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3. Cerchar Abrasivity index

4. Laboratoire Central des Ponts et Chaussess


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

A R 35 s GBI FuiSS 5 (Sisle il b g
LCPC byji
il g VAL was 3wl d s b s 4 (655 e Howsn Osa31
AFNOR P18- sl 4 by [IY] 3 gl b S S 55 Skt 5 Ko Sl
55 63V i K w oS el axtle Sl VO Olg L e SOl oy opl HT9
slul b (g5 amio SO (IS0 Jlats a5 Ll fhate 4sad (g5l e G 0500
sl 4 B J ST, Vo e osa Ledd sl 6oV 5 5l oS ol e e 00xYOXO
ok VY L gunails L lsa s o it w0l 0 8 000 (5] plosil (gl
0 Doty (S 4hS s 5 0 iy Shalejl abie 033 4 o gt id Alsay
LS o S a f s Wped Sl alazee D550 55 ARES 53 59 00 e L adds
oS Y 3 L lesl a5 3 Gl (30 a0 (Sl Ol (s 81
el (Sdole Ol (550301 sl olme (558 ahs O3y 2alS 55 e (6 Sesll
Gacand VK s o asliad LB (bl SOl L s e a5 cl e
el ol onls Gled 25 e Yokt 855, 3 ol antle LCPC oKans Ciliss
ngjemagmw\d)ua;jsujlaﬁ@alﬁgqﬁuj&g\zjz;}:;‘rJi.':
Aas e QL:;;;..,Jrl;u'\ 3l o
(LBC) Suss s 5 (LAC) Saule oo bl 53 Oesl o plnil L

IV 355 o0 analmas (Y) 5 (V) Ll sllas
_ (me—m)

D35 M s e 8 s 0sasl 5l dm 5 3 el O35 oSS M 5 Mo adaly ol 5o
2 ST b G LAC Gl s Ssiom ol (5 0l (5T €500 S
oo el Saule coso e elal o] K 5 S gladisel gl g o8
[YY] b oo (sivtid oyl Sl B 5l (Siulo 51 iliies (sloos; a4y llas (0305
el o 1Y Jsd s éLm SAule gl Jslase gauail 55 a8

el 5l s 5 3 £gad D3 101 58 e Aglie L Sl o s edle
[Y¥] 358 0 dnlons (V) Aol las Ladils g3 5 5 Sauss LCPC slesl


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olis3 £ 6 ko oo s o ¢ pontign il &y 55 vy

LBC (Bg) = 100 (<) )
LSLAM"MLS‘JJMJA\"U'wLBCQ\M‘o)}JﬁQM‘rngfeMJZ.lLAJT
x_ﬁﬁd)‘ﬁa)j.lméufdwéhﬁ\‘djbw‘&w}ajb-ﬁla

s e ol |y Sl

i 45 pue (g0 oS el g g0 2SI (W LCPC olKins Lol sla i A e
Lyed O (7 3l w5 98 JSH o (O

58 A - : ML cliff = =20 o=

plst 51 J el (@ a3l 51 5 S @505 (WILCPC 2lojl plowit Y IS5
das el Go el Pl 51y g0 (5 ol J51s 4 Lok gad o5 5 6 20 (Gw:a_uﬂ
bl plosit 5!



https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

vy BT Y- RUCW SRS PR S W s

LAC sl polel  wlas (Sl gauaidb ) o

o
LAC i [YYT(Y0 ) g 6 o800 [vv] Thuro & Kasling
IR 2T ol s 35 Sl Sl
0re=\Yor TR sby Sl
Yor-0:+ sl Lo (Sl
YeeYor odiylo oS oS Sal
R b Sl oS S Sl
o oliblus 8 odla 8
[Y¥] LBC iy plul p mlas gazb ¥ Jyotr
LBC Yo Yo-0+ 0+-Vo Vo—\+e
S oS Lo g0 3k3 5 ke

b e des WY I E sl b glals slge gl LCPC a3l Sepl @ a5 L

Sl o 90l 5 2 ) e doo VY 51 5 A gaaails b gladisad cpl b ol ol
Oralesl 5l edel sy a3 ke Jelse 3 pd e STI I 350 sl 4 Sk
ol (S el )l Sl i 83 gdome Cpand end il e 3 el L1085 LCPC
op s s Yol g e calie glacd T s sl cpl 5l el s
Olen ot s 0 7S Soid T 53 3 50 M i e L) S i 36

el s sy e o5 Olpee U0 5 Laails IS5 5 e i O

4Bl plowil gl b3l 5 (53,0 Anlllas
o o Sl adie gghS YVE o8 doba 8 gape ¥ bt
1 LS\)‘J bﬁKﬁ ;.:9-[; BE L u'."l 'LSLSA J,,a_”.a QT dj*:, 33 jﬂj‘s HJ:_’ olil.;Lu
e}:ﬁ&a )U} eL<i.wb EL) %ﬂjdudsw‘):a‘\/i‘\ QT L}J)'? 6JU}J1‘-§‘5CM~\°/:“ “‘



https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olis3 £ 6 ko oo s o ¢ pontign il &y 55 aye

