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1- Pore-Solid Interface Fractal Dimension
2- Particle Size Distribution
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Table 1- The physical properties of the analyzed samples in this study (31)

S 9 saly(Unit) Ao’ Aol R e Bl ol o o
(Minimum) (Maximum) (Average) Standard ) GOV
(Property) (deviation (cv)
Al ogae o (@.cm®) 1.40 171 157 0.09 0.06
(Bulk density)
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" soy> (%) 1.25 7.5 3.44 15 0.44
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Table 2- The studied fractal functions for saturated hydraulic conductivity estimation
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S 4w Jo _
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Model min
) 1 _ g00822C
.b —
50 e JAA D5 - 235 + 0.0822C 0.0822C
D Three-Phases Huang and Zhang (2005) -0.497(1+e )+1.238(1-¢ )
Model
Dm -3
6 5> Je Tyler and Wheatcraft 0 [ h
Two Phases Model (1990) o (h,

il 9> Jo
Two Phases Model

il 9> Jo
Two Phases Model

Kutlu et al. (2008)

Sepaskhah and
Tafteh(2013)

M

r

M(r<R) [ R
IR

]3—Dm

upper

D, =3-0.118 [~ In(C /100 ) + ((S + Sa) /100 )]

Calia Glie o ©gli s i > S s @ s L
Ao s3)glp (Sgyden ulin b odd (6 pSo3lul (Sdgyam
S 5l e (as 2oy 27 dg0s) sl yio ko 2/06 L
bysye b 4 Ko 300 )3 o g pg> Caglgl dlas (sla sl
@ls 18l (22) 558 5 (32) elssels JuST (gla Jao &
g ol (Slj 5 SOl Jae s @) pow B gl slo e
Jie o (2l RMSE j0lio g asil oo S35 o 42 s (51565
25 bl p oizmen (3 Jgiz) S5 o b ()b ine M3
Ll > SLs oy olise &5 (oo «Geios ol 3 0ud Jol>
cd by ol ojlul mjer JUSTyd sy cuwl 428,85 1)8 oalawl 350
0 e (17) STl 5 Sl Jae o siledi oo 590 s 5V
Al o ool 5y50 yiol )l s S
& Jie oS o JuS1hun b ply D {2) Joae
dasetio o laodls  (1990) céSag 5 5ols Jao (bl
2 (2008) iS5 sbsS” Jao il 51T Jus o 5 SB b
o JES1)3 aw) 33,5 o Jrols bndiges sdindils @ijgi (slaosls
oy S 4 laib o 15l e (shasedie — S @l o}l i
) b LT3 1 s oy Dy{L) s S S
by ol gaw jl (doley =g )b g JI LD aw JUS15
421888 € (adle S g g S5 J5b gaw K> Ole

w0db shinlis jlis 10 clialin sliws 1j oy, oyl o a8
Sl odd e Jlade Py codh ghosalin polis 1uSSle (Oqyec
S K g odd o ias pdlde Sl Paye g 425 5550 odb
5 a8 (RMSE) Lt o az o il o Jao slacsgy
ORI Jae LIS lie sl yuin (R7) Wodls (Siuwra ofjen
sl (5 ite) 38 AIC o pd s d y cipioman b oo
o ol progde ABlpe Jue VL €5 5 g 5900 il
95 s > (S95 Ll ool g rdians S 33l Sl (a3
(35) w33 osliul calisee (sl Jue objs)l (sl duoyd

losalie claosly acgore sl R? 5 AIC (RMSE 5l

) (3) Jsaz 5 cadllas 3,90 sloJuo Lausgs o0 (s stes 9
(22) o584 (17) Sl5 9 Sola (2) 30 Jdbo 4w o 0l 05
A3l o 0125 5 oS (Stamsetd oy pilio )b n s plo
d Jo) (13) Solj 5 Sola Jao (slyy (Stsod 3o 5L

55l Jae ol el oas Jols (S Loy sbaodls ol
oS Olsis 55 SPT g s layyo pgdone adyy yasld
435 () S el (Sdgyum colin 3ygly 5 JuSTE e



