[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

Yoay WAL e V 55l g Ao nnlige it a4 0

19108 slaSiw plabu S 5 (Sajlea (b))
Olgas gl gy Jsudi (o 9 50
A ool paal il polon el s b
elidiima)y 058 < a ol
Ol rae suSiaily a0 sl&anls (Oly gshle ala s gais
AYAYNA S pdy AYUY 8l s i,

sy Gkl S ol 35 Olmb 3T Okl (¢ 5 55 S bl 51 0lsS gliwy,

Sl OLS @ pamse SO by e STl GlacKiw J51s s iy Jle lads O
S g MRS 5 e b iasn el sl Wl s Lledd
A5 5 il (Sa3lea 55 018 (A e wdige (ulidns sla S
S S8 5l ool doys mils Lsa 058 6,151,501 lacKin ol el amtls Lo
5 S Sl Fadym s S oS Cuslie b el Slidss 5 IS5
5 S23lsa Jelse plp 53 oS Cuaslia da0l sotias JS25 (sl 3Ly (Sads S 5 ous S
LS 55 5o 50 sla Ko 5 5o olial 5o il b5 Sajlm ax 81000 il b
oy A lh ol Balsl Ll ol O3S 3 by e sla S Dl 55y Jalo s 5 0gn
S Sl 038 ald 1 Ol e 3L oo pd e S 30l 5 oSS
A3 S ol T sl ol dops il sl 3l T ol b b Lol
5 el o3y JRl3al 1y e slessil —opd 5 o i - 5 31 b jolal 5 bl
Gl belse s S Gl S as Sl a0l Sl Sa)s ol 5 e
sl d el 5 S0 O SR o il e en 358 e 5 ek 03l g

el 0 3l 5 e SlaT Ol 5 (SHL 53 T e b

Gl Gl ( (Sa3lem (ilu b OIS sl sy g hdS slaolly

e-asghari@tabrizu.ac.ir = J gt sy 5


mailto:e-asghari@tabrizu.ac.ir
http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 ]

WAL Sl ) Solat g Al ¢ puntige bl ey 450 Yod¢

PRV

5 Al s Caliies BT csli 3 O 5l 48 i 3leidad sl el LK

eﬁb 9 Lajé Ko &AM} S ‘Law cLAalfC)JL.& 9 Lho@u,:,.“vl:; 4;}[4![«3.)(,1 s
adaie S o‘<‘"‘ Slaess 5 b IS ol b iy 58 6o)lse 53 ool ol eslanl
Gl dle (ol od wike O 53 O ol S K Gl S ke
Ol 3 OlskS liws, 5 Olo,S Okl L5 diawe dS el 3 TB4S1s 4S5 55 'aeysS
Shle 51 0lsaS sly, S8 (byse S Obe ool 51 &S 3 20bub 3
Sl lesd 5 Sl e &8 Lshe Cseme 5508 Sl S 00 S
ol s ax2d8 s ol bilan S ISe dgw 0laadsT (o eSS (glsl)3
Lok, opl ool wlsl co S 50 O5Slen S Joyoas 035 (ol Sl S sheas
RCISTIE PO Sopr & PR TIPS TRPI WP N AP SR V- P S I 8
= A 055 03 el B Sk LV JSD) Sls LI S ed e kS

DTl el 2315 Ol 31

Lol
| o oSt it

B S ey

o bl 5550

° A
* iy

D13S gl gy Copnd go 225 N S
Gy opl S8 (b s GaKan oS A jasie Wyl gl o Gl s b
(Sl wile e oo SU Cou 5 wdls e S3L @S5S 5 Ll
Ly Jdsa Sl sladle o &8 e o J s e s OIS Al (il

3 Liles S Iy iy a5y Ly s 55 Jal Jaol o slac s 5 s S 5 8

y. Goreme y. Dakota


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

Yo4o NS sy IS5 os e 515150 (slacKim [l s 5 (S3len b3

ot Sy WOl mlan 55 (gdate glae iz b5 odd o 55 (S glaby 5
s ol Ol e By s LS g aie gy b s S lea.ﬂ}:;&l.agb'g): NG
Sl S b w4 ARLLST 5 Sl Gl s Sl eslisal b sl Jlag
5303 g oeld S G Sns Jld Olas S b el ol
Sl 25 5 Gl b (Sa5lem S 5 Olee 53 SO 5 (Sosd gla Shs o Sansla
el s
sl —(a55) 5 SULT —an, 8 Glus; seSiw o 2 elie Glams
Solslysl glads1g ol s ey S gl Ko by s &K el a §
u,x,”.ma;pgiﬁVsu;;&;}jﬁws\mﬁ@ﬁ 59 g0 (G 5)
02 G Jole b cou K ol IY] Wledd gili- 58w skitens WoT 03,3
Sl iass oo opl Sl 25 d s e 5wl 51 le 5 (Sasles o e
Sl Sas sl 5l bKiw po) wdige ulidinns Gla Sy 58 sz 1 g2
ol S5 5 (8] b Gl Sy dF] (Sasls 5 055 gl ((SC 5
a S el [V 5 [0] b 55k 5 Jlsme slazsil 5 sd 03 Sax 5 5l 55 K

