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Abstract

Introduction: One of the important challenges in studying the hydraulic, morphological and
ecological behavior of rivers is to accurately determine the geometrical dimensions of river
bed particles. The information extracted from the grain size curve of river bed particles has
many applications in the field of river engineering, such as modeling of sediment transport,
changes in sediment deposition or river bed erosion, and changes in river morphology
(Hasannejad Sharifi et al., 2015). Nowadays, despite the fact that determining the granularity
of the bed particles and the boundaries of rivers is important, the removal of sediments from
the natural environment leads to disturbing the sedimentary bed and causes changes in the
river system (Sadeghi and Qara Mahmoudoli, 2013). Therefore, it is very important to use a
method that can calculate the results of granulation with less cost and quickly. Image
processing methods are known as new methods have been taken into consideration in order
to increase rapidity and accuracy, along with the method of field measurement of
granularity.

Methodology: In this research, by examining the morphological and sedimentary conditions
of the rivers of the Zanjan province, as well as the ease of access, Zanjanrud River was
selected as the study area. Then three cross-sections for sampling with frame dimensions of
20x20 cm were determined from the bed of Zanjanrud River and after photographing the
surface of the samples, painting by spray paint in order to identify the surface grains,
sampling was done from the determined sections. The samples were taken to the laboratory
and the sieve test was performed. Then, in the laboratory environment, each of the samples
was arranged in a metal frame with dimensions of 20x20 cm and was installed in a channel
with a length of 8 meters and a width of 20 cm. By applying the conditions of stagnant water
at three depths of 4, 8 and 12 cm and water flow with different depths and velocities, the
samples were re-photographed and the grain size curve were obtained by Image ] and
Hydraulic Toolbox software.

Results and discussion: Based on the results of Sieve, in sample A, almost 85% of the
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particles have a diameter equal to and less than 31.7 mm. In sample B, almost 85% of the
particles passed through the sieve of 1.38 mm. In sample C, more than 97% of the particles
passed through the 38.1 mm sieve. According to the classification system of the United
States, the sediments of all three sections of Zanjanrud River are gravel. Also, according to
the results, it can be seen that the standard deviation of the samples is less than 2, the
uniformity coefficient is less than 4, and the sorting coefficient is less than 2, which shows
that the examined samples are almost uniform. In sample A, at depth of 8 cm, the average
relative absolute error values were obtained similar to those at depth of 4 cm. In sample B,
the average error value of the fine grains is the same as the coarse grains. The reason for this
can be due to the low value of the standard deviation of this sample compared to the other
two samples. The average error value at depth of 8 cm was found to be 14% for fine grains
and 12% for coarse grains. In sample C, similar to sample A, the average error value in the
fine grains is less compared to the coarse grains. The average relative error at depth of 8 cm
was found to be 9% for fine grains and 14% for coarse grains. Results showed that Image ]
software has better performance than Hydraulic Toolbox software in determining the
particles granulation curve of the Zanjanrud River.

The effect of flow velocity and depth on the K values of the index diameter of 50% showed
that at depth of 4 cm, the average values of K in samples A, B, and C are 1.01, 1.19, and 1.08,
respectively. Also, at depth of 8 cm, the values of K for samples A, B, C are equal to 1.05,
1.12, and 1.11, respectively, and at depth of 12 cm, there are equal to 1.08, 1.18, and 1.13,
respectively. According to these results, it can be seen that the K values of sample A are
lower than the other two samples in all three depths of 4, 8, and 12 cm. At depth of 8 cm, the
K values of sample B at different velocities coincide approximately with those of sample C.
Also, the K values of sample C at two depths of 4 and 12 cm are lower than the K values of
sample B. The average K values of the 50% index diameter at three depths of 4, 8, and 12 of
sample A are 1.01, 1.05, and 1.08, respectively (with an average value of 1.046); the mean K
values of sample B are 1.19, 1.12 and 1.18 respectively (with an average value of 1.16) and
also the mean K values of sample C are 1.08, 1.11 and 1.13 respectively (with an average
value of 1.1) (with a total average of 1.1 for all three samples).

Conclusion: In most of the hydraulic flow conditions, the granulation curve obtained by
Image ] software is close to the sieve granulation curve. In contrast, the Hydraulic Toolbox
granulation curve is significantly different from the sieve curve and the curve of Image ]
software. The flow velocity and flow depth does not have a noticeable effect on the K values
of the index diameter of 50%.

