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¢ G G G Cs Co C; Cg G () [STRE ST
‘Tt 3 5 1 1 1 55 3 1/3 1 37
03 1 3 13 143 1333 1 1/5 1/3
“lis 13 1 Us 15 15 11 13 19 /s 1/3
“l1 3 s 1 1 1 55 3 13 1. 3
It 3 s 1 1 1 55 3 13 1 3
DZZ" 1 3 5 1 1 1 55 3 1/3.1 3
YTNys w31 15 15 15 11 13 179 1/5 473
“l1/5 13 1 /s 1S /s 101 1/3 1/9 445 1/3
I3 1 3 13 13 143 33 .1 1S 131
“l3 7 9 3 3 3 99 5 1 3 5
o3 s 11 1lss 3 U313
Cls o1 313 13 13 3.3 1 1/5 13 1|

gl s 5l 30 sl 5SS b (A) (s dlie el LS5 X8
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Se, =(8.51,12.8,17.9)® (1/216,1/160,1/111) = (0.039,0.08,0.162)

Se, =(9.11,12.4,15.4)®(1/216,1/160,1/111) = (0.042,0.077,0.148)

Se, =(7.01,10.415.4)® (1/216,1/160,1/111) = (0.032,0.065,0.139)

Se, = (12.5,16.7,21.7) ® (1/216,1/160,1/111) = (0.058,0.104,0.196)

Se, = (12:9,17.7,23.7) ® (1/216,1/160,1/111) = (0.06,0.11,0.214)

S, = (11.2,15.4,19.9)®(1/216,1/160,1/111) = (0.052,0.096,0.18)

S, =(5.87,8.79,13.4) ® (1/216,1/160,1/111) = (0.027,0.055,0.121)
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S, =(6.44,8.87,12.2) ®(1/216,1/160,1/111) = (0.03,0.055,0.11)

S, =(5.85,10.5,15.4) ®(1/216,1/160,1/111) = (0.027,0.066,0.14)

S¢, =(12.5,18.8,23.7) ®(1/216,1/160,1/111) = (0.058,0.117,0.214)
S¢, =(9.11,14.4,18.3) ®(1/216,1/160,1/111) = (0.042,0.09,0.166)

S¢, =(9.52,13.3,18.3) ®(1/216,1/160,1/111) = (0.044,0.083,0.166)

il 0 03551 15 55 w3 e (Gl el avloes pslie VIMo>M)) 5lis dsloes :i(,lf
V(S 28, )=1, V(S 25, )=1, V(S, 2S,)=081, V(S, 2S5,)=077,
V(Ss, 28,)=0869, V(S, =S )=1, V(S >S,)=1, V(S 2S5, )=1,
V(S =5, )=0736, V(S, 28, )=0921, V(5 25, )=0971;

V(S 25,)=0978, V(S 2S5 )=1, V(S =S, )=0.768,

V(S 2S,)=073, V(S =5)=083, V(S >S )=1, V(§, 28, )=1,
V(S 28,)=1, V(S 28, )=0693, V(S, >S5, )=0.89,

V(S, 28, )=0095;

V(S 28,)=087, V(S 25,)=089, V(S, =S, )=0.672,

V(S 28,)=0636, V(S 2S,)=074, V(S, 2S,)=1, V(S =5, )=1,
V(S >S.)=1V(, 28, )=0608, V(S, 28, )=0.79,

V(S 25, )=084;

V(S 28,)=1, V(S, 25 )=1, V(S 28 )=1,V(S, 25, )=09,
V(S, 28.)=1, V(S 28, )=1,V(S, 25 )=1, V(S =S, )=1,
V(S 25.,)=092, V(S 28, )=1, V(S, 25, )=1;

V(S 28.)=1, V(S, 25, )=1, V(5 =28, )=1, V(5 =S )=1,
V(S 28,)=1, V(S 25 )=1 v, 25)=1, V(S 2S5, )=1,

V(S 25,)=096, V(S 2S5, )=1, V(S, 25, )=1;

V(S, 28,)=1sV(S, 28, )=1, V(S =S, )=1, V(5. 2S5, )=094,
V(S, 25,)=089, V(S =S )=1, V(s 28 )=1, V(S, 25, )=088,
V(s, 28, )=086, V(S, 25, )=1, V(5 25, )=1;

V(S 2S5,)=077, V(S, 25.)=078, V(5. =S, )=089,

V(S 2S,)=056, V(S >5,)=053, V(S =5,)=0.63,
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V(S 28,)=1, V(S 25,)=09, V(S =S, )=051,

V(S,, 28, )=0.69, V(S 25, )=073;

V(S, 25,)=075, V(s, 25,)=076, V(S, 25.)=09,

V(S, 28,)=052, V(S, 25,)=048, V(S 2S,)=059,V(S, =S, )=1,
V(S, 25,)=089, V(S =5, )=046, V(S 25, )=066

V(S,, 2S5, )=0.703;