sl

Olgm 5 Ol Fusb Ko slaly ol s » sk ents 50 elin Glaw)
4 58 OLedS Glws, ko a DYDY LV VT8 [A] ¢ [V] el a5 8 ol
b Gl 5 bl VOl V8] lo s (golere laair Sl 5 (g5 s
bl odd o) o pes 5 [VA] 5 V0] s 55535 VA s 5551 5 sSSPV s\
Wl 48 S5 ool it cpl 3 gl Sl g 05SU

ol Ko 5o o
5 Sl plp 00 0leaS K by WliSe b Sy A8 oL ¢ls
5 G150 ol Sl ptige lidipmns o S5 51 (S Olsea il
A e sl b s S Wl 5 2 et 5 SHU daie £ Ag


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

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

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 ]

WAL Sl ) Solat g Al ¢ puntige bl ey 450 Yoan

Ol Hs sy Koo b ablie 5 ol iliee Sler 5o (Y s oo guome) Ly
KL e

(S Dlada Gl s Bged 53 OldS K 55 0 e sdalin Y IS s SOk
03 S g il gy Glow daulga o Col sl LK ola 8 SO 5 el Oladad
S 23 g5 5l 2 G ST OIS e ek 4 SHU ablie 5> Llas 15 a LS
Bl el glalid Basy 53 L peSam 5 S FeS len 5 Lddoe OIS
(G S58) by ccilone S glaaals I JIS Opmn W3IS0
22 sk s QU il 5 el (Sama b SL bl 5 b S aes Bl S
6 dten Ko 3 350 s b SIS 5 SOU) 3 W gkl () JS8) 1 13w
Sk 5 S GG S pladbial shls 5 sleted Kns 53 sk Sdns O s
Boo) 53 St My 5 Ce S8 oo 3B 51 5 (B JS) Lpd e edalis
o edalin J6 ks,

" >

SO TE. S — e

S s S 55 1l o5~ 555 b K S50 el Ky S K8 Y ISS
S Sl Ll S 5N sk ica e 5 2l ) S b JSL lls 3NS5

100 pm
—_—


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 ]

Yoav NS sy IS5 os e 515150 (slacKim [l s 5 (S3len b3

(et 31

5 S S gl SIS (asiie gauaY ( Sobogr BB olhus gl gl
5 ol Sladad GMS L I 51 Tdes Ll tiies Cins belge Olgen WS 55,
S 03 bl s OF s s lpr) 5 odd S5 e, 50 g 2SS
)'|W}_&tbQl,:da&ji.‘bi.féguﬁj&,,;duaﬁﬁ.m@u>foug
Slagduaib bl o 58 sdalin | e sl dim b 05,See L 51 Laals 531
Sl s Ll s Sy Kw o) [r\](\4\/\v>‘;,l>,d)[r~](r~~\>‘ﬂﬁ
sl Esl belge ) A gems dizes 3L5 Cos S Loy edds S Lol a1
5 Sl dmtes 1) WOl 5 oad LK 5 oenly glais ol s pslial skl
el 03 S 2ol b
Sl 5 (S33in s
Golr D s OLL Ok 4 Olg e S e sdule b Jelse o Sage )
SAd 5 S S GBI 5 3 sl 3 5 mlaw 53 e 5 (SL sl s
=ob s ctd skl el OLIS 00 IS s &S0l 5 S oplal adae s I oL s
Sl Ko b 44 O 3555 55—l Ko a2 3 5ae (NE - SW) LI 5L g

el 013 a0l e 53 6558 BV L (0D (sle i JISCE byl 5 il b

\. Jerram Y. Pettijohn . Tafoni


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 ]

WAl ) Sl g Aor (ki olibopn 4, YoaA

oS slaKaw prdaws 3 0kdd sboml sla G536 51 (pled 0 JSC3
Jﬁwcﬁﬂb‘ﬁ%&w&iﬁm*ﬁﬁﬁ@jjﬁ Slramio
s bl (Sl ) a5 b A e S OF il b mla (Il el 5 e S
e sV USE  Of Slasite o8 5 )ls s adbie 53 (SanSd 5 553 e SO

GV IS AP K QL&; Ja» 6\.@&“ S 29 d\b)‘jﬁlﬁ

(G2) Ko 52 35790 b (Ko 5l (5 58 5
SN Ol ot g 5 b plie ((SaS pl Slasile e Gy
g o> abg e pl Sl 5V ISE 3 4SOk Ll Jes DIpS il 5 L s el
05 s g aikaie 53 4z VYY) 5 N80V AV Slaside b (SanSls atws aw
G (SIS b i 51 OlpkS S 355 53 dgge (SaeSE 5 53 e

