[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

Y4 }:{H/rsijwa)m/rk:};u Jb/&b}uirﬁ‘ﬂclm}6))}%0}&}(}1&4.\#

Wl DL ;x,sm ol w9 éﬁ&o o yllo 6ﬁfoj|.0|
Older Slin) S )

\ *y o . Yo, R
‘;3_,@}:5161.9_9 ‘;ewuj-\-wc‘;u‘ff‘.é-“
YR/ 18y b ¢ IYAAN VYT sl i)

oS>

G glin et 4S dier SIS 0k bt LS ol S s (S5 CntS LAl jl S S pdsen sy
ok i tew LS .l i Wl 65,98 5 od (S1Fe 5 o DAESES P& 3 o A OB b LT Sl
‘5;.)\_;“9)‘955.1_” 6;5.&.;.5‘9:& gs.(..i."'- ‘;"a._’.b) 4.'.»‘3).\ .:L:J' u—(.:a'&é C,.é‘gu.a «srf‘gbf %‘,ﬁ)b%ﬁﬂs Xile &Lb‘_;)t,.i: ‘5|J|.>
3 3 (SN s s ds &S 55, 00 HUal (X I esle 5 51 01 p0 G S 2T aS pl 4 a5 b Al e L) Silu b
C,_ﬁjuwt}_iwdﬂfej|x|abj|ju\3ﬁc.dw °J‘.J";u"'JJ'.’ JML}O‘M&&N‘J"JB&”« ‘5‘3Jﬁﬁ3}; f;l‘ Y 'CJ L@T
—~ PR 5 UCS ITS ladsesl .us plnl S sudas bl sbadised 53 (PR) (55595 5 (UCS) gz b (5)L0d (ITS) oS
ot dided oLl 5 33 (+/ABDriicar) oS ) 5l S BD 51 g p2 45 BD) (5 plb & b bl (sladi el 55,
a3l 4 st 5 0k g GBS Sl p g 53 3ltn S alalp A sz 0y 2l 2 Sde 1B sl S
aS Ci8 Ol o A3 Qo KPa 5l b S8 5 b Kis—Ign Sl 3 sk pdtoie S EiS Cuglis oS (wbd S el
Sl b S &S Cd ) amd U8 o0 opl gl LS o pb ot (Lawgie CEL L) oy p 3590 LS 51 S WS o/ABDasiticar 53
N3 S S5 e Slarms diile S Sl S S 03 PRy oedS Sl S e (a5 51 5 UCS 3 ) lte ol 51 51
c,_»}LE.»J.pl_in ‘;.:._A‘S JJ}J S XX 6\.&6\5 ‘;AL«S J° dﬁ:‘?["h .J‘,ﬁ» ;&ﬁ&wwﬁﬁ S e.kg_b)f C.Gl.g‘,-ﬁ.éjf
Olpmsan (Kol cmnplin azsein gowie p 4l 5505 (0) gled Jds cud s £ sdalin S Cogb ) Hldde il b Sla
e 5 bl S Ol o US55 38 1 o Sldie b e slalaly 5 b ke b Cute ladul, (S SXpics yasls

Al g Dlder GBS 55 (SXgdii by p S50 g e Jol g8 3 S Sl S

wles e (il pw g pl S (S SOl Cuglie (S gpbiou sy (S 5SS 1 g hdS glasly

Oldaa AL'.._»—: ulcﬁ" NEH ;6)')}\..'25 0 ISESs ‘J..:L.JJL;- oj; Al
OL@—L&' e NEEH Aé)')}\.ls 0 ISESs ‘J..:L.JJL;- oj; Al
mosaddeghi@cc.iut.ac.ir : Sy xS oy (L3S J e 1 *

VAN


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

Y4 },1\;,/(..(a_‘,c,.‘a.;a)w/(..A;}JLZJL.«/;Sujyi(‘,l.o‘mb@w‘,d;)‘,uso,ﬁ‘”p@

GlasSLs ol S lilodd uivos s J g AT Ol gie 4
35 s s U ) i 8l als il sk phcsn
u—ffl) .J.Jﬁfd")\fé ;xﬁ@mduéu 03 gd>ws
S 35 b g e (OABSCES (S 3 (S ST sl
Clasls STl Jlacd 4 ol pbcsen b glas
o LS o 3 1 il e 0 g b 5 s
s e slsolat s oylgs S5 558 JSKes s
g e S Lgls 93b T esle Slde a5 LSl
Wil oy Yl zaS T JT el lie &5 s s
5 ML e OAd o sb e 51 (AU Sla Sl o
alie S il s (YY) 0L 5 KL 5 (OY) 0L
G2 S s i pi s Sl s S Cuslas S p
AU ol 5 035m 55 G 5 38 W 4 oy
Ols |y SLs ais coaglas 5 s uf,\MJu,EW
AS
Ol slasS 3l & 53 SUsilow sids oy
5488 Ll WV 5V OLSen 5 Sdas baw 5 Olgino!
Lle LSl 5 g S 53 S Sl S 5 SIS 4SS e
5 Shas S Wl il SO Cglie sl 55 sy I3
Lo slab pdses (ITS) i coaglis (V9) 01, Kan
PSS 5038 sp b S, S ) 5 S Sl S
5 S Sl S 5, O3S le e GBI L aS s S
LS o S S e eled Bl 4 eSS
D A S DS e b se Sl s el
Al Bl b SO Caglie 5 S5 A5 5 el
3 edias il sy (6 b Sladsly L) oS, S L SIS
TS 58! )a(..:.wlSQL.:JSLwUu 23 (s Seds
osle L 51 Ol gl glasSt sStas -l a a5 Lo yls (6 5 A
sl lols gl 3 oty 305 e sl al s s T
A e Jelse s ey pl Sl Bl (S A s
o=l 3l G S e S St pl 5 5 o pide 0 O]

