw (il

(@=140°) 10 Juo (z

(@=120°)1F Joo (&

(@=100°) 1Y Juw (&

(@=160°)% Jus (g

B=90° <o 53 5 sl 51 g G 20395 Y S

AY

1744 ;lg.j Al e)l.o& 4@5& ©599



S @lio (gulige 4 5

0315 pxe Lo yjoosxo (831 P g Sy

(@=80°)1Y Juo (&

(a=140°)18 Jo (g

(@=60°) 1Y Joo (o

(0=120°)VF Juo (&

(@=40°) )+ Joo (I

(@=100°) 1Y Juo (&

©=160°)% Jo (z

B=90° cdl> 15 5 )5 by 092 1A S

(@=80°)14 Juo (o

S5 olml 5l Gy 05 @i A IS aS Wyl L8 az 0 A
Ao oo lid e Jow (pl jo )

WY sloie 1o S8 Y S 5 by 09w )+ IS 4o
el 00 00l ul...»...» A b

yo oolisl sl Sy xS s N e S sl Jaw o
Dgd sed 00y (b S 500 sl Jas 0 g cl VY Jus

1749 sle o) oslod caexiy 0590

(@=60°) VA Jo (o

B=0° <l 53 o5 5 Sl 31 (o, G @38 A S

(@=40°) 1Y Jowo (I

a s ST 0 it e a5 ol dargi BB G .

sl S o1 9090 3wz b b S5 o i pae o
H=3a -Y-Y
p=0° —\-y-¥

g5 e claagl LA B Y gl Jas <l ol 4o

AY



S0 Do (wigo 4 g e JKDY 0338 G18 4905 9 Glddol WE sous Sile S

1 Joe (@ VA Joe (o W e (Gl

B=0° Sl 59 5 5 Gy 0920 1)+ S

(a=80°) YY Juw (& (@=40°) ¥+ Jow (&I

(@=100°) YY" Juwo (&

(@=140°) Y8 Ju (¢

(@=160°)¥$ Jos (z

B=45° el ;0 I 5 sl 51 g i @98 )Y SO

p=45° -¥-Y-¥ sl g)lad i ke (3 US54 azgi L) Jow ol 5o

Ao e Fe Glaagli LYF LY loJoe 2l ol ) VAYAL plp oS (525 9 JBbe YT+ L ol oud
2 V) IS as wsls I8 a0 VFe g VFe Y e o ol v yuimmed el (lade 0 a8 JLLISS
A0 o lid b Jaw cpl 0 S5 olool 5l ey 1S Canl S5 g STy Jlasl aladi o Jow ol jo 50 &S

Yo sladow ;0 US8 Y S5 b yiS eges VY S o el 423,513 (Laisls & g0 4y a5

AD 1744 5le o o ledd (uy 099



S @lio (gulige 4 5

0315 pxe Lo yjoosxo (831 P g Sy

A2 oo ol b Jaw cpl o 1) S5 ol 5l e 25 568

TY sleJow )0 JS6Y S5 hmuS ogea VF S0 (o
Ll 00 ool uLw.a Yf U

P L S S AY WY Gl KD 4 arg b
azlis b iS4 bg e a5 colidl Sl VY o VY slo o
Golad il lade o eSS b Jaw (pl jo .l S5 S 6S
YOVO oot S Jlade op S 5 JSKLLKS » - VYYTA
Al plaizl VY Jae 4 a5 cl KWL

H=4a -Y-Y
p=0° -\-y-¥

g 70 Fe laagly LYY U YD sl Jow cll> cpl (o

slool 5w 55 mjel VO S oS w5 ls 108 a0 A
A2 oo sl b Jae cpl ol S

B YO sloJow j0 JSo Y S5 o yind ogou V& IS 50

el 00 03l uLW v

el 00 00l uL“"‘ Yo u
TP VY Gl Joe ;0 Sy oS Y Ko aasg b
458 Sz b (I ) Sl pRedy ShRuS
als GynS VY o jo el 4l (5 0lS oS lade
Ll Jow opl o cwl jas S 05,5 asls | 5So68
3O 6 .)L'z.:‘ Lg)L.;‘._éJ..u‘)l.\.B.o u.a)...of AR Jx»:uby
JEbLBL VEFY L ol as caol Y8 Jow 4 bgy e o Joe
& bgryo JIllfe AVA+ Jae b oo e iy Canl
@ 3 lade o ion g Cowl JLLEG VY PP lags LYY
I e ol plaz] (JELWLKe 4+ AY) Y7 Jos
EVRIv g PRt | WU § ) KV PR W E ) (A S e