(ol sl desn b b 5 (Sa5len o pagie cnl 4 sl Coeal S5 by s


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

Yodd NS sy IS5 os e 515150 (slacKim [l s 5 (S3len b3

Q‘jj& kﬁ“fu k;a.w‘ o Lﬁ.bjfr.ﬁ d};g}g‘; &;\PL: Lﬁdi J\J\:.dl DL OJ,.:.O)Q‘)L» 4.>L3
.mu:iu;/\J&;o)y@\,mjjéuuuéjp&\f

Fithi

Larveriralizn
Cirientations % b toes] par L% meem
OO0 - L%
0 Dip  Direclion L0 LN
L0010
1 esiate Mo~
2 e40077 | vy
3 iz e
TRy
Equal Angle
He Eas Corastion
Lu“g;”PEIEI:‘merE Flan. Corc. = 8.3553%
ol
T2 Entrias oyl Angha
Lerawsr Fami ezhae
ilfom
#2 Enkrisa
) il

OlgueS Ko 5355 ol KoK slaamis ("Jf.ﬁﬁ"“ (o ‘(“Jf\‘.° LR (WY K8

) ")

QW \\\\) P

)

IS sy (K slaby foo (8 JSS ol o Soilad 2 b A IS
SRS Ll s LS 5 a0 Sl (b bl sl
S 35 e 1y Ko Sa53 GoMl 5 plSostad Olgn Lot 15 a2l 3 O3
il i S el S Ml Ol @SNl Sl by cp S0l
b3 Ol 6, e300 6l VAN Jle s 5L cdsl 6l 1 Sll ol Ll sl (MEM)
Osme S o3Il gl OF 51 5 [YY] el 03 S bl Sl slale s Sal Kin

G L ([YE] Sl Lo sl ol YV el S ;5’)'\)“" sl ol s

y. Micro Erosion Meter Y. Hanna


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 ]

WAL Sl ) Solat g Al ¢ puntige bl ey 450 Y
S0l ol 55 o da=dle A S 5 SOk sl 0l sslial 55 [YO] Ko acils
si S35 0T S 0 53 @Sl TmS s W (5l e (S8 (slasly am
b el eals QLS e 5 5,8 el 3 Liledd &L{U&'«dd)}séﬁwd_})‘)‘ﬁ‘ ol
a3 e OLES 1 o3 OF > S S Sl 3 Ol 5 fon g1 S L e a3 650
SUL G dlale ogline Sloy lreysn b ol b Ol (6, S o310 gl Slsl ol 51 Y]
Ol o o3 sinn sl oS das e 0L sl sty il Al 5 0 oslizul [YV]
S 3555 alo b Olime 6,311 (gl [YA] 5,105 35 5 Sdedids b Sdaols S 2uls 3
ot Ll 3 b S o 53 e 10 3 e wntle Sl cpl alie & e (OlpS
SASe3hlele & (b 5 e ks pdo 33 L il b Olpe (ol 0dd S5 i 53 S
(o JK3) cl ol

(=) ()
IV o b 5 Il 5 s e (A IS
gt b Ol (Ko s b5 (S50 Sl 550 (o

cuuj;.ﬂ@lu Lo gie gbas a5 das e 0L ) sl o el (S o3Il uslis

Loy Lol oy LS &8 K 5l oobe adl ol o Jile b e L /Y
Sy b Olsea g5 b SelS 5 Wlas S 15 lad (o ime 53 50 liles S
%éuw@wm;’mubsfﬁ“ﬁﬁ.wm;w&w
b o me 03 65518 s skl —osd 5 S - 5 laest i psll ey (O

ASLA;{'W;}\ L;»\AMJSC,\M;-)J o) dled L;%Lﬂjj)j;j_,.a)b;sj_?&

\. Gauge


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

ARTA S lamsy (K5 by e 15151 oK (5l s 5 (Ssslm o3
Ll SolS (glaidsy BB 5 Llaxdls 13 Adyr 55 5 3L 25 oime o
QladsS K i g S das o 0L Slade ol lesls Ol 1) Al b Jlade o 5 s

.J)U..; \)&.L“ﬁ)é-))‘}“j‘j)g Qﬂjwé‘fglsd'm_}fw\
sl & b g il B 5 Sl b Sl 3 Ol (6 503180 51 Jrolo gl ) g