B 0l n somn 53 (SSS 55 SRSl o5k e gl (TBM-EPB) (s ol JLs
bl 515 a a5 b s A el (ol sy s albadns glasd il 5l s s
ary BB e mha w4z 5 b oS e ol O SIS 505 ol edes et 53 O
o sl Sldas Olos 5 e 03 Il Ghle Caeal 5 e Jsb dnellans us SIS
Yot ods, S cled ¥ USE 3ol (o0 Sl Ol 108 50 gls el
el oA 6313 OLES 33 5 5 e
JU AmU oler @ B s dVE] 035 S50 SGSS 55 Sty ol
Sk daLES U ilaimile e Joolbu 505 gl o8 50 ) alical ghoennds
Bdtes (2o T0 5505) 0l oy Gar B a5 (Vo 2a kS G Y400 2 kS 1) sl
@ls s &:3)4? sy pl Ole 53 393 o slis e 5 oy dlsy dqu b gy
Sligs 0303 31 Gas B35 oo J5 03 355 o8 Slasls Sl 5l alaeY Ol
33 G atle Ol s e Jee T Lakils 531000 ST S o e wlapy 00

RS M)JY" L;‘V 03 gl>ce

é’ﬁj}igU£e|NqﬁJ§6ﬂ&)\k5Y k&wésdw.\“}ﬁi

dlsidys L;A).'T b gy Sl Goas b s slaaY ed oS e i s a4l ol
LS5l ks Lol s s Gl 5 Ko 058) Ko Sl o5 (o —(glale)


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

1Yo R 35 s GBI FuiSS 5 (Sisle il b g
ol 55 O 0+AN Y 512 kS 1) sdiagd A Olds B Vs oo Joloi= ¥ &b L ilos
VO L0 Calis 4 b Bl Y S5 s ele 0L dgb s B
ol o3l 3 LK s Kvanls (KoY S e P N g
Lgd Ol ol do 8 &b 5,5 o 515 (S slaaY 0553 53 5 Ly AU
ol ol Blasl B axb opl 53 OAF Vs 5120 5kS 1) el S el 3,2 U odeagd
o) Wby 5 (L = slawle) wlsiiiys BT Slguy 5l Bdes a5 slaaY
spe Wl 5wl sy Slgw, 005 3 i pl 03 FS e Lo LSS ((How
Flae SoS 55 5 wligs (bl Slao s Glumer ol S4 o3Y LS
LYOT ol a8 8 plonil o3 Olioee Mo sty ol iy 2 055 0 oo

b s slel&ansl 51 (832 JI ST clads0) €503 YY A1 L Lol G (5

B ol e G50 o) sLaleS St wsai slaanr i 5 035 Sl
S Al s St A s B e bbb S Suss 5 Sl Ol
5 Lela) alil 5 5 (gols pagad Jows Sl Wged L bl £ ISKE 3 s s
8 el B35 0 i el ol edd oals ioled baleS sad o glaan
S 4S5y oS JMis w5 e IS (Shile (T e Sl S G i
ol S| s iolojl gladgas wlia K 2B Y dsdr s ol a5l
Sl (5 03 e K00 GBS i S5 X Jsdr w4y LS ol
1l b

(LX) 4S5 (1 X/0) 5,065 (. WV) Sawanls (e MVA) 50651 1 4L (L)

(o +10) 4S5y (/. +/N0) 5,158 (1 X/Y) Swansle (1 AVY) 36T 153 &b (o

(LYY 10 IS (. £7/0) Kwanls (. ¥V/0) 36T 14w &> (z

(L) 5158 (A 10) Kewala (£ ANO) 3T lesr b (o


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

VWA Olisy £ 65le (B e RiEs omdigr ‘;..«L..ZJ.») 3;_).:.

v

a9 S ol bty 1y 6 S G HT 5 edB el p Sk gl il K S ¥ g

LS adyl Sass 8,

ks Olasie o
oy S/ SAss S - s S | S | LSS | Sendle [l o3| = o
S

Ve At V4 . . Ve /4. . Vel S-1
VY At Vo /0 . Ve /A . Vel S-2
VY At Ve . . v /4. oy Voal S-3
VA A oV A . . JAY 0 Voal S-4
(A oY /A . . . JARE . Y o4l S-5
VAN % VA . . . JARE . Y 4l S-6
Vg At % . . JAD /A . Y 4t S-7
VS A VA . . .0 /40 . Y el S-8
VYA /e V%) . . AN /40 Al Y o4l S-9
/Yo At /A . . . 74V Iy Yot | S-10
VAl oY +/0 . . . JARD . Yasl | S-11
VAl oY +/0 . . . JARD . Yasl | S-12
A At A . . A /4av . Yot | S-13
\/Yo A Vo . . A 74A A Yot | S-14
\/e At Ve A . Al JAN . Yot | S-15
Ve e i3 . . . AR . Yasl | S-16
% oY +/0 . . . JARD . vl | S-17
V/+4 ats % . . AL /A0 . vau-l | S-18
VXY oY /8 . . JARD . . val | S-19
VXY oY /g . . JARD . . val | S-20
VXY Y o8 . . JARE . . vasl | S21
Y Y A . JARE . . . ¥t | S22
Y Y A . JARE . . . ¥est | S-23
\/o Y VY . . AL IV . vt | S-24
\/o Y VY . . AR IV . ¥est | S-25
\/Y al VO . . 10 0 . va~t | S-26
\/Y VAN /Yo . . .0 lon . ¢t | S-27
(VAR a\s % . . A A . ¢ -t | S-28
(VAR a\s % . . A A . ¢ -t | S-29
\/VY i At A . 740 . . ¢4~ | S-30
\IVo 4 v . . JARE . . ¢ axt | S-31
V/AS YA oV . . JARD . . ¢4t | S-32