V(S, 2S,)=0.87, V(S, 2S,)=089, V(S, 25,)=1, V(S, 25, )=0.68,
V(S, 25,)=0.64, V(S, 25,)=074, V(S, 2S,)=1, V(s, 25,)=1
V(S, 2S.)=0612, V(S, 25, )=079, V(S, =S, )=0.384;

V(s, =8,)=1, V(S, 25, )=1, V(S 25 )=1, V(S, =S, )=l
VS, 28,)=1, V(S 25.)=1, V(S =S )=1, V(S, =8, )=,
Vs, =8,)=1, V(S 25 )=1, V(S 25, )=1;

V@S, 28.)=1, V(S, 25)=1, V(S, =S.)=1, V(S >5,)=088,
V(S, 2S,)=084, V(S 25.)=095, V(S >5,)=1

V(S, 28,.)=1, V(S, 28,)=1, V(5, 25.)=0799, V(S; =S, )=1;
V(S,, 28,)=1, V(S, 25, )=1, V(S =S )=1, V(S, 2S,)=0836,
V(S 25,)=0797, V(S, 2S,)=09, V(S,,>8,)=1, V(S 25 )=1,
V(S,, =S.)=1, V(5, 25, )=0761, V(S, =S, )=0095;

N odaly 5l estizad U s demlie e Sl 3 s zel,l 51 S Oy dloms ;o(,tf
d’(C,)=min(1,1,0.81,0.77,0.87,1,1,1,0.736,0.92,0.97) = 0.736
d’(C,) =min(0.98,1,0.78,0.73, 0.83,1,1,1,0.693, 0.89, 0.95) = 0.693
d’(C,) =min(0.87,0.89,0.67,0.64,0.74,1,1,1,0.608,0.79,0.89) = 0.608
d’(C,)=min(1,1,1,0.96,1,1,1,1,0.92,1,1) = 0.92
d'(C;)=min(1,1,1,1,1,1,1,1,0.96,1,1) = 0.96
d’(C,)=min(,1,1,0.94,0.89,1,1,0.88,0.86,1,1) = 0.86
d’(C,) = min(0.77,0.78,0.89,0.56,0.53,0.63,1,0.9,0.51,0.69,0.73) = 0.51
d’'(Cy) =min(0.75,0.76,0.9,0.52,0.48,0.59,1,0.89, 0.46, 0.66, 0.7) = 0.46
d’(C,)=min(0.87,0.89,1,0.68,0.64,0.74,1,1,0.612,0.79,0.84) = 0.612
d'(G,) =min(1,1,1,1,1,1,1,1,1,1,1,1) =1
d’(C;,) =min(1,1,1,0.88,0.84,0.95,1,1,1,0.799,1) = 0.799
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d’(C,,)=min(1,1,1,0.84,0.8,0.9,1,1,1,0.761,0.95) = 0.761
)‘;ga_)_h&l_g_v Q)} g_,_;.vj.v U’iJ‘-' K Lk.vb)‘ aéw‘b&@ U)j)bj L.wl}r.a A flf

el o 03,51 Y Jsdor 55 WOl sl 5 arilows b el )L
bl 5SS 2 ol g ool 059 Y Jod

sl 0 3 055 ALk
ATV <VYY ol
/+VYA </WAYA Lagils IS 5 8310
/AL AV S Ol 5 Sl g5
f/VYA AN FS Ao
AV AYIN =
/041 «/A00 Sl
AN v/eso Sl
/r0)0 /EOAY Ly
AR NYE Sl i e
VARRAY \ oSS (5 ,lis Zaslie
+/AAAA «VAaY S el
AVN-Y VY i J 5 e

5038 Ao LI o Sl Caslie ol asie YU J s Sl el

Aosls olantl s parls el Ole 53 15 055 czﬁ;ﬁé@%

Guabb (el w QLY
et 3 S o LS 3 Ol S5 g e s el bl 6 pes (S ige
e Wl e 0l oty glm el bs s e stalin &S gbilen g, e sledas J sl
doe Lol 5l (o Bl Sl iy st b S (SO 5 (S Sl
e Lt AT g oS et s s S Ol 5 oS Sle g5 5 (S35lm
0,8 e sn el Sl s Ll Sl e 300K Lol o Ll gla el 51 (golaws
ol 538U () S (g lid Canglie 1 ol ol atlid [alesT € o Sie Cllas 4 a5 L
Solahigla iy 53 S hasilin o Soge Olpoay atmit¥l Jsde 5 ot 3o S «Slard

LA eslizal 5 slgii G ol 3 (K B Aol B



VoYY VYAR Dl 5 5l ¥ eslesd ol or s pubign (pubid e 52
G ol ylae (A

Slaiasim 81 58 Ko e Gla bl o fege 51 (S Ol el
5 S Slasein 3l gl saled Wlg e 1l cpl il el eslital wdigs
oSl s kS s (Sa5lse Olgee (I (Sl caslie L5 51 S SO
S ol 5l aS il s BB el antlid Sl (Rl ol b 5lasl K
el Aer a5 LI S oy OT L1 (S35lpn e S 05y sl ey 015 oo
Sl bl ales O35 Olean sSde (/T SLel bl ) el iy O35 ¢ semes
S Sk s L gduaab (s 33§ 370 S5 (5 5L0d
Sl Jale 55506 (o