(f"#‘_gl?‘) PHEYP) u:"-l""f, d‘}:.d Ja.u_,la —y - aJLn.:a
S WL | s OBl 4 o,

VLV s £ \
345 o peeh ES Y
AR * \g
A ¢
C/YY sk 0
398 o geies sk a
/Y \

S g P geen A
355 e peina E q
v/OA * * \e
VYV £ A
340 o gmea \Y
340 o gmes 'Y
/Y % \}3

v /04 £ S Vo

Ko bo 5 (Sl 5 (S s S
53 01 il Ol b S n el 3 1 Ol ) Ko SGISGe 5 (Ssd sla el
Ulpsar Dy aledn losl ma o un 03l G5 5 e bl il
ol by asd e S s Gl b (Sslen nln 05 S 5l e sl el
oslial K (5 dielss 5 il el ) SO 5 (s slailesl 51 oS 5

i o B el SO 5 (S sla S skl sl IYAT 550


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

WAL Sl ) Solat g Al ¢ puntige bl ey 450 Y.y
gl 5 ol Cd Olee ¢ Jlgme slaamil =053 5 0 SCit = 5l sl (S sl
Pl wsas V0 5y p oS e Al 53 s SEly el perld s e 055
Lw sy 2,8 oo e ol Jb= s s (.JLw)Jb'-l: Sl s Sl el (515 0l gel
03 bl Yo Sl i 5y p el S0 b S e pimes 5 (Y e 63 50s)
El5 el ol (ST ASTM 5 ISRM (slas Il sl s oS sl mban
Y dsdr 3 4o s 0SS bog SO 5 (s slahlesl I Jol-

.K;A.v\f‘ DJ.»:J 45\)‘

OgiS Ko i35 (535 (S 5 (Kb S RUST S ol il ¥ S

3 e Al

omelesl s — CoaS

ol | pdn | aeS

ISRM, Y:.v V/o vAe | ey | ogriem” S JEs

ISRM, Y+ v Yat v | A | griem” sl IS

ISRM, y..v 0r oA 0 % S Jedss
ASTM D ov\¥, Yoot Y A VY % Sl 0 Sas 5 5l
ASTM D ov\Y, Y+ ot s Vv LA % e sleil 5 55 plss

TS 144, YaAv > A - - | o5 =
ASTM Diono, Y+t A oye | V| mmAS sl Ol ode Ol
ASTM Diono, Y+t o/ N | Y | mmAS 45l Ol Ol
ASTM D 16, Yert £y o) YA % Jsl i e (S5l ol
ASTM D 16, Yert VY \at oA % P33 e (S5 pls
ASTM D oAvy, Yer0 Yo Y \A MPa s

LS Jodss 5 J&ar s
daals slal w35 5 IS8 dalsls dae s ke 1 b S IS ol 5 J&
Slalas sl 5 by Sus Olar 5 oS15 a5 dadls Spm 5 Conwr dadils oSz
s O oo (bl 5 JB el cel K Sajlpm oS sl K 3 55250
D] b 2als OF Coslie sl ails oL IS Jolss 5 o5 S S 0
IV el o 6, SeILHISRM s 50 QUJ;S&MJSWJCW Si S


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

Y.y S by JKE e 65 saKn Bl s Sailea )l

J;rﬁ /AL 9 V/on Lj\f g_,.:JJJA.: CL.J:‘ cx.;- JL{Z— 6‘;: waT C».w.)d.: ﬁ:Lia Ja.wj';a

e Loy 0 &Md‘ﬂjv&ﬂ@b

e Das K25 5 5 Rl 50 pls Seleyl Y
Dl s iz o slee xS s Galdl 5 bl of Gl e S
Sl YT s o1 S sl i s 0 s Lol Uslee Casby ol ys bl g o 25
A 53 3L Bl o b 48 35 gn eslizal G5 diile (g ol5T53T (slaSin 35 50 53 il
ASTM DOY\Y osa Jlse 0Ad St 5 5 ol 55 pls Sl L] sls 1y cub,

e o dal sty o35 ¥ Lo ste jsbay s Sl Ay 5 [FY] ol as S lo!

e oad 5 stz plp 3 plgs Sebesl ¥
SASISE 5 03 oKme K 53 el sl Glats sl & Rl
w3 o VU 5 5 les Dl b S ba 5 5l s O ks s & slsk
St g f‘ﬁ Lilea Jlse O3 5 sleaal Gl 5o f\ﬁ L8] 258 0 8 5 8 sl
Sl als 5 Lo pi 311 5 w55 8 (Ko 50 oo (Ko gLl s 4 02
St 5 Jgme osd 5okl Sl s elss Sibesl ITE] sl Kaw o gles
sy Lo ys W Lau e bay S5 Sl Loy 5 [FO] ol oud el ASTM Doy Y

sl otal

Ko gLl o 2 8
et b S s el OF pldl gy O il ol S b 23 B
et e 3yls Jigme slezl 5 b Aol 6 Sl (6508 plss Sk Of gl
PV G G Ll e WOl A sl e /80 B /e S gL
Slazsil & G 5 ol 0 5t s V/AY S5 i LSl g i 6 oS il
D palie gl pls 5 [PV] ol sl (¢ Se3I TSTAG i gsa oS ol [1] 515

