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5. Particle Size Distribution( PSD)
6. Self-Similar
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Fig 1. Location of the area in the city and province
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Fig 2. Pit drill and soil sampling of different layers
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Table 1. Geographical location of check dams of Peste Watershed

bl Olae, L oyl

Condition of ~ =27 b gl g S elE) coordinates W s,
2 68 s Bed width( Check dam Ls )
upstream land use s . Jsb Check dam  No.
sVl m) height(m) sea level( m) o
latitude longitude number
S Grassland 6 2 1270 4144676 519649 79 1
: sl Agriculture/
o Sl £ 9 2 1297 4142500 519784 80 2
Grassland

Soses Agriculture 13 2.6 1374 4140940 517748 81 3
Sioslis Agriculture 13 2.6 1374 4140940 517748 81 3
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Table 2. Different fractal relations in different layers of check dams 79, 80 and 81

Ly,
LS 5 S S;2 5 R Oar 52, OLKen 5 50 S5 5 S sl S Relation
Tyler and Wheatcraft Perrier and Bird ~ Bird et al. Perrier et al.  Kravchenko and Zhang Jus 5 slal
Fractal dimension
(AR
Check dam 79
3.460 - 2.688 1.935 1.577 1
3.437 - 2.559 1.602 2.821 2
3.338 - 2.430 1.954 1.666 3
3.394 - 2.595 1.839 1.605 4
3.631 - 2.877 1.899 1.527 5
Av Ay
Check dam 80
3.416 - 2.588 1.848 1.607 1
3.285 - 2.107 1.942 1.861 2
3.457 - 2.731 1.798 1.564 3
3.415 - 2.633 1.849 1.593 4
3.668 - 2.664 1.148 2.871 5
3.336 - 2.461 1.960 1.654 6
3.420 - 2.659 1.934 1.585 7
3.488 - 2.718 1.891 1.568 8
AV A
Check dam 81
3.461 - 2.688 1.935 1.576 1
3.435 - 2.555 1.585 1.619 2
3.338 - 2.430 1.954 1.666 3
3.354 - 2.590 1.829 1.607 4
3.716 - 2.877 1.899 1.527 5
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Table 3. Particle size distribution and fractal dimensions of check dam 79 sedimentation layers

S olys gaoedls
PSD ))Particle size distribution

JS 5 slal 4usle

Fractal Sand

Q’*i’

Gravel s gy

dimension(D_) ) avle  heseanls cipanle b

) L. : — Sediment layers
o Lw);.d e e )2 e e

Fine sand Medium Coarse sand Sand Fine Medium Coarse  Gravel
sand gravel gravel gravel
2.688 8.48 5.45 18.61 32.54 24.37 16.25 20.41 61.03 1
2.559 10.65 7.55 14.37 32.56 37.21 24.68 2.49 64.37 2
2.430 3.78 2.32 9.98 16.08 12.61 12.28 57.58 82.47 3
2.595 5.94 4.63 18.15 28.71 31.56 18.65 19.86 70.07 4
2.877 36.72 18.99 10.86 66.56 2.71 1.26 0.55 4.51 5
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Table 4. Particle size distribution and fractal dimensions of check dam 80 sedimentation layers

S olyd gaudals
Particle size distribution( PSD )

awle

Jus 3 sl o
Fractal Sand Gravel s sl
dimension(D,) L sl cimeb b s r b ip — Sediment layers
m g e 0o Paali® ol A o
Finesand Medium Coarse sand Sand  Fine Medium  Coarse  Gravel
sand gravel gravel gravel
2.588 8.20 4.59 14.04 26.83 2388 16.54 30.57 70.99 1
2.107 2.93 1.92 4.99 9.84 6.18 9.44 73.96 89.58 2
2.731 25.55 18.91 42.08 86.53 8.25 1.32 1.59 11.16 3
2.633 7.79 6.37 22.14 3630 29.77 15.57 17.05 62.39 4
2.664 43.78 32.23 7.70 8371 116 0.42 0.00 1.58 5
2.461 3.59 2.30 9.32 1520  16.61 8.37 58.48 83.46 6
2.659 9.63 6.19 18.70 3451 19.98 10.11 33.59 63.68 7
2.718 15.19 8.95 22.02 46.16  24.01 8.46 16.86 49.33 8
M ay pawy e JUS 5 oslal 5 S Ol )b gaudils -0 J g
Table 5. Particle size distribution and fractal dimensions of check dam 81 sedimentation layers
St old gdudls
Particle size distribution( PSD )