FPRVY
Slaile Sl e SK5d caS aailis 5l &y
s 4 55 N0l sl (S s Ol Susl 354
3 S cins oS S s OalS ain ) Al Sy o
() (Hardsetting phenomenon) _S.s scoe w el
SLaSLE Gler po)sram (2055 aS Lo 5 45 oy 23
S 6l (VA4Y) Ul QL s 53 Sl 5 ol sl
auss) —lbisls Lrl'l"‘jb’ﬁ bl 4 el g w38
f&"’ 53 e s is w331 Gl cnl Ol Al sl
s Sl 3 el fods SKes (ST e 05 4 OB SCES
ol Gl S 03 53 Ol 5 35 0l v Sl
—len CIl= s QTJL’...ZSC,AﬁUu ) ERIR v S QT))
Lils slasSls o il e Qo kPa ol b 58,5 Ko
L 53 (s 0l o OAdsh e o8 3 5 0355 Glas
08) 13 8 e S ol 4 ojlgs DAl
S s o s Slale Sty Jals S
53 o5l ilwolatlu O AdCEsn 5 OAd b
Ul an 4SS Sl s (Yo) dib e OdaSlas tlﬁ.ﬁ
LA s (e sl Slastlo b 5l 3Ls
& S L i dile sdoade (14) Ll o ol pi e
o s b Lk g o & LS I (g ke Lol a3 o
(YY) s

slasl s SOl cnglino jn gddd [l 3l
o5ls Ol3slaS das e ) SAESCES P 3 o pbsn
8 4 T sl 15 (Lunch-time soils) [l —plas glas>
S $3S lp mee fKa S o &S Ky e
e G Sl pp s oK 3 s e sb e
ol i GsSE Gl Ll b tK*”‘ Lol il et
A0 s s e el B1E el e S
Lil o 53,081 slp el e by anls 035 S
Olse 4 (A) FAO (gdes,y j5 4 S slasls (=Lw" (Yeo)

Sl hies,y Gras 03 5 s b Jse s s

YAY


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

R B ‘;’.\;‘,..:c,.sw oy w)ﬁ‘gﬂ&n e glae ‘_;ﬁfcj‘.\.?‘

wasin ova §Soildl syl QLS Wiy, Ly gl
;| (Soil water characteristic curve, SWCC) SL= o4 b,
4 sal agd () S eslin il eddat Ll S slad sl
(Vi) 45 go pm 5 (BD) (g alLs S eda
(M) St SUs o, Jllie 5 sl 5l s 005 s
L dewles
M =BDxV, [Y]
et (slad pod g sl Ll i ey
S 4i Ol Aee hPa G 5l [iSe et sles (sl
O el b Cu k) (SOl Sl s usb,
53555 plndl LT S 03 5681 e 68 ol S L
e S S| e s LadliS S el b e L &
oS oS sl s (VA) Ol 5 e (VA) L5
Ol glaS 51 2 5 (65,08 Gl el S 5k
Sl ol iass 55 s,ls 1300 $VY hPa aals s Oldkes
A5 o3l W yod ol (sl Ao hPa i S ile 25
35 GiaSbE Gl celie K le 3 5l 5 R SIS
Ol e 35 aieS LS 5 Ol 4 ol Ol
y Sisilpa Sl b, 0kl 6l Mino) 3Us 5, 5e
a5 dsep L Ao hPa S5 5l S 5o b,
s
M H,0 — M, (WSOOhPa _Wair—dry) (Y]
ASa 3 S e by e Wegp, OF 53 48
A3l _s Ao hPa K 5l

Sl am s Gy b 5y S slad sl ‘;.j 035380 31 e
o e Jals 4 S cugb, B bis (64145 el YY
gl ¢l osb e lastls Qb e pl 2S5
D s L (35 sl sih s (gl St (gLt sl
°/ABDgigical 5 oL L;H_i> Lo sl Y CL&_T)\ 5 el
AS Aals OLEs (VM) OLLSes 5 dhae L (ST,
AL JS 5 /ABDuiieal palie o 55 (Shed
Slaas goi ol by a)ls 3525 (815 O 53) and S

VAY

)\ u->J" e.l_JJ‘U}l_w)l_n ‘_;l_bu_yu XD OS:J_{A Cw}u.a
D Ol Olial glas>

LSy 9 2l

o o LS

Oldker Oliwel e blis 51 S5 6w & (65,5 Siash o)
Sl 5 S aas oIl 6l Oltas Olial A el
et 5o SoL Clel il e e e YY) Sl Sl
YOO Ol aslale aiin glos Slo bl o G| Sliess
;lj_fg;:JL» a3 =0/0 QT«:\:ASJ oo L3 s ;lj_fg;:ll.» a3
L ol b 5l as e ol 0dd 5158 ole (65 o
oot yod 255 ploil (ol it gl 03 28 S5 sl (S
Jvdj Olay 55 S o-Yo em 4 51 S 0 50355
S 4S (615 il sad amehy 31 (615 A sel gl A ¢l>_u'l
3 A eslial (IS e syl Laasiaslt a1y el
s Sas—n b jilesl sl gl LS (gl gt gas
5 opaa g )L (1S slacaslie gla bl sl
el S L Sl S s s
G =S o3l gl A e3ls g e Jus ¥ SIS Lawlas
3o Las pas Sl ol b 5 (S5 sl S

LS esls H g (g5t L ¥ STl Gdedy S

S sk p0i g5lwosbel (Gl 5 pll J&s arwlos
S b, aasine gove ¢ So5ll

(BDuriticat) = e oL S 5550 53 hass Ol sl 5o
Sl gladaly 5 a4 50 el QLS als ;s ad) ¢l s
31 BDariiear s 8l i3l 03 sy opl Sl s
A o3lizal (0) 2S5 5 (Vo) 3y Jau g sddadl )l aayl
BD_.., = 1.882-0.0083%Clay ]
= BDjiseal «(%Clay) S oy desys bl 0l 53 oS
BDejiical e .33 5 oo deslns (Mg m™) CaSo 20 5 pfl.fﬂ