https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

vy BT Y- RUCW SRS PR S W s

LAl & gad a5 olins alil 5 55 (gls pai sl Jows pglaai £ IS
RSB bl Sl s, (Sais 5 5 cus ) wls IS gla ke Sl & ax 5 L
3 Lals 5l ols 5 Ko ST 1 Al S (Gla e 038 oS ) shieas gy cnl 51l
o3be] &gad a3l ot eslizal [YN] JJlly cplies S slede Slases Lol dlis

“ L}Jja cg_k.: A:,«.A‘ ol UL>::J‘ Lls Ve vﬁ}Lﬁs C)J‘}‘PM LCPC u:‘iL‘)T 6‘;: ol

J-.’.JL‘-.’.)‘ LS‘A.;",Q..!O Jg.\ijb RS0 PN W 4.‘:‘)‘\” JJJ\:.-)D LAM}M ;MJJ,;}C,.{};
ol ol eals s a3l plol 51 3 e lar Sl edd eslel glawls
LR O RCI PN VY BV VR PVE I S TRCH YA ST SRR T O P LIV
5SS op $lp LCPC (bl 5l an 1) bt sad (5 0 5l sl (5l 1 S
.MJJQU:J;JHZ;JST
LS‘J" co}jﬂMML?\y)b LAM}ML;W}L;J,{LJ d\]g’ Ls,w)jg)ts)b
5heslizad b LK Sauss 5 Saule Oy ciliss gla ol b 36 o)
JSE (P15 JIPL) €505 10 baailsKins (i 6 s oo i 4 31 (M20 I


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olis3 £ 6 ko oo s o ¢ pontign il &y 55 YA
rj.'e Olse «(Si20 S Sil) €50 Yo Lawls L (SH30 S SHI) <5 ¥ Ladls

S FTI8 J FTDG 5w WA s o5 g5 5 (F24 3 FD) Gyui Y8 3 e

Qm‘c.kﬁl%ﬂf:_}ﬂjbb}&jwduou‘m

(W bage3 513 LCPC b3l (6l 5 sddaslal gladils 31 5,05 5 mKs .0 K3
SIS slacd (7 s 25T s 1T (& (anb (Ko anle glacs
‘;a._.:b L;._ngﬂ ‘5Lh¢.3ﬁ| G 9 S

< 31) S-5 (Wl bk a5 51 LCPC jiglesl ds (S 5,5 5y S myp N JS3
(8 4> 3,1 S-3L (7 oF 4ot D) S21 (& oY b


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

A R 35 s GBI FuiSS 5 (Sisle il b g
ﬁﬂjﬂ*b&jﬂ”ﬂ):ém%@}éabq|ﬁ@b
s e Sl s gl 5l el ag ekl Sdole oy olis
ﬂbU.A of.wS/Vvaj:)b el GJ\.:;J&:.:’J LCPC d)ﬂ)])‘ eﬁw'«u‘l{ﬁj;jﬂ\‘ Jas
sal ozt gl bl il 0l esls OLES it S gl e Job 3 LAC
ol w0 Glate §-23 5522 glawiped & bg e Saule Jldie o 5t s ibesl )
b bl @ Glate S-32 5 S-31 bk god 4 by o LAC Sl 1 508 5T iU
Jelse sl 3l al DL a5 plad L3 baais i aSepl @ 4 g Lol
e 5 4l JSE s e s St baaises 8 I 3 LCPC sl 55 e
ot S T 55 0l (6 Sesll Suule Jolge cpl ois ot ams 3 ol Lails
f\f )‘ ‘g'i A ;v\aﬂb g_,.;”).\p szbu Ll Q}L&a ﬁ_).\; 93 L 9y JJJS
.@‘a&ﬁ‘)\idjkjbweﬁdu@ﬁi
Aok 3 ) Rl il b e Saule ol s 6ke J i SUS 0 508
23 Shube Ol (5 ohe 5 1 5pS & Sl ¥ iU slacs T 4 by o S iy
solsl elal S Saole olie S, ba ol sdalie B Y U cd
Llazils 508 Sai 35 5 5 ke sl doys o ol glakigal 4 by LCPC
RS Cand b St St A3 oS Sl pladised 4 by e 508 Sunla
oV il 5 0k uf.,\;.il...u Sy edalie Ve K8 5 SOl Ll b df.,l..u:ﬁ
Sl Blod 5148 ol Co3ul 4 b e St b e e Sl Ao

.;,\K@,@u})\ﬁ\uf@uw) Iy 6 a;&jwlzj\}lfj&f)l@


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olis3 £ 6 ko oo s o ¢ pontign il &y 55 A\