Jis 5 sl , sl
Fractal b o ey
dimension Sand Gravel Sediment
(D) {'i) awle Lﬂ'ub Sy awle aube 'ﬁ)&j _lamj.:nu;a b )s o layers
Fine sand Medium Coarse sand Sand  Fine gravel Medium  Coarse  Gravel

sand gravel gravel
2.824 33.87 14.65 17.08 65.60 8.65 5.38 16.92 30.94 1
2.678 8.39 5.27 16.15 29.80 28.22 20.10 18.56 66.87 2
2.161 7.24 4.08 14.65 25.96 15.34 16.58 38.31 70.22 3
2.300 11.93 6.98 17.37 36.28 31.94 19.21 7.37 58.52 4
2.408 15.10 8.04 20.38 43.51 19.87 14.57 13.10 47.53 5
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Fig 3. Sediment PSD trend changes in different layer in check dam 79: a) Gravel, B) Sand
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Fig 4. Sediment PSD trend changes in different layer in check dam 80: a) Gravel, B) Sand
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Fig 5. Sediment PSD trend changes in different layer in check dam 81: a) Gravel, B) Sand
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Fig 6. Coefficient variation of sand and gravel with coarse, medium and fine in check dam 79, 80 and 81
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Fig 7. Fractal dimensions changes in different layers of sediment in check dam: a) 79, b) 80, c) 81; and d) showing the return

points in all check dams
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a\@ubéle;wﬁwd%ﬁJ\x.gb_«.ﬂbgbbbjajb
L JUS 3 sl a8 sl s Y] 015 5 SO 3l Cllas Jhas
L4 L,ls it b abasly ansls D3 L 5 etns dlal 5 oy 53
3,0 Cillae sy U_JCJLJ

O 5 Sgen 5 [0] OLer 5 Job [YF] il Seus 5 s
Gl S 3L & ansly odda JUS 5 slal Wsls 0L [1Y]
o b alis & Al oo ey anle I3 L JUS 5 de
WJUS b sbal s Ll s 2 LDVFT OG5 o ol G
5o oy 5 IS B day e sl QLA s 5 S 3
@t;}gLiﬁJiguljbsjyﬁésj\:;ﬁjdé;»MMb
el e D53 4 by e gl e 5 Gl

et OF 51 e3lizal b Ol 55 o 45 Gl ogn 2l JUS 3 dny
Oz 5 ged Jolod 1) adlae SO (6 il s 5 (5 )08
O 03 pdsohle b Sl JUS 5 oS e (bl 21
Shas aalys 50 [T 0L 5 s [V 0L en 5 (55 ol
Fdries S Gl 4 G (e il i S IS sy
OF o o8 ol (g3aze. Jalge b S (5 bl b o
Gemen 303 Sy S o Jhe Jalse pled s 4 U
Syt 23,5 oo ol Vb Sy o5l s Jalse nl s

£V

e Av g 55 JUS 3 da b asle S5 adaly 5l ans e
5 buse (ldps anle D3 S (RP=0/F9F )G -A IS8 )l
Als e el 8 s

3 LS b ae il AV s (oA S D xS L
asle D3 (RP=0 /7)) Dl e 3y 5 o gte (s pd o
Lo gio anle 13 (5 A KE)W5ls mde galaly JUS 3 am
S aaly ol anle I3 J5 Lsls (6 e ke BLSSI 55
Srow LS das o G A ISE IS jsbay L)l s
.x)lséfiﬁdwﬁ@jxﬁmb);rs&&c;bb

S 5 domd 9 oy

o 8 S MB (Sran 45 L S aalie [Y5] O 5 515
ey Ll gy 35 Gl oo Lol 51y s g ale D)3 L JUS 8 sy
S5 el e B BB sl ag e s anle s b Sl 3 LS B
O Solsme 5 658 BT a8 di S aoe i [V] OS5 0k
Ol s Ly 53,08 3 55 5 Sl (ghudils Ao s 5 JUS )5 sla
JUS 3 sy I8l by ol e anle 13 Ao )5 L JUS 3 sl
510 L}J\ja-(,.aw.ajf w\@l:.}l_jcxs.x{l.:&g;.a&mhw);
A S am B [TV O an 5 5 5 [A]OLSan 5 alon ) (yioman
Sy S Ol do)s 5 JUS B S BB e Ll