Jpm{pey s ol JSK% b J.:-;d\:.l A dAsles b ol


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

Y4 },1\;,/(..(a_‘,c,.‘a.;a)w/(..A;}JLZJL.«/;Sujyi(‘,l.o‘mb@w‘,d;)‘,uso,ﬁ‘”p@

sdislonl (6 a8 S is AS plonil (55 /0PY 3
25 (la0lo Jise 5o e Aol 5 Suicils 5 50)
3550 ITS malos (gl 5 0t Cudlssly ((SoneeS pK0a
S sl dsloes (515 (A) ks b alslas 1.3 S ) 3 eslina]

Wl 3 oy &S A eslinal 2SS
ITS:%Xg(x) [¥]
[ 5d (S S oL 53 (5L (55,5 Finax OF 53 S
SAi0lo o 0 8(0) 5 b ses gLl 5 kB s

38 gl 5 ala s 51 80X) Al o

g(x)= (_d){Zx—sian—zylntan(n+ x)} [0]
2a d 4 2

L el 3 S dil gl sdsilo Jise 5 ea O 45 &S
o 95 e ahoby ‘Mr@ﬁd)lﬁjl{o@;
Siolo cansix=aly 5 SKtew S b s edills
dl-:.)\) thanjsln JL:.LZ& C“’: )JXJ:;JLAJMZL»‘;&
J.LJLEJA_'JNASX<°/YV ‘]".’.\J—":’ BL) 4_24\) g)'i‘ ML&

V) col Bslo 555 0 g(X)= 0 /4

(UCS) ) guames b (5 L5 Canglio O 9050
e i ($oLid Caglie Oyl Sl oSS i)
lal gl glaa sad 4 (5o me i Ll o L ealinl
(e ol o3 St el Sl G S 5 el sl
b oo s o planil gl sl (sl sod S5k slazel 55 (6 108 )L
O3l OLL LY 5 Y ) ey Fo hn S S s
S sladisad 55 5 Sslae Csb ey i slad gas
(Brittle failure) 5,5 SeseeS sl s oS Susby b
0L ¢ SosinS o sl 5 5, 31 K0 oS 5l 5
S S b S claas el 3ol IS L
lea_w yes 3 g esls £ (Ductile failure) er bl Slaslas
O3l OLL s oed 0 250 o sl eSS
N0 2lp (&) Gosme RS S Sl Gl o313l B b

p)}u‘wﬂ.’c 6)Lw_9 CM}LLALSLAJ’;A\)L_!.(VjY ‘\).\..':'al..o

b Ll 5 s 4 o/ABDgica ol J& L Sl
SWCC (s ,-Se3l il (gl a8 o (siluand |y a5 550 St
Crod 3l slo YF Sl 4 Saua] 4 S glal gzl |0zl
Sand ) ;b acar ol 3l eslizal b o L3 gL 5
Qe Yo Vo D &J:L" 6[.&&& BL] Sl C,Jj.b) )‘.LE.A (bOX
Sla iSe s SLs cusby llie .l (5 Selkl VeohPa
Yooo (Yooo Boo (Yoo (Yoo (oo d—.«&ij—’l‘&:—l &_.:‘JJLA
ami o o ws ) esli ] Ly Y0oeo hPa g \eooo oo
Oﬂ)"j 5,508 31 ey s (5 .Se 3l (Pressure plate) (s Lis
))Sbﬁ&)w)j@}b)fﬂ_ug&;bw&
3505l 53 S 03,5 L cidoses Sl sla 286

A dules el YF e 45 51 20°C gles

Caglie SLalpma)l (sl dbaiilajly Sadisel 4y

St
5 opa il Vel 5 e il 0 S8 L gledl gl slads 5o
Csb) 10 o e Bl A pls )l 5 e Sl YA LS L
AL JLSr 55 5 S0l b pldl Soo s 5l il
el 8l iy S s (6l /4B D
syaa i Golid Coaslie 5 o208 Caslie a0 o5
Slnis i sl Olas U o Lst g i o 52wl
Ll gl S 5 ushy duls Olaa 3 5 o288 S jlis
Oasl plal e (533 glasdidos 033 3 5 goas

L astle LSJ)JJB Ceaglie

LS SSe slacsglio O30

(ATS) oS gl &gl

(ki) i s s, 5l eslial Ly 228 s slie
Sl sl 5oy MSLL i, ol 3 s =S5l
S A U i e plondl (68 G o sl g
sdalie S5 sl 5 odls 55 ased s3 A2 L CENY
3 S Sl sl U ITS gasl 5 5,0 (g Se5lul a5 8

\AY


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

R B ‘;’.\;‘,..:c,.sw oy w)ﬁ‘gﬂ&n e glae ‘_;ﬁfcj‘.\.?‘

IAJJJJ’ZJ.)\'&‘Fi)}Jf' s JZ’<'L«‘" Faverage OT)J&
Léj)jj_é CA_A}LE.A) CA_LL@.: )J.J.'_..'Z:L_Q_A LALSJ3§°)U-")‘L§-_{
(Lt j dlal, I (PR)

PR= Faverage [\\]

cone

J.Jsl.-d,a CM.N)JB la)fu odes C)‘MAcone QT‘)J LY

S SSlKe anglie glassls 5 aled Jdo 3500

(PR 5 UCS ITS) _SulSe Cooslin slaosls 5 ol Juta
Je a3l (YF) A esls i3l Sb Cusby il 5
5 oy sddeslinad Jue 25 S ol Excel i3l 5 L
1wl