B=90° —Y'-y—Y

Fo fe X Glaasl LT LYY Gla oo b ol 5o
WSS a5 sl 13 azys 18 s VFe AT e A

Y7 Joo (g

B=45° clo 13 )7 b s 092 Y LD

1749 sle o) oslod caexiy 0590

A



S @le (wige 4 45 e JKBY 0330 (5518 4915 9 (Slddkold Wl (soue (il o

(0=60°) Y4 Jow (o (@=40°) YA Joo (& (@=20°) YY Juo (&I

o i
(@=120°) ¥Y Ju (z (@=100°) Y\ Juo (&

(@=160°) Y¥ Jow (¢ @=140") Y'Y Jao (z

B=90° clo 5 o5 5 Sl 31 o i 98 Y S8

AY 1129 Jlgy o) olod oy 399



S0 mlo (wigo 4 g 0315 pxe Lo yjoosxo (831 P g Sy

YA Jw (@ YA Jow (@ YY Jow (I

YY Joe (2 ¥ Jow (& Yo Jow (@

Yf Jw (¢ YY Joo (z

B=90° > 10 S 5 (b yanS 0905 NF JSCis

@=807)YY Jao (@ (@=60") V% Juo (o (@=80°) ¥ Juso (i1

B=0° <l 5o 5 5 ol 3l g BT o8 0 S

1124 Hle o) ool iy 09 AA



S0 @l (guigo 4 5

e JKBY 0330 (5518 4915 9 (Slddkold Wl (soue (il o

Sade i el YV Jow o JLLIs 07 AT s
Lol 00l GLa5T YO Jow jo JKwbKe £F O iS5
p=45° -y-Y-¥
Ao Fe Fe Gl LY B YA sl oo cdl ol yo
395 WV JS8 a5 Wil 5 a3 V80 51 F Y e

a3 5 e a3 55 sl o 55

(@=80°) F+ Jow (o

(@=140°) fY Juo (z

p=0° <> 4o Sy R 4 ogs N (S

(a=120°) ¥Y Juw (&

O S8 Loy 095 0 0000 VPSS 3 45 polailes

oy 5o byl ogles s g o2 ddnh b Jos den 0 S 3
Sygo 4 oS 4l YO Jae 5o el S5 S8 a5l
Sy Cenl oo S a8l Oygo 4 O o 90 e
] S8 Sl olaial jo S5 o, 0l V8 Jae 0 a5
e o yieS 0 Joe e 40 ool ol r lade Ll
O e 1 ieS g JWbRe FAAT L ol g las s

Yo Joo (I

(@=40") YA Jow (I

(@=100%) F) Juso (s

(a=160°)ff Jowo (z

B=45° <> jo S5 sl g S @398 VY Ul

A

1744 sle ) osled (Wi 0398



S @lio (gulige 4 5

0315 pxe Lo yjoosxo (831 P g Sy

A2 oo lid b Jaw cpl o 1) S5 ol 5l e 25 m5e8
FO laJoe jo JSBY S5 (b ogos VeSS0 )0
el ool ools Lz OY b
S, Loyl o9d ge o Ve KB 0 a5 jsbles
Joe 50 s g cewl oolisls sl e Jow 5l plaS” mee yo
0y Wby S5 SaeS aslh 0 252 Jlees D)jgo 4 TY
@ S g 6 ld sl rs polie TV Jue )0 990
Saie oy yiaS a5 Gl JKWLEL VY AT 5«0V r 0 Cs 5
o oo iy )0 oads dboul a5 el 30 o
oy lis Wilgh oo aS Canl JKWLKe FOY » ol g LSS

S5 ams ¥
b 4 bS5 wn, wils B=0° &5 SlaJus o -
Lo 25T 0 5 CeslaJon plo 5l side sascie SlS