Llosls Cawsas |y v/A


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

WAL Sl ) Solat g Al ¢ puntige bl ey 450 Y g

S n 3 o6 O ol Ol (5 S0310 0
Slp s gbaslllbal s K s didsd s Seilul gla by, oS ol s
S 6 23540 015 ol 5 Lpdo (5 S o3I Ko L ed & LS Jlesel L S lalas
Sl oot ssbar (s pl Bl B edd e sl sy (k] LIS 55
S 3| 5Lb 53 01 3 anise 05 gl 5 S Howsay O Sl Olge 6 Sesll
0503 S5 03 el A1 b S Mg T o Olgn dloms 2ol5T bl 358 3Lz
B B IR (g [ GO | SIS DR RGBT of Clr s o
Jebts (oS S8 (S sl sl StalaT ool plonil gl AL antls 513 Ol 5 e
O3l Ol dr 6 s 3 ol e gms plod 5 s g Wl Ko 51 sl sl U
ASTM DYVOAO 3,1kl Gl i sad o sl3T ebaws i 5o sl o2 S dal st 50
DB il a3 O 5o e e Y aisad (b3l U b 03 68 s O e G 053
Saad Ahowst OF im0 36 035 SRl Ol ¥ Jsder snlley Gk 5 38
ek e o (1) OF ol e ) Bl 5l eslinel U 55y cpl 53 353 o0 (6 S5l
s 0 S o Ol S W3a0 035 Sk ME DT 55 o8 355 0 doilos
%juﬂi?dJ@f’f“’uk':‘wﬁbb)‘}%’ﬁfu‘wﬁ‘\s‘iwj‘u"k"“

LA el e ol 0 S e

I = (mt /a) /d ")
K g0 51 (26 T Dl Olee (515 o310 Rlel gl stnbley XY g
G, b oels Ay Y aids Y s\ aass 0 Pt 0Ly
3o A cela 43 aads
cele Y 4330 aads Y a3 Y 433 Y a3 Y sl Y aals
Olw g

Ol Hdor 4 s (D) O Cdr s sed s b ol MMAS a5 b o Gl Ol e
Ol Ol b sl Sl Ol 358 00 Olo 56 5 adsl odr Ol Sy g3 0 45
u-b-jw‘u\.uv&l.w-\UJ)\@JJ‘)\)wwc&M_’AMMLa.l.wu.k:—

VB sl 5 5l s sed cwd o« S 3 050 lalas 4ol ol O Ol b a5l


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

Y0 OIS gl sy IS5 by pen 6151050 lacKin (il s 5 (Ssslem U3

OIS Ko 3l (550 (555 0 plon Sielosl dmm Ve IS s [YA] el s S,
DL o S 3 adse Lo gl e e e |l S ol e 4l
SLols Wil Lo gme jsba a5 das e 0L L tlesl mls das o 0L 1 (5 jmas]
PU S 5 ol 3l pdome e o /) gl 5 /Y sl o Ol Ja e
;euﬁajlxwoiﬁ&,@udwﬁ&mﬁ.w\,u&:,,oo Sed K 4 g0
e [FA] sl (Saw S IS o bopltl i s 5 s b ol byl 5 K
S Jsls Jab ax 8 oS g0t 3015 S Blo a3 b oSl sl ai g 055 g5
5 adsl Sl Olpe 035 3L5 cpl b [80] b e SRalS adse Lol 3L 5t
JS s 055 L5 SsOlis (g jhaall Tl b 5 S 3 wiige 053 gl Lo ol

el 395 O el O Sl (gl Ko 5L Ol a3 5 K Jilie b

* _—L__ _.._....——-—.—-.—J

50

o] 100 200 300 400 500 600 700 800
JTime (S)

O S Ko &5 505ty 4 ST lim Oljpe laged N0 K3

uﬁ)l,gcba oa>le
Sl s ples parle pb o bl Lo exjle pln s S ol
oo Cnh (S s p A3 5 5 oot Sl 4 el [T ] 0 e Sl
S Dladad IS5 Qs el ke oy 5 pln s S eslie (ilesl s e eslinad
b bl [V ] 5l (o 04 i 5 5 glaast > sl 5 ialesl s ol eslinad

el L gt L e OS85 [8Y] ool 0l plosl ASTMDENE 5515k


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 ]

WAl ) Sl g Aor (ki olibopn 4, Y1

‘_}g'jj:':‘.*j AR Jg.j‘)b .J)‘J |) M)JVY l.nJ.v‘J.: r)b rbb yujf.\ JJ‘ 3.1>JA f‘jb
SO 5 OAVY) S slasinaih Gab ol ok ools 0L bl ol o o pos

