a4 WA Olta £ 55t oaslgm Ao (g polidopnn &0

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

o2 Ol gaacs g Sl 93y SLa 0 9 380 8l oy
sSH g usa Culaa g discusion¥] Jgus &l ks

wwwmw;bjﬁ;d‘ﬂsam‘dfﬁ)wujs
Q‘ﬂw%ba;cébm‘d“}i&d)‘@i@@

AV/AV/AA il AN Sdls i

o AS>

S5 55 omlign 55 Sbt 55 550 03 J3e sba o) 5 (SO S (il 5 oo

b bt 3le 51Kl 5 Slare Gjlaze slasdiS oS 5 esdle 0jg ! il
5 S50 Rass nl 0 st el S llaal ol ASlal Gl S S
B s sanle Gy 5 s anle S o Sl S3a5l esle 53 Olpea o s
oialesl e pl a4t ot eslinad Sk S s Colds 5 @z Jde O
o5 gla 55533l Ladd Lot 5 eddd oS eSS (55 (6L eSS (g)LES Cnslis
YA 58V (Bt 1 e dlolidl) ST slacsle 5 Y0 5 Y0 0 e 0 glads s 5o
bl l ol s (sl il Lyl b 3 AtV e 5 ek plnil 3,
plmil ST 0l 5 il slado s 55 S35l 53 opl A s Mo 3 s kil
Skl sl sl b e eon e emer ol ea
Jos 0Ly 3 25580 53 o Lsdd ol 5 el o S gl SEM (51 5 Se
o 3 stV e 1531 Ol e Ams o 0L ol el o planil 555 YA sl
Ol S (P23 32 2 53 edleay (Sl S S w4 cd S L
Olsee Cpmorpn el 555 YA Oley 5 (S2558) Lo ya YO Lgs e Nl Jgde 550580
S s 3 S8 Ol ol Ssusbay i S a3l 50 o Rl L 6 s sh

et s St ltlag; 5o il G SEM las ) ol s 5l 5

amrajabi@ut.ac.ir = J st sty 5°


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

WA Gl T 55l ns sl dlor ¢ putige bt s & 120 K

St Colda 5 etV Jode Ol ks &Sl amn ol Sde sla gs 58l

Sl Cd (S Ol i JUS 53 plerd sla ST g Ul b St

S Gl (ST ded Solds (g (I 555 SEM canniVl J s 1 s 0dST slae3ls

4o s

Olyed olsan Goe b bo oS 5l sl bs S5 55 Dlasiie 3

Slles i 53 55 ge SIS 55 0 O seimn ST 55 aige Sl 5l (S5
gl 5 p"ﬁ sl ( pwdkigs Sl gt ple 5 Coslie Bl 5oyl gan Slazla
ssbeas olend 5 (SOsd il Gba Sy socpl NS W Lo )l sla)ls
(R SR A Sosba ssdie ey B LS Bl e ) ClS L S
Skt ooy S b Shs 00 et Sl S b gl 5l S5 b (S (b
Tarls s s b S e edige Sl 4 Ol shea acb
S elial OIS hasn Sl gl oslie slagasl plsl ke D s
0 O pliloses SV emme M5 5 Gl b plend 850 Jdoa WOV 555

‘-—“—i_)*-: " Sl 5

Loy S dJL:) C)LE.:EDJ MS.;:J; LSLAJLW BEl ..,\.;lahjs o b ‘Ls"L.’.‘""""‘:' 6&&5‘) )\
slabse Wy ¢y Nais slge Olgean prae b ab sbacdss sl esla
c]a.w J.“J;cu LGQ}:) M.}L;d QL.:»J thjw)f [Y‘] ‘[Y] ‘[\] w‘ IS ft}ul Lfl'“‘i‘.""
e B I E e g L e R R T
Sl i g5le Doysls 53 slge opl aS (g sbar as e 0L 35 5l Vs clled
S 3 05,5 A5 (CAH) Slus )i redS 5 (CSH) S ol slaolSCln
Cel a2y slae Sos38l €58 o das o OLES s oy 5 e D] Kss
DL w)LE.c U,Z.MS Q&L&))Lﬁd‘yj)ﬁ J\ oalail 4.3)‘}& v.L.G‘ BE [i].}y& &.LT‘“’.‘?""’
03 edleas 58 e St lalley 5o Ceslie 058l VS 6))1}*" ol


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

W N PP YT Ep 3 PRI CI PAPINCI [N PRVRCH JEC I VRCN PRI RN P B PP RPLL - Epppy

Olssas 3o ey Clel [V] ] o] wbl e Gl o 55 V5 YU oSl
AB e ladle s [V ] 4] JA] s 0L Ll ol Vi g S
DYT DYT IN] Gl el s 5 Eom 55 Slene bbb o s
e Rl kel 5 Bl el OS5 50 Slo st a5 L s g
S e Oln el sl V555 S Ol 3l cnl s o Glos sl slone
L o [T dipdpe Gler SV pame o (S5 RS 5 Vs sla Sy
N s sl S g 5 S5 0353 G e (5305 e
Sosm 53 o5 Wasl cnl 5l eslisel 08U Ll el s pladl oz dile Sl
(198)) OlSan 5 'K ol w3 4 55 350 505 LS (S3lgy skt (S s
S s o 0L b o) s S eslital Sleew (3l Sl p S5 51 LG sl sl
Sl s S 565 5 63k la S Sl 5t b slacd 55 58 Y5 SRS
i ) e oS5 g b silel by s (YD) 0Les 5 Tslale 18]
Locale 5o a5 om0l el S5 e Sl b Ol 5 S e
by s pdpd s Caaslie b anl s o (02 05y Ao Vo) S Aoy Yo 05
R 0 S5 el el s odlew el Csa K Sl Ol B
Sl b plas 5 S ol s & (1) OGS 5 5 5o [10] 355 o0
Sl balie 5 b s Aoy Ve L slagm sls 0L @L:j sty s g
sy QL e il pl e (6 50 055, A (LS Cuaslis Ll 85 05
sbml sl 5 el o3 i i S i sk s s Sledlsy ) eslinad
SLan 5 5l oS DN 55 (S35 5 5 Lo o] 358 i s pslie o
3 P ol o liE Ceslie 1) sy 5 S Y5 s S (THYY)
i 355 g 03 W3S s oabse Tl s IS S5E 55 Caeslis