5 s bkl el 2 B ) S sl gl o sl S Sl
Sl sl ke gl as, 05St das e 13 5 cow il | il S
s s Sl (il Gastls Ol ol 53 el ok sl St _Sale <l
530 5 s plads Cand (Same 1S Ol 3 5 baails 83100 ¢ aiS Caaglie o3 S
LaSion (Sl il 53 o3l okl 51 Kl 4 Sy Ko S 5 8 8 o s ey
i) S pale Olsea Solad il HsSbeal S5 llae 4 a5 Lol Sl
5 Sl (228 Caglis O35 ¢ gema 3l 7ol cpl 055 ol 0 03linad S Slo

el (RN b ol ) Ll o310 5 (6 s 35155 O s

o e (g
535 s S0 S s e Sl SIS a bl op S Sl S e
S Ko el 5 3ls B S 10T 51l 0T 5 il colg s 5 S JS
e el Gl 50 W 358 e ol O (b3 G5 oS 5 5 SU phade oo
5 g e 5l asliul Y5 s 31l ol oslizal e U5l (Sl ot go
(SHE pkade Sl aslinal Jsa) OF VL 233 5 018 g bl 5 & 4 0l o



636 e ke s By 3l sl b ezl glacSin by okl i VoY

3 P bl 93 055 ¢ semme 31 5P bl cpl 4 edd esls ol ol 035035 OLe
ol st (Y laal b o)) el 2 e
FERN I PRV

Oy 3355 (B gl b s a5 LSS 5 Consla T b s e [, 4 a5 L
Ol s oo 1y AotV ol SIS 50 K 30 CliB  iSTos (g Las s slie 40 K
Slasin sl jlas S 5 A8 ool K 3 ol [l a8 codls Jites s 250
o) 03 W s g gr 55 01 6 23 48 51 5 OIS A 0 sl b3y e A1 S
ol O ol e esli ) Ko Szl sy G yme Ol et ateenzaVl JEde i
A ealizal (/Y Ll b o) goadd 0t 53 ol 055 Olgsas 50 2ol
sl s A1) 5 it Gla WIS @ s )l Gl 5 (235101 Y

kel o St GRell s il olie 4 oas il skie 4 At gdgaab (s 5
5 ctand g (O Gl Sl ol el esls (G L) Sy o e
S ek el 4l ol aay Sl Slael T 5 TY0 00 IV S5 4 s S
IS e e e et 25 50 e ol sl e B S a
Glaid w0 & Slows 5 4 a5 b [0V la g Chnss e 835 (duaids
(5 5) o Glatlo slackiw 5lop S 98 a5 p Cobb ot 5 sl 6l Lo
L Ko o bl Ul oS il i el (7 ) Al slgly (Sl S) 6 5
S B g asls ol ) e LY jtdjt_:;ﬂlu&wgcw)hxsfﬁ.a
A s s e o ot U S e s S s S s 0 ) K
52 Ol g 5 e geiatih wies (l 3l sl sty G2 ls S e stuail Cins
las S ke 3o s eslinal Slestle o 5 SbB il sl 63,08 5 wge
33,5 LAl A Al B 3 (B aae O D Ul ph & OIS o2l e
o3l b 58 ile gla eyl 5 3y Cubl asli 5 b se 0L o ol Ole Ll casls|

A el )y e e Lo 5l



\ ¥Y¥ APAR Gl 5 5l ¥ oslad o)l Ao s i (olidons 45

L& o Sl o)) sl i (sl (s Y J g

o) s, b 2l
Vo< Ao-\\o 00-A0 Yo-00 Yo> 3
©oLed cwylan
Yoo A Qu_\g 0+—q.+ 0> o
- - - - - (MPG) 5)’:;-&5 \
3Ly e cwglie | sl e glia L gie S slie oS sl oS S sl
YV 4/Yo0 \A/0 Yo/A v Sl
< DAY-SIVA VARRVAY o/r0=+/) > o5
Silond Shalu 556
Vo< /o)« 0-V/o Y/0-0 Y/0> e et ol 555
< < P < < (N/mm) Y
S et Sl ooy Sl | s Sl oS Sl oS b Sule
\ra q A Yo/Y ™ el
>Y/0 Y-Y/0 Y/o-Y Y-Y/0 Y> ff;
R (G
>v -V £/0-1 Y-t/0 > CSew
- n) Y
S b e ORI o s pA s
\1A% i/Yo0 Ao ARIA WV St
V<< 0v—Vr Ye_0+ A= ) Vo> (J’
q.< 104 010 Vo—t Vo> = (GPa) &K\ Jsse
12
s ke sbs Loy o~ oS
\ Y/o 0 v \. Skl

Span Ob o DAl e £

2 se il (s b > Sl e gl bl gladie wll  shien
Jols hlasl aul 5 o o0l g3 B bl Sletls S K503 1Y (555
g e atls el hlagl glaylS anas 5 5 Il i oSy Slasiie
Sor s byl (A
Sy oKy Slaaseds