Strength = a.exp (-b.w) [\Y]
=8 Smsby Jldae w S s slas Strength ol ys a8
VY adsbes 53 oo il e Jie sla el b s a5 Sl
il St Swpicshn §l pasli LIS o b jliie o)
03 Cusby slae i b SO Coglie s a5 S5
S B S s Ry Sl il (g rid ol Ol

NG

o g

o 2030 SBSE plerd 5 (S5 s S

sl 03,50V Jgdir 53 ) 355 S Sla S
LA olad St 5 op it s Fo LY ojled St ol
Aoy S Al 1y ey SlAde S As ;3 VYN
i e o e 3 Ao 53 00/ O o i 5 YEV Sl
Lgse Jlesle doys o 2y 55 pite do s YA B VO/P
S as by o 0 1S 5 Ao Y85 L0 ojled St o
LasSLs S Sy S e 390 doys o/Fe LA o5l
SLs gl ho 3 Ve 5 Y oled S (gl doya YA/e
LasSLs s 5 0 s R ldde 55 i 4 ojled

ol ol o5 e S auls 3y e oy /) S \YIY

YAQ

el LS (8) opme NS A b 25
S dles

AL

£, =—
L
s s 0§ So3ll (65508 slralr laie AL RIEYR

td

0

(St Al s SUS 5 g0d a3l gLl Lo 3 g slolr
S c)u.:.w\ja_)' J.ﬁﬂ)ﬁ)\M

_ A [v]
1-¢,

adsl plaie o Ag 5 SIS S g &g plais o A oS

S acwle 3 Jse 5 L (07) Jsl ol i aSl e 4 sl

A

o, = Aa [A]

.J&il{ﬁ&@d}}»ﬁyau:)‘j LS)}P‘ALSJJ:J F, OT)JAS
L sSis gladgai 5l UCS 05050 53 508 (6 Sesl0l
Claas 50 Gl 5 5 FIM SBs L g0 Ko 3 eslixad
el o5y 0T 33 L g S S eslinad b Ssh e

A s 3 e 3 b (a5

ucs = (o,),., = (i j [4]

tt_{a,;uwlwdjly\y(q)maxgi,gs

,5;,'7,& 3l S M}AJMM

(PR) (55595 eaglia O 030
3L ) e oes Sleslinal b (555555 sl
S s ek ¥ by e 0doB Jlad a5 Vo by 5
S GS o3l Ad (6 Sesll aids 53 e Jee ¥ (5555
bl 53 5B Y 3 5 5 o/OPY B L5 Sl L
) 31 e A sl a5 VIO 5 VD (0/D) s ¥

A 4 S s uﬁ;lﬁa (St g a gl g Seslul A

Faverage =3 IQI Fi [Ve]

i=1


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

1Yy k_u,/V&,Ma)u/(,a;;udu/&su,q(‘,u‘w,b@u,dwuso,s”y@

o s SBS B sled 5 (S5 b Shoy F ) Jods

/ Sl S esle
& ¢ == . . .
S g, o /ABDgiea S AR N e osled
S CJL' critical . p:st g}“ Sl (b
(USDA) Mg m? - S
Mg m? %owlw
Typic , \/FOF /%Y /¥ VE0O YEY  Ye/e  YAA  YV/e 3L o3 \
Xerofluvent o C}j / / / / / / / / o=
Typic A V¥ /OA \¥ Yae VeE WE R Yl G \
Calcixerept - :
Typic e ,
yP VYA Y/ov Y/Y Y4/0 VeV N8 F4/e YO sbiogla Al
Calcixerept . :
Typic \/oYe YOV Ve WYY YVE YAA YR |yol ¥
Haploxerept wj s
Typic \ \/EAN Y/OA ¥/o Veld YEE YONX YR YA o
Calcixerept i Uj e
Typic e \/048 \a; o/\ Ve oAV YVe o 004 Y s 5
Haploxerept B (,}J e
Typic \/OT'F D Yy ¥$/o VYE YV Yese  YY/e o L Y%
Xerorthent Uj / / / / / / / / o Y"L“A
Typic \/F oY /5 /e Ao oo SYA YO YA sl A
Xeromt shed / / / / / / / / Ul
. s .
Typic o f \/OvF Y5 o8 Yo epe oA viw g 07 q
Calcixerept o i
V0o ¥ Y/OV /¥ VA/S VYE O OYEA fe/e  YONY SSole
o/oVY ofof f/o 1Y/4 AT NBN Ve A/f e Gl

2 St AL L5 e S Sl S e S 05 e
Al A e 350 ST 3 2ES Caglie lie
ol s S Sl Cmoslio oy Jldcie o205l
SSales (W 507 0LSen 5 I glaasl L hasy
okl
slasls Gler el 03 G3lei <m0 ol
SLs 228 Caslio JUSS ay jlsalc 5 okl y bl
LsbdekPa ol L 585 Ll Sas-lpe ol pio s
SLs Lgl a8 CiS 0lg o ¥ s slasl a5 L .(V4)
3y n e oy B (il ) ) et
SUs Sl oy e fan 55 Y 5T ol S oores
S iz 250 sl nLa L aslis 53) oled
LS ) Lo Saslpa 23S Caaslie e cp St
Wl e (s 5 ) oy e [l 53l s o OLS

et SLpiCs sl p St S gla S5y SlaS

335 ooz

L SSK cwglio

(ITS) oS cwylan

St 2 5 e Sl Sle caS iy ol
Slaas s ITS jslis DRI R I R s LS ITS
ol 0l 3,51 Y Jsder 3 Sisi—la Cusb, s S
GLASLS s 53 o e o S 52dls LY ojlas Sl
s e shls ©/ABDerica AL S 3 (s 2 3550
shls as @ oslad SLe s 550 i o TS ol
o 2o SLASE 03 eendS Dl S e (xS