Keywords: Image processing, Surface layer, Granulation curve, Shape factor, Image J,
Hydraulic Toolbox.
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Sy 5o oolaiwl 590 smLi.:;iLa)'T J%e 5l g peas (@

Valve Volume meter *

Pump E | J
et om ———~ - 200mm 7.6 mm Bafle wall '

Downstream
reservoir

Tailgate Flow direction <+ O 200 mm
Location of —- 5m —————————{ Upstream *
sample setup reservoir

b) Longitudinal profile
(Jsb Jedg ) il 5lags IS slei (b

Baffle wall
Location of '
sample setup 400 mm
) — 20mm © 5 Upstream
Tailgate [=—=f- 200 mm Flow direction <+— ;  reservoir *
|
-t 2m — | fe————15m -
Downstream *
reservoir
Pump | % [ ] % [
Valve Volume meter 7.6 mm J‘

¢) Plan
(O YL 5l S slei (€

Fig. 5 Actual image (a), the image of the laboratory model used in the research (b), longitudinal profile plan (c)
Oy 4o eolaiwl 5,50 (€) anlpl YU 5l aus 5 (0) Cils 5l o IS sles (@) (ABly pgas & S

Journal of Hydraulics
19(2), 2024
95



.Y ‘¢|,lS.m 9 @‘,Q.w

eyt Ol Sk w9 Gk il L3

a) Natural river bed
6l509) (rb S pgai @

b) Printed color image
oud Sl () g (0
Fig. 6 The steps of arranging sediments inside the galvanized box

o5l (99,3 boge) plodez slaal> 5o 7SS

ABboe 2j Dyt Ui pasls s
K=—"= (2)
i—cal
(d1s, dss, dso, dgs) La>Li (sl ad dis cadal,y ol jo a5
Cwds (ol sl s dical « S sioeie 5l ool Coway
Db gyl ol l8le 5 5l Lol e 5 el
o a5 S0P ) Ay oo ol o e a
Slp ol 69l GLls gy wnlys 5L pgai (33l
Ji8le 0 RAE) s llae slas sl laie awlxs
sla,ks s g1, s Hydraulic Toolbox 4 Image J
A oolaiwl gy akaly 51l SU i L
. |di—s _di—call
Relative Absolute Error =100><d— )
slo,hd slaalie gl loas dis alal) 0l joa s
sl o ie Ji-cal «SJI 3 g.ula (d5, dss, dso, dss) ol
‘5_..‘2'.»[.3 (dis, dss, dso, dgs) oels sla lad @Mwbu
sntbn e 5
)| G 9o 6)L>)J).19»a4 “:;I)o J.iw JALC wl?m 6‘)’
dgge K5y i slioy o 3l gy 485 50 Aiges
D9 oo dpmline S Sl (S (g4 g Ay g
oo ookl piy oSl 4y axg5 L dmage J 15806 5 Javgs
olhd S as o [Damadipour et al. (2019) lawgs
aiwlyd 90 (23,8 Lo U Ul sl pds g o

EEA 4 (Equivalent Rectangle Sides) ERS

c) Box with sand bed
Slawle yiws b as> (€

d) Arrangement inside box
a2 (9,0 gz d

T2 45 Gpsal Saled 50 S gy als cews
Ot 28 Ghile (ol pgal plsie 4 Sublo g i
2 0t plail 5 ;e Bl WY 5 A e sl )15
(ilideo e yo & 1) o0 d (I L & Gac
slogialosl 5l (3l (slopgad ags ) uy s ol
Logtaloslo)ligs plosl 5 diged yais 4y pladl aigas
@il I V=Y oogase jo (o0 Lo iolos] (saed o
eile Cae s g SFO L /e A (Godg0me 40 09,8 Due
d g 4l 5 SO L o/ A Godgaze jo b
LS g jlaisl s b ailyl 5o (o Sl sl
Sl (Jsl (Sl Sy aiged j2 50 08 ()13S5L
S Bl >y Gl Fese pgd azinl B diged (5w
Olye 4 adbige 0l (20 o)led 5 pgw aziuld
F e 0 Shu ol el sl o A saiges yo Lo
XI5 AN s sl i b Ol ol el 5 e il
e A e Gled o A Sl o LI TNE S YVY
A- A-04-02 A-04-01 A-04-00 & )5 oty (5,5l
P9y 42 4295 b e 1285 )90 A-04-04 4 04-03
295 (B30 ey 2 3550 Slalile 5 LSS e I8
ey ) gy o ploml ol 38le 5 onl )0 W gl (saen
(e s s ey (Gmdild e (S sl
3l (oo b layli8le 5 51 SG e Sl (AU ganails
Koo dopsai I Sy sl g ol anslie SUI
§ 9% dwlxo (dis, das, dso, dgs) el i sla,hs

