T___ @oﬂm&ﬂl&nuw
ol Gl j0l5o g (5 yglisS (sl aiblo awigo

Sl (olgd (S b ol dlaly g (S s AT,8 50 el 5y (kS Mo 3
(6¥Y) Syl

Tewn polis il aipe ¢ Olines e dw

TR
3loslial b3 ol SanSs Corge dilgh o 45 Ngb oo 3y gy &l 4 dlisee (clagps Sels bas anlp b

@ @ o8y e NS e dlal) 5 ol 3 08 gt |y (SHaS ol Ol (e Seld (Sl olgs
ool b sk o Sz 3 5 Rl (Sl 5 iils (Saie g5 93 3 (0S5 5 By ( Sjl) Cleke]
Ml s ies SISl (o S (o5 ek (555 5 Sl (55 s iy G5 W (590 (S
day Pyl anslio o aS ol s gl .ad plool Bokal MelS #yb LB 10 5 yeS1e Oy 4 b yinlejl 05
25 Ty o (phed Cuaglie (I L & (ygb 4 fCutly 2 (Sl st (aleS g 38 @p ) ()l Sne
4 Cond (Sl (St ) )ohe dal) oS (20 4 1y (S 35 (St £ @ daly ol a8l e lalS
Sbgne daly (SWasl (S )3 iz b gohaw 3 rizred 9 GHVL me coy b (iile (Sade
ol (b (i 53 (Jg il 3929 (pdiod dlpdin GBS 9 Sl o8 pegatu (Sl ol 935 Ep deyd o
Cuoglio yy oS Wit (> )3 03y slogy (il (S 13 4555 ple ol Olgie ) O i g iens dlal,
b (ki 325 gy Joy Mg b phed Cuaglio Gl 0By 4o (sl o 2 g WS 4le Lo (slaly

85,185

b dw yied (£)38)1 ¢ Slasl 5 (il (S ( SlSe oled ( Siusid duo p iy il 1051945

hoseinian@ag.iut.ac.ir gy Cony ¢yl simo oKl ¢65y9liS (sl pmile Sl 1)) ol S assgal isly -
Ol taio oKD (£5)sUiS (olbypile Sl 09,5 slil ¥
Olo!l xiuo ol «(g5,0liS (gl yile SlSe 09,5 dliwl Y

74



T = wloeSas Crpaziy Slldo scgono
ol Gl j0l5o g (5 yglisS (sl aiblo awigo

dodio

Ll o 5o @ b (Snasl cul ey (2l dlge nsters 3 (S g SlE SV g (5 a8 5l 6
2 o) Ceglie plie Jed 5l oouste Jolse @b @ (Stasls [F] 1ilie @ o slaSitio (255 5 (S s
ol Sl ol gy Bl oo g (Ssd Lo lplly Adlise sk 5 lod i 5 SHle layly
S5 (st

Pl ¥ 5 Y] (iS plSoial Jold wiload (155 5 48)5 518 gy 3y90 & gip b ol (Sl olgs
wPpate (@ p b el g (Sl oled (bl baype jelate 4 (ala M A WSl o (ool plSoriul 4 [V] (g5li
ot @l cwlie Glne 5yl plSonial wad ploxl Cliiss Bl cwl wiply Gyge (HRY) Wlo @y 2Slee
Sgw Sl A (o0 (ot e |y (KaS 20)> (phed plSottul g (2iS plSottul oS (Jb p3 3l o5 Wl g 2Sdes
ol oo 90l lostalesl plol (sl 43S it @ip 4l sl (S & Cunglio el ol g SISt s S0
B Syld Sl ot 5 s 2l 53 @ (SHSE liwe o e ol S (o o e 5 9 (4]
e 2 o SSis diliseo slabes by 3 GhlSon 5 Sl IF] 85 S b dw Gted ggell 53
B ab (Sl olss g (Susd Gl o ) sne dlaly (gllali dw hed (4)I)L ) (Sle canglie g (Sunsid
On Gldgne dlaly by &l 05 v @y Seld (g5 p (BT ) 3 wa 5 Oogeim (3] 00,8 (5155 loge
bt dlly ol Jg 00,5 samnlite fas 4T3 (b (S i g sl aw oS (6153 50 cusld (g0
(AL 23,5 3155 (0598 Ve 3l it ConSid g8 S11) canSl ) polie sladils do)d o (S (e (1

o b @Yl (SSS Gl b cusbie coy a2 g pab ol uib wéyde ldal lel > @y pB)
Sy ol Coanl ) (SaSs oyl b Jelse COLb calply bl oo der s s ey (SuuSS ol i
B (g aalllas 300 o STl (SUlSe olgd g bt A0l 8 53 laduel 72 35 B deoy by eSS ] >
DS s
W o9, 9 dlge