1395 sl — ¢yt B o lenis 30wl (S 9 T 4 1910

o ey polae 4 (32) olgmemlw (s ialybaw Jao g S canail
0 Oliwe YL Cucal Sy ol opl sl Aol S cdow 4
oot b o JUS1E am D90 15 (6399 03D (lgre 4 S
2 oo JuSTE ola S &S dad o i ols G s
b S glsl (Sdgyin colim 3yl cubll (S ol claosh
o (1) (2011) hKen ¢ (cdon) gl wlad o)y 1y YU cdd
Jols S (i Sloopas b JISTS aey Ay
Cudo (Suod (fho (Sdsyiund culia g Jodss «(SB cél glial
ol onds 5155 oy do o b JLST)S dmy oy (gboline 9 YL
b 1) s ol 3 (6) (2006) ohKer g opplu)l G
9l 3 iBaw (laJse 5,8 1dl @Sl 4 4y b blei o
8,5 )18 dn gl )00 Jodorie baze (0 ¢S Dluogad a8
5 Sila Jao oYL B>y ST aa sais ol @bs (10) el
S dygly g3 oyl S PSF el Jae cand o o5 (15) Sl

2S5 gl (Sgyrn colian

Jeols Sk il claodly ) SB b g clow o ) doyd o
AN ooy gpSojlul > s 3)90 (iSe lise th 23,5 00
awbxe 1 alal, 5) SLs Jsdss 1D (cm) lys 3459 LiSo b

Ml plupss o_P (2) 250 Jao (a3l i ()5 0
p+s

Sy gl wlol 3 5 7g Hlde adl 0 SB dals oy 5 Bls
ool y g 03905 yis 1164 15 0/67 o305 (2005) ) )Sen 4
i 1/¢ U 1 odgae ;3 (2010) (), LSan 5 oSILS 3o
2 e cnl il sl ediiul b g /g asls c@lis l )5 bles e
Ui 10wl o Juols  igby dastine e slrodly (g9,
2 e Cagby b jblie S Th g S eoes cugb w0
S 03 5 005555 5 (27555 Roin 5 R sl i
M(r < (W] o s @ Juloo 3)90 (cladigas (caail i )
JS e My sl Rl a8 o @l gl S conl (S5 pj> R)
(17) (oo 2 ) JS13 55 o3bsl (¥l S Ropper <S5

]

oo sodls oles 4 (22) 4lsS Jae a5 canl b p3 ol

anlle 3590 (JUSTHE S0 (2b )l s aslis -3 Jgua
Table 3- Evaluated indices related to studied fractal models.

(models) Jao glgil ( Evaluation indices) b, g yasld
R? RMSE (cm/h) AIC (cm/h)
a Fuentes at al. (1996) 0.2 2 2.56
b Hunt and Gee (2002) 0.17 1.57 2.06
c Bird et al. (2000) 0.69 0.73 0.54
d Huang and Zhang (2005) 0.72 0.41 -0.63
e Tyler and Wheatcraft (1990) 0.24 0.62 0.19
f Kutlu et al. (2008) 0.43 0.52 -0.13
g Sepaskhah and Tafteh (2013) 0.24 0.55 -0.03
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Figure 2- The logarithmic values of Estimated Ks versus the measured values
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Figure 3- Sensitivity analysis related to the Rawls — Huang saturated hydraulic conductivity model parameters
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Table 4- The evaluation for Rawls - Huang model Sensitivity analysis.
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D ¢

(Statistical Parameter)