5 ol s Gl 4 K o yo Gl pdy puss Sou

Journal of Hydraulics

19(2), 2024

96



VP ¥ lcusl ¥ o)lods 34 0490

Sy yuad

gImage j 4138l i oo =i (gd—uns o —V-Y

Sl s sl Hydraulic Toolbox
slali8le 5 51 —ob ganaiils oo mls A S
L aslio ,o Image J ,l5-8ls 5 5 Hydraulic Toolbox
@l C 5B s A slaasses Sl (503l 5l L56 i
ol bl 5 e il A Of e (Slgpame Ll
OFew IS ol 5o ol oo &8l Gl slace pu b
5C 5B A aisai mll ol am po— 5 p90 sl
@l 4 byspe iy @ s 5 2 08 sla e

.25l Hydraulic Toolbox 4 Image J «SJ! 5!
Wbz Sgpss Ll b ooee )3 958 o0 svalie
== a Image J jl58le 5 5l 56 gasasls i
Gogasily mie Jilae jo g 009 SGop S ganasls
= L g0l y B! Hydraulic Toolbox |33l 5

S,ls Image J ,l58ls 5 coie g S
326 gl e lw A Gos 0 A (5455 5
Sl ool guli b oS jbaws sl Image J 53l 5
s Bllae gl (Sl aloy ) 10 aS 5 ebay o)l
GaTged ,0 09 o 0daline 1Y aailoc,s jo Js .
asloccd o g adlyy, Gusw o L (Sl Jluas B
009 omla Sl (B Wl g el cnl sl LSy
S ddgel 90 A Coad diges Oyl jlore Bl il Jlaae
Sl e Blw A e ) S (S0l jlade wil
Dol Gy LAY ailocin o gl g ZVF plp aails s,
A Gos ;5 o sLha Lo € (gagas ;o
TNE ol als iy 5 7 plp ailoy ) 6lp (6 e sl
Jaie az 2 05 lo g o (S Sl yo ol Cassy
oite jo L lade il yiaS diges S90S g o
Az 550 (o il ool JieS wlocid s g aloy,
30 g g i ez lade il oS Hlae Syl
5 S gl @l Jlme 51 Sl la e )V Jgor
Lol oa ool sl Image J jl38le 5 bl Jle 81l
N8le s cwlie 8o @ azgi L (IS sotpenr SO 0
le s onl @mls csanals gous gl 5l o Image J
aslol jo g ol ad S b o LS (gl (o 4y

el oo ) 158l 5 ) as L sla,lad K (sl s

sl 1, PPA s Jele «(Equivalent Ellipse Axises)
a50,8 5,155 5 oleidien (gom 90 b pgal b3l
o3lasl aa ey yian Syglp 4 i aswiwl B ol 5l eolaiul
o 0yd b e e Caid i By 0gd oo D)3
0,5 a d g5 L g o 4wl (PYA) cole
Ot 05 b Jeltes @y 5l pel 058 JSCS (sl

oy g s -Y
C 5B A ages 4 by yo Sl gansails e VS5
poisles YA 5 5 A @ige &l,3 ams o iales |
oS g plp 5 kB SIS TAD 4 Su5 g 00g 5SS
FIVO S5l g ypee duoys il 2o oo YAV
3 ahd saen B atsed o el V0 5l e e doe
L3 TAD & K335 g 005y i SrsS e hee FF/F S
oAl 3y (39 oy ilos S jeue o e VAN SIS
LS C aigai 5 el 10 5 a8 e Lo FIVE ST |
TAY VL 5 035y 5 SsS o che FEIF U1 5l )3
S 9= 30,0 Wlos S joe o Lo YAN SUI 51 )3
Sl .l 7.0 5l 1Sy o TIVO SISl Iy
ghie dw 2 GBogu; waxie DYL ganail alls
@l do azg L adiws (-0 g5 5l 39,085y
Yl eS Ladasged e OBl ouil a5 598 o0 cvnline
S (Sadyer cuyo 9 bl e (SB8SG oy
on 3y Slaatiges o o (LS a5 abl o ¥

IRSCINESLIES ST PP PR e

100 - -

o]
o
1

N

60

percentage of particles passing
through the sieve(%)
S
o
N
N

0 10 20 30 40 50
Particle diameter (mm)

Fig. 7 Sieve granulation curve of samples A, B, C
A B, C dgei SI gl g ¥ S

Journal of Hydraulics

19(2), 2024



.Y ‘le&o.b 9 d‘,@.w

eyt Ol Sk w9 Gk il L3

=
D O O
o O o

N
o o

Percentage of particles passing
through the sieve (%)
&

100
80
60
40
20

Percentage of particles
passing through the sieve(%)

100
80
60
40
20

Percentage of particles
passing through the sieve(%)

20

100
2% 80
S2 60
5
2 40
8
g

passing through the sieve(%)

100
80
60
40
20

Percentage of particles passing
through the sieve(%)

Particle diameter (mm)