Sladg 3 p0 s Cov asyie 3 1 S5 5 @ (SHile beld plodol @ @l o) aw dapileil pbsl
2 oldel sl ) gy 4l Jd 00,5 4 o8y 2 5l S skS YO ) de 4 WAD olo e 3 il Gliwl (55)5LiS
5ol p OV g0 b ol cogb, B ad ol 15 Ol g blie j3 laaiges gb 0 cudldp 5wl p VY dq0s cugb,
Yoo ag S8 a5 dgy V] 035 drslee ASAE 3)llinl jl odliiol 5 gl dlusg baiges adsl cugby by ials
e dubro bg Wb o 00> JI,8 sl gy0 Celio Y Gt a5 3L, Sl a0 WWe (glod 10 J1,S5 a3 o8, o 5l S
5 OS5 (Sl B adsl ashy (35 il b S ol 303 ©g0 4 Cagbo) sl p2 (] e 5 43) Cosd
(13l o by Guins ol ) 0sd S laigh, pled) el Cawts 5 il p ZVO/A 9 WIY SIS L ply (i & 45 oo

i 250 Caglo) 4y ladigad il 9 (2SS (gl 8,5 plosl Jol @y Sliios Spe ) @ s slagtales]
- Sis sled 5 a ealatl edliws] Coli yiwy S KiS 0By <G (YYD 9 MW AN V- ighy edgdre Hlas)
2 al cosby s glp e setle Yo (SSES ey Saild 4Y Culbus b plal ol Koole 4oy Fr g5y oS
o s gy olSiod o) b odlitiol cidgs 00 (iwsly cigl B9 b 45 e gl oS 93 | Gilojl plosl Jgbo
Szt ) (o 5 28 slacagby (sl ¥ove Loy s Cagb) oo o g 7Yl e sk &l SP-1D,
Gy 03,8 L Ll oyl gy TSl (S SHE S Canngy oS> (S Lo Ly 5 05 oS Wl 3,5
S Jio (SShs] _alSislof] (St 5 TM.O5 Jsa Sblo il alSuioloj] St olKia 45§ Iadigas (53,5 b
g S VB 9 Y0+ byl ay @ (Sl 5 ol (S byl o izl ¥ ojlas T LS

' Zhang
% Qin

3. Satake
- McGill

7ay



T___ @oﬂm&ﬂl&nuw
ol Gl j0l5o g (5 yglisS (sl aiblo awigo

Sl ya 5l a8 Fe pobaie ol (gl i (60l dbe g sladily  (SanSs doy (b sla ol ploul 5l
e S cloaily) A o wls ccloaily o Sl Al g IS 51 s odisled 4 (claisy 5 okt MlS &0 4y
Je 33l o 31 als iy sl 00,5 Lix o (slosad g oS b Sy il s 31 o8 Jsb b csloals 51 535
—al 4y Sl Mt g sadily 5g | Cunl Cyle )5 o Ao pd b eolazwl p)S /4 ) <> L OSK. EW-60B
VI SIRPLTY

b 8,8 Cygo W ) Jae jlid g a8 JpmS ol ol eslinl b Sl (olss (5ol
95 o dhold a5 Wl K jolaie s 9 03,5 edlisl (b A ied 90l 5l iulejl plol (cly 48,5 ploul Clisiss
o) 2 S5 Do S by ISl b ws g Sl k00 )] Jsb b cuslito 39y e o YIF 4l o SE
5 s e iz > o5 2 sl loaleg] 8 Jlasl (4885 2 sio oo 0+) lftud e o Jiis L g S5t
S5l g CanSd (G5l (phed dindn QAT (LS (g9y0 Jold odd (5 Sojlul (SSlKe olgd b bl 1SS 0o L
S5 s Gliee gy Ol ol o o8 sl JS g0 oxie 59y 1 s Ay (SauSl o ing: 0y Cusld
G Aty il (el yiloj] 53 il e a3 Sited Sl dlais ) &5 9 o AnaSs &l ¢ 03,5 lag il3il
e pj gdaw dnslbre b g s CuuSld sl o) (Bras (55l 5 A8 3B (SIS puiim gy sla903 () ) Al Sl
Aol N dayly g b cuSs (6551 5l oolainl b 55 ohg cunSis (g5l el Candy il oSl abats U S puasi—g
Vs