(8 JS8) s g ARELST elide 53 55 olSas (S slaiulesl il las,
O ais U S pmile (gla el )b ons O S s | b (gl S oSy Cilises (glaciand
Qo 5l J8tae) s i ot (el olans (gl A3l s e s
(opile Lol 5o (68515 Joma) ol SU53 Caand ((paiile S e 5oe (sl Lol

Wl (o 3l Jeol slaesl 5 ST IS (oslper ) (il Gl e



S35 e ke o g 3 eslinad U bzl slacKon i ol i V%0

ol oEams IS slas £ IS
LSJ)U;J—{QL—?WLS‘Jg&mQM6@‘@%@6\))0&&)&5%)5

G5 Ssdad Cogise 4 s 5 Far peesSo b olSiis oo L pdige Sl amis o
e S e i 5 J S OISl S s s Sl o3l S a8 - 0T
o 5 Jy b ol a5 QU sl e el B ol (55t S Oles S
5o ot 5 g S b G Sy 53 (53 s 35 e plnil (St
Sl 0l (SAn0BLL ol 2y (555 6 VB A S35 2 255U 35 (S
St it S 0Ll 48 Ll G S s slS i OBl sy e ol
S SV 3 Sy S V/0 015 L gl 555 m a0 OF 0 1 A7 L 3 s
Babie plml (SIsder D SO LS S B b o see ot st R
V) B L e e e S B el e 5 gy OF bl 5 b o el )
St 3 () G50E) e S e las s se (53Nl (s sl op a3 1 e s
LSl s ] il 0 ool [Sssen Al 651 (83505 So0t) 5
JiS oS ol gl Sy olams (SG Sl e S ol 5 1 (st glacs e J 5SS
AAOLSEIGSs o alad 5 JLSs a5 s Dl a3 1) il (55500 S >

)ld}fj_kjbJﬂﬁow&j)ﬁwﬂéjjﬁléﬁ&)wbw‘f

WWW.SID.ir



\ Y5 APAR Gl 5 5l ¥ oslad o)l Ao s i (olidons 45

e e 5 2l 5 o e ) 2 jtetle Y Jsba K Sladas b i le
el b o (e O s Ole el el (b 3 3,8 0 S5
Y Y ) gyt il slag b Jals (oS ptle Cilmie Lal 5 s 333
Gt don YO ) 5 Yok ) YY) VWY ) 5y Cilises (slages 5 (4> gt il 00
SLSaalad oS o Cgr) Blge S 3 S slatlel ales sl (5l 5 o
A eslizal S St b Ol seas O 515 (amio 2t L bl o8
S olpl olasia ¥

el s 5 8D ij_la_gﬁ.!<ﬁcjl}ﬁ¢~>'r..~)d}u @:;;jluiﬂdu&bﬂ);
Laol 5 sde YA 5 gox) ox¥ mm sbal b 0T ol glaankd .ol ol sslizel Y/V mm
S gladling 8 e o sere uladl gladils ..\J\auﬁdébyﬁ Ol Ol 5o
.L_ijj_g@imdlﬁ\”'/b e 8 S dods Gl 80 /0 P b s il
A a5 S Kl 3 plmw 5 g amio Sl S S b UY 5T BYO S5
ol ol o351 £ Jsdr 3 i slaialesl )3 el eslinad glaasmino Slasiis

S sl bl s edd eslizul sladmine lasie & J gl

bl gladlny S e 53100 L3 i, L84 bl S5 A amio g
£e/00 Aoy i b ooy Y RS
Yo/t Aoy Y U sy Yo PR

(L) SIS ankad Sliasein ¥
Slerrl slaSin 5oy S 5o Jold ol 53 0l ) SLSis 45
ol gl s Gl S 550 505 Slantle S g5 Vol i
(S 403 2 5 g e 53 3 se sla sl s s AR LST sl e
Sl bl o la olosT dan L0 iz slilojl & o 5 4 Ko sLAS L
8o r Sl [OV] B am § el sly 8 b 5 S SO Ml cpacn]
i e Kl S i 5l SL i S el G Slasie 5l G ¢

a;l;QL.i_SOJ@);‘W)ﬁLglﬂaﬁwjdjbdabjldlbﬁ.mw)ﬁ)%



636 e ke o gy 3l sl b ezl glacSim by ol i ARA A%

Ss=en 518 Ol okias |25 la SIS s s & Ckﬁ.a ol Sheslanal bl oas
3 Jeol gl b e s Sl St o (sl S a ke
(zslo3l 3 0dd ooy ST Gga5 So3d 5 SOl lasiine) a3 gla i s,