Joe) a0 Feoassly jo pimen sl oslo &) (IS Sl
Syl ol (S S S S ale wl, (S

Ay e o ieS H=3a 4 f=0° L slo Jow 0 =¥

YA GloJoe jo JSSY S5 (b S o9 VA S0 5o
Sl oals ooy L FE L

o3 YA Joo )0 oid S5 (A28 A IS8 4 axgi b
ETNOH PCEI LN WP NERIe
axls aS cool FY o FY F) Gl Jow a0 by e S5 o,
Feoog VA Gl Jos jo bl el oo S 6 o Kei 0, Sy p
Al ) g g o0 00 iy SgS asll o S5 o,
Joe yo cwl 4l s g0 5l (28l o 4 g 52l S
®S Dygo 4 g Sy asls olal o s Sy a0 ¥
5 S Y JSS 4 ar g b prisres Sl 43S plx]
3 FOYY i a onds ol (g lid il lade oy e
50 polae ol ol o 0 YA Jus o VY- 5 Y oo
A VY o ¥F Jow ;0 O0FA ol cod b ay oilS (13 0 )50
Lol FY o o

B=90° —Y -y

Fo Fe X Glaasli LY b FO la oo b ol 5o
VU USE a5 sl 13 az s 18 g VFe AT e A

Ff Jw (2

B=45° Cllo 45 S 5 b yan 092 A S5

1749 sle o) oslod caexiy 0590



e Qe (guigo 4 5

e JKBY 0330 (5518 4915 9 (Slddkold Wl (soue (il o

(@=160°) BY Jow (¢

(a=60°) Y Joo (@ (a=40°) £# Jow (&

(@=100°) ¥4 Juo (&

(@=140°) &Y Joo (g

B=90° cll> 15 o5 5 sl 31 g i @398 A SO

LS 5 ad, olawd keSS Colyd ;o g wlads S5 a,
el H3a el 4 Ly e

saalive oS 5 0, st o za8 B2-° Sl o F
Hgo 4 ool 5l A wo olalS 5 al; dgane g 98 0
st gl 5 ] S S 455 4 Linye 5 3
Jloel bialy b S5 35,5 a3ls og jlge &5 <35
2 a3l opl g y3UeS b 30 o el (ST (595
O 43l (052 0502 &5 lizmed 25 00 S 5 0
Sl S a, ol 3t

Sl &5 S5 el sbas, Bede Sl s oY
g0y &ly yo .cwl H=3a cdl> jo i cslosldl
IRV ELINIRJIVTON PIE S SRV P

U

s @dly jo a5 08 so oo H=4a g H=2a o, coes S
e S 5 0y s s e 5

2 bS5 0, 1w ls PoF0° 4 ola s 4o ¥
8l e Gl 4,3 V80 5 1F Y 0 e s

> @ s S 5 ol b S P=F0° s o -F
S 3 SeS asls a5 glaaiges slaws Jg h:\-w‘):;.QSB:'o
Ol 8y IS 5o (s sl i eaiges cnl jo 005 0,
Ll 5uzb Sl asll

oy b as ole Jas olaws o piies B=F0° cdl> ,0 -0
ol H 5 ool e a5 bogiye o azlye 55
H=2a o> ;0 by Joe S olows @ axgs b ol 51w g
Ho adle cpl jo b Jow 5l (s ymion do e a5 S g5 oo

174 Hle o) osled caxiy 0998



S @lio (gulige 4 5

0315 pxe Lo yjoosxo (831 P g Sy

FY Joo (o

b+ Joo (g

OY J (2

B=90° cllo 4o S 5 (sb yiun og2xi ¥ S

DFFY o

[3] Choquet, P. (1989). “Rock bolting practical guide”.
Ottawa: CANMET, Balkema, 88-95.

[4] Seeber, G. (1972). “Suggested Methods for Determining
Rock bolt Tension Using a Torque Wrench”.
International Society for Rock Mechanics Committee
on Standardization (ISRM), 221-231.

[5] Kaiser, P. K., Yazici, S., and Nose, J. (1992). “Effect
of stress change on the bond strength off ully grouted
cables”. International Journal of Rock Mechanics and
Mining Sciences & Geomechanics Abstracts, 29: 293—
305.

[6] Stillborg, B. (1986). “Professional users for rock
bolting”. Ser. Rock and Soil Mechanics, 31(4): 165-172.