daio waw A g Jo3 ooy SIS i g 55 jl3505 125 o IFd5 @yo Yoy Jo) oy oy CuSld (55, G &S

2ol Caody ¥oalaly 1 A4 ) G a8 aidb o @yo yio cones p il Sl abats

(v)

_ e
4

Al o yio o y )] Cuols € g 4l o pe b &S

A

2] w5 oolaswl ¥ alayly 5l el Al 55y sy

(v)

FLC
o=—

41
C ipo oty oy 4SS 93 (s Alolb L (g canss pp (pdiod (G900 i I e JSly sy (diod 15 O &S
caai ply C )l de il yio p)log Ol ey (optl Glos g jio cawapy ally () &Yl (25 joe alols
20,5 dolxe ¥ alayly l gy dily oo ye alade pdaw S5 (09 (sl (0,8 LT Hlade 5 il Cuslus
(¥)

1=0.049hc’

3 Jols sloodls SAS 58l o5 5l eolawl b .ais plog] Bolas Mels b B g byeSh g 4 b iolejl

o Silo aumslio cotilofl Jolo yo (cln F ol (o2 Jbsine g0 1 9 €855 )15 ()bl s 5 415 3,90 o ialof]
)3 ploul oSSl (glasels w905 5l ealil L

&S yob lon b e Iy gxe Lo/ paw > (SanSis doyd p adulejl Jalge oled 1 aS sl L (o bl o

2 gt sals (S & Camd (VL 05 @y doyd LB g)bixe yge & (Sasl (S wad e ol ) o>

Fay



T-._. @oﬁ%&ﬂl&nuw
ol Gl j0l5o g (5 yglisS (sl aiblo awigo

35 Moy rired Kdg &y o8y & Cund SVl S Ep doyd gl (Sl 5 LS Slaed) o pB)l annlie
2y Gl gy Sl

SBlol F taw Gy aislw (Shitw 0 b wdly (Ll 35 a6y doyd Cugby Gl b (Siutw g g
(¥ Jgie) cetlsdgmg (g gslaw 3,3 70 20> (1S0le (o (6l stne SIS

3 @ rep p silefl belgs b -V Jous

oo bl Jolge
ol
A P ol
NIARE=ZA: S8l
)
VY/a® A oSs
VY/vE Y SUjle
0/0° £y &y
(%) cusb,
VE/5Y EA VY -V
Vo /e £y /e N
/. E£¥/) a-1)
AYS EY/0 v -4

At jlne Blosl Sy E Sl ke Jgio polie
b o o ime 0 Jlain] gaws 13 Sl 9ol bl S yide e By (shld (slacpSile ciglés ¢ atolej] Jole ya (sl

7a¥



T.) 1516 6,858 iy cillis acgano 9;;;

et Cgawl 150 955 oL sl (publo ausige

35 gy oy b olSind g Cugb jolKiwy blae I =Y Jodo

w5 () cage, O s 8l
o)Ss Sy Sl WS Y A V-4
a/s © A Vo/¥ € a .t v vy vad sl
win® SN Al vext s ovvs v Skl

il o )l (xe 70 Jleis] gdaw j3 (Sl 09‘»)’] ool S i e By () (b 1 Slee glas ‘L_;AMJLG)] Jole 2 (clys