200 |-

o) Sl

4aa L 2 A
1

93k Sy s S8 8 5 LTI I gl Sl o s Y S

RS9

PRSI G TP B P S RV P PR R B 3 PYRERE SN PR

Sbrs Sl (Fr 05 Shibo o 2 bl 2 (Sl o35 o
[YV] Thuro & Kasling

T4/ qer AT s Sauls () it

TAYA Vego-ALs s Sauls () it

ANV YYAL =YY 305 ks B oS Sl () it

VaY/0 T b b oS Sl (t) it

LCPC bl plmil 5l day 5 U wises 3 B mp e delis b

S sl LCPC ilosl a8 il ds; il ol s Laals (o35 5 Susls
bl Sl day ity Glajlssed 53 D3 (Shge Ao angS 53 5 edd Lakls O
S S Gl e dsb 53 LBC slis o3 A S s ol ail il 53 LCPC
Glaco )l gl SuSs b o ¥ dsdr gdoaid b ol sl el LS
2 SSE e ¥ Y Al slaci )l el sL3 essdoe 3 £ 5 ) slaws

.MJ& olis \) b\.;) & G Jlﬂ) 03 gl>we



https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

)y BT Y- RUCW SRS PR S W s
85

75 \

70
65
60
55 A L
50 S
as ~|~‘¢-> e e JJ—..@JI
40 T 11 T T 1T 1T 1T T 1T T T T T T T 7T

\

—_—

== \
\

(1) oS a0
]
(
I
]

Voasb Y oaxlb Y oab ¥ axl

B e S8 8 2l SR 51 S 2 gl (SIS Sl o mls A S
SECPUNER

SSE 5 Sdale O Ol 5 3525 56 g
5 Sl b e 53 3 gmge O Olpe 5 Sugby doss bl s sl
s ilzies 15 51 4S (M20 5 ML & 503) €505 Yo 5, LCPC bl Skl
S Ol 2o plawl cilmie O Ol b Sl 0 Sl 5055 55 9 b s
Ol Wk sl S35 AT 540 JXe Tyo SN oo (Sis SI) ol ek el
o3l Sl i (Sl Ol 2 ST Ol 28 2alesT ol ol e
30 s o bl ol Sl ol gl Cd 4815 0l e s 10 4SS
RO PR PR LR W
DBl (Saule @lae o aw a5 70 e Ol Ol 5l Jools s el
O i 5 Sk o)l 4 plas O sl 70 O Olee oy o e .l 4l
Olsen Ao s 3l i e 53 (Stulor Gl ke ol (pl 5ol o Laails S
Sl Ol 5 5530 odaliie Sdule oy SRS i a2 3 )0 Jlo O
o Gdo s 53 eSS 5 Svanle i, ol ot sl 1) 0 T Oljee 55 ilas

Shle (1ol Aoy ¥r B O Ol (Rl 31 i 55 8 55 5 Sl o ale

97093 b By g 53 5,5 Sl Gag Yo gl Saka 5 Faule o b 0 Jsi
s O Ol (sl


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olis3 £ 6 ko oo s o ¢ pontign il &y 55 vy

. . MJ; . .
Lt Lt . Lt EaSad
Sl S L_f” e & gad Sl Sass | Ol Olpe i doss e & gas
(@r/ton) ) J"‘; (@r/ton) )
o\ 0¥ Yo Sewasls M-11 YYY. 8,8 . Lo sl M-1
v 04 Yo Sevanls M-12 YFA oY ° Rty M-2
e Ay Y. ECR M-13 kY 4 Ve 1o slSes M-3
Q1. oVl . RN M-14 el to Vo 1o slSes M-4
161 Y [ ol M-15 A3} it Y Rty M-5
\ [AK3 \ JOuRY| M-16 AAa £Y Yo |0 IS5 M-6
1Y £ \o JogRY M-17 Y AN . Sewanls M-7
AR Y4.Y A JogRY M-18 EA w ° Sevanls M-8
\Y§ YA Yo JogRY M-19 . oY,¢ Ve Sewanls M-9
VoA v ¥ Ry M-20 § A Vo Sewals M-10

SAS o s St Ol sl 53 (Saule (5 1e JS 55 48 ool add llas
LAY S Js s ety (Sl GRIBITY Y OT Olpe b a o3l s el 5
L3 Ve B Ol Ol SRl b sad 5t 0 25 edalie Saule 2alS dny
sddolamil Slalie lul 5 bl oo a8 llas  Sausls clbls oy o (Wlas 555
Lo b8 51 e Ladgad alad 3 S A Gasiie )0 Ol Ol b ilesl plowil
ey S8 Gl s odamnr oSaws O55ee 35l 4 Ladls LL)::..).LAJ.T gars Ol aads
35 5 ol ui.il.aﬂ rK;A Laails 4 b3l &g 5,55 5 phe Lol ¢ 9b 50 (ppen LS 0
5l sdgas ST 5 b e a8 LV B e OF Ol s ails Sais & Ol e doest
do3 Vo Ol 0l 3l am LBC il e 15 o sdalice Sl 2al53l a0 /)
03,5 3555 5 BAls 44 455 5 o W 3ad BB 5l s el Kos aS el ol s
S o Ol oo (JSosba Ll on Sl oo Ve liie Cod 4 (Sliis 5 4D s
Ol Bl el slse ST Ol Olpe (I3l 5 555 LOPC (53T s ol e85 S