[7] Reichert, R. D, Bawden, W. F., and Hyett, A. J. (1991).
“Evaluation ofdesign bolt bond strength for fully

1749 sle o) oslod caexiy 0590

FP o (@

A Jow (&

£ Jowo (I

FA Jow (o

O Joo (g

Sy oS5 ad; olass op it (IS 2l s A
S glaz )0 FO aygly S5 55 asli a5 widl o Wl
95 Jlosl Joxo 514 520 Lolgd )0 (rpizmam o)l 38l 4,

2,0 S a8, g6 23U Sy pasS
2 L g (SBES B n S g (e Gliee A

o Ny, 5l S Al p gl LIGg alise slaJoe

28,5 L s T sl o dlaly g el g WS se (595

&=y -0

S Sl G ATAF € S e sl g esiim [V
Omegd idize (gloargly b o3y oy ylidy p gy

o b s oK (o i 5 S il Lo il S
XYY

iy e G kw e AYAF g g3ld ) e wolieme [v]
Oresd Sl Y glroyyd 3l S5 by p cdgaSTy b 30

ay



P Bl guigo & 5

e JKDY 0338 G18 4905 9 Glddol WE sous Sile S

“Atheoretica | model for pullout response of extensible
reinforcements”. Geosynthetics International, 5(4): 399—
424.

[20] Gurung, N. (2001). “I-D analytical solution for
extensible and inextensible soil/rock reinforcement in
pull-out tests”. Geotextiles Geomembranes, 19: 195—
212.

[21] Cox, H. L. (1952). “The elasticity and strength of paper
and other fibrous materials”. British Journal of Applied
Physics, 3: 72-79.

[22] Abramento, M., and Whittle, J. A. (1995). “Analysis of
pullout tests for planar reinforcements in soil”. Journal
of Geotechnical Engineering, 121(6): 476-85.

[23] Kovari, K. (2003). “History of the sprayed concrete
lining method-part 11: milestones up to the 1960s”. Tunn
Undergr Space Technol, 18: 71-83.

[24] Endersbee, L. A. (1999). “The snowy vision and the
young team—the first decade of engineering for the
snowy mountains scheme”. The Spirit of the Snowy—
Fifty Years On, Cooma, Australia, 39-58.

[25] Bjurstro'm, S. (1974). “Shear strength of hard rock
Jjoints reinforced by grouted untensioned bolts”. 3rd
ISRM Congress, Denver, USA, 1194-1199.

[26] Pells, P. J. N. (1974). “The behaviour of fully bonded
rockbolt”.. 3rd ISRM Congress, Denver, USA, 1212—
1217.

[27] Farmer, 1. W. (1975). “Stress distribution along a resin
grouted rock anchor”. International Journal of Rock
Mechanics and Mining Sciences, 12: 347-351.

[28] Dunham, D. K. (1976). “Anchorage tests on strain
gauged resin bonded bolts”. Tunnels Tunnelling, 8:
73-6.

[29] Hibino, S., and Motijama, M. (1981). “Effects of rock
bolting in jointy rock”. International Symposium on
Weak Rock, Tokyo, Japan, 1057-1062.

[30] Dight, P. M. (1982). “Improvements to the stability of
rock walls in open pit mines ”. Ph.D., Monash University,
Australia, 189-195.

[31] Gaziev, E. G., and Lapin, L. V. (1983). “Passive anchor
reaction to shearing stress on a rock joint”. International
Symposium on Rock Bolting, Abisko, Sweden, 101-108.

[32] Stillborg, B. (1984). “Experimental investigation of
steel cables for rock reinforcement in hard rock”. Ph.D.,

Lulea University, Sweden, 248-255.

[33] Dight, P. M. (1983). “A case study of the behaviour of
rock slope reinforced with fully grouted rock bolts”.

h\

grouted bolt”. 93rd Annual Meeting of CIM, Vancouver,
169-181.

[8] Ito, F., Nakahara, F., Kawano, R., Kang, S., and Obara,
Y. (2001). “Visualisation off ailure in a pull-out of cable
bolts using X-ray CT”. Construction Build Mater, 15:
263-270.

[9] Hyett, A. J., Bawden, W. F., and Reichert, R. D. (1992).
“The effect of rock mass confinement on the bond
strength of fully grouted cable bolts”. International
Journal of Rock Mechanics and Mining Sciences &
Geomechanics Abstracts, 29: 503-524.

[10] Chappell, B. A. (1989). “Rock bolts and shear
stiffness in jointed rockmass”. Journal of Geotechnical
Engineering, 21(3): 134-140.

[11] Franklin, J. A., and Dusseault, M. B. (1989). “Rock
Engineering”. McGraw-Hill Publishing Company, New
York.