T et 51 (S ot o e S ol pls g g 5 0y 5145 33 s LSl ol (sl 45
Salis 4 g |y ol s & 0 sy e (gl oad (6 Se3lil (olsS plas 53 45y o5 395l e S oles
Al I Se @ 3 ibiime OB G (S5 5 (Sl Gland) iy hadye 103 08) 95 4 s 08 (S5
S ol e ey Gl ol G5 oy 00 (s S5k 5y 45l (3 1 s S iy S
(¥ o) 31> s o aild il > O Liolidl 4 ol e 1y o] a5 azsl ials

ol (V) sladSis) cul g9 05 gy o3 (SWlSa (olg plad o (5)ladme dbaly PB)] (:Sko sl >
duslin 13 g (Slacl (Saios 13 & 3,8 oaalia lgien (R™>4/A) 292 o des sl (SWlacl (Sias 390 53 el
2 Py sl 3 g dop p JI5,5E Sl (pjtere skl 4w pied HS)L plp g Coglia lie cplB)) ke
25 )% Jelgs Sl aom )3 09 00 3y @y A & (oS 9y (35 ke Slles (b &Sa) b 4 il (S
Olgiie oty s (il (St )3 @ W (Sl ol Jelo i |y et sl B S Jolie )3 S5 g
PSS dopd e led @ abl b glded dw e (6)l05)L 0 Seld Cuoglie d yb dS )T donD i
3t 39058 55l (il (S 3 e o 13 S Skl S 3

s duw s pge)l Co5 gy il (Sl olss p Cusb) g o8y Wb Y Jgie
oS Al BT oy Gl G5 CulD 6l CuslD gy oilojl Jeles

(MPa) (J/m?) (%107 (N)
™)
yy/va SRV ! Y/YVA*® YY/AV? FE
wive /a5 P VAry® A S
Wiy Yoo/Ar Vosy vajan’ oSs
(%) cagb,
yy/sv? s¥e/a” (A yy/.s® V-4
y-lov P A0/ A" VADY P yy/vs a-1)
\Way € foo/y VAR P YA/Ar 2P Ny
VAT yaa/ra Vs P va/y P Wo10

ol 3 ime /0 Jlain] o y3 (Sl 903l ol S ytdie i gy (shld (slapSile M3 ¢ dolojl Jole ya (cly g yoiw o 5

742



é}&@ﬁ.&ﬂ)é

é)&@ﬁwa)é

ko 6,558 (panziy Sillds 6cgazo
ol Gl j0l5o g (5 yglisS (sl aiblo awigo

2.
2 -
20 4
2
18 4 =
y=-2.80x +73.62 18
R*=0.998
16 4 16 y=-2.34x + 61.37
“ " R?*=0.998
1 § 14
»
124 Y,
>
104 > 0]
A o Aé}u A ~
84 B
y=-1.55x + 41.69 o Sl 1 ~ N
~ _ O Sl
64 R?>=0.84 ~ . 64 y=-1.30x +34.88 ~ ~ <
~ A OISy R*=0.84 ~. A oIy
4 : : : : : i, . , 4 . . . r L v .
18 19 20 21 2 23 24 25 26 18 19 20 pal 2 23 24 25 26
(N) Cusls (59 g (MPa) ios digde 5
5 ng odld g SKlasl (Satw 4 basye 5 JB o glbodly) ded diidn i 5 Cansld (G950 b D5 g oy daly —Y IS
(il oo (ol St 4 bgyye — ==
2. 22.-
20 204
18 18
A y=-13.39x + 38.82 A
16 4 2 = 16 4
R'=0.99 . y=-0.04x +31.64
14 4 3 14 R*=0.98
?
12 12
>
10 ~ B &y 0] >~ 0 &
A A ~
~
8 O Swijl 8 - O Sl
. y=-7.24x +22.05 ~ y=-0.02x +18.00 ~S - o
1 Rf=0.79 SO LT 61 R?=0.76 S dolss
-~
4 r r r r r - ] 4 r r r r r i T
125 145 165 185 205 225 245 265 330 380 430 480 530 580 630 680
@*107) canss 53 51 I/m2) o039 cus S35
9 18 ol 5 SBhol (Sabw 4 bgye 9 JB g5 slosly) oy cusld (4551 g Cansid g5yl L 05 @y ey dal) -V S