L5 S ealanad 55 A Oleww (o S sl Olseas S 85 5 sy ho 3 VO 5 )0

1. Feng

2. Abbaslou

3. Markive

4. Kamali-Bernard


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

WA Gl T 55l ns sl dlor ¢ putige bt s & 120 0y

313 sy b amslie 53 65 A (Y55 GRS1s el ) 55 a8 sl DL S
V]

Loedd (lugr SlacS wnVl Jsde (555 S25dm Sla sy o= Jb 2
© Ol ospm b dae latassy asdee Sl el edd plal (o p 580 L5
L (o) 5l 5 P pns 5 (V) 0L 5 gl (V0 TSy 5 o5l 3
D) O ot s g5 5 ned Sl sy 3 (N0 Sy 5 sl b S
=l S (5, Seslul [V S PR VPP oS SIlanl 4 1 (g3l zast
OLn 5 sl DAT Alo (21530 YU slales L oS15 s Sl Jsie sl 0L
ST oled Caslie 5 (5 pdy oS15 Dlio 2 (555 Sal 03531 36 s alaiass,
s oSS (ol Caslie (p F ot 813 0L el sl plnil s St () s
3 pll Sal 5 oy Sb 03 byl 5l day bolidl oS5 Joe oS 358 0 Jol>
G YA sl des Ol 5 Sl doys 0 LUt ol ol 4 50 ot
sy V] cnl esls OLES T aneet Nl Jgde 5 (6550 ST (oS Coslis o 5 s
Olagws 51 SLS 5 (e S o5 (S 5, Aol shea (Y0 A) 5
S @ slge opl 035380 5ls DL a5 S s 1) whds Kol 5 (ool xSl
i Gl Sl edleas das e gl 1, slal S s (il | of calis
Sy slasl iy, wsle cpl 51 oy & 0558l woly slasss, 55 63,08 5 SSK
s (sla S0 65l i S35y SOl [ ] el LSk g5 nl o
Oy SB35 el ol plal (6 508 laom, » S anzNl Jsls 555
sy oslize SlasSE eslie Sk, oy Soslize sla Sl 5 e s das e OLES
FRRCRNCINN IS PRPRCH SIS SUPRCIN PP RN 1S SE TIPS [0 LUy oy W PG PR
Bl Jsas b 5l il sl s 058U Sl ey slaS S gsds Solia
WOl alard 5 (Sod 334 pamie $la Shs 5 Gl b Sl g 5 ol

1. Franus
2. Woszuk
3. Osinubi
4. Zhu

5. Liu


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

ny ST SRE PN Ep S PRI RVAPICINCI 8 PRV I SCIN PP RO PSPPI R [0 g
ol o abadi 5l (555,08 St (g3l Hsbeas b So538l 6 58 pl 4 a3
sl ol 5 L S5 e h s Sdme la Sog Bl 5l ealatal 4ehy el sy Lo
Lol 53 Slie slado s b g 5 555 00l 53 36 G ol s opl b
Sllag, sl S e b (S Colis s ezl Jode (655 cilisee (5550 Jos

el oSy g S

la by, 9 3l9e

bbb s g 3358 3lge 5 S Sl gt |
Lolsanle oy 6,555 5 oy Aoy Yo b panle S S g5 93 G pl 03

Glp s ey w0l g Kbl J5 osums Sojson S e, Aoy OF
sl b Gl o s S lgde s snails sbaileil St eyl labs
o s L ) i s O sl o A5 oLl ASTM D4318-93 , ASTM D422-63

Ol ) Jlsawle oy 5 s anle Gl uudlls Jloged VIS s

.MJ&
RANESINLH (1) 6 et BLES () S5y 4 (1) oy Aoy (1) anls A s Sl ol
ASTM
SC St 6L 136 Sy A A6 Y. Ar s el
CL-ML VA Yoo oy iA Slsasle s

I oS Golsad S i 5 oSe e mle oSS Y wnls gLl Shass ol
o el 53330 e il V5508 Ve SISl sl (65 Aoy 5 el VY
CJL:.‘ﬂjﬁa} .b‘e.l.&:&.@.? dejﬁjQw QJ\M )( ;M:JSM S ol Q:iju}:)
.Cﬁw‘a.L.ﬁoJ)jTY J)Jp-).ad.ajfe\My)ML»&w)Qﬁs
S cu'l;'-rjf 00 el Y Sl 5 3550 anle 5 ey Tl i gas A (6l
)JJ[}L&I’;}'—QJ)Mng)jé\:\jﬁj.bjbuo;jjjﬁéMlﬁl{u»)wjo“
L gas b sl (5] Jos 0l dlasl 5 shitass 0 bylous 5 a3lol Cilises glads )



http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

WA Gl T 55l ns sl dlor ¢ putige bt s & 120 ¢

100

+J]J 4l LH)

1 0.1 0.01 0.001 0.0001
(i i) Loils B
‘5?3’;7 CJ.}" BL [ e:l&.‘&a| )‘éM‘.ﬂ DI I e dwlo 6“6& 6.’&.!43‘) )‘b}ﬁ.‘ A Jﬁ.ﬁ:
Cod g 9 S ) camle (g s w3 Y J g

(1) & s polis Ao (1) 55 obe A3 wle polis A3 Sy pole
(1) 555558
00/YY /v av/e Si02
Al \Y/0 /40 ,A|203
A\ Tan! /A |:ezo3
/) /80 YV Cao
Vo/NY AV XS MgO
o - N4 K,O
oY Y - Na,O
Yo/ V1AL . LOI