+10 20 30

+10 +20 +#30 | #10 20 30

RMSE 0.05 0.18 0.27
AIC -5.71 -2.32 1.48

047 094 144 | 006 0.12 0.08

-0.37 1.03 1.87| -453 -3.13 -3.62

1- Fractal, prefractal and pore-solid-fractal models
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Introduction: Soil Hydraulic conductivity is considered as one of the most important hydraulic properties in
water and solutionmovement in porous media. In recent years, variousmodels as pedo-transfer functions, fractal
models and scaling technique are used to estimate the soil saturated hydraulic conductivity (Ks). Fractal models
with two subset of two (solid and pore) and three phases (solid, pore and soil fractal) (PSF) are used to estimate
the fractal dimension of soil particles. The PSF represents a generalization of the solid and pore mass fractal
models. The PSF characterizes both the solid and pore phases of the porous material. It also exhibits self-
similarity to some degree, in the sense that where local structure seems to be similar to the whole structure.PSF
models can estimate interface fractal dimension using soil pore size distribution data (PSD) and soil moisture
retention curve (SWRC). The main objective of this study was to evaluate different fractal models to estimate the
Ksparameter.

Materials and Methods: The Schaapetal data was used in this study. The complex consists of sixty soil
samples. Soil texture, soil bulk density, soil saturated hydraulic conductivity and soil particle size distribution
curve were measured by hydrometer method, undistributed soil sample, constant head method and wet sieve
method, respectively for all soil samples.Soil water retention curve were determined by using pressure plates
apparatus.The Ks parameter could be estimated by Ralws model as a function of fractal dimension by seven
fractal models. Fractal models included Fuentes at al. (1996), Hunt and Gee (2002), Bird et al. (2000), Huang
and Zhang (2005), Tyler and Wheatcraft (1990), Kutlu et al. (2008), Sepaskhah and Tafteh (2013).Therefore
The Ks parameter can be estimated as a function of the Ds (fractal dimension) by seven fractal models (Table
2).Sensitivity analysis of Rawls model was assessed by making changes(+10%, +20% and+30%)in input

parameters (porosity, fractal dimension and the intake air suction head).Some indices like RMSE, AIC and R?
were used to evaluate different fractal models.

Results and Discussion: The results of the sensitivity analysis of Rawls - Huang model, showed the least
sensitivity to changes in porosity and suction entry air and the most sensitivity to changes in fractal dimension.
The saturated hydraulic conductivity is underestimated by increasing the fractal dimension in Rawls - Huang
model. The high sensitivity of the combined model to changes in fractal dimension, is considered as one of the
model limitations.In other words, fractal dimension underestimation increased the error related to the hydraulic
conductivity estimation. Sensitivity analysis of Ks regression model was done among parameters like bulk
density, dry density, silt, sand, fractal dimension of particle size and porosity. Results showed less sensitivity to
fractal dimension and porosity. The highest RMSE was 0.018 for fractal dimension and porosity (in the range of
+30% changes). The results showed that the amount of clay in the estimation of fractal dimension is of crucial
importance. Statistical analyzes indicated the high accuracy of the PSF models based on soil texture data.Error
indices showed the high accuracy of Rawls and three-phase fractal (pore- solid- fractal) models combination in
estimating the K value. The results suggest that Huang and Zhang model, with the highest correlation, the least
Root Mean Square Error and the least Akaike criteria among the studied fractal models for estimation of the K
values. Fuentesand Hunt models, overestimated soil saturated hydraulic conductivity. Fuentes et al. (1996) as an
experimental fractal model to estimate the saturated hydraulic conductivity indicatedvery poor results. Bird
model had higher error values compared with the best model, (RMSE =0.73). This model fit well with the
measured values compared to Sepaskhah and Taylor models particularly at low Kgvalues. Taylor's two-parameter
model, which is similar to the Brooks - Corey and the Campbell model, was inserted in the fourth priority. The
RMSE values of Sepaskhah and Taylor models were 0.62 (cm/h) and 0.55(cm/h) respectively. The fractal
dimension is a function of soil texture. Heavy soils resulted in a larger fractal dimension and less hydraulic
conductivity. Therefore, the Huang-Zhang model as a result of clay value using model (lower values for K;), had
a close fit with the measured data in probability distribution.
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Conclusion: The results showed that the soil clay percent had a significant role in fractal dimension
calculation.

Keywords: Fractal dimension, Huang and Zhang fractal model, Rawls model