sl 0 03551 0 d}ka@d}dﬁuijcﬁb_&u&ua\ﬁg

S5 e 5l Jloms JK5 0 IS
P 85 S gl 4y Glate

o gy p SR K3 5 SO Sluateie 0 J g
RSi SF-a ucCs YM MH GS BTS EQC

Lo rls e Odre rlz
(n) (N/mm) (MPa) (GPa) (n) m). MPa (%)
Y/ VE/VE \EY £ W YA NOY  ov/e Ao S S ks
Yv/0 \ W A VAL A Vo e/ Sie el S ES
YATO Yi/vo \go Yo/0 oo &N 4y iy Lo Sl O
VA Vo/eY Y YA oMo YA AV Y'Y oot SHISE 2 S b et
A A0 \Yo X on YIA 7 Yo Lls el 8 sl eds
£0/V0 AN V\/0 YY/0 Yo /00 VA \ra DA eSS Supe () e il
£0/V0 AR V§/0 YT Y/ ege V) Y/4 S S0 S o pe S S
04/t XY oy YN YA YN Y/A BRIt 3l
oY AYE W6 Y\ YA A0 o/ YA s b o5 sl
oy VAN w Yr/e Y0 AV o/t YV S o3 (sl Sl in
£0/V0 ARY:) w A YN ey Y Y/Y ko oy 0 Salo
/Y AN vi/o Yo0/0 A A /Y ¢ Olegin S0 Sy oy Ol gzin

e YM sy e MH aats 535001 GS (i cojie BTS (5 5,5 EQC (2, ol L2l RS

St Sl ;556 SF-2 (5, 50 5 (g L25 cnslin UCS ezl



\FA APAR Gl 5 5l ¥ oslad o)l Ao s i (olidons 45

s O DS e 6l bl sladas S (o
Ol S ol s SaKiw 31055 53 a6l ol plonil Gl ey o
Erm 3 P o i hm bl el el s s anly e Olsiea (S e
palie Gl Jub s is a8 ks s Jies sl jzel )l Ol g S axkad (655 5
5SSl ad e a3 e O Dl sl 503 S ik R la sl
i3l 4 s VA 5l iy seame 53 AT (slata s plndl 51y A3 it
DLl a8 lesT slaesls (soslmasr 51 g s b (S prile il Lyl o
SaS L 5 dle sl el 5 S 2 bl jasle 5 b ae 0L 2 s Ol
Ol r S i e b bl sladie aelsl 53 5 A5, 2 SPSS il 5

W Bl e b Bl S 5 il Sl Kn jles S s e sl isas

P 066 o 0494

G~ 06297 pYTT (V) J
107" X RS,™
D O3 s 040

c= 8077 o0 () Jowe
107" X RS,”

5ol S e gl bae 0L Sdd Bre ciSu o 5 Ie Yo slade s
e St o Fr e e e 8 Ges Do el e 1S
Aals o ool 2L RS wiss e sle
Ldas e, lasl

2okl Olpe) Ldia SIS 58 s 5 Como o o slaieas Gl I i ol o
SF 05030 5l adie (gyls sme J5xS (gl b3 S alinal (bl glady s3T5l (adae 51 G
=l el ol eslitl t O ge3T 5l e gl ize 51 S a ol e J 2S5
F o luias ol w a5 bl ol oals 0L NV dsdr 3 byl 51 odkel sy
ool Sz Fjlis e 51 5555 Ao s 44 slazel o b w55 o S sukel s
DAD) aaly it G ot dlaily AS e Ol S ) i and 3 Ol e 1) el e



36 e Ak o s 3l sl b el oK 5y Sl V¥4

Ot e o O S5 il 5 5 S Bl 8 23 St 5 0,8 55 1 el s s
tOsasl L i sl ize 51 a5l sine F 003l b Jie IS (g5l one J 255
S it 2l 51 S p 0350 o 053 Ol 5in 0505l ol 5l eslina L 58 e J 28
4 slazsl mlaw b abg e w355 s 51 Jool tolie oS 10T 51 s S tobesT 1) i
S 4 b Ol o 1 il Jis sl paze ) ol Coway slat Jlis 51 5855 Ao
2535 Js e ie ol b 05 5
by 5 el i bl a1, bl gladde oLl gla i, 5l s (S
ot Ol Sad Bl (SwS1p Vo Gla IS a1 Sl o b 4 oo
o pa dias e 0L Y 5 ) ladde 6l o5 O adls pslie € o | o
Lol Sl 5 6 233 5 e sl Slas bat 4 @ L) ST 5
eSS 53 g S5 Sl ladue aS 5 S blonad oo 0155 e okl &1l Oles 55 4 4 S

Ll B an Ok e e g

28 | X )