[12] Freeman, T. J. (1978). “The behavior of fully-bonded
rock bolts in the Kielder experimental tunnel”. Tunnels
Tunneling, 37-40.

[13] Sun, X. (1984). “Grouted rock bolt used in underground
engineering in soft surrounding rock or in highly stressed
regions”. In Stephansson, O., editor, Proceedings of the
International Symposium on Rock Bolting, Rotterdam:
Balkema, 93-9.

[14] Tao, Z., and Chen, J. X. (1984). “Behavior of rock
bolting as tunneling support”. In Stephansson, O.,
editor, Proceedings of the International Symposium on
Rock Bolting, Rotterdam: Balkema, 87-92.

[15] Indraratna, B., and Kaiser, P. K. (1990). “Analytical
model for the design of grouted rock bolt”. International
Journal for Numerical and Analytical Methods in
Geomechanics, 227-51.

[16] Jiang, Y. J., Esaki, T., and Yokota, Y. (1995). “The
mechanical effect of grouted rock bolts on tunnel
stability”. Journal of Construction Engineering and
Management, 28(4): 154-164.

[17] Li, C., and Stillborg, B. (1999). “Analytical models for
rock bolts”. International Journal of Rock Mechanics
and Mining Sciences & Geomechanics Abstracts, 36:
1013-129.

[18] Bj ornfot, F., and Stephansson, O. (1984). “Interaction
of grouted rock bolts and hard rock masses at variable
loading in a test drift of the Kiirunavaara Mine,
Sweden”. In Stephansson, P., editor, Proceedings of the
International Symposium on rock bolting, Rotterdam:
Balkema, 377-95.

[19] Madhav, M. R., Gurung, N., and Iwao, Y. (1998).

1744 Sl o) oslod (A 098



S Bl guigo 4yl

001 e Lo yunme (5318 g Olng

International Journal of Rock Mechanics & Mining
Sciences, 47: 396—404.

[46] Deb, D. C., and Das, K. (2011). “Modelling of fully
grouted rock bolt based on enriched finite element
method”. International Journal of Rock Mechanics &
Mining Sciences, 48: 283-293.

[47] Chen, Y. (2014). “Experimental study and stress analysis
of rock bolt anchorage Performance”. Journal of Rock
Mechanics and Geotechnical Engineering, 6: 428-437.

[48] Cao, Ch., Ren, T., Cook, Ch., and Cao, Y. (2014).
“Analytical approach in optimising selection of rebar
bolts in preventing rock bolting failure”. International
Journal of Rock Mechanics & Mining Sciences, 72:
16-25.

[49] Nemcik, J., Ma, Sh., Aziz, N., Ren, T., and Geng, X.
(2014). “Numerical modelling of failure propagation
in fully grouted rock bolts subjected to tensile load”.
International Journal of Rock Mechanics & Mining
Sciences, 71: 293-300.

[50] Kristjansson, G. (2014). “Rock bolting and pull out test
on rebar Bolts”. Norwegian University of Science and
Technology, 342-355.

[51] Kang, H., Yang, J., Meng, X. (2015). “Tests and analysis
of mechanical behaviours of rock bolt components
for China’s coal mine roadways”. Journal of Rock
Mechanics and Geotechnical Engineering, 7: 14-26.

[52] Changxing, Zh., Xu, Ch., Youdong, M., and Xulin, L.
(2015). “Modeling of grout crack of rockbolt grouted
system”. International Journal of Mining Science and
Technology.

! Freeman

% Indraratna

3 Jiang at al

* Whittle

5 Endersbee

¢ Lunardi

" Beard and Lowe
8 Guan

® Zou

10 Ivanovic and D Neilson
" Chunlin Li

2 Deb and C Das

1749 sle o) oslod caexiy 0590

International Symposium on Rock Bolting, Abisko,
Sweden, 523-38.

[34] Lunardi, P. (2000). “The design and construction of
tunnels using the approach based on the analysis of
controlled deformation in rocks and soils”. http://www.
rocksoil.com/p_d_f/t and_t rocksoil_supp.pdf.

[35] Lunardi, P. (1994). “Progetto e costruzione di
gallerie secondo ['approccio basato sull’analisi delle
deformazioni controllate nelle rocce e nei suoli. Parte
1”. Quarry and Construction, 3: 21-36.