ol (Y dsdzr) 5 i ITS e o 2aS lols o

\AZ


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

R B j.\;ﬁc;@ oy w)ﬁ‘gﬂ&n e glae ‘_;ﬁfcj‘.\.?‘

S gp AL god kS Canglis polie § S Glad gai oS Cunplin Kl g aineS Ay p3lis Y Jyu

Sislgn 23S Cuslie Dl 22 las Sl ok £saS oty Sl

(kPa) A kPa

AA/O VY0 f\/% [N did ° Vo /0 \
OY/A AY/A Y&/ V0 ° l4da4 Y
voO/Y AY/4 YV/v A\d7As ° ARAWA% Y
YA/O VY/\ YY/0 VY ° OA/Y ¥
fa/r I Ye/0 Y©/0 o oYY 0
YA/Y Voo \o/) \\/$ . OV 5
Y¥/A AY/Y \RVan YY/Y ° 0r/0 \%
¥o/¥ \§§/o 14/4 ARVAY ° 2V/4 A
Y¥/5 \Y4/0 VY5 Vo/0 . ¥¥/5 4

54,5 8 Sl Sl Gla diile S Sl S
53 3ad SKpilse detus 5 e S edis S Esl
e 3 Al esle 5 s Jlde op SaS A 6 jles S
sl el b s s Las Ll banslie 5o 0 lis
S Dby el gy sl g Slls Sl ae D
sessm oS (aske 5 ) ludliss Julse 5 o2
£t UCS Jliis o 50S 48 sl 0dd o pe (S5 0l

AL azils |

(PR) 55,54 <wslia
e 3 ol Sl (G aaS iy i
3550 slaSLs (PR) (69,9 ,5 Cwslin glaesls Ol uss
33 aelis ;3 PR .l ol 03,51 ¥ Jsdr 3 ) 2
el 5SS p3lis hils s SO sl
sl de ‘J_1>J§ OLs UCS ,i5lie 5,40 ) 4;_';& Lolen
23 S Dl S 05 s s et 0 s S
53 PR Gl o iy 6l s 15 e o 6l St
Jds am 8 osles Sl oS i€ 015 e e LS of
o3ls oS T s cupedS Sl S Sl (3 208 O3 50

ool el PR le (p meS o ol leed lie 5 T

YAV

;i;,_>—l_,_a C«a_)iﬁ)).)d‘i_iswju.a gf:'f-ljﬁ‘ —or e
g Sl L lasS a8 b S 4 Ol e 5
Ele basl ool i s (S5 S s dates S

Sl Kales

(UCS) gtz b (5,23 ot glio
a2 3 lame SBloul (Sl S iy ol
Y Jsds 53 w2 2550 S UCS slaesls &l uis
Aosles SUs 5 cp i) osled St .l ol o35
sl aSles ixzls | oSl 5 aies UCS liis oy zaS
Ol Sas—1y A ITS palis o ) Slie Jl 550 3
UCS joslis 5 (ol 531 3 o) ke S 0155 oo ois S
S5 o 0dys ¥ J}J‘zdﬁ@jjl{&:ﬁ«}?ﬁ.w\ asls 5
Mag;sg;)tmébbuvwwsus
£ UCS Jliis oo 2in o) ol S 5l Gy cdil o
Sldie 5 aS was e olas Laanl ool . asb o 1ls 1
Bl Ll e LS SO caslis S Sl S
aS by 53 (W V) Ol 5 Sda s Al

Al e R S Sl S I L SIS e


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

Y4 EH/V&JMUM/VAJ}SUJJL-«/usujyifjl&s‘hb@tﬁjdjj‘gusaﬂjfﬁ@

S ok gos ) gpame b (5L Cuglin (Kl 5 S (i p3lie ¥ Jgd

Sl e 2 e Ll ke S etz S oyl
A kPa
Va/v Y\A/# Ya4/f VY/A Vo¥Y/e \
v4/4 YVET FET/Y o/ Ved/¥ \
athi Ya%i YIA/Y . OVT/Y ¥
50/) Vao/f Yool o $oY/0 ¥
VA/A VEY/Y Yor/e v/ fov/Y 0
Vol \YA/Y \YY/e ° AAAVAY 4
avN ¥IT/q VYA . 40%/Y v
% 48/ A4/D . YWY/
4o V0V /8 2% . YAL/¥ q
S Gk god 5555 Cuslis 5Kle g 4aS indn p3lis ¥y
Sl o 2 B ke S - S ol
7. kPa
V¥/\ FYTA eV Y14/) ASYA \
vy/$ YEAN FrYY $¥V SY¥o \
va/s LAY vavy av/A A¥eso ¥
Vo/F YEYo Yva¥ OV/e QAo ¥
AOIY YVAA FYSY ¥/ V¥AS 0
Vol/e YEVY YOO YAy Voos s
AV YEV4 FAVA AT VeooOT v
aq/v WAY Wi g \i FAVA A
AQ/ o \Yqe \2Y0 A Yoay q

VIS 53 s sy sLaSLE IS Y s W, ol
s SO sl slie IS5 ol 53 il sl 03
6l L s et 8 el b ks 63 1S anels
e ) st ld alS W) (SO Caeslie E
el jasie g 4 iSashy I il b (e &
Rl (R (e 250 SLAS LS A 3 iz
OF (i reS 5 Saus 3 Cmnslio o b oSS e slia
Ceslie slaosls ax STl o g iiS Coaglio & by po