S s hlesl plnil Oles B s eslel ang Cusby 5 Sl Sis o pasie 035 )3
L(kSJU‘ L;“"))"JCJJ‘L’) ol PR s Mlﬁ Jl}- 650])‘ LS LS‘)‘J&M‘)J

NEC )L.\JMV.:LB ‘;51.3\} u..o_y,bu 039 )‘J:VS uﬁj.-,b;ﬂ Q)leL}Jﬁ.;‘JJ B


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

o N PP YT Ep 3 PRI CI PAPINCI [N PRVRCH JEC I VRCN PRI RN P B PP RPLL - Epppy

5P G SS oS (g Sl G5 65 p Jand 5l S dgad 5 w1 (5 eSS
5 S Sis o s 035 dal s 5 bagel A5 0T el opl by o e
LS eslel ag Cusb,
b bl .Y
SosreS o ,lid Caplie Jole3l A=Y

sl ool ASTM D2166-87 fasll; st Gillas (555G (5,133 Cnslie 2ylas
5O sl Aoys YO 50 N0 N 0 L (g pmacSS (golid Canslie Siolesl .o
Ll ol alil 555 YA 5 VE Y ‘uﬂ Lg)jl}w slaobey 53 S g5 8 (g5, S s
ot oslinal i Bl V1 5 YA s plisyl 5 a3 b LB 51 wises cile gl
(2 V¥) o don Yo 5l il Ladisas ab ASTM D2166-87 foall, siws Gllas .o
G gas 3 (as Gl L wsed L3 3z ge 4ils p SS 5 o3Il Ll il pl s L .S
S s 03 Sbglsin b eoddcn 5 el oSl % S gladgas AiL 585 S
534S ol e e @ gad (g3luoslel Aol b 5 s wslel O 5 S35l sl (St
oS5 Caglie glatlesl s ad o oST e Dl Sl slaas L Y s
53 s (SIS Jdsa) L1 e OB YL Y 5 el (S mhan (6 eSS
Sl gl Sb oS5 Slhes JShe cpl Ol BB skiea coenl 3 (2VG &Y
G dsl s Gl b fa 4, Ve 5 0 e B Gl ()5 SO sladisod
Sl s b L il ol ol it [Y)] Gl o2 a3 S L s o
el Cwslie 4 O Sl da gz L /Y NS 5 s Jlesl i3y 5 2o e /)
A0l aslsl el gl
GAdd s Ghalesl Y=Y

ool 5l S Ssoda e b Sag gl s ke SRagh ol s
Aoys YO 5V N0 N 0L odd vy oy dwle Sl ol eslixal (5 540358
Faile 2o S VEY) S St o pasie 055 L 5 ol bl s 5 S 555
Ao 3 G gl 0 led 3 A0 1) S5 (g1l i (6 g3 B 0355 (cono


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

WA Gl T 55l ns sl dlor ¢ putige bt s & 120 Wi

Gt sl (55 6 pdud i Jilesl 3 S 513 g il s Jiles] s OBl da 24 s
el ASTM D5084-16a 351kl b illae Sbt JolS gLl 51 g abolidly o s
sl 0
SEM) Lis s © gy Ko Sralosl Y=Y

3 e oS bt Ay s OSGHSEM) sy 55 S0 5SS
Jls a8 Llak e ol 5] o2l sl s s Sn sl L3 1y sl bl
855 m 5 ol (S SIS b S e 1S s S s S ol
Ay i o B sl clie ol 5o VU UL Ghils (uablie ol
Sbt glatiped Jiasn cpl 5 pd Bim ol 688 5l olas o 5 b s
S edel Cesw) wgy Cugby b G35l slge S dos N0 L edd oS 5 sdiica

A ilesl e 5 S 555 YA Sl ey 5 0 4 (o3 Dol (S1 5 SialesT

!

FEI IV IS PR VIR

5wl St s, pove Sl 5 s A5 S - 2 bt (o etV e
ool Cowises DRSS g S0l 5l Spd pesls GUlIE Caedle b eoges ) sba
(E50) (55 (smsboe gVl Jscs ) o ot (5 5n ST (123 anglie 2l )
Clazes T ) sk (E50) Ceslia 7. 00 53 (55 Jgde deloes (gl 0 558 o0 eslana
2 S5 eVl e Olgeas Lot ol il 5 0l oy ol Cuplis 700 Al o
il wen L2 Jleel 355 Hsa (5, eSS (508 Canslie b3l 3 pd 0 8 S
a3 o sty aeiaV Jode gl LaophlesT ple 4 Sl (6508 sl ised
S Jol ezl e ol s AW B s Jgeme sbay (S gl aeez NI J ke
b3l o 3 adls aea JLIE s 558 5 Sl (5) eSS (5L ueslie il
ol @l sl aezdl Jgde (gl AL aable Hlewy polie 4 sbcews s

IYY] o 2alesl


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

Wy IS VRPN {EX A PR WTCH KTIPPCRUCI I PR PICH JUOF L SRICIN PRNIPICIN 1 P PO FRUT R LI

Msaule oy g o dwle S armze¥l Jpde p <5 56 )

o 8 o el Gl oD Sl e e ol gs A8 Ol S A SOl
Sl sad (55T Joe Ciliee slaoles 5 ko3 53 (55 eSS ialas] bl 5 Jlaanls
s ane Nl Jade Ol is A sl anet Yl Jgde e () S
Jsdor 53 slie sl o slale) 3 S5 b odd o lsanle s 5 s anls
Lo asly Sl Sl e o5l Ol SRl L das e 0L s ol sl T
Al n il Atz ke Gy VSl dey S A sl e Olej oidS
03 S s s 5 Vb o pase mhaw Jdoa L 55 s e DL e sy (S50
S Ll Sosba duns o Ol St GVsin Sl Ol ksl
bl pl o [E] K s Cdew 5 03 S W5 (CAH) Sl =dS 5 (CSH) ol ju
ol 48l 55 e ey YA S dey S e 5 Ui el s

BL) A:«.g_,:j L.t aﬁ%ﬁ)lawb B RNV LD) ‘;wu S WY‘ ‘JJ-M Q‘M A JJJ?'
Sl 5,50 oo slaOL;