Ol S 135l (omwsias 9 @ole



Ghadly g5 B D ;.sjf& odalie 5)ls a8
Sy awle 5 3 Db esa e slaaY s S ol
boopd s awle O3 Gl du aw o 0 Ol md (oo 5 200
33 C;LJ gl OlE e aS AL e osline 3 eIl Ol as
S eslaal Mol slany s S cble 5 Jule b ExLa

5 oI ol @ VLSl s Slaa Y IS 3 day iy a3 =Y
e &S Sl o3 g oglane 228 5 LG Uy a3 5 axils Lials
ells JUS 5 ey 225 BB e Jele spd e S
Loy pooslme psws Y Ol S e S 23
el azils 3 228 blE 5 S olys S

3 IS A S das e 0L et U5 S5 s T
Mwb@bsd\ﬁdj)&iuwdﬁi:&b.bé@éb
VL 51 ey a5 JUS 3 day Ol i 5 515 s s Cte
el 8l Gl QR o IS L ol

o Ll syl Sy ks Folse 4 S (g pdy il b -
AL e o) 50 St gl b g pdy pula b adaly &S S5
Sl Sl b cans s 5l melr s Wlg e JUS 5 e
b Ol L JUS 3 day anlllae ) 50 dilaie 55 IS 5bay s
5 ol Jals KL S 3 an RalS sls i dla
AEL e il b bl sdas OLAS JUS 3 a1 58

&b

1. Abedini, M. Said, M. A. M. and Ahmad, F. 2012. Effectiveness
of check dam to control soil erosion in a tropical catchment( The
Ulu Kinta Basin). Catena. 97:63-70.

2. Angel Martin, M. and Javier Taguas, F. 1998. Fractal
modelling, characterization and simulation of particle-size
distributions in soil. Proceedings of the Royal Society of London.
Series A: Mathematical, Physical and Engineering Sciences.
454(1973):1457-1468.

3. Babrnejad Ziarat, H. Zolfaghari, A. A. Yazdani, M. R.
Hashemi, A. A. and Kiyaniyan, M. K. Evaluation of Fractal Models
in Describing Particle Size Distribution of Sediment( Case of study:
Fooladmahale of Semnan). Journal of Watershed Management
Research. 15(8):1-72.( In Persian)

4. Beigi Harchegani, H. and Banitalebi, G. 2015. Comparison of
methods for calculating fractal dimension of tissue and selecting
appropriate method: Case study in Taqanak Soils, Shahrekord
Journal of Water and Soil Science( Journal of Science and
Technology of Agriculture and Natural Resources). 70(18):327-
338.

5. Bittelli, M. Campbell, G. S. and Flury, M.( 1999).
Characterization of particle-size distribution in soils with a
fragmentation model. Soil Science Society of America Journal.
63(4): 782-788.

6. Bonilla, C. A. and Johnson, O. I. 2012. Soil erodibility

A

sl il S s ool b s

Skt 5y Obd asdllas 550 adheie Wile Sizand Gble s
Ok by poba 5 b (Rl 3 (2 me 3 e
3 AP Bl Opile 5 s b Jom sl &
0 S s asdls [YA] Caansl 5 plaze s V0] OLKen
5o bl Sl e sl 0L Sl sladey O s
S Cel Wlg o oy D3 gy AL (oS Sl S
Sistang sblo 53 JIols agd s Jy 558 S il
S5y pde [¥o] SV 5 hels (Al e (.S <l el ol
D S il 3 el K5 e St il 55 ey 3
Dlde das e UL Mol glads Ol js S (guails das
S 5 oy e a8 L il o o5 Sl adlaie S 55 )
[YATOLens 55 il o SRl 53 LS 3 sy acsls Sl 11330 5
5 15 il il Bl e L 3L Ll e g ol 5
] oL K

el O3be 5o S Calises a5y JUS 5 de O s
YU Y VA L s sl ot eSS Wiy asdllas 5,50 ol
el B olde das e 0L &S Al e 1alS JUS 3 e o5 U
ol U ey B s Y ol aily rals eV s
Mgty il e ol il Sl oS e
S ey @35 amd Ol e JS ssbe Ll el als ol
asl ilssl e 5 JGal VL s il 3 VA L Slus
Lyl Sl oas by alS iy ool (Sas oS cl
AL asls