Salea (W 518) OLSes 5 Sdas slaasl b o
_)_;JLAu\jwéujaﬁwﬁat{;ﬁ)c)bss:)b

SL ok,

gl Gl A ek LS led js Cusby Hlde JAl58l

\AA


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

R B j.\;ﬁc;@ oy w)ﬁ‘gﬂ&n e glae ‘_;ﬁfcj‘.\.?‘

AREEEE] .
& sl A « ITS ¥ o ad Gld « ITS
Y = UCcs Saaaa, = UCS
-i Ya g . + PR 4, Lo 4 PR
1+ Vi &
"S en%gm 4 3 B pEe s m -
L & " a &
) ol . ] ‘., .
/‘S LN .y W ., . i e teet 4 o . . &
@ +* v . o . »
@, - g >
. .
L »
*
N -1
o \ 10 Y Y& ¥ Yo 8 A '8 ¥ Yo Y A 4
(Yowhw) i ik (Yowiw) rids by
 —
Voo jled d& « ITS
Maa o, i IEES”
- & ‘o .
3 meg g
%5 B . & . 5
< St a &
%‘ 3 % e s B
N
= -
£ +*
Al
b 53 -] X Y& A Yo

(Yowlw) Aos Sashs

S Cygby e 5 L SE Caslis g aw p Al Ky, 5l alakised ) K

PSS s slin s (Yo 53 55000 Lo 55 0 55155
DY A ol oy S 4l b Sales 55 (1)) Sy 5
i (§505ES S s stdanslal sladpad 51
(G S a0 53 A e 5l od (pl Bl s s 51
UV U PPN EPRNCIN T SPURN S SO I VDTS CO I |
sy gl an b ol 5 aisl s Soluen 5 Sen 5 OLuiS
G3o3LES SlasS uile 3 Soluanl 5 SKeals 5 LS 2

0 5VF) 54 dalys s gl

PR/UCS » PRATS (o
O 3 S Saglie 5 (S 955,8 Ceslie ol
23 sypaime s (LS Caslie 5 5558 Cuslis e s
6L¢a>l>w‘vM.Q;J‘}w)ﬂé)fﬂjkw‘
UCS ol ;5 PR slaesls aan 55 F K2 5ITS il ;s PR
ol ) St SOl o slin o (558 alaly ool Covesws

L(F 5 ¥ ols IS02) ol sdal s VYA 5 V0 VA il

VA4

53 s il glaolu g aaSis L S SO
SR Zaslie Jlde g 20S 30 S S
Ao by OF i 5 gl SLss csb s

g ‘19_5;}» (&w}" '—Q}T)

PR/UCS 5 PR/ATS (UCSIATS e

UCSATS (4l

UCS slie cdd odus pds sla i 53 oS & S0les
Ceaglie 95 pl pu G '..,U;ﬁj:gf)ﬁITS alde 4 s
j&ﬁ)lgws)ﬂdiméu&bﬁ}éjbéé&»
Sl 3 Cidesie O ;S East law s OF gl Sslize palie
Sl ITS ol 53 UCS slaesls aan ¥ IS5 .ol 0
El Lo ol etal Gt VIPA il ta gl 53 ITS
ol s Sl WS B ol ) (V) i se 5 KL
oMub\uwrw\é‘f\ 44/\‘_;))4.-@4444?;_«;4

V/AJ_:\JJU.:_.L)‘J_&»L}GJ}J &..»‘JJ.’)L’.\M C,.:LL;JQ..»)J


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

1Yy k_u,/V&,Ma)u/(,a;;udu/&su,q(‘,u‘w,b@u,dwuso,s”y@

AR
UCS=V/PAITS
Veood  R2Z= o/ATET
*
A
=
& s
12
=
= P
Yo

ITS(kPa)

AR

s p 3r90 GBS (Gl (ITS) 23S Caaglio yly 55 (UCS) gtz b (6,155 Caoglio yolie ¥ K3

L
PR=\- VA ITS

PR(kPa)
0

ITS(kPa)

AL

g 3a50 GBS (gl (ITS) 23S Caaglio plp 55 (PR) (55555 Conslin palio ¥ 03

PR=\Y/Y4UCS
A¥eeoq R2= . AvETT

UCS(KPa)

o n 50 LSS (gl (UCS) ) guamus pb (5,125 Caglin pl p 55 (PR) (5,55 Cosglin palia f IS

(3,15 (5 o3l Lo (6, So3I1 4 (5a55,5 Conslie ASLa)
Was 5 sl Sty B Hsba [y aaslie s slie
Sla Cusby pslie s b SO Caslie olie Ol o
sl 53 Las ol 233 oS s e LISl 3 5ad )2
LY el I8 cul mi s ( SOLSe ol —

S Sl L Ol oo SIS anslin 5l e o s
|y e slin gla oL i (SolSle cnglin Larls
CLaS s gl e ool o2l b i ged (81 23505 3,51
oled s (6 S50l 054 Olg e (Ole Ol
Lacaslis ¢l 50 51 S Sl L s (SOl slaas sl


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

R B ‘;’.\;‘,..:c,.sw oy w)ﬁ‘gﬂ&n e glae ‘_;ﬁfcj‘.\.?‘

LIS PG EY
Aok wsd R P E
i Ve PR=\Y- 4%exp(- /) YVOw) i N
: Aeond ® B2 = japva 3 ITS=- /A% esp(-- /Y YT w)
3 1 #q R¥=./avvs
P
- R
£ d
Yoo AR
N Yo )
A8 Su R A TR PRERE
VB
5., A Vajlad &
fo
§ A TCS=VTY Yexp(- /¥ dAw)
‘i’ # » R* = jasvy
-
5
g

s by saj

LS éﬁ&a u,l.&a 5hca|: 2 &L«J Jaw uf-:}lﬁ J'| &Lhd}a} 0 Jg.i

S Cusb ldie il 55 G, 9 sgame b LS (228 Glacuslie Gl R 5 (B) led Jde 5515 byl pslie O Jgd

PR ucs ITS
R’ b R’ b R? b Skt ol
°/48 o/YTVO o4 o/\YFe o JAD o/\0oF \
o /Ay o/)YAT °/a0 o/\§ oY o/aY o/YYAY Y
°/q¥ °/\YVA o /AD °/\YYAY o /AN o /YAOA Y
o/A¥ o/ ¥AN o/aY o) TF oIS o/ 00V ¥
NN o/ 04V /48 o\ 08 o/A¥ o /YYYY o
o/4Y o/\Y0A oIS o/0qVY o/AY o)1 5F 5
LYY o /Y VWY o/aV o/Yo0A o/aY 2/140) y
o/a¥ 2/Y084 o/AA o/YOA¥ °/A¥ o /YVo¥ A
°/48 o /YSAV °/4) N RAL) o IAD o JOAS¥ q