Ssasble oy S gzl J e o e S ezl Jye
YA Ve % S YA Ve v &l RS
ES-BL)

AV/A VA/Y W/ o8/Y v VO/A VV/\ Vi

AT VAT Ve e Raval Vv VA q0/v )
\AO/Y \YV/E AVA AVA Yoy AN/ WA WYt \e
YY1 (RRtal V\V/E AA/A \eo/s Q8 Ve A0/t \o
Y/ YAV/Y \OY/A \Yo/r V14/Y 44/ vy 43/0 0
Y4/ Yor/o YVe/e WY/ VAWV yo£/ AV/E 48/ Yo

slado s 3 cdss bedd Col Hlsanle 5 s awle GlaS a NI J s

e S ol el enls 0L ) IS s Cilies (65T Les (slaOle ) 5 e sl
aan 3 laged kg 3l S e SRl ol glado s s S s s s
MLG&S[?"L;:}.Lud(‘j})v)@j‘d‘)j]wolﬁj);.ﬁ‘)‘ﬁ sl 3L slads ;s 55 Laobe s



http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

DY B3 T 5t (oas sl b o e (bt e 20 WA
400
)LQMLO L).d)
350
4 300
)
= 250
3200
3 150
E 100 _
Eﬂ w© Gyl es (e
~ ) w7 14 28
0
0 10 20 30
(1) edg?s
200
3 Awlo
3,
2150
>
] o0 \/
£ so
m T -
) ) Gagldes le)
o L= 7 14 28
0 10 .20 30
(1) cdad)

Lok o lsanle oy (0 (s dwle (A1 (S GtV J ke Sl i N S5
Calis (gl fos 0L 5 Lt )s 3 S 55

odd GiolS il 3)lpe 5o el sl Gl Ol Gl L e 5 SRS

53 0l Slgl s oS sbales o3 Caslie JralS Sl s OV 3 Sl eslinad (o

GV Sl b oatnan Calle glacnd) 355 0 cgllae slacad 5 VL laols;

Ol Lok, ol O¥ss s g G Ol 5 Sl el (bl o OBT 2 55 Y555

s G Y Oy 5 s s w.:l.l L;uwﬁjaj-:}ulajji REBERARNE] Aas


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

AR SIPPIRPIING (PR S PR WSTCHRTSPIUINICUN | I PR VCH UL SPRCH PRASPICIN IS P P AT R (R

Copgots e Sl 0T G dm s cl anl EalS sdd Cu )y anle St
25 sh e alie o s

5 s (EB0) Cueglin 700 53 (s 55 Jade denle (gl A 4t 5 hy SOl
OLES Lglast 3 g0 o (oS O ok 5 0 ) 2l o slie 100 el 4y Slatsia e
3345 Sl (G nSS g Caslie Slasys 00 v BLE L blae ¥ ISE 3 el el
— o Slaslssad 53 (S5 sba Wiledd s S5 A s 0 L ol 5 e sladls
Wl odd 508 S Gay YA 5V pasta jba) (5550 e Ol SRIBIL S
e 0T Ul e 4 el S E GOl 53 (635 I B0l ¢ e ol
.:\;woujJJ‘b);@U)élﬂ?ﬂng:uiﬁgf
Mstwle oy 5 oy dls GBS winz¥l Jgs p S g 5T Y-

sl eslital S 5US e Olgeas 50 Sl 583 5l Sl g 1 oM A3 Ols 4SOl
L 55 hsanle o 5 s dole Sb itV e 51 ool sy bt el
s e Ol @L:} sl okal £ Jj.)q-);uibué)ﬂdw Lol ) O s S35
il il S anexaVl Jsde (g5l Jes Ol il 5 S35l Ol Jilsdl U
O L lsanle oy 5 oy aole S5 55 8 S s Jialiil Olge opl ool
et Gl iS¢ 35 KI5 oo sosl e 0Ly Uob s St e (151 e .ol

BLJ Qw\eeu%)bwb BB R e S 4:._....._:..»YI d).\.ﬂ C)‘njﬁ £ dj-»\?
Calis (g5 Jos b0

s awbs oy S eVl Jyde ) e S aezaYl J g
YA Ve v S YA Ve v S ol
Loy

AV/A VA/Y W/ o8/Y van YO/A v/ Ve
\YEY Voo vy 08/8 VA AvIA VYA o °
VEV/0 AR AL/A v/ Va0 A AV/Y av \
WY/ Yo/t ARV AVA ACRIL) a/x Vev/a 441 Vo
2 Vo WYV av/Y YE8/A WYY VA VY0 \D
Yoy Yeas VEE Vev/a YTVA V4Y/4 YYeX /0 Yo



http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

VWAL B3 ¥ 5l oanslem dlr nbign b e &y 55 Y.

S o gn e 3 oS ALl 5) 00 OV 555 5 S Sless OV s sl
b Sos Jelse e el s OF anezaVl Jpde (11530 5 S oas
il 5 Ses Jelse U Culg o oS il n g SIS U Y 5 s 03533

RO PR ERE{EAPTUNCIR | S PRV S AW FH PURPE PR SIS L g

5 -
I (:3“) )L) awlo D)
copee i
. 4 LF‘
% - 7
i 3 14
|
b 28 /0
2 .
% ’
8
2z 1 R
<) £,
0.'.’..
0 0.02 _. _0.04 0.06
S
2.5 ~ _
sasldes gleoj ) 4mlo
codpen N
s 2 ’ LF‘
3 7
§ > 14 ‘o
3 28/ .-
£
e
B
¥ 0.5
0
0 0.005 0.01 0.015 0.2 0.025
oS

Sl 5l Jeole 258 — 25 s ged 5 ol Conglie dasp3 00 43 0l s b gt Y S
C;-:j_’s} M):Olea.x.ic,.:,ﬁjswh 5.5) (ATJ ) MLA (J‘ 6&6\5 6)}#&