Sols d}l)ﬁ-(,.a[\‘\] wlin Sliass CsL’bL:oJul: odalin L;jﬁ\daﬁva Jf.x..lh.:



https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

ary BT Y- RUCW SRS PR S W s

ol e Blaeys Sosle ooyl

1 2500 : ;

3. 2000 /’

3. 1500 e e

q i ~ a'-" -“""--._ -----;‘-'J‘u
Yy 1000 57 Pt " —
[y —_— o

< 500_,- i s S e S TRk
iy 0

k)
= 0 5 10 15 20 25 30 35

<l Ol (£ ey
Sl Oliee lie jo (SaiiSs b Sl s
100

—— |l

20 T

() (FSh capd

0 —_— = aids
] 5 10 15 20 25 30 35

ol Glie (G35 a0

O Ol 558 Mo ys blie 55 S Cobls 5 Sl Sl o pslie lagei & JKS

S 5 Saule p @las i 56 )z
Gl )T I i SO0 5l o ilor s ailsSKi i 156 oy 1 sty
T dsds slas P15 G PL gladses conl |0 K8 5 Sivvanls cca il 5,5 5 208
e b malosT 5l 6w cpl 53 S plil 4505 52 55, LCPC SialesT el (g5lueslel
Sas S o pl ) Sk dos palie ((Sule O S i 26 s
JSE sl 5T doder ol eds a8 5 B 0 SLeSG b sed el gl (SAis S 5

s e Oli Calses gla i gl Sess 5 Sl cul s Ol Ol ass Ve


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olis3 £ 6 ko oo s o ¢ pontign il &y 55 a3

02705 5 (sl Pl Gsad & by o LAC U 0 fie Jol s ol
ol (Ko ale) P-7 & a5 w0 by s LAC 015

DA 5 IS @ b Saule e Sl mls Bl s IS be
JJ&,\J.UK;S)'!JS(.S Sl ‘EBJ)'\(..A@.U'JJT ol Svtsle 4 by e Ol sae
S das o Ol Svanls 5 ol S 5 ek s Shole = 5 Sl Swanle
ot Stls sz S s Sote Shbe KL SN Coll Sl
Pyt S8 (Sanle ssh
33 SSe 5 Sb &K i Bld 1 sps e edalis Ve ISS s a0l
SESE Bl 5l an 1505l gladd sad 5 ol Shinle 53 SiSd 3055 eyl
ol s Sanls 5 el Sk )y gl e S o S S35
2 S il s (el 5 ag Swnls 5 cosl Gl S 5 L e N bl
Svtals S350 So 5 Sl Sausls o3 T Ol SRIHIL Jol sl

Al e mals Saesls b e il 58l
5 030l (Kevanle d o RS sk gos 3 SauSs 5 Sunle oo s N g
P PECE R I CERCH I g

, oLl | S
o guss | G209 - Lol IR T I
(&

6Y/A ‘o Kwinls P-9 18/8 e Led&s | P-1
A VA Sl 004y 55T 00 P-10 o/ VYA Le&s | P-2
/g Vis Seeaala 0042y 35T/ 00 P-11 /Y \Yge Le&s | P-3
WY e WA SO/ P-12 AY/A R cosul | P-4
/e Qs IR IA SRR HYAD P-13 AV/Y Voo cosul | P-5
ov/t T ECIRWATERERHYA D p-14 Av/t Veve cuul | P-6
oV T AR RH/A P-15 EA/E . Sewanls | P-7
ov/t YA Kewas | P-8



https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

o BT Y- RUCW SRS PR S W s

90

70 \\

60 *—0 R
g: 50 g o9
] a0
. 30
ﬁ ig wlaSns iz lae o Fouss coys olss

0
W
V!') 1:} ﬁ"‘; o N o »f\j
— ’ N A A S
o\@ N o A"
- i

950 B s sl s s iz 53 (SauSs 5 Sanle s ml ) S
2o 93 b
SiSs g Sagle Ol 615 Kiw 03101 3T )
Sl 053l pol o 53 il Ol 5 ekl ple s LB 2B g s L
5 IS8 Ol Lol s 5 (FA BV o sled ST Cilisen (glacsTl 631001 L sladi sad (53,
2l s S bl ol Snanle Coikl &S e Lo i 55 5 ol Ol

U R WP o I R PR T B R CC PR N PR PSP WP


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olis3 £ 6 ko oo s o ¢ pontign il &y 55 A\

1400

11801205

1100
1005
800 825
620 5gq
480 461
360 368
260 268
160 156

S S S S s S s s _s.jl EVREU IR SISV U R ]
MY ATV Y FF A A NE VFIAT AT VF OV F ¥ A A \F NF

P (= o = =
8 8 &8 8 B
(=] (=]