[36] Lunardi P. (1995). “Preconfinement of an excavation
in relation to new orientations forward the design
and construction of tunnels”. Gallerie e grandi opere
sotterranee, 45: 16-37.

[37] Lunardi, P. (1995). “Progetto e costruzione di
gallerie secondo ['approccio basato sull’analisi delle
deformazioni controllate nelle rocce e nei suoli Parte
2. Quarry Construction, 3: 113-36.

[38] Aldorf, J., and Exner, K. (1986). “Mine Openings:
Stability and Support”. Elsevier, Oxford, Amsterdam,
Tokyo.

[39] Hoek, E., and Wood, D. F. (1989). “Rock Support”.
Mineralogical Magazine,12(5): 33-45.

[40] Indraratna, B., and Kaiser, P. K. (1990). “Design for
grouted rock bolts based on the convergence control
method”. International Journal of Rock Mechanics and
Mining Sciences & Geomechanics Abstracts, 27: 269—
281.

[41] Beard, M. D., and Lowe, M. J. S. (2003). “Non-
destructive testing of rock bolts using guided ultrasonic
waves”. International Journal of Rock Mechanics &
Mining Sciences, 40: 527-536.

[42] Guan, Zh., Jiang, Y., Tanabasi, Y., and Huang, H.
(2007). “Reinforcement mechanics of passive bolts in
conventional tunneling”. International Journal of Rock
Mechanics & Mining Sciences, 44: 625-636.

[43] Zou, D. H., Cui, Y., Madenga, V., and Zhang, C. (2007).
“Effects of frequency and grouted length on the behavior
of guided ultrasonic waves in rock bolts . International
Journal of Rock Mechanics & Mining Sciences, 44: 813-
819.

[44] Ivanovic, A. D., and Neilson, R. (2008). “Influence of
geometry and material properties on the axial vibration
of a rock bolt”. International Journal of Rock Mechanics
& Mining Sciences, 45: 941-951.

[45] Chunlin Li, Ch. (2010). “A new energy-absorbing
bolt for rock support in high stress rock masses”.

Af



P Bl guigo & 5

e JKDY 0338 G18 4905 9 Glddol WE sous Sile S

14

3 Chen

4 Cao

15 Nemcik

16 Kristjansson
17 Kangh

18 Changxing

1744 Sl o) oslod (A 098



.
4 -"

esources

&

IMAM KHOMEINI ngineering
INTERNATIONAL UNIVERSITY
Imam Khomeini International University (S0 @lo (owgo 4 Hi
Vol. 5, No. 1, Spring 2020, pp. 15-21 Journal of Mineral Resources Engineering

(JMRE)

DOI: 10.30479/jmre.2019.8968.1140

Numerical Simulation of the Effect of Spacing and Angularity of Y Shape
Joint Neighboring Rock Bolt Tensile Load on the Crack Growth

Sarfarazi V."", Ajamzadeh M.R.2

1- Assistant Professor, Dept. of Mining, Hamedan University of Technology
vahab.Sarfarazi@gmail.com
2- M.Sc Student, Dept. of Mining, Hamedan University of Technology
majamzadehm@yahoo.com

(Received: 19 Jun. 2018, Accepted: 05 Sep. 2018)

Abstract: The dimension of underground structure is a key factor in its stability. Rock blotting has
important effect in rock mechanic projects. It increases the stability of rock blocks. The performance of
rock bolt is depending on the quality of its set up. Quality of its set up is determined by pull out test method.
Numerical simulation is other method for determination of rock blotting behavior. In this paper, the effect of
tensile loading on the “Y” shape joint is determined using FRANC2D. The angularity of large joint tail (p)
changes from 0° to 90° with increment of 45°. The angularity of small joint tail related to large joint tail (o)
changes from 20° to 160° with increment of 20°. The spacing between joint and loading place change from
2a to 4a with increment of “a” which “a” is the length of large joint tail. Totally 52 model were simulated.
In the case of horizontal joint the crack growth length is maximum and vertical joint has minimum effect
on the crack growth. When the angularity of large joint tail related to horizontal was 45°, the maximum of
crack growth was occurred. The maximum of crack growth from small joint tail was occurred when it is in
horizontal configuration. The maximum number of small joint tail growth occurred when its angularities
related to horizontal axis was 45°.

Keywords: : Rock bolt, Y shape joint, Crack growth, Angularity, Spacing.