0l 63,51 O J sl 5 Sl gl Fo o Sl
Ceslie Gl s S0l b &Sl S5 wpsY ol
JECIRLPRY PPTURCHN IRK VRISV AL A W L
sl gla s 3 4SSOl cuslie iS5 L O]

o=l 3 e 48 0 S 0kes L I Gl s LS LA

140

S ‘;ﬁy& Cwglas glrosls » &Lu Je u:’j|ﬁ @L‘b
a3 SOl ce gl @Mﬁdum;ﬁ@w Jde
u;j_>-4_.j(0 &Q)Moé‘éw)\ﬁcdb-w}bjj‘m
Jise ol R? 5 (oled Jdis cud) b pslie s ops (St


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

1Yy }ﬁ\g{/v&‘pwww/(..AJ}SU'«JL«/55\53?](,1&“#5@&35})‘9\&5&323(&@

A.w‘_;‘ﬁb ﬂé&abﬁba'l_”}ssu dbﬁ;jg‘g ‘éﬁjﬂ&u}wuqbﬁf &Lu'd.h)bb j.obbq;‘.:‘;'au Jaa_l'g)f J}J?
S ég&ncﬂn}uﬁ

Sols g oy s 2 sk akad éﬂ&w,w
p <0.005 R*=0.70 b=0.7114—0.0116%Silt s
p<0.030 R*=052 b =0.0047 + 0.0069%Sand
p <0.001 R*=0.79 b = 0.4433 — 0.0066%Silt e
»<0.010 R*=0.64 b =0.0372 + 0.0041%Sand
p <0.004 R*=0.71 b=0.3412 — 0.0042%Silt or
p <0.002 R*=0.77 b=0.0707 + 0.0030%Sand

p < 0.00005 R*=0.92 bucs = 0.053 + 0.51byrs ITS ,UCS

p <0.0003 R*=0.85 ber = 0.094 + 0.327byrs TS PR

» <0.00009 R?=0.90 br = 0.061 +0.631bycs ’

sl o Ol an b el )l i sladdls o (slalias
Joate b Sbaels v 6 b 5035 Jos basils sdaslas!
(O S G S D3 el picsn a3 el e
ol 5 osls LS () Fidns b ey
S il s Ol e a5 L Ol sy ool o
A o=l () s 5l 5 sl bl SRl S5l
slabylse 35 iiS slacuslis 5 ,Se3lul L,
o lmsby il slie 53 G S5- 8 el e L
L (slna gal o5 L3 ped adalie 355 haps s Ll s S
5 S SIS sl i (G SLS) s Sl
0 3 s 8 0l 5ol Sl e el alea |5 (il
LT ot S o Dl Ly (5 Seiys D53 (s
(o $) oy MR o 3 5 Cusby JRe o s a5 il s
OIPSmE s 4 e S - b sl sl
Shls glad god isls 0L 3 55 5l (g iy SO o glin
i oo D g il iy Keal (sl
S 5 aS sl cldys 8 Ols e Al
2> 5 S S0 el a2 o) b e 3wl il

sdal Cmsan Lauly,y A 508 SO Calie Jlde e

LasSls Swsicsen 3l sl Llg b ldds (A Ol
Sl 513 sl Sas o bbbyl alaly opluby 3L
Jos 53 b el o Dl pme Sl .25 5 515 s 350
2 S gla S5y s SO Coslio e w0 by e ol
el ol 0ls LIS £ J sl
ol L aS Sl s Ol5 e F sl Ll 4 a5 L
é?}l_iﬁdf_ﬂjuxtj_}uj_;ﬁdlﬂbﬂbli W Hlaze
03 S eSSl psgde al 4 el oSSl S
Code dbaly .l Jie S SWsicsen sliaal jials
03 o e Sl a8 Aas e OLES 5 0 lkie 5 b oy
5 5SS sl esls (il Sy scse s sl (St
350 03 alie glaasly 4 50 (Y0) LS 5 (YY) )l 5
O s oy i OS5 e ol Ll S e
O3 gy 5 8,803 6l (Sl 3 Sl Olpe
SHEPB P o 5035 Jos (B 6l s 0 50
L SOl cnslin Syl & 5 5 ol ey Sl
Osde GLasSLs 43 Wy d o S Coysby e 2alS
s,ta gladls o Sy gl 5 e Slale L L Olatla

i G olse) s 5 o 3 OB sb 0 o s 3 (0

\4Y


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

R B ‘;’.\;‘,..:c,.sw oy w)ﬁ‘gﬂ&n e glae ‘_;ﬁfcj‘.\.?‘

Sl Al e S Sy S A5 03 PR oS Sy S
i S aS e S eel yan S )5 S ol e
23l B alS U s, (a3 pd (S bl S dates
b ades Sbt by e 2l L SO o slia
o SO Caslie aasiie powe pasl Sl ol Jo

3o e boute ladaly o SW b jastli Olge

Lolyy ol Bl e ol Suls e 4 5 e o L
é:.}l_iﬂél_h;a_ﬂjmé‘ﬂb olie o oS das e OIS
xj)ﬂéﬁmwljm‘::)}jbfy&m;m

I

jCA—eL‘Js)>);)‘}f&l}&:ﬂ)lmbwd‘u‘)

sl s e s en Jal e Sl e IS Sy S i S aoe

B

AL e Oldes S SR TCIR . . . .
15 Olbes 5 53 SHys oot S Olas Ol 51 S (6w & Sy 2 iAs o