(A) 315 B e 0L DA
o
e

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
(A) 0dd f o (e Ol S

\J-U‘_;‘)!\Z\ J'Luﬁ}.h;'-dgcard‘;'jb‘gau ‘;..:;Jﬁ bl uS/.\.'.Slj.; .'\JS."&



Ve

A) Ml ban OL g SAS

VYAR Sles 5 5l ¥ osled ool Mo s putige (ol 4,55

(A) 0dd f o (e Ol b

YJ-U‘_;‘)!\:\ juﬁhﬁqw@jl‘,‘,au g;":‘ga":l bl ;.\.’Sb: .VJS."&

S Ol Odd g fe sade (6 LSJL‘I S w2 3 o c_g\:a A dys

R dsrt t Js= F F Shre llax S5l s
=Yy AL —+/YaY oobosae
(YAl vt 1 D.
/80 Ve £/ Y /A (V) Ja
YY/0 XY AT F,
Ve AR —v/EAA RSi
=Y/\1 /v — /WY obosae
YV/Ved (AN v/08)
/A Yal £/ 9y (Y) Jae
YV/VAR VAR VEYY F,
—)s/0YV f/ YA — /80y RSi

G e 5 o

5 e Sl O 1 5 Gln el s 5 S 2 bl oS 5 iy

Q—i\)’ o 6)ﬂ).é sl )8 5 5ds L;ﬁ)ub'ﬁ;fljbgdyl.iw; 6‘;{ So9 P

LS)\_WJC,_AJU.A 4J_>v.L>J QA 4.'24\.@.:_9: 2_>-)>ju,~$_)5\_» Cj.' 4C,;9l4 ‘JK-? QL:.A u;_\



36 e Ak o s 3l sl b el oK 5y Sl V+0)

Ol i Lo atmtadly 5 oVl 5 (Sl (e ( 2ES Canglin (55 pen ST
A Ceal o s B S s Ko B bl s b el 5 S5 5 cn e
e (536 e abder o 3l eslinad 5 O 1 51 e i a5 b Ll 51
Sl 5550 ur g B bl Sl e sla bl Ole Sl G b s
S ppr o £ 51 Suuled 4 o 5 eVl oo 5 (6515 S sl (S 3lardt
aalsl s s Sl S ezl ¥l 5 meslie ol o Suulo (e Jals
Ldd Sl s (o bl s 30 gl el olod 2 csdidr syt i
o580 bl sl Gl s A5 Do Gluath s L 8 055 4 4 5
(St S 53 VY (55 0 AT sla e ssy plol Sl Gy A sled
ot Sl bl e 53 .08 S el A LT (slaesls (a5 sobel sla )
Lol pis 5 S 51 OLES (5l (Sla0 g 31 ol oS Lad B3 ae Ol S Ol e
28 0l oo o 015 o 1) el ol ) ol S 4o ) sbas izl
oS b Sl (555 Ko (Sl 5 (Susd ol UG sy @
Caley a8 bz e gla bl Ol Sl e mablygn 5 350 5 (n S S5l @
Sl s ol ity GRS L Lajull Sliges pde 13l sl
g 5 bbb Okl Jlumas 53 g izan 5 S SO 5 (S5
by o sl tlesT plnil 5 e
Jeos Sl eslial b pasins e a5k L malil 51 S a Conal o b s @
31t L;_\_.“\J.» o
W&l oy SLbl on 6l Gl G Auai D gt 1)) @
B (23 S Jar @l 53 8 tle sl el ST sy @
CB el gar 5 b (65 O me Olpe b Sl o sadde 1) @
SO ile gla ok 5 S
sletla e 015 oo o &) sladie 5 L (a1 eslizal L
Lipdaars b o OB b G55 G ran Olipe 5 gluadd 5y 2B B )

25 o Slles



\OY APAR Gl 5 5l ¥ oslad o)l Ao s i (olidons 45

@Lu

1. Norling R. G. "Mechanical properties and the composition of some
Swedish natural stone types and their effect on cutting results", In:
Presentation at the Conference on Diamond in the Construction and
Stone Industry (1971).

2. Buttner A. "Diamond tools and stone" Industrial Diamond Review. Vol.
34, (1974) 89-93.

3. Burgess, R.B. "Circular sawing granite with diamond saw blades", In:
Proceedings of the Fifth Industrial Diamond Seminar (1978)3-10.

4. Tonshoff, H.K, Warnecke, G. "Research on stone sawing", P. Daniel (Ed),
Advance in Ultrahard Mareials Application Technology, Vol. 1,
Harnbeam, England (1982) 36-49.

5. Vaya, Vikram, "Mineralogical parameters in granite sawing", technical
paper, University of Jodhpur (1983) 7-79:

6. Wright, D.N, Cassapi V.B. "Factors influencing stone sawability",
Industrial Diamond Review, 2 (1985) 84-87.

7. Ertingshausen, W., "Wear processes in sawing hard stone", Industrial
Diamond Review, 5 (1985) 254-258.

8. Wright D. N, Walper, H. "Investigation and prediction of diamond wear
when sawing"; annals CIRP, 35 (1) (1986) 239-244.

9. Birle, J. D, Ratterman, E. "An approximate ranking of the sawability of
hard building stones based on laboratory tests", Dimensional Stone

Magazine (1986) 3-29.



36 e Ak o s 3l sl b el oK 5y Sl \Ov

10. Jennings, M., Wright, D. N. "Guidelines for sawing stone", Industrial
Diamond Review, 2 (1989) 70-75.

11. Hausberger, P., "Causes of the different behaviour of rocks when
machined with diamond tools", Industrial Diamond Review, Vol. 3
(1989) 1-25.