(5 S Sl gl

g

o

B s &y il

r 80

70

r 60

r 50

t 40

r 30

r 20

r 10

SIS S S S S S S S s | s s
YINYIAONMY VMY ¥ ¥ A A YF VR YA TIA V¥ VP OF

B die

Mg&&‘gajé hﬁ‘éﬁbﬁ‘ﬁJb ;WJ;ML‘ gﬁ],.b)‘:}d AR JS.:
(&a@b}é{j.\li)

il 2568 5 (A S (555 akile 3L) SIFO wsad & Lo ol i
Ly Saole p 5 i Svanle 53 5 (VS (g5 0bile 3L ) Si-1 €505 0 by ye
SI01 5l b S sba (ol SIF12 G pad w0 by e Sle 508 5 SIF19 e w
EE Ll S Ak Al (SaS e s anl Rl Saale e dadlls
00 SR (Sanle o Sl Olsee 20ls Glaen 55 VA1 V] Oliie ol
RCO SOV PR I SV R ISP PO


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

v BT Y- RUCW SRS PR S W s

99 C,.lj'.bi) P g...“& d‘“.“> 95 3 L;J._"J.:ﬂb BL) Laails SJ'UJ‘ }9"\3' u}a}T @L‘b A" J‘9J.>

(Kot

il ‘ Joles 2t ol | e
Suss = ol | g | Sl | o
o S | T e S e | T

A (e | mm)
ov/o 10 e | Kl | Si-11 VA £ VAR ool Si-1
04 au W8 | Keanls | Si-12 1q £A V4 oyl | Si-2
or Qv YA | Swasls | Si-13 01 X YYA coyxl | Si-3
0) Voo YA | Kewals | Si-14 oA R Y/¢A eyl | Si-4
£ Vo ¢V | Swals | Si-15 g4/t AY0 £V o6l | Si-5
86 Ve ¢V | Kwasls | Si-16 0\ Avs £V eyl | Si-6
4 YA W | KLeals | Si-17 AV Vero Al coyxl | Si-7
g \a¥l W | Keals | Si-18 £Y/Y Ve W coyxl | Si-8
YEN A 4/0) | Kwauls | Si-19 v/0 \Yeo a/0) coyxl | Si-9
vort It 4/0) | SKwanls | Si-20 - VA 4/0) SRRy Slio-

S Faole Ol p alaKiw IS8 50wy

33 ol edls s saolas 5 badls 51 gyls S b bl 0 sl glal s
).).Ia}jjiﬁ J.»}S ajiws/ 6&44\.)‘{.\...» OS/JV.« Q;}g_,.;); @L’b witl?a cJ.SB 6uu,l>u
C.,-w‘ ol 43\)‘ A J}.\?— DL (532 ‘;\ Sl éuﬂb_}w) ﬁ.]‘s

LCPC b3l 51 dny awils [Sis 68 355 00 sdalin A Jsdr s bl
5o oS hlesT 5l ey laails (K8 55 4 das e 0Ll el a2l (5,8 ot (1581
(ialesT plowil 1 dws s 53 Cus S Il ads e ares iledd 53 S ekl
A 5 S & Sl wly el ki ped alad sl (SAEs S s S S
el Lo y3 Y0 50 Ol 5) AU sladisal & by o 5 S JalS 5l Ol

SISHL) o v s, (Sl Ol » baals 18 86 ) o gl aslsl s
Silesl el 50 o b, 5 il gla S S 5oy S Ll gl 51 (SH30
Slasiiin b 1o € yos Ol yeas & Jador 3 ol 0l Eslo 31 0Ly Sliasiedio L Lads gl |



https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olis3 £ 6 ko oo s o ¢ pontign il &y 55 A

(IS 2SN Ll 5 ol s el RCW PP FCVE N H PRI PR PPLIUE
Srle b Ol (Sda S 5 Cas S ok R L bbb S o ol
AL Rl
S Fanle p S o Ol 56 g

Loy $2558 0l5n n Fege 5L S Ol s Lap 9 EPB-TBM (slagile b (g5l 5o
S w5 C G LES sl IS agr Sbt E o Caslie [EaS 5 ege S35 S
5 b ek bolen slpe cpl oS o el B8 51 2ol e (il St s g
bl Ll o o lagens 5 Ol ol Dlagsle 51 adlse (ol 53 oy A5 305
Vo s Bl 5 o OT a5y o oalizasl 05 sl ol a8 ogllae gla S 51 Jaics o
2oz o Yo olg s s ol e S SISl Ghle el )
ol S35 2 (Bran o olie (OIS S Ol s 810 S A 53 a5l oS5
5 e Saaals (o3l Gl L (F24 JIFL) wua Y8 s, » bl
555 0% Soyan 3550 Jslte p b 5l el aliplnil Ciliie slap g doys b e JSCS
CusS o Sl Sy p3Y el o o3linal QLIS JaS oS 15 4y by e oS (AL68)
5ol Oldlas ol sds Sl VY0 ssd s kel bl (gl Sais S
Sl 4l bl 55 o 5 s e Sl S A5 slap b Slasiia )
S35 p Srlesl ol e VY IS s sl e Ll Jls s 6Bl gl OF b oS
Wl 0l a3l el ls p g e

©) o ke Vi e Ul U Sl Sl eagdoe 3 LT G
ot Dk Sl odd pll (Hlas G55 deoss T 1 ke b doles S5
el S SLINY S s il llas i gl e p 0 Ol ol s Sl
Yo sl s pials Sanle ) e Yo U i 3l b uir elad L3 &8 ol odalie LB
03 a3 pss oS Gl s ol b e Rl Sanle m e Ve U e
o8 Ole I3 b day a4y OF 51 5 0l sdalie Sile Jlas A3l (Ss ot A
it 53 A e Gl Sale opd e pllas 5 i 2l 655 50 sl S S
Al o (ad ke Vo)) el (555 Ao ps £ 55 53 g p 8 Ol