BE) Caaj):.:-w Lv [ C,.:.A.:S )\)ML& U0 S s awle L;Lﬁk_gl:- wy‘ deﬁ
el ol els Ol ¥ IS s e gl s a0l 5 caesline glads


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 ]

vy IS VRPN {EX A PR WTCH KTIPPCRUCI I PR PICH JUOF L SRICIN PRNIPICIN 1 P PO FRUT R LI

35 il Ol ol o8 a8l Uil o3l Ol Uil b St s LIS sy
S AL gladao s 53 aoles ST s lased 5 Sl 5 mSls 5 A lads o
JSo GUL 5 S s Sl Gl (s caale 4 Ol e | psdse onl e o
ol gl (sla 28Ty SUS 3 oS ools o OF U Sl o5 5 S g (0300 03 5

s e olis f’u:":-’ b S 4> JS\ szb L;LQ.L.&)J 03 9 el Sk W‘Y\ J)J.A u,:,.“.\fel

300 - _
&9l Jes E:’Ln) )1.34.“.10 )
250 -.-L_r‘.
% -7
200
= 14
j 5o | =28
= 100
E
5
%‘J 50
0
0 10 20 30
(1) o gupun
400 N _
S9! Jos C)L“) ) dowlo
350 i
% 300 | —m=7
=, 250 14
j 28
. 200
3 150
ng 100 . /
g 50 ¢
0
0 10 20 30
() Edympns

Lodd Cois lsawle (o (e awbe (A S LV Jshe Ol i .T'JS..’&
Salie 5ol Jos 0L 5 Lk )3 53 ol g

s e Olid s iy 5y Cd s Aoy V0 Lol Clls S (6 e S


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 ]

WA b3 ¥ e oasler Aor pige mlidifne) & 20

ayy

3l des (e
5 | codpea S
- 7

14

(Kg/em oty
glem?) (53920 5

—

Hlo aule gy

0 0.01 0.02,, Q03
s

0.04  0.05

3l des o)
codpas A

m-7

o
W

38}

(Kg/em?) g 920 g
-

=
W

0.02 0.03

ol 5l Jeol 258 = 25 s ged ol sl das s O 93 0 ey bglas 8 S
o s 23 V0 b0l S lsanle s (0 oy dmls (I S (5 e ST

DS GasYA 53 o354 sl Jas Olay SRl L 55 8= 25 lajls sed 5 IS b

LSJ:&':‘.:""’Y‘ )l.}j) J;LJ':":J LSLQQLA) DL LQAJ)N .\AJL;& QL&J C_}«é}ﬁ L)'l\ C,.w‘ ol JSVS

Sd oo Wt Jode bl ol st ) S was e Ol (5 5 Solea L)

PO RO N (N W YV RO P U O P PG PP S


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

vy N PP YT Ep 3 PRI CI PAPINCI [N PRVRCH JEC I VRCN PRI RN P B PP RPLL - Epppy

G gns Ol geas oS Sl Golo 55 s glado s 53 el S35l Sgh o ek sl (g5 5
el ol Wlis pl 55 o ys Ve (glals pas
)'JMLG B SN D)

Lf [ g:,.:.\l: )\JML& U0 S e awle 6LASL> le J}J.A CJ\J:.:;L: 0 L}'i';'
Sosl s SaOkey 5 Y0 5 Y0 00 O 0 slados 53 s 5 Sl 55 o o3l

gtV Jpoe 21580 Olge a3 o OLES 0 S 3 1 5 il a3 g ylie

O el el BB C 8 @ end Sl el CoS ) anls S
ol Ol P e S8 s Sl b s s e 0L 5 B Ll slacld
5 ool Lo s Yo 4 by e lsaile oy g gy anle S g3 a5 et J g
oo 3 o dele S ezl dsde Sl g Lo o3 oo ol 55 YA 0L
S ol I 55l el ooy 355 sl e 10 w4l LB O e lsanle
0 a4 sy sbvanle 5 pl Y LJEJ e sl S s e N gl S 55 s
Sy s B33l doys LilBl s anle S s IS, sbay ool ails il il
(70 JS2) i Jlaged 5 3pdp Sb e (Rl Esl s 53 (505 Jos
A2 Sl glado s 5 (G, V) FeS by 5o Sl sis 5o s 2)ls $a5me s,
G300 o 5 D35 Sspot (W10 D) o ged 5 355 0 odalin 55 St 2w
il (S sz 1y gl adsl A WSl Gl e e e 503 jlea .o
Sl pland Gla ity Jdoas s 5 S5 b e 0 Caglie 15310
B e el G Dol 5 05V 5 Gln Y555 anle Jsa) Vs
5ol Ol g wlsp, Ol il ool S gy ekd ) sl g3l (s
53 b e S aes NV Jode x5 Col Sl 0 IS SU s G b

el 0 @mb%ﬂjs 0 94 C,w;l}.a w‘ﬂ\ C,..Gb on:jSJ J"‘_}"‘ C)WA}Q‘;U


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

TR Gl ¥ 5l coasslr Aor ¢ pnbign gl e 3y 25 aye

O DR SRl e o) anle S s G 4 Cd S g Sl eslanad ) by
35 a3 Shee bhaube y S s DR R s deo S YU | RS PR VR
J=s s edss C..L:.a Sl v b Js w\claﬂgﬁl):jdj_é LB Sas53
05 s sl el s 4 o e3le ol SIS0 QL..,TJCLJM oS () 3S

By o B el oy S

400 .
150 sogldes glo)  Jladlo pwy ()
mS m7 m14 028
3 300

5 10 15 20 25
AYORNS

200 .
Gogldes ole) oy alo (AN

B m7 m14 028

3100

50

(Kg/cm?)