INTRODUCTION

Y shape joint was created in rocks due to different geological activities. The rock bolts are used to
support shear displacement of joints [1]. In combined support systems, rock bolts and meshes are used to
prevent the rock movement [2]. The rock bolt quality are examined using tensile test [3] and momentum test
[4]. The rock bolts apply loading force to rock layers and fix them in place [5]. Many researchers performed
practical research on the shear behaviour of rock bolts [6-13]. In this paper, the effect of rock bolt tensile
load on the y shape joint has been investigated using FRANC2D.

NUMERICAL MODELLING
In this paper, the tensile behavior of Y shape joint has been investigated using FRANC2D. Firstly,
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numerical model has been built and 10 MPa of tensile load was applied at below the model. Figure 1 shows
stress distribution in the model.

“

10 MPa

(A) (B)
Figure 1. A: Stress distribution in the model, B: Y shape joint in the model

Then Y shape joint was created at the middle of the moel (Figure 1B). The value of B and o change in
different value.

DISCUSSION

a)H=2a

a-1)p=0

Figure 2 shows stress distributon in the model with three different a. It can be councluded that tensile
stress was distributed at tip of the joint.

Q - m
(A) (B)

Figure 2. Stress distributon in the model with three different a

©

Figure 3 shows crack growth in the model with three different a. It can be councluded that tensile cracks
was initiated at tip of the joint.

(A) (B) ©
Figure 3. Crack growth in the model with three different a
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a-2)p=45
Figure 4 shows stress distributon in the model with three different a. It can be councluded that tensile
stress was distributed at tip of the joint.

©

Figure 4. Stress distributon in the model with three different o

Figure 5 shows crack growth in the model with three different a.. It can be councluded that tensile cracks
was initiated at tip of the joint.

(D) (E) (F)
Figure 4. Crack growth in the model with three different o

a-1)B=90
Figure 6 shows stress distributon in the model with three different a. It can be councluded that tensile
stress was distributed at tip of the joint.
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)

Figure 6. Stress distributon in the model with three different o

Figure 7 shows crack growth in the model with three different a. It can be councluded that tensile cracks

was initiated at tip of the joint.
(©)

(A) (B)
D) (E) )

Figure 7. Crack growth in the model with three different a

a)H=3a
a-1)p=0
Figure 8 shows stress distributon in the model with three different a. It can be councluded that tensile

stress was distributed at tip of the joint.
- e,
e ’
(A) (B) ©

Figure 8. Stress distributon in the model with three different a

e ———

Figure 9 shows crack growth in the model with three different a. It can be councluded that tensile cracks
was initiated at tip of the joint.
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(A) (B) (©)
Figure 9. Crack growth in the model with three different o

a-2)p=45
Figure 10 shows stress distributon in the model with three different a. It can be councluded that tensile
stress was distributed at tip of the joint.

-

(A)

Figure 10. Stress distributon in the model with three different a

Figure 11 shows crack growth in the model with three different a. It can be councluded that tensile
cracks was initiated at tip of the joint.

(D) (E) (¥)

Figure 11. crack growth in the model with three different a

a-1)p=90
Figure 12 shows stress distributon in the model with three different a. It can be councluded that tensile
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stress was distributed at tip of the joint.

Figure 12. Stress distributon in the model with three different a

Figure 13 shows crack growth in the model with three different a. It can be councluded that tensile

cracks was initiated at tip of the joint.
(C)
D) (E) (F)

Figure 12. Crack growth in the model with three different o

(A) (B)

Its to be note that this trend was occured for H=4a.

CONCLUSIONS

In this paper the effect of tensile loading on the “Y” shape joint is determined using FRANC2D. The
angularity of large joint tail (B) changes from 0° to 90° with increment of 45°. The angularity of small joint
tail related to large joint tail (o) changes from 20° to 160° with increment of 20°. The spacing between
joint and loading place change from 2a to 4a with increment of “a” which “a” is the length of large joint
tail. Totally 52 model were simulated. In the case of horizontal joint the crack growth length is maximum
and vertical joint has minimum effect on the crack growth. When the angularity of large joint tail related
to horizontal was 45°, the maximum of crack growth was occurred. The maximum of crack growth from
small joint tail was occurred when it is in horizontal configuration. The maximum number of small joint tail

growth occurred when its angularities related to horizontal axis was 45°.
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