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

A\

BT Y- RUCW SRS PR S W s

o S slacd 2 55 LCPC (5ol 51 dn 5 I3 ails IS5 gl i gualis pKls A J g

2
LCPC _zlesl 5l an LCPC Ll 5l )3
;J‘b)f bl
S S Saa S| Saas S S Sax S <58
S,/

V/eq VA AV V1 YAl A Y oals
AVAN /YA /A \/YY v/OA VA Y el
AVANS /Yo v/AO V/e4 v/E8 v/094 ¥oaxl
VY VY 7S V/AY ./0) VY § 4l

bl Kianle Glad gai 55 ails IS5 sla pite ) & Jgdr
SR | sSang | Sazas | ews e g
@rftom) 0 sl | ) Sernnds

Veve v oY .o ARE . SH-1
et A% Y +/0 JARD SH-2
Veoo v oY ./0 ARE . SH-3
que \7AH % VA JARE SH-4
4 VE OV A ARE . SH-5
A V8 N A ARE . SH-6
et \ /Y +/0 Al JARD SH-25
Vg V/t /8y +/04 ALK . SH-26
4. V¥ /0 A% JARE SH-27
Yoo AT A Y . JARE SH-7
e (AN YAl OV . JARD SH-8
YY. (AN YAl % . JARD SH-9
iat YT i 4 . JARE SH-10
YA VYT i 4 . JARE SH-11
foe YT i 4 . JARE SH-12
Yoo V/YY \ /80 /00 . JARD SH-28
Y. AR +/0) ) . AR SH-29
YY. \/Yo AL . /84 . AR SH-30



https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olis3 £ 6 ko oo s o ¢ pontign il &y 55 e

L;—\ o | |

psd 03,5 059 (s p b mllias P JE T RIS S PR plomil ol o 1Y S

35 e Sl s 3T (5 ((Sad s s T (7 cpdlas 4 p g8 035 51(0
03050 5 dny sl g (5 09051 51 day Wadils p goai (o cp5b

|r°9—‘3 e Jlis o (Sonle b “1’*)-1-:-"5|

——r— S D als e ——l

3000

§ 220 _a—

3 2000 —

B 1500 e &a—
L &

“‘13 1000 )__-——*——t _

. 500 — —

a’ 0 —

;3 oml 20ml 40ml 60ml 80ml 100ml

oot 8Ll pgd fade

LAC(gr/ton)

E EEEEEEEEEEEEEEETETEEETETEEE
o Qoo QO oo o0 Qoo oo oo oo oo
™~ T W0 00 O ™~N < W 0 O ™ S O 00 O o~ = O 00 O
- — - -
1 e 858 s il Wy il sl
P ph e

LCPC oaws KaSwy 5l p 55 pdlas Skl pponns Sl AN


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

A BT Y- RUCW SRS PR S W s

S S 4o

e SLaails K 55, LCPC L3110 51ty plowil 51 skel sy il bl
A

3Ly (Shube lils ¥ 5 ) slaab 5o @3l Gaalsim 5,5 52 ¥ bt e > @
5303 Sl B oS (Saule ossdoms gl c a5 T slaasb glaah S
53 ek edalie Suule o po Jlas (508 5 op S ke dies hugte U (S
5o Yol 53 Wy o5 e S VYA L G S el (T sladils S
GLIs Lal S e alad Gl ol s £ 4l 53 WBly o5 S Yo
U P S Vg LN P B R LG S PR e

Al plas (Sad et 5 S )l d s i Soson Ll p S ae @
Sl A ol rals |y Saole Lo € o5l g5l o o5t o3l 51 e el
i sl s bas Saule wais Sl Saole cuys Ol il
.inﬁa):}ali:.ﬂ;

L Sale e s 0,28 glaci ol 53 1,e &S aile G glaails lsl @
Gt S 3] s I i Sl ax 5l Js des e Sl ool A
Laals lo iz ol 3T plas 51 36 55 L3 Shle A op Sedes
Sl Aot Sl ol Sasal 5s S spde St e Sl e G
soasl gals Suss spi e S bab ple jlix s ool Suaul
o 35 a5 Sl b e il Sl il O s b W Se
S ST gbases S sba 5 ol sdalie LU cosuly Svanle
.L)\:&Mubéudﬁqwdjujﬁ

Sl L el S i ot s IS o S Olpen s Jols bl bl 2 @
Al SRl (Sl o 5 Ol (S5 S 2 S o

pbl LCPC b3l 51 ol b il 45 3.5 (5,8 amt U5 o S, sbay @
S sph e Sdole (il sl sl S OF Ol Sl 5 3 sl
315 Gl [14] alie Slidos 5 L sl sdalin 5 S


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

WWAA Olins £ 8 ko (a3 jowr M pmnlige omilidopme & 03 YA

@bﬂ
1. 1.Nilsen B., Dahl F., Holzhéauser J., Raleigh P., "Abrasivity testing for

rock and soils", Tunnels & Tunneling International (April 2006) 47-49.