15 20 25

EP )l



http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 ]

Yo SIPPIRPIING (PR S PR WSTCHRTSPIUINICUN | I PR VCH UL SPRCH PRASPICIN IS P P AT R (R

300 -~
Saldes gley  lodule wy (9)

250 | WS
m7
200
m14

m28

5 10 15 20 25
() Cd g

osldes gloy  _wy awle ()
B m7 w14 m28

5

15 20 25

=

AR

G 5@ stale s 5 (2 5 D) o) aube SASE wza¥l Jyia Ol id 0SS
SOl 5 hess 53 (05 g) S gmm 5 (G o A Cd g Glagos 5l b odd cos
S9! Jos oplie

Sy Y
L ol S (slaisad (55 Sdidsh b mend SlST A S35ty aSOly
gesase 0336 5 (oys YO 5 Y0 N0 Vv 0) il slads s 53 Sl g 5 S 555

ot Dt 0 Jpdr el 00 plol Wakigad JlS gL S ey 5 il S


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

VWAL B3 ¥ 5l oanslem dlr nbign b e &y 55 v

Olee il b (S sba s o 0L 1) a5y e ol 5o (5 pdid 58
o ale SISk e 0 ol Gllas b a8 6 p 3 Sas 5
Aoys V0 0353l L oldie ol 45 Sl agl Ly e mle YV syl s
S e Ao (Gobsa Al Al Wb sl YT g s
GRIP s pl el A3 V0 (1350 o b RS sl S5
b Al e Ly Js el sdd (5 pdud sk cu e ialS Wy adlsl Cel s
sl osls Ol T K s st g3os i) e j:f(...:.;; 2958 Lo ys Vo o5l

NG|

723
5 T e
~ L -
b
[=}
T 20 T s
z

15

10

.
5
[ ]
0 ® °
0 s 10 1s 20 25 30
(1) w0y

Cod g 9 Sl ) Doglite glads ;s )5 (6 p 3 e8 O pis Hloged IS

5oy ool glads s 5 (K <107 cr% ) S2R3E i D i 0

Yo Y. \o \K 0 . 9958 A3
3955 o3l

/YA \/VA Y/Y /o Y YY/NX (_,,_J}S)

VY0 (EA AL V/ed /6 YY/N c_,,:lm

o 1y C*:J)::M cale glads s s Lgﬂlgbjji VRS LS O oo 0 Jad>
3phe Saldsh Vb Rl o e Sl I o Ca) Gillae e e DL
Bl e 5l VoV 4 Sl A3 0 035380 b (6l 5 s, 4S5, b

Loys YO 05958l b oS Wl oo aelsl ol U (g pdudse s cpl Lol asl lals



http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

vy N PP YT Ep 3 PRI CI PAPINCI [N PRVRCH JEC I VRCN PRI RN P B PP RPLL - Epppy

Ao Al 53553 Dok ey ambe & Zoed 2l WV (6 3540 o p5 o) s
Ol 1) El s 5 s s lados 55 G pdidsd o Dlss 1 IS0
3z f 85 4 plard 5 (Sosd Jolo 52 S Sl Wl @ 0350 RS e e
oM 5 s gl absS Oley o baaises Ja538l 5o 8 Sl 4 a5 L L
s Jolse S o St 5l e Sl A il (b s e
b S sbe Sl il St ol G U et ST 5 A3
St Solla LaediS CoS LIBI L (Gasl g 5 a0 aln) 4 4
S P Sl Sl Lol 3 (Sosdes Colds falS Ol Ll e Jals
S5 LAl 3 S IS8 U Sl Wse pase onl &S cd S

Ssh ek 5554 SEM glar ps esle ol IS UL bl ol

SEM (5,15 5 5 goas ¥

rl 3 eal sy s Yo SEM (6513 5 5 5o b ol 03 gty ol 5o
PN S Sl gl sk pl a3 S IE s s B 2y 5 SG3 ek
2 s saslie bl i Sle s p s S by e Gl S S
oials S SEM s pai VIS ol o plonil el sy 2 eSS sl
Az e DL ) () 00r 5 (D) Foen () Veren sl Wi 5 el s
oot o S Sy 5 oY Do pon S et sl e edaline S s SOL
3 XS b Jas prmin Sy pony S Gt g5 ol s Ates Gasia (S5 G145
A pas DL 555 Sl (ool e slie

Olay 53 sy deyn 10 L eld oS ) awle S SEM slas A IS
Ol b s bass 1 s @50 (S8 il das e 0L 1 5a) YA (sl e
s g Sl 4 (S et (ST (b edd ol leY kel Sl S5l e
Jf.:a Cjﬁj Ll g5 o Eee sl sl J_<.3> oo O el 03y Cuxs g
SOl Al ad s 0ol G s Nais 5 Sa dolS Sl el pled sla sty
gPs Moa b mllas LS5 5o s Sospl 45 e Ad S5 S A


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 ]

AARE Ol ¥ 55l ‘ra;)l.@e.u?aw.ty ‘;wu&:‘)' M—J‘:‘ -\*A

Db Sl Vpame SIS SR Sl ambe Va5 sbtSl
B V5 Sl Ll s s s s 5 VU o s o e a5
Sl edS 5 (CSH) Shits (oS el 4S5 sba dins o 0L g 5
5 aslas ¥ Cubs als ol ba sty cpl Wsd o Covw 505 S A5 (CAH)
ol st Of O3l a5 edlewr s meme Sy Skl s
23 g I sl aSepl s 355 0 S s o Il sl Eol 5 e

el 0l S e (il i 55 5 (65 eSS Canslie Lol Esl S

SEMMAG 1000k« Det SE VEGAI TESCAN SEMMAG: 3.00ke  Det SE S VEGAN TESCAN
SEMHV 1500K/  WD.5.9761 mm 7 SEMHV. 1500k WD:5.9833 mm 10um 1
Date(migh) 082317 Vac: Hivac e Bl Doy 002317 vac: ivac e

SEM MAG: 500 X Det SE - VEGAN TESCAN
SEMHV: 1500k WD: 6.0679 mm 50 pm [
Date(midy): 08/2317 Vac: Hivac e /|

(bﬁ&ﬁ‘ﬁ\"" 6“&Mﬁ)ﬁ)é(d|ew%w)wbdu-sEM ﬁjva
(G_ﬁ|ﬁo.. ‘J',"J'.’v...