12. Hausberger, P., "Stone Machinability", Industrial Diamond Review, Vol.
3(1990) 125.

13. Konstanty, J., "The Materials Science of Stone Sawing", Industrial
Diamond Review, 1 (1991) 27-31

14. Unver, B., "A statistical method for practical assessment of sawability of
rocks", In: Barla M, editor. Eurock’96, Rotterdam: Balkema (1996) 59-
65.

15. Clausen, R., Wang, C. Y., Meding M., “"Characteristics of acoustic
emission during single diamond scratching of granite", Industrial
Diamond Review, 3 (1996) 96-9.

16. Bianchi, E. C., Silva, E. J., Silva C. E, Souza G. F., C. A. Fortulan, O. C.
Fernandes, Valarelli I. D., Aguiar P. R., "The behaviour of resinbond
diamond wheels in.the grinding of advanced ceramics", Industrial
Diamond Review, Vol. 4 (1998) 68-73.

17. Xu, X. "Friction studies on the process in circular sawing of granites",
Tribology Letters 7 (1999) 221-227.

18. Xu, X., Li, Y., Malkin, S., "Forces and energy in circular sawing and
grinding of granite", Journal of Manufacturing Science and Engineering,

123 (2001) 13-22.



\ 0¥ APAR Gl 5 5l ¥ oslad o)l Ao s i (olidons 45

19. Brook, B., "Principles of diamond tool technology for sawing rock",
International Journal of Rock Mechanics & Mining Sciences, Vol. 39
(2002) 41-58.

20. Tonshoff, H. K., Hillmann-Apmann, H., Asche, J., "Diamond tools in
stone and civil engineering industry: cutting principles, wear and
applications", Diamond and Related Materials 11 (2002) 736-741.

21. Konstanty, J., "Theoretical analysis of stone sawing with diamonds",
Journal of materials processing technology, 123 (2002) 146-154.

22. Sun, L.a, Pan, J.b, Lin, C. "A new approach to improve the performance
of diamond sawblades", Materials Letters, 57 (2002) 1010-1014.

23. Eyuboglu, A. S., Ozcelik, Y., Kulaksiz, S., Engin; I. C., "Statistical and
microscopic investigation of disc segment wear related to sawing Ankara
andesites", International Journal of Rock Mechanics & Mining Sciences,
Vol. 40 (2003) 405-414.

24. Wei, X., Wang, C. Y., Zhou, Z. H.; "Study on the fuzzy ranking of
granite sawability", Journal of Materials Processing Technology, 139
(2003) 277-280.

25. Xu, X., Li, Y., Yu, Y. "Force ratio in the circular sawing of granites with
a diamond: segmented  blade", Journal of Materials Processing
Technology, 139 (2003) 281-285.

26. Engels, A., "The role of Particles PerCarat in diamond tool behavior",
Industrial Diamond Review 2 (2003) 39-45.

27. Ersoy; A., Atici, U., "Performance characteristics of circular diamond

saws in cutting different types of rocks", Diamond and Related Materials



30 e ek o g Sl sl U bzl slacK iy 2llB e V00

13 (2004) 22-37.

28. Gunaydin O., Kahraman S., Fener M., "Sawability prediction of
carbonate rocks from brittleness indexes", The Journal of the Southern
African Institute of Mining and Metallurgy, 104 (2004) 239-244.

29. Buyuksagis, 1. S., Goktan, R. M., "Investigation of marble machining
performance using an instrumented block-cutter”, Journal of Materials
Processing Technology, 169 (2005) 258-262.

30. Delgado, N. S., Rodriguez, R., Rio, A., Sarria, I. D., Calleja L,
Argandona V. G. R., "The influence of microhardness on the sawability
of Pink Porrino granite (Spain)", International Journal of Rock Mechanics
& Mining Sciences, Vol. 42 (2005) 161-6.

31. Ersoy, A., Buyuksagis, S., Atici, U., "Wear characteristics of circular
diamond saws in the cutting of different hard and abrasive rocks", Wear
258 (2005) 1422-1436.

32. Ayhan M., "Cost model and sensitivity analysis of cutting and processing
stage at a marble plant", Industrial Diamond Review, Vol.3 (2005) 49-54.

33. Kahraman, S., Altun, H., Tezekici, B. S., Fener M., "Sawability
prediction of carbonate rocks from shear strength parameters using
artificial neural networks", International Journal of Rock Mechanics &
Mining Sciences, Vol. 43, No. 1 (2005) 157-164.

34. Kahraman, S., Ulker, U., Delibalta, S., "A quality classification of
building stones from P-wave velocity and its application to stone cutting
with gang saws", The Journal of the Southern African Institute of Mining

and Metallurgy, Vol. 107 (2007) 427-430.



\0F VYAR Dl 5 5l ¥ ejlod ol Mor s pukign (ol 4 2

35. Tutmez, B., Kahraman, S., Gunaydin O., "Multifactorial fuzzy approach
to the sawability classification of building stones”, Construction and
Building Materials, 21 (2007) 1672-1679.