7 o G

z < ' il

W o 51y (il plosit 51 b (I (S5 g Sale3T 4s ki ges Sl i MY S
ps° U (chjl

S Y

b e ) S S Sl o5 8 el il i Sl e
s 5 Censlie e SIS (5 5m Sk adils slal (IS g5 wile Sslize 515 Lalse Sl
Ghs S B s Sl sgrge SRS 53 el S Sy 5 Sl
i cridshte 51 S 0 mes 02 5 (Sole Joa Coadl IS 51 eslind
3o el 0355053 3yl Sy oa 1y s ol S SOl Ml s el
e s s 801 ol oS Wl s (Saile 5 GbSan s padl 2
sde e e ladaly Llosls ol Ko duelh sl S s s 53 (V470)
VY SE 55 0l Slages 8 dia S Wl 1) K (95500 SS (olid Canslin b el s
[V ] 558 0 odalioe

3510kl b O1sS (55151531 (Slacw 7 shaw (555 alall Yo 1 s 3 Coadl
DS 3l enlinad b sl (6, Se3lul v poslie [EN] ol ol (5,5 65105 ASTMDOAVY
s e QLA |, Ve MPa)'\JSVS solid Cwglie 3 YO MPA Law st gbay el

y. Deere and Miller


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 ]

Yv NS sy IS5 os e 515150 (slacKim [l s 5 (S3len b3

w

10
32
< 7
s 428
. 4,4 8
10" // 24
=1y '
g /% %4/ 202
w =
2 — 160
Z 2
H s
&
g
= Zz
10 —

0 5 10 15 20 25 30 35 40 45 50 55 60

Schmidt Harmmer Value
B] wu bl_,;.su. e)yus.i.'i 6)Lfé Cwslie 5 ool J'QS{ $3ds ﬁ.l}.e Ny f\.heb .\YJS&
OYA s 5 b cangd O JENAT0 o g ) S JKs

Gt IS s 5 oS e Sar S 08 S s g e slag ik el

ol s (S3iles ol ss cims el 5 [TV sleasil ol s sl canli ([EV] 5L
LEAT 358 0 o 035150 Jut B on5lsmaes slacKiw o358 5l o Bl 515 5005
Joie (6l S Sl Canglin saasOLE 3 S opl oS (5o 35185 gl
S5 3 S5 sl Sns mils Wsa 0sas 3T K ol o5l Hlis oAl
D St = 5 g bl — g3 slaast s el b Jolse il 55 348 G s Chns
S ol ot 55 5 (Sa5len slrs b 5 wils) ol s Ol Sk 5 26 s

RGO IS WA B QLI..:LSMNC}J&N g_ﬁ._:_fﬁ \Y‘L}gj).\



http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

WAL Sl ) Solat g Al ¢ puntige bl ey 450 YA

& S omss
Z.Aj)bﬁ).ad.i.igojjﬁ.a&mﬂbj&{;ﬂcjb dag ,Soilll 5 b oy ulasl
Slasin o Sage Aol Sl b e Jue /Y Llale (0 S) OIS by, el
ol 058 sl y oK il b 5 (So3len 55 M b dkige b
o S1 ks S SO 5 (S5 mlbd S sl Sy (S 5 553
5 odkd Lol samel 3 led s Soslen dawy Colb K 3 2pm e gba SonSa
PIREEE v T PR N REA R rlad sl Js ol 63 S sl 1 by s sl ST
Gl sl Saias 5 (Kw Cins Shisr 5 Saus hgr 25 50 O G250
ol ek sl els> Sas S et S 6uu§5i? 5 K s LSS
(bl s blasl wile ol 25 ol 3 o Gsys Cuslie JialS Esl oS dites OlpS
S 5355 5L5 S oo 5 oS S JBo il 0dd 08 5 iale b )by, LS
Sy el ol K ol s w0 Gy s OLL O Cder e b 5l Sl Olpas
Fe 3 oS ples patla olexdl 5 b s shs S5 Sl edA YL el s
Aoz el ialu b (S5l ladnl 34 S sl Comles skas0li K oS
s b o st slamil= s 5 048 S 5 gloast ol e Sl 5L Sl
Ol bl 5 wsd o L oS ol ol oivgmeu.ﬂuzﬁug),u e sl (g g
S ol 2 b 30 el OF 5 550 pon & 5 03,8 358 Ko 3l (65 S ot
Loy SnlS gl oS cul il b 5 Soilem dats 55 S 6u§}j&>ggljm

s gy p LT s e glaoly 5 (Sa3len J xS gla j5s, 1L OT o 5

GL'.o
Y00) 528 b Oloslor DLEl O/ pwlid o o (slazloo e S
2. Sayin N. M. "Fairy chimney development in cappadocian ignimbrites

(Centeral Anatolia, Turkey)", A thesis submitted to the graduate school of


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

1.4 DS sl K8 by en 53131 slaSin il s 5 (Saslsn b))

natural and applied scince of Middle East Technicsl University (2008).