http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 ]

1ya SIPPIRPIING (PR S PR WSTCHRTSPIUINICUN | I PR VCH UL SPRCH PRASPICIN IS P P AT R (R

& LY e 8
SEMMAG: 1000k« Det: SE VEGANTESCAN SEM MAG: 3.00 kx Det: SE N VEGANTESCAN
SEM HY: 15.00 kv WD: 5.6311 mm 7 SEMHY: 15.00 kv WD: 5.6311 mm 10pm 7i
Date(middy): 08/23/17 Vac: Hivac RMRC Date(middy): 08/23/17 Vac: Hivac RMRC u

SEMMAG:500x  Det SE IR VEGAI TESCAN
SEMHV:1500k/  WD:56311mm  50pm ’
Daterrid): 0812317 Vac: Hivac RMRC u

23535 YN 655l Jes Dby 53 S 85 Mo y3 V0 Ledd o5 S SEM 5l A IS
Apoes (Z s plp¥e (Qplp Ve b olad,y (A

Ol 53 Cdgom dos 10 L old Coli wsanle S SEM j5las 4 IS

AU g Sl el jasiie K2 3 aS0kar s e 0L |y 555 YA (g5l Jes

Ol csdS Jl s S SN FR W L R 25 kb s, O yen 5 S

S STy g 55 51 U Wil e g s il S Kledd LY 55 ez sla il

SNerd ol (albeed Gl STy nedle Gl esle (nl s alple AL oberd

Alanils S e slie 158l s LS‘QMW}QJ o s 035380 4S5y S


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 ]

VWAL B3 ¥ 5l oanslem dlr nbign b e &y 55 e

TS Ry ] " DR e
SEMMAG: 10.00kx  Det SE VEGALTESCAN SEMMAG: 300k«  Det 5E
SEMHV: 1500k WD:6.0883 mm 7 SEMHV:1500kv  WD: 6.0683 mm
Date(midh): 08123117 Vac: Hivac RMch Date(midiy): 08123117 Vac: Hivac

SEM MAG: 500 X Det: SE I VEGAN TESCAN

SEMHV:15.00kY  WD: 6.0683 mm 50 um
Date(midiy): 08123117 Vac: Hivac RMRC"

5585 YA o3l Jos 0L 53 Sl o 10 )3 10 Lok e S5 SEM s 8 IS
Ao (sl (Gplp Ve (A e, s s oS5

Sl i8Sl g b 5 Ol CBIS LS dzes V5 50 s Sl 5 S5

03 meme Sl 5 Sles OV peama sl Eol V5 S1s desr 51 Slens
¢ 92 5 o> C’L" 03 s Je 5l S s 0 QLS SEM jslas L pd 0 S
b s otk i o il a5l oy Kb slile Sls Wil e o ins
5 opledl sl ol Sl (pl S daes 5 g0 BU bl bl (Y5 s
Al e talslesle nl Lol s S gl 4 53 5358 0 S s (S5 LS
5SS ek LV 05l Sl e L as 0 tash cnl s

3 Sy s el SWlase b o) e LB e pllas S s


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

w N PP YT Ep 3 PRI CI PAPINCI [N PRVRCH JEC I VRCN PRI RN P B PP RPLL - Epppy

LR L] 4}-}; L) LAJJ)J%‘ Lfit ‘)\ osleiul J.))‘} )},\ZS ch.d BL W) QQLM &:».:3}:.:.&
ol p Olacate Sl 5 casdae bl 5 528 Ciliis DG 3 Oslas
dox 5l e 5050 55 Jog58l slge L S el b olal 5 8 a5 sl
L;:E?J L)'l‘ LSLQJJJ)LSGLLO-)‘ .J)‘J DJJ)LS d‘))}l.«:s_} C,.w.“:).]a.“m LQ‘;&.& J”J"“@‘A DL
ﬂ\f‘ J:J.M.o cLS)LwéJa)M B L;!L&:?'L«al CJLAG S 4 ‘LM\) 6)@_5) L,..:.JJ “ Q‘)ﬁ'b;a

JJ,S a)ul UA‘L&.:\J::) Léw é)‘.lilg s LS)"’\'.’.L’.

S S 4o

3N bt S dax ) il gla hsa S e el 25
o3le 53 5l Shags opl 53 oplale el S5 wkige 53 OIS Rasn sl
o oslitul (Nites 55 e Jamee b L 45 5 e amie gla Sy b oy
STV A0 N0 Glado s 5d eSS golib Cuslie b3l Jiasn cpl s ol
A dwles a5 el SL- g3 a5 55, YA 5 V8V ‘u"T solbe 5 Yo
2> Sadist bl (S Calda y Sss3l sl e sskiea esdlen
St by rslge ol DL o gty e A bl Sslize glads s
YA Oloy 5o (G355l 53 o Lol Sl 5 odld Colf S gl 55 SEM (g )ls 0 5

A el 5
5 o Aol LS w N Jade Julsl ol Ssa58l o5 das e QLIS o
e Glidl Olsee 5 b Sy 5 g b Gl 0 Lpd e bl )
Olay 5 55958 Loy YO a4 by o lsasle oy 5 oy awle S g3 a3 a2l
St e S92 o)lsen 5SS il Sols CLJ oo Sl 55 YA
s 55 8 el I sl il s e Oles b 55 g b el (S5l
Jsde SIS, sbas 358 o sdalin Sbt i 188 508 sladiss 5 50S sladles 53
ke il 05 g b old S Jlsanls oy 5 ey anle S s ezl
ol Bl iy asle S s G L el 5o S s ccd adls 158 5 ad sl