;(ITS) LS.I._.IS C,_A}LLI ng_;a)‘_)u\ L ‘,5"\"}":/;"‘“’ aJs.iJg
Z
Sl Al el )3 (PR) a5, 5 (UCS) | ea s i (5Ll
o=l slaay e u:"‘U s 4w e s o&ls 3l alews e e glasls ol g s rL?L}\ S sddasla 3l

ealaul 3,40 GL\A

Ol (i b i S Sl (sla il i/ NYEA 0 Olgls )

2. Bowles, J.E. 1978. Engineering Properties of Soils and Their Measurement. 2" ed., McGraw-Hill Book Co., New
York.

3. Bowles, J.E. 1979. Physical and Geotechnical Properties of Soils. McGraw-Hill Book Co.,

4. Dexter, A.R. 2004a. Soil physical quality. Part I Theory, effects of soil texture, density and organic matter, and
effects on root growth. Geoderma 120: 201-214.

5. Dexter, A.R. 2004b. Soil physical quality. Part II: Friability, tillage, tilth and hard-setting. Geoderma 120: 215-226.

6. Dexter, A.R. 2004c. Soil physical quality. Part III: Unsaturated hydraulic conductivity and general conclusions about
S-theory. Geoderma 120: 227-239.

7. Dexter, A.R. and B. Kroesbergen.1985. Methodology for determination of tensile strength of soil aggregates. J.
Agric. Eng. Res. 31: 139-147.

8. FAO-UNESCO. 1974. Soil Map of the World 1:5000000. I-X.UNESCO, Paris, France.

9. Frydman, S. 1964. The applicability of the Brazilian (indirect tension) test to soils. Aust. J. Appl. Sci. 15: 335-343.

10. Jones, C.A. 1983. Effect of soil texture on critical bulk densities for root growth. Soil Sci. Soc. Amer. J. 47:
1208-1211.

11. Koolen, A.J. and P. Vaandrager. 1984. Relationships between soil mechanical properties. J. Agric. Eng. Res. 29:
313-319.

12. Ley, G.J., C.A. Mullins and R. Lal. 1989. Hard-setting behaviour of some structurally weak tropical soils. Soil Till.
Res. 13: 365 381.

13. Ley, G.J., C.A. Mullins and R. Lal. 1995. The potential restriction to root growth in structurally weak Tropical
soils. Soil Till. Res. 33: 133-142.

14. Mosaddeghi, M.R., A. Hemmat, M.A. Hajabbasi and A. Alexandrou. 2003a. Pre-compression stress and its relation
with the physical and mechanical properties of a structurally unstable soil in central Iran. Soil Till. Res. 70:
53-64.

15. Mosaddeghi, M.R., A.J. Koolen, A. Hemmat and M.A. Hajabbasi. 2003b. Effects of internal and external forces on
pre-compaction stress and air permeability of five soils from central Iran. International Soil Tillage Research
Organisation (ISTRO) 16™ Triennial Conference, July 1318, Brisbane, Australia. pp: 767-773

\4y


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.24763594.1391.16.61.14.1 ]

1Yy }ﬁ\g{/v&‘pwww/(..AJ}SU'«JL«/55\53?](,1&“#5@&35})‘9\&5&323(&@

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

Mosaddeghi, M.R., M.A. Hajabbasi and H. Khademi. 2006a. Tensile strength of sand, palygorskite and calcium
carbonate mixtures and interpretation with the effective stress theory. Geoderma 134: 160-170.

Mosaddeghi, M.R., M.A. Hemmat, M.A. Hajabbasi, M. Vafaeian and A. Alexandrou. 2006b. Plate Sinkage versus
confined compression tests for in situ soil compressibility studies. Biosys. Eng. 93(3): 325-334.

Mosaddeghi M.R., M. Morshedizad, A.A. Mahboubi, A.R. Dexter and R. Schulin. 2009. Laboratory evaluation of a
model for soil crumbling for prediction of the optimum soil water content for tillage. Soil Till. Res. 105:
242-250

Mullins, C.E. 2000. Hardsetting soils. PP: G65-G87. In: Sumner, M.E. (Ed.), Handbook of Soil Science. CRC
Press, Boca Raton, FL.

Mullins, C.E., D.A. Macleod, E.H. Northcote, J.M. Tisdall and I.M. Young. 1990. Hardsetting soils: behaviour,
occurrence and management. Adv. Soil Sci. 11: 37-108.

Mullins, C.E. and K.P. Panayiotopoulos. 1984. The strength of unsaturated mixtures of sand and kaolin and the
concept of effective stress. J. Soil Sci. 35: 459-468.

Nicou, R. and J.L. Chopart. 1979. Root growth and development in sandy and sandy clay soils of Senegal.
PP: 373-384. In: R. Lal and D.J. Greenland (Eds.), Soil Physical Properties and Crop Production in the Tropics.
Wiley Interscience, Chichester.

Northcote, K.H. 1960,1971,1979. A factual key for the recognition of Australian soils, 1%, 3 and 4" eds. Rellim
Tech. Pub., Adelaide, South Australia.

Panayiotopoulos, K.P. 1996. The effect of matric suction on stress-strain relation and strength of three Alfisols. Soil
Till. Res. 39: 45-59.

Sinclair, J. 1985. Crusting, Soil Strength and Seedling Emergence in Bostwana. PhD Thesis, Aberdeen University.

To, J. and B.D. Kay. 2005. Variation in penetrometer resistance with soil properties: the contribution of effective
stress and implications for pedotransfer functions. Geoderma 126: 261-276.

Young, M. and C.E. Mullins. 1991. Factors affecting the strength of undisturbed cores from soils with low
structural stability. J. Soil. Sci. 42: 205-217.

1a¥


https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.14.1
https://jstnar.iut.ac.ir/article-1-2438-fa.html
http://www.tcpdf.org