(28l oo ool (S thos 4y bgnpo = = =

747



L O]

e S DL

ko 6,558 (panziy Sillds 6cgazo
W9l 25150 g (5 j yoLiksS (5l (yaudilo awdigo

9 (e dlndin AT 45 A oamlde cilize (gb) ol 3 35 @y Aoy § (Sl (ol Ay ) p

S0KS @ an g b pioren LA O

B doyd b gy daly (Kod (Sl dasuiie 0 4 Cund Gl (o500 09

Sl dulio gl wilen (Slasl (St odel Covdy 3,5 @i o b (Sl oles plod aaly ¥ o ¥ ol
| s 3,5 o)Ll 55 MG 4 jobo o 2391 (sl (S isbs (1 00 33l abal, 31 5l gten (Y 9 ) (slo JSC3) pl3))
O o) g 0y 9 @y A & (oS Sgys S e Slles (b ble (Shie > & sl ol el
@ Camd (S (il 0 @y KaeSd hoyd (g ol 9 dlize (gh) palaw (3 35 @y deyd (ke IS

22 4 2 4
20 20 4 x
18 181 = 1.74x + 47.01
y=-2.71x + 71.76 yE o e A
16 R?=0.99 161 R=088
% 14
144 3
2124
124 ?‘
O 7y-4 2 104 oA
10 & 7a-1 =~ — N
" | -
= — o 8 T =3 O /A1)
8 4 —A~ _ PNVARIRLS 6 y=-0.21x + 12.08 vy
y=-036x+1579 * R’=0.56 A
61 R?=0.78 X mr-te 44 X 7Ar-1e
18 19 20 2 p) p) 4 25 2% 13 15 17 19 21 23 25
(N) sl 59 (MPa) e dighs 5
555 sloodls 5 SSkaol (St & by 5 JB 5 slaodl ) (hed dipdy (A 5 Csld 9y b33 @ oy Al Y IS
(Milbe 6 S 4 brpe — - -
2. 2,
204 X 21 %
18 18 y=-0.04x + 32.24
y=-11.93x + 36.02 R?=0.66
6. R’=0.66 164 '
14 24
3
kel o
12 v 2
4
10 oy 107 O /y-4
X L o
8 _—— e — © 7A-1 84 T T — = L N E oA
. *
64 _ YARR 6 1 ANy
y=-0.93x +9.87 y=-0.00x +9.72
4l R*=0.19 X 7Ar-10 4 R2=0.22 X 7ir-10
125 145 165 1.8 205 225 245 265 350 400 450 500 550 600 650 700
(x10) s 53 51 (1m®) 0319 okt &3 51
9 0 oodly g Slol (Siihw & by e 5 B 5 slrodld) oy Cunslls (g5l g s (551 b 23 oy deoyd dlaly ¥ S

(Mdle i S 4 boape — = -

297 90 Gladsd) piale (St 3 s Jusb) zobaw 13 08y o Slp 35 @ de)d 5 Sl ol b
O u»gSaw A}s) «S) D)l}a PL"” Bel )y»L;o odalin as )919.1Lo.¢b Ll 04 02 u[w.: (A 9 \ J‘AJS\MA) L;&la«ol uf..\».o.w

7av



S5 gy e

ko 6,558 (panziy Sillds 6cgazo
W9l 25150 g (5 j yoLiksS (5l (yaudilo awdigo

A,

OSw £95 93y 3 45 (gygkas g S b sl ol g o) £ e Bl 329 35 g Moy g (Sle olss
35 @y dop b e Ay hed Al G5 (SWile gl g s (Gl G1SE Sl cansid g9y 45 o) ol
ol S Mt & Cad (g b e b (SKlasl Saiaw )0 o8, & glaodld 4 odd bl labs pizees il
2,5 @y doyd (8 b /wb Ty S dild Cuoglio pd puss o SKlasl Shatw > & Conl Oj Sl 4SS oyl 5 Bgy

23l

Sl (Cansid (g9, g (hed Alpdin GIT 0319 &) (SSe olsd (i b Gl o (3uod pl I Jeols @l 4 a5 L
el S 53 Jgae 3Slae (i) 03 Cluogad 4 do55 L 90,5 upin |y o 05 gp doyd its o8, S
b Cl Gpo 4y g 5e o3laiBl jLai I T gl W5 oS €85 dons (S Cliogad 5 (Syjud