L:L;LS‘)ij b).‘.::‘-sﬂ odaline ﬂ‘ﬁ‘ JJ‘JJO M&JJJUJ‘J awlo Bas) )Jﬁéj‘jY


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

WA Gl T 55l ns sl dlor ¢ putige bt s & 120 vy

Suib AL s g ge nl 4 Al SRS SB R 03 50 Sassl 5s e Sl
S e S 53 (Gpdidsh 2SOl edleas Loala gassl Do Ll
el ol S8 b alie o cdpe SO BUN Sl e S el 5
CeS Sy gl Olpis LS 3 (S Ol ois SEM (6508 5 sead 51 ol
AL et o glaisad a3 (S Slid L s das e DL S g Lol
Sl i gad 53 1y e opl S g IS8 BUI Ll Ll 3 jls 555 S5 38 656 50
g55 das o L emen SEM gl ol 035 o gems Sl il b oS
S Salg 5 &S Sl edd matme Ll bl Lol S s plend e ST

S g
LS g Jalo ey eibige ST 0usm SB Ol S8 0 g e iy S|
53 S8 5 5 ol e i 5 ARRLGT Sl 0ol 13 kel s Jdwy
S s SIS 5 g (O g 03l O3 Sl 3 Ll 5y e

@L:.e

1. Colella C., "Natural zeolites for environmentally friendly processes and
applications”, In: Kiricsi I, PI-Borbély G, Nagy JB, Karge HG, editors.
Porous materials in environmental friendly processes (studies in surface
science and catalysis 125). Amsterdam: Elsevier (1999) 641-55.

2. Caputo D., Liguori B., Colella C., "Some advances in understanding the
pozzolanic activity of zeolites: the effect of zeolite structure”, Cem Con
Comp 30 (2008) 455-62.

3. Liguori B., lucolano F., Caputo D., Colella C., "LTA zeolite as
pozzolanic addition for hydraulic mortars: an effective, promising use",
Adv Porous Mater, 1 (2013) 129-35.


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

vy ST SRE PN Ep S PRI RVAPICINCI 8 PRV I SCIN PP RO PSPPI R [0 g

4. Liguori B., Caputo D., lucolano F., "Fiber-reinforced lime-based
mortars: Effect of zeolite addition", Construction and Building Materials
(2014) 455-460.

5. Vagelis G. P., "Effect of fly ash on Portland cement systems part 11",
High-calcium fly ash. Cem Concr Res, 30 (2000) 1647-54.

6. Targana S., Olgunb A., Erdoganb Y., Sevinc V., "Effects of
supplementary cementing materials on the properties of cement and
concrete”, Cem Concr Res, 32 (2002) 1551-8.

7. Toutanji H., Delatte N., Aggoun S., Duval R., Danson A., "Effect of
supplementary cementatious materials on the compressive strength and
durability of shortterm cured concrete”, Cem Concr Res, 34 (2004) 311-
9.

8.Poon C. S., Lam L., KouS. C,, Lin Z. S., "A study on the hydration rate
of natural zeolite blended cement pastes"”, Constr Build Mater, 13 (1999)
427-32.

9. Canpolat F., Yilmaz K., Mkose M., Sumer M., Yurdusev M. A., "Use of
zeolite, coal bottom ash and fly ash as replacement materials in cement
production”, Cem Concr Res, 34 (2004) 731-5.

10. Quanlin N., Naigian F., "Effect of modified zeolite on the expansion of
alkaline silica reaction", Cem Concr Res, 37 (2005) 1784-8.

11. Martinez-Ramrez S., Puertas F., Blanco Varela M. T., "Carbonation
process and properties of a new lime mortar with added sepiolite”, Cem
Concr Res, 25 (1995) 39-50.

12. Sepulcre Aguilar A., Pinilla Melo J., Hernandez Olivares F.,
"Microstructural analysis of aerated cement pastes with fly ash,
metakaolin and sepiolite additions", Constr Build Mater, 47 (2013) 282-
92.


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1399.14.4.2.6 ]

[ DOI: 10.52547/jeg.14.4.609 |

IR ey T 55l oanslem Al ¢ pondign i & 25 h\g2

13. Melo J., Aguilar A., Olivares F., "Rheological properties of aerated
cement pastes with fly ash, metakaolin and sepiolite additions", Constr
Build Mater, 65 (2014) 566-73.

14. Feng N., Li G., Zang X., "High strength and flowing concrete with a
zeolite mineral admixture”, Cement, Concrete and Aggregate (1991).

15. Abbaslou H., Ghanizadeh A. R., Amlashi A. T., "The compatibility of
bentonite/sepiolite plastic concrete cut-off wall material”, Construction
and Building Materials, Vol. 124, (2016) 1165-1173.

16. Markiv T., Sobol K., Franus M., Franus W., "Mechanical and durability
properties of concretes incorporating natural zeolite", Archives of Civil
and Mechanical Engineering, vol, 16, Issue, 4 (2016) 554-562.

17. Samimi K., Kamali-Bernard S., Akbar Maghsoudi A., Maghsoudi M.,
Siad H., "Influence of pumice and zeolite on compressive strength,
transport properties and resistance to chloride penetration of high
strength  self-compacting concretes”, Construction and Building
Materials, Vol.151 (2017) 292-311.

18. Woszuk A., Franus W., "Properties of the Warm Mix Asphalt involving
clinoptilolite and Na-P1 zeolite additives", Construction and Building
Materials, VVol.114 (2016) 556-563.

19. Osinubi K. J., Nwaiwu C. M., "Compaction Delay Effects of properties
of Lime-Treated Soil", Journal of Materials in Civil Engineering, 18 (2)
(2006) 250-258.

20. Zhu Z. D., Liu S.Y., "Utilization of a new Soil Stabilization for Silt
Subgrade", Engineering Geology, 97 (2008) 192-198.

oSy Ayl b8 BLOLL (b sla ek Lol anle S st (b ik T

YA Slgiol (Ol s pwdige 80550 Olghosl inins

I Gl ool ke 4,85 M0 s ST 55 S wena W ke addllas” (g (6,03 VY

YA QYA VY 5l coadonn


http://dx.doi.org/10.52547/jeg.14.4.609
https://dor.isc.ac/dor/20.1001.1.22286837.1399.14.4.2.6
https://system.khu.ac.ir/jeg/article-1-2757-fa.html
http://www.tcpdf.org