3. Topal T., Doyuran V., "Engineering geological properties and durability
assessment of the Cappadocian tuff", Engineering Geology 68 (1997)
201-223.

4. Topal T., Doyuran V., "Analyses of deterioration of the Cappadocian tuff,
Turkey", Environmental Geology 34 (1) (1998) 5-20.

5. Topal T., Sozmen B., "Deterioration mechanisms of tuffs in Midas
monument", Engineering Geology 47 (2003) 175-187.

6. Erguler Z. A., "Field-based experimental determination of the weathering
rates of the Cappadocian tuffs”, Engineering Geology, 105 (2009) 186 -
199.

S ol sleriy 5 Sl 4o pams ol slaKin il cp Sl e cp Sls s Y

IVANAT OYAV) £ & 5lad i ss 5 S e b 5 S b 4 i o Bli~

gl oo O S iy 28 elidpel e OB g Ol ol 3l A

AV Sls OYAV) £ 5l (imsh 5 S e o s S b

9. Vacchiano C. D., Incarnato L., Scarfato P., Acierno D., "Conservation of
tuff — stone with polymeric resins", Conservation and Building Materials
22 (2008) 855-865.

10. Yavuz A. B., "Durability assesment of the Alacati tuff (Izmir) in western
Turkey", Environ Earth Sci 67 (2012) 1909-1925.

11. Lee Hee C., Jo Hoon Y., Kim, J., " Damage evalation and conservation
treatment of the tenth century Korean rock-carved Buddha statues,
Environ Earth Sci 64 (2012) 1-14.

12. Wedekind W., Doncel L. R., Dohrman R., Siegesmund S., "Weathering


http://www.noormags.com/view/fa/articlepage/582800
http://www.noormags.com/view/fa/articlepage/582800
http://www.noormags.com/view/fa/articlepage/582800
http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

WAL Sl ) Solat g Al ¢ puntige bl ey 450 Y\

and deterioration of volcanic tuff rocks used as natural building stone
caused by moisture expansion™ , Geophysical Reserch Abstracts vol. 14,
EGU (2012) 2012-3816.
13. Doncel L. R., Wedekind W., Dohrmann R., Siegesmund S., "Moisture
expension associated to secondary porosity: an examle of the Loseros
Tuff Guanajuato, Mexico", Environ Earth Sci 69 (2013) 1189-1201.
QYA S3les Shlasl pss Sl cokiaS Cgr Ol F waled O3 o i S pme N8
bas 5 (Ses doms DLl Slivsy wlil b jleas (laxe o) Gl s Sllge 25 N0
YAVQOYAA) VYA 5l iy

Sl G Sl p  dame 03 5 i Sl Bl el g s 2 Sl ade
Sl ol DL S ey 57 Slawdlr oy AST L g A6 6 sl 2l
(\YA0)

S b - Ko il e e ol e oS il el WY
(b ke 0aSils ¢l 0 S MBS i yIS Bal DL (alsST (5 5 538 (sl
AYAY) 55 Kl

OLlsS (sl Sl tvwss 5o OF & 5 plis) meg 75T o o OGley w81 A
ATV =100 OYAV Y 5 ke ) Il cnes 5 5 Ly aalilad

Vodle Ll lad Aome LS (Sl ar s 3 ey 57500 (Slasbiad]si B 0,5 N4
MOV YA (YA Y 5l

20. Jerram D. A., "Visual comparators for degree of grain-size sorting in 2D
and 3D", computers in Geosciences 27 (2001).

21. Pettijohn F. J., "Sedimentry Rocks", Harper & Row. New York (1975).

22. Hanna F. K., "A technique for measuring the rate of erosion of cave

passages", Proceedings University of Bristol Spelaeology Society, Vol.


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

AR SR OSAS Slimsy K5 by see 151550 acKim (il s 5 Ssslea b3yl

11 (1966) 83-86.

23. Spate A.P., Burgess J. S., Shevlin J., "Rates of rock surface lowering",
Princess-Elizabeth-Land, Eastern Antarctica, Earth Surface Processes and
Landforms 20 (1995) 567-573.

24. Kamh G. M. E., Hanna H., "Measuring rock surface roughness by
Micro-erosion meter as indication of weathering intensity of St. John
Medieval Church", Chester City, UK. Egyptian Journal of Geology 46
(2002) 461-469.

25. Trenhaile A. S., Lakhan C. V., "Transverse micro-erosion meter
measurements; determining minimum sample size", Geomorphology 134
(2011) 431-439.

26. Stephenson W. J., Finlayson B. L., "Measuring erosion with the micro-
erosion meter Contributions to understanding landform evolution", Earth-
Science Reviews 95 (2009) 53-62.