28 4
28 4
23 4
23
7 18
18 4 %V
®
> =-0.15x+13.45
y=-011x+13.17 " yEox I,
2 1 R?=0.30
13 1 R?=0.09
o..A. _________ ° *
A T o ° o RIS
S T--—la0 O Sl
s - ° O Sl 84 y=-0.27x + 14.63
1 y=-041x +17.76 y=-0.09x +6.33 R?= 0.82 y=-0.07x+577 :
2 =0. Aol Fe
R?=0.62 R®=0.92 Aol R?=0.81
15 17 10 2 P 2 7 2 3 3 15 17 19 2 2B 25 27 20 3
) o 3 (MPa) ios- disty 5
(NSe_ g Sl Ly ) el S b )3 (ded dindiy LIS g CanSld (595 b D5 gy Moy dlaly -0 S8

FaA



S Tr e

ko 6,558 (panziy Sillds 6cgazo
W9l 25150 g (5 j yoLiksS (5l (yaudilo awdigo

28 4 28 J
2 3
2 R
3 18 3 84
9 ke
5 A y=-000x+11.19
134 y=-0.16x+ 10.83 13 4 R2=0.04 * G
R?=0.01 . o
a S o o d L R O e ¢ i
S e TRl e 0 Sl
- O Fuwile TUA~
8 y=-3.00x+14.73 &M © e 8] y=-001x+1404 22 © roiy
4 &} 5
R2=0.99 y=-063x+575 A gy R*=093 y=0.004x+ 65.60 ¥
R2=0.73 R?=0.19
LS
.‘Oﬁ\. v —*
s 3 . . . r r
1 15 2 25 3 300 40 0 600 o 80
(x10%) skt (83 51 (/M%) 659 cakd 351
(OS9 o s Sl by ) s St jd 0hg CanSi (g5l g sl (g3l b 03 gty dlaly =5 S
(OIS 9 s Sl g ) Sl (Sabn )3 (phed Al (A5 g ConSS (G930 b 25 @y Aoy daly VIS
A A
28 28
N y=-1.94x + 53.84
\, N R?=0.42
23 4 N 23 4 RN
\ ~
\ y=-0.96x+37.32 N\,
& R2=0.77 3 ° S
\\‘ . 18 4 : N
18 4 T E N N
\ ; A N N
=.3.53x + 87.%\3\ Ao ¢ o . o TN, A M
2 = N \‘\ \‘.-‘\‘
13 =045 e oswit 1] y=-072x+2032 Nl e © Sk
\, © h R?=0.91 IR
\‘_ A lFg N A OIFe
84 A 84
y=-0.§5x+1 ; y=-042x+ 16.65
R2=0.96 R%= 0.88 - .
3 T T T T T T T J 3 . r r r T T T T v
15 17 19 21 23 25 7 2 3 13 15 17 19 21 23 25 z 29 31
(N) s (59 568 (MPa) (ins dipdes 55

744



S5 e

A A
28 AN 2.
\
\ \
\ \‘
\ \
234 \ 21 ‘\‘
\ Y
| . .
. Q < *
M =-4.18x+23.75 i S
8 A YT IS SN =-0.02x+22.93
"N R?=0.56 & JAREISNRN y=-0exs 22
by PN R*=0.65
A \\ R A \ LSRN
. 13 4 \
13 4 \ N o * g \ ° .5,
y=-26.50x +62.95\ “
- \ N
R*=0.76 8 Sl y=-008x+53.00 , y=0.004x+65.60 O Sl
N a® 8- R= 058 * R*=0.19
*
y=-3.98+16.26
3 R2=0.75 3 x x . r r
1'5 2 2'5 3 300 400 500 600 700 800
(5 10%) il (83,51 (Im*) o3y cukh 351
(IS s Sl by ) S Was! Sutun )3 (whed duudn JiD 5 CusSd g9y b3S g o) daly A IS

T-._. @oﬁ%&ﬂl&nuw
ol Gl j0l5o g (5 yglisS (sl aiblo awigo

8 5 4

D2 dgue (Slle ol 935 @ Mo)d (i gSre dlaily S 3929 3190 e 53 )

OxSbe (ol (St 3 29 (SWaol (S 1 1108 el (e 335 @ 2o Lingh) ded 53 (s joka =Y
L Sl (Saaw ol aS ms e dasls b bme AMB] SuSG b calisee oy zolaw 3 35 g duo)d
8l Rl 58 (ol (S dhes 53 35 @ do)d agh ial 8l