LgLMiY).sjgjl;,\i,\..iJi.aSp:«iYﬁleijé,\x{N Lo o
i Gt sl sVl 3 i 3L 0 i3
B IS oY s il laae kit 5 el adl ool
25 il gAY do Sl e IS b ol Kos slaaY
R R T WE LI |

5ol ool rals JLs 5 e e G Jsl Y 3IAY ws s
& il A Sl Sl Ay il e 2l eS e 4 e
el 43l il 5l 305 e 4 e 5 A a8 Ik

AY 5 VA g s el anslil S JUS 6 d Ol joss S ) sbas
o3y Sl gy o gladle sl 3 lade das e 0L
S olyd gduals syl ool Ol s A g 5y Js cl
adlas ol 53 Al Sb (S sla S e 5SS
Sl St oy sauails s S5 ool gl Jis b sl
S b S 5 eslanal 555 AV 5 A VA Glad gl Sb g
(el s S @Lﬁ

s dwle (o h Oy oy Ly aw s Sl e )
Sl D3 Ay 5V lady s IS jsba s Conlesy s
Lsls il gy anle I3 5 Lials Wiy b 4 YL sladgY
Lgy anle 3 il gy o8 b S i AV iy s Ll

Ol S 135l (omwsias 9 @ole



porosity, and soil water properties: II. Applications. Soil Science
Society of America Journal. 55(5):1239-1244.

20. Sarshogh, M. 2009. The effect of slope direction and position
on anumber of morphological, physical, chemical and mineralogical
characteristics of soils in Chehelgard area of Chaharmahal va
Bakhtiari province. Thesis Master of Science in Soil Science,
Faculty of Agriculture, Shahrekord University.( In Persian)

21. Sepaskhah, A. R. and Tafteh A. 2013. Pedotransfer function
for estimation of soil-specific surface area using soil fractal
dimension of improved particle-size distribution. Archives of
Agronomy and Soil Science. 59(1):93-103.

22. Su, Y. Z. Zhao, H. L. Zhao, W. Z. and Zhang, T. H. 2004.
Fractal features of soil particle size distribution and the implication
for indicating desertification. Geoderma. 122(1):43-49.

23. Tyler, S. W. and Wheatcraft, S. W. 1989. Application of
fractal mathematics to soil water retention estimation. Soil Science
Society of America Journal. 53:987-996.

24. Tyler, S. W. and Wheatcraft, S. W. 1992. Fractal scaling of
soil particle size distributions: analysis and limitations. Soil Science
Society of America Journal. 56: 362-369.

25. Vaezi, A. R. and Akbari, S. 2015. Investigating Aggregates
Stability Against Raindrops Impact in Some Soils of a Semi-arid
Region, North West of Zanjan. Water and soil science. 25(2):65-77.
(In Persian).

26. Wang, D. Fu, B. Zhao, W. Hu, H. and Wang, Y. 2008.
Multifractal characteristics of soil particle size distribution under
different land-use types on the Loess Plateau, China. Catena.
72:29-36.

27. Wei, X. Li, X. and Wei, N. 2016. Fractal features of soil
particle size distribution in layered sediments behind two check
dams: Implications for the Loess Plateau, China. Geomorphology.
266:133-145.

28. Wischmeier, W. H. and Smith, D. D. 1978. Predicting rainfall
erosion losses: a guide to conservation planning. Department of
Agriculture, Science and Education Administration. 537:13-27.

29. Xu, G. Li, Z. and Li, P. 2013. Fractal features of soil particle-
size distribution and total soil nitrogen distribution in a typical
watershed in the source area of the middle Dan River, China.
Catena. 101:17-23.

30. Zhao, P. Shao, M. A. and Horton, R. 2011. Performance of
soil particle-size distribution models for describing deposited soils
adjacent to constructed dams in the China Loess Plateau. Acta
Geophysica. 59(1):124-138.

31. Zhao, P. Shao, M. and Zhuang, J. 2009. Fractal features of
particle size redistributions of deposited soils on the dam farmlands.
Soil science. 174(7):403-407.

32. Zhao, T. Y. Yang, M. Y. Walling, D. E. Zhang, F. B. and
Zhang, J. Q. 2017. Using check dam deposits to investigate recent
changes in sediment yield in the Loess Plateau, China. Global and
Planetary Change. 152:88-98.

£q

mapping and its correlation with soil properties in Central Chile.
Geoderma. 190:116-123.