27. Finlayson B. L., "Measurements of geomorphic processes in a small
drainage basin", PhD Thesis, University of Bristol (1976).

28. Stephenson W. J., Kirk R. M., Kennedy D. M., Finlayson B. L., Chen Z.,
"Long term shore platform surface lowering rates: Revisiting Gill and
Lang after 32 years", Marine Geology 299-302 (2012) 90-95.

29. FookesP. G., Gourley C. S, Ihikere C., "Rock Weathering in engineering
time, Quarterly", Journal of Engineering Geology, Vol. 21 (1982) 33-57.

ladsoil ool 5 (o b il (Ko SlSo (sla ilo T g Sl b augs T

OTYAD) sl s Sl SOl 5 g o Kzule T ol jlisl (oK le i/


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

WAL Sl ) Solat g Al ¢ puntige bl ey 450 YUY

31. International Society for Rock Mechanics, "The complete ISRM
suggested methods for rock characterization, testing and monitoring™,
1974-2006. In: Ulusay R., Hudson J. A. (Eds.), Suggested Methods
Prepared by the Commission on Testing Methods. International Society
for Rock Mechanics (ISRM), Ankara, Turkey (2007).

Lils Sl (wlid b wlidmn] il folane ST Cao o o el ealils, XY

YA Ol g

33. ASTM, "Standard test method for evaluation of durability of rock for
erosion control under wetting and drying conditions (D5313)", Annual
book of ASTM Standards, VVol. 04.08 (2004) 890-893.

34. Chen T. C., Yeung M. R., Mori N., "Effect of water saturation on
deterioration of welded tuff due to freeze-thaw action Cold. Regions".
Sci. Technol 38 (2004) 127-136.

35. ASTM, "Standard test method for evaluation of durability of rock for
erosion control under freezing and thawing conditions (D 5312)", Annual
book of ASTM Standards, VVol. 04.08 (2004) 894-998.

36. RILM, "Recommended tests to measure the deterioration of stone and to
assess the effectiveness of treatment methods commission 25-PEM",
Meter. Struct, 13 (1980) 175-253.

37. TS699, "Tabii Yapi Tas lari-Muayene ve Deney metodlari (Methods of
testing for natural building stones) Turk Standartlari Enstitusu, Ankara
(in Turkish)" (1987).

38. ASTM, "Standard test method for Measurement of Rate of Absorption of
Water by Hydraulic-Cement Concretes (D 1585)", Annual book of


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

A\nSAs OSAS Slimsy K5 by see 151550 acKim (il s 5 Ssslea b3yl

ASTM Standards, Vol. 04.08 (2004) 948-955.
S (Odrs 5 I pos (uolidd pa ) puligo (650) Kiw SlSCo S s co bl X
OYAD) L e 5 o801
il (o iSKa s wclige 1ol ) foilsiie (gloloms 45 o Ob o S pitn o) glad £+
OYVA) 1S el s o8NS

41. Tugrul A., Zarif I. H., "The influence of mineralogical textural and
chemical characteristic on the durability of selected sandstone in Istanbul,
Turkey", Bulletin of Engineering Geology and Environmental, 57 (1998)
185-190.

42. ASTM, "Standard test method for slake Durability of shales and similar
weak rocks (D 4644)", Annual book of ASTM Standards, Vol. 04.08
(2004).

43. Gamble J. C., "Durability plasticity classification of shales and other
argillaceous rocks", PhD. Thesis. University of Illinois (1971).

44. Franklin J. A., Chandra R., "The slake durability index", Int. J. Rock
.Mech. Min. Sci. 9 (1972) 325-342.

45. Zorlu K., "Description of the weathering states of building stones by
fractural geometry and fuzzy inference system in the Olba ancient city
(Southern Turkey)", Engineering Geology 101 (2008) 124-133.

46. ASTM, "Standard test method for determination of rock hardness by
Rebound Hammer Method (D 5873) ", Annual book of ASTM Standards,
Vol. 05.08 (2005).

47. Anon, "Classification of rocks and soils for engineering geological

mapping, part 1-Rocks and soils material”, Bulletin international


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html

[ DOR: 20.1001.1.22286837.1394.9.1.3.6 ] [ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.18869/acadpub.jeg.9.1.2593 |

WAL Sl ) Solat g Al ¢ puntige bl ey 450 Y\ ¢

Association Engineering Geology, No 19 (1979) 71-364.

48. Brand W. E., Philipsonm H. B., "Site Investigation and Geotechnical
Engineering Practice in Hong Kong", Getech. Eng. (J. Southeast Asian
Geotech. Soc.), Sci. 2, 105 (1984).


http://dx.doi.org/10.18869/acadpub.jeg.9.1.2593
https://dor.isc.ac/dor/20.1001.1.22286837.1394.9.1.3.6
https://jeg.khu.ac.ir/article-1-1717-en.html
http://www.tcpdf.org