S s 1y polie oy (SSe Cngliio )i 5l g (308 35 g hoyd Yl I ad pu 05,

35 B ded b e baly) (el didn (A5 5 CwSld (g9y88 0l pS0jl (SelSe ol ple > (IS gk —F
Al

odd (il kb g 39 (ol (S I )l ne (SWlaol (S I Jolb 35 @p 2o b (SSle (el dail, -0
Oeoran g okl Cusdy @mls 4 a3 55 b Dy (b (S hhe &) Cand (gptdn b ) (Saol (S ahe ) jeSie bl
oS Miad (63 53 S (pl 50 @ A 4 0d)ly (Slag s S S 5o (il (S )3 egee ojluli o0
iz b s Coglie Sl &5 85wt Gl rien S e pllo slaal (S8 il o Coglio
23 Jolye 53 oad dbnl oS e (5% Jelse S plgice culpl W) ol (S 3 35 in e p
andls sl (S ) g8y 4> (S Lol Jale |y o anl 3



T u.l.no_,SJSc%-;-Uli.nuw
ol Gl j0l5o g (5 yglisS (sl aiblo awigo

&le Cow 0

1- Anonymous. 2001. Compression test of Food Materials of Convex Shape. ASAE Standard. Amer. Soc
Agric. Eng. PP: 554-559.

2- Anonymous. 2001. Moisture measurement-ungrounded grain and seeds. ASAE Standard, Amer. Soc.
Agric. Eng. PP: 567-568.

3- Arora, V. K., Henderson, S. M. and Burkhardt T. H. 1973. Rice drying cracking versus thermal and
mechanical properties. Trans. ASAE 16: 320-327.

4- Iguaz, A., Rodriguez M. and Virseda, P. 2005. Influence of Handling and Processing of Rough Rice on
Fissured and Head Rice Yields. J. Food Eng. 77: 803-809.

5- Kunze, O. R. and Choudury, M. S. U. 1972. Moisture adsorption related to the tensile strength of rice.
Cereal Chem. 49: 684-696.

6- Lu, R. and Siebenmorgen, T. J. 1995. Correlation of Head Rice Yield to Selected Physical and
Mechanical Properties. Trans. ASAE. 38: 889-894.

7- Prasad, S. and Gupta C. P. 1973. Behavior of paddy grain under quasi-static compressive loading.
Trans. ASAE 16: 328-330.

8- Sibenmorgen, T. J. and Qin G. 2005. Relating Rice Kernel Breaking Force Distributions to Milling
Quality. Trans. ASAE. 48: 223-228.

9- Zhang, Q., Yang, W. and Sun, Z. 2005. Mechanical Properties of Sound and Fissured Rice Kernels and
their Implications for Rice Breakage. J. Food Eng. 68: 65-67.



T___ @oﬂm&ﬂl&nuw
ol Gl j0l5o g (5 yglisS (sl aiblo awigo

Breakage Percentage of Isfahan Rice during Milling operation and its Relationship with
Rough Rice Mechanical properties
S. H. Hoseinian, M. Sadeghi, A. Hemmat
Absract

During milling operation different forces are applied to the rice kernels that could cause grain breakage.
Mechanical properties could be an appropriate predictor of this breakage. In this research the relationship
between the breakage percentage and basic rough rice mechanical properties (fracture force, maximum
bending stress, fracture energy and specific fracture energy) was investigated for three common rice
cultivars (Sazandegi, Sorkheh and Nogaran) in Isfahan province. The mechanical properties were
obtained by means of three-point bending test. The rice samples were whitened by two laboratory rice
miller types (abrasive and frictional types) at different moisture contents. The experiments were carried
out with factorial layout in a completely randomized design. Results showed that among varieties there
was a negative linear correlation between rice breakage percentage and all measured mechanical
properties. The rice breakage percentage increased by a decrease in bending strength. However, this
relationship depended on the rice mille type. The fitted regression equation had a higher R square in
frictional rice miller compared with abrasive type. At different moisture contents, there were better
significant relationships between rice breakage percentage and the mechanical properties in frictional rice
miller compared to abrasive rice miller. In abrasive rice miller, applied forces are lower than the grain
breakage strength; therefore, the variation in bending resistance could not explain the rice breakage
percentage in an abrasive rice miller.

Keywords: rough rice, brakage, mechanical properties, abrasive and frictional rice miller, three-point
bending loading