36. Ozgelik, Y., "The effect of marble textural characteristics on the sawing
efficiency of diamond segmented frame saws", Industrial Diamond
Review, 2 (2007) 65-70.

37. Buyuksagis, 1. S., "Effect of cutting mode on the sawability of granites
using segmented circular diamond sawblade", Journal of Materials
Proces-sing Technology, 183 (2007) 399-406.

38. Kahraman, S., Fener, M., Gunaydin, O., "Predicting the sawability of
carbonate rocks using multiple curvilinear  regression. analysis",
International Journal of Rock Mechanics & Mining Sciences, 41 (2004)
1123-1131.

39. Polini, W., Turchetta, S., "Monitoring of diamond disk wear in stone
cutting by means of force or acceleration sensors", Int. j. Adv Manuf
Technol, 35 (2007) 454-467.

40. Fener, M., Kahraman, S., & Ozder M. O., "Performance Prediction of
Circular Diamond Saws from Mechanical Rock Properties in Cutting
Carbonate Rocks", Rock Mech, Rock Engng, Vol. 40, No. 5 (2007) 505-
517

41. Mikaeil, R., Ataei, M., Hoseinie, S. H., "Predicting the production rate of
diamond wire saws in carbonate rocks cutting", Industrial Diamond

Review (IDR), Vol. 3 (2008) 28-34.



36 e Ak o s 3l sl b el oK 5y Sl VOV

42. Mikaeil, R., Hoseinie, S. H., Ataei, M., "Abrasivity and sawability
prediction of Khalkhal and Azarshahr Travertine”, 8th International
Scientific Conference on Modern Management of Mine Producing and
Environmental Protection (SGEM), Albena Complex, Bulgaria (2008).

43. Atici, U., Ersoy, A., "Correlation of specific energy of cutting saws and
drilling bits with rock brittleness and destruction energy", journal of
materials processing technology, 209 (2009) 2602-2612.

44. Yousefi, R., Mikaeil, R., Ataei, M., "Study of Factors Affecting on the
Sawability of the Ornamental Stone", Proceedings of the 8th International
Scientific Conference SGEM, Bulgaria (2010).

45. Mikaeil, R., Yousefi, R., Ataei, M., Abasian Farani, R., "Development of
a New Classification System for Assessing of Carbonate Rock
Sawability", Archives of Mining Sciences, Vol. 56, No. 1 (2011) 57-68.

46. Kahraman, C., Cebeci, U., Ruan, D.;"Multi-attribute comparison of
catering service companies using fuzzy AHP: The case of Turkey",
International Journal of Production Economics, 87 (2004) 171-184.

47. Wang, T. C., Chen, Y. H., "Applying consistent fuzzy preference
relations to partnership selection”, Omega, the International Journal of
Management Science, 35 (2007) 384-388.

48. Deng, H., "Multicriteria analysis with fuzzy pair-wise comparison",
Interna-tional Journal of Approximate Reasoning, 21 (1999) 215-231.

49. Kahraman, C., Cebeci, U., Ulukan, Z., "Multi-criteria supplier selection
using fuzzy AHP", Logistics Information Management, 16 (6) (2003)
382-394.



V2 0A APAR Gl 5 5l ¥ oslad o)l Ao s i (olidons 45

50. Mikaeil, R., Zare Naghadehi, M., Sereshki, F., "Multifactorial Fuzzy
Approach to the Penetrability Classification of TBM in Hard Rock
Conditions", Tunnelling and Underground Space Technology, Vol. 24,
(2009) 500-505.

51. Mikaeil, R., Zare Naghadehi, M., Ataei, M., KhaloKakaie, R., "A
Decision Support System Using Fuzzy Analytical Hierarchy Process
(FAHP) and TOPSIS Approaches for Selection of the Optimum
Underground Mining Method", Archives of Mining Sciences, Vol. 54,
No. 2 (2009) 341-368.

52. Zare Naghadehi, M., Mikaeil, R., Ataei, M., "The Application of Fuzzy
Analytic Hierarchy Process (FAHP) Approach to Selection of Optimum
Underground Mining Method for Jajarm Bauxite Mine, Iran", Expert
Systems with Applications, 36 (2009) 8218-8226.

53. Ataei, M., "Multi-criteria selection for alumina-cement plant location in
East-Azerbaijan province of Iran", The Journal of the South African
Institute of Mining and Metallurgy, 105(7) (2005) 507-514.

54. Chang, D. Y., "Applications of the extent analysis method on fuzzy
AHP", European Journal of Operational Research, 95 (1996) 649-655.

55. Saaty, T. L, "The analytic hierarchy process", New York: McGraw-Hill
(1980).

56. Hoek, E., Brown, E. T., Practical estimation of rock mass strength, Int. J.
Rock Mech Min Sci; 34 (8) (1994) 1165-86.

57. "International Society for Rock Mechanics, Rock characterisation,

testing and monitoring, ISRM suggested methods", Oxford, Pergamon

(1981).