ST el Of Jsl B s ol U sy il mess” o Gosdge b ol LY

AVAV=AVYE (VFAY) (V) V ( ontign gl oy & 50

3. Tarigh azali S., Moammeri H., "EPB-TBM tunneling in abrasive
ground, Esfahan Metro Line 1", WTC ITA-AITES 2012 World Tunnel
Congress, Thailand (2012).

4. Plinninger R. J., Spaun G., Thuro K., "Predicting tool wear in drill and
blast", Tunnel and Tunnelling International (April 2002) 38-41.

5. Thuro K., Plinninger R. J., "Hard rock tunnel boring, cutting, drilling
and blasting, ISRM-Technology road maps for rock maps”, south
African institute of mining and metallurgy (2003).

6. Plinninger R. J., Spaun G., Thuro K., "Prediction and classification of
tool wear in drilling and blasting tunneling”, Engineering Geology for
Developing Countries, Proceedings of 9th congress of the International
Association for Engineering Geology and the Environment, Durban,
South Africa (2002) 2226-2236.

7. Frenzel Ch., Kasling H., Thuro K., "Factors Influencing Disc Cutter
Wear", Geomechanics and Tunneling 1(1) (2008) 55-60.

8. Thuro K., Singer J., Kasling H., Bauer M., "Determining abrasiveness
with the LCPC Test", Proceedings of the 1st Canada-U.S. Rock
Mechanics Symposium, Vancouver B.C (2007).

9. West G., "Rock abrasiveness testing for tunneling", International Journal
of Rock Mechanics and Mining Science, Vol. 26 (2) (1989) 151-160.


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

gy 25 37 e Sl SN 5 (Sl 5 g 2
M (Sl s Gl gla sy Alis” oz oty wm Ollens wp Olgan L)
NAY (VFAY) (08) A Odme pmudigs g 23

11. Nilsen B., Dahl F., Holzhauser J., Raleigh P., "New test methodology
for estimating the abrasiveness of soils for TBM tunneling”, RETC
Proceedings (2007) 104-116.

12. Cerchar, "Cerchar tests for the measurement of hardness and abrasivity
of rocks", Centre Study Research, French Coal Industry, Document 73-
59 (1973) 1-10.

13. Thuro K., Singer J., Ké&sling H., Bauer M., "Soil abrasiveness
assessment using the LCPC testing device", Felsbau 24 (2006) 37-45

14. Mostafaei M., Rezaei Far A.H., Rastegarnia A., "Assessment of the
impact of case parameters affecting abrasion and brittleness factors in
alluviums of Tabriz line 2 subway, Iran", Bull Eng Geol Environ, 78
(2019) 3851-3861.

15.Drucker P., "Validity of the LCPC abrasivity coefficient through the
example of a recent Danube gravel”, Geomechanics and Tunnelling,
Vol. 4(6) (2011) 41-50.

i olidiomes Gl bl 2" coe Jil b cf Lae S cp sosi T SlBatle A

OYA¥) (MDA (wdigs bl & ,20 "LCPC olons SaSa bS8 Saule Olsee

YYVFoYYEY

ohle e Slas gl all b L b a8 e st ap e Y

() 4 dige olidopns 555 i (Sladgas 31 eslizad b 055l g li= VT3

FOFYoreor (\Y44)
18. Gharahbagh E. A., Rostami J., Talebi, K, "Experimental study of the

effect of conditioning on abrasive wear and torque requirement of full


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1398.13.4.6.3 ]

VWAA Oline § 5ot e o Alr «punlign pmlidippn &y 25 Y33

face tunneling machines”, Tunnelling and Underground Space
Technology, 41 (2014) 127-136.
o L Dl isa g el olim s Sl Suule obsy" o8 g5, I
QYY) opde Can 5 o2 (6,58 lay MG 00 SC Lot 165 50 Anlas)
it s s Y b i e GS (Sl ! eo ok o Al Y
YA Goske o 5 o821 Ol (Ol 5 Jams 5 i i e Sholes

21. Thuro K., Kasling H., "Classification of the abrasiveness of soil and
rock"”, Geomechanics and Tunnelling, Vol. 2 (2) (2009) 179-188.

22. Plinninger R. J., Restner U., "Abrasiveness Testing, Quo vadis- A
Commented Overview of Abrasiveness Testing Methods", Geomechanik
und tunnelbau. Vol. 1(1) (2008) 61-70.

23. Kasling H., Thuro K., "Determining abrasivity of rock and soil in the
laboratory Engineering Geology"”, Technische Universitdt Minchen,
(2010).

S slad Y Lot o3y Il Al e ST 55 Sl g 208" lsaly Ol es iass Vi

OYA) "5 s
et SESG 555 5 edige lidms Sleo gt s p " B S50 ep axls Lo YO
OTAY) oliils S Ol pl ST 55 wdige ho il &S (oo 5 520 ¥ Lo

26. Krumbein W. C., Sloss L. L., "Stratigraphy and Sedimentation”, W.

H.Freeman and Co., San Francisco (1963) 660.


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.6.3
https://jeg.khu.ac.ir/article-1-2758-fa.html
http://www.tcpdf.org