7. Da-Chuan, R. A. N. Quan-Hua, L. U. O. Zu-Hao, Z. H. O. U.
Guo-Qing, W. A. N. G. and Zhang, X. H.( 2008). Sediment retention
by check dams in the Hekouzhen-Longmen Section of the Yellow
River. International Journal of Sediment Research. 23(2):159-166.

8. Ersahin, S. Gunal, H. Kutlu, T. Yetgin, B. and Coban, S. 2006.
Estimating specific surface area and cation exchange capacity
in soils using fractal dimension of particle-size distribution.
Geoderma. 136:588-597.

9. Filgueira, R. R. Pachepsky, Y. A. and Fournier, L. L. 2003.
Time-mass scaling in soil texture analysis. Soil Science Society of
America Journal. 67(6):1703-1706.

10. Foster, G. R. Flanagan, D. C. Nearing, M. A. Lane, L. J.
Risse, L. M. Finkner, S. C. 1995. Chapter 11: hillslope erosion
component. In: Flanagan, D.C., Nearing, M.A.( Eds.), USDA Water
Erosion Prediction Project: Hillslope Profile and Watershed Model
Documentation, Vol. NSERL Report No. 10. USDAARS national
Soil Erosion Research Laboratory.

11. Hillel, D. 1980. Fundamentals of Soil Physics. Academic
Press, New York.

12. Huang, G. and Zhang, R. 2005. Evaluation of soil water
retention curve with the pore—solid fractal model. Geoderma.
127(1-2):52-61.

13. Huang, G. H. and Zhan, W. H. 2002. Fractal property of
soil particle size distribution and its application. Acta Pedologica
Sinica. 39:490-497.

14. Liu, X. Zhang, G. C. Heathman, G. C. Wang, Y. Q. and
Huang, C. H. 2009. Fractal features of soil particle-size distribution
as affected by plant communities in the forested region of Mountain
Yimeng, China. Geoderma. 154(1-2):123-130.

15. Mehdizadeh, L. Asadzadeh, F. and Samadi, A. 2015.
Application of mathematical models to describe the particle size
distribution of sediments behind successive check dams. Journal
of Watershed Engineering and Management. 6(4):323-336.( In
Persian)

16. Nabi Zadeh, A. 2008. The effect of calcium carbonate
removal on tissue and soil particle size distribution models and
estimation of moisture curve coefficients. Thesis Master of Science
in Soil Science, Faculty of Agriculture, Shahrekord University.( In
Persian)

17. Perrier, E. Bird, N. and Rieu, M. 1999. Generalizing the
fractal model of soil structure: the pore solid fractal approach.
Geoderma. 88:137-164.

18. Peyvasteh, F. Asadi, H. and Akef, M. 2010. Relationship
between Aggregate Stability and Surface Sealing Formation
and its Effect on Soil Erosion in the Laboratory Condition. Iran
— Watershed Management Science & Engineering. 10(4):1-8.( In
Persian)

19. Rieu, M. and Sposito, G. 1991. Fractal fragmentation, soil

Ol S 135l (omwsias 9 @ole



PRy S il

Ol S 13l (omwsian 9 @ole
Iranian Journal of Watershed
Management Science & Engineering

9, o
P ls 50 U

Vol. 14, No. 49, Summer 2020 IFAQ Ll —FA o,lows — o2,k o

Evaluation of Fractal Properties of Different Layers Sedimentation Behind the
Check Dam

A. Hassanzadeh!, S. M. Seyedian?, H. Rouhani® and M. Farasati*
Received: 23-07-2019  Accepted: 29-02-2020
Abstract

In this research, fractal relationships were used to evaluate the particle size distribution of the check
dam. Three check dams with height of 2, 2 and 2.6 meters were selected and the hole was drilled same the
height of the check dam at the sediment deposits. Then, depending on the color of the deposited layers, the
thickness of the layers was determined and sampling was down from each layer to determine the particle
size distribution. The fractal relationship of Bird et al. Provides better results than other relationships. In
all three check dams, the fractal has increases and decreases from the top to bottom layers and does not
change uniformly. In check dam 79 and 80, there is a significant negative and positive relationship between
the fractal dimensions with the percentage of gravel and sand respectively. In check dam 81, the fractal
dimension has negative relation with gravel and positive to sand. Generally, soils with less gravel particles
and more sand have more fractal dimension. Comparison of the sedimentary layers of check dam 79, 80 and
81 shows that the process between the fractal dimensional return points and the sand particles is similar to
the linear trend of sand particles.
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