100 - R
/.". 4
s 80 it
’ ’
S 60 - ,/
//-"'. 4 K
, . 40 A ’
B-08-01
B A-08-01 )
. — 20 A 1 ﬁagej
~{.‘ . -. m?ﬁiéolbﬂx 0 ,. """ Hyd. Toolbox
10 20 30 40 50 0 10 . 20' 30 40 50
Particle diameter (mm) Particle diameter (mm)
100 - S
I . -
'l Ky PR
- 4 ’ ~'..' 80 1 7 7
P - “-' , s
’ 60 + ’
/ /
o 4 /
P A-08-02 40 p B-08-02
’ . x ’ '
7./ ﬁagej 20 A ’ . - =
D Hyd. Toolbox 0 / - Hyd. Toolbox
10 20 30 40 50 0 10 20 30 40 50
Particle diameter (mm) Particle diameter (mm)
o 100 - ——-
o T 4
7 "-' 7
, 4 .‘_. 80 4 , 4
4 '_.' /7
S 60 - ’
s - ’ B
1 ’
S A-08-03 40 ;s B-08-03
. ] /7 - "
P — g ) 204 27 T age |
[ Hyd. Toolbox [ Hyd. Toolbox
T T T T 1 0 T T T T 1
10 20 30 40 50 0 10 20 30 40 50
Particle diameter (mm) Particle diameter (mm)
100 - -
i - .
/’.-{" 80 1 s
o 60 /!
s ’ /
o4 1
S A-08-04 1 B-08-04
,I‘..- o 20 1 5
. 1 l
R T ) o / e Tootoo
10 20 30 40 50 0 10 20 30 40 50
Particle diameter (mm) Particle diameter (mm)
- 100 - R
~ - 7/
< ’
% 80 A 4
7.0 7
e /
/.
P 60 )/
& r
£ i B
< A0805 . 40 ) s B-08-05
Py P ] 7 _.' s
s weereees IMage J 20 A 7 . wreres Image )
v - Hyd. Toolbox v e Hyd. Toolbox
T T T T l 0 T T T T ]
10 20 30 40 50 0 10 20 30 40 50

Particle diameter (mm)

\

100
80
60
40
20

100
80
60
40
20

100
80
60
40
20

100
80
60
40
20

100
80
60
40
20

Particle diameter (mm)

Fig. 8 The results of Sieve, Hydraulic Toolbox and Image J at depth of 8 cm with different flow velocities

Journal of Hydraulics
19(2), 2024
98

@iz ool o co o b e sile A Bes o Image J g Hydraulic Toolbox «SJ1 51 Lol gl A S5

I
/
/
1
1
1
[y
I C-08-01
; g
------------ Image J
----- Hyd. Toolbox
10 20 30 40 50
Particle diameter (mm)
Py
/
/
1
1
[
d C-08-02
S R
------------ Image J
----- Hyd. Toolbox
10 20 30 40 50
Particle diameter (mm)
,—’ ,,,,,
/
/
1
1 B
"L
LI C-08-03
1 g
- Image J
----- Hyd. Toolbox
10 20 30 40 50
Particle diameter (mm)
177 ey
l
/
7
1
[ .
[
[ C-08-04
o 5
............ image )
----- Hyd. Toolbox
10 20 30 40 50
Particle diameter (mm)
-
rd
/
/
/
!
1
I .
1
s C-08-05
! <
............ image |
----- Hyd. Toolbox
10 20 30 40 50



VP ¥ lcusl ¥ o)lods 34 0490 LA PPN
Image J 13800 5 5 U1 yg03] 51 iU jlre Bl il sl laia ) Jgui
Table 1 The standard deviation values obtained from the sieve test and Image J software
Standard Standard Standard Standard Standard Standard
Sample deviation  deviation of Sample deviation  deviation of Sample deviation  deviation of
of sieve Image J of sieve Image J of sieve Image J
A-04-00 1.8353 B-04-00 1.7451 C-04-00 1.8708
A-04-01 1.8378 B-04-01 1.8027 C-04-01 1.7175
A-04-02 1.8126 B-04-02 1.7182 C-04-02 1.6475
A-04-03 1.7842 B-04-03 1.7994 C-04-03 1.7320
A-08-00 1.8210 B-08-00 1.8496 C-08-00 1.7149
A-08-01 1.8650 B-08-01 1.7580 C-08-01 1.8209
1.68 1.61 1.91
A-08-02 1.8210 B-08-02 1.8384 C-08-02 1.7349
A-08-03 1.8027 B-08-03 1.8165 C-08-03 1.7471
A-12-00 1.7861 B-12-00 1.7320 C-12-00 1.8629
A-12-01 1.8122 B-12-01 1.8210 C-12-01 1.7320
A-12-02 1.8637 B-12-02 1.7986 C-12-02 1.7471
A-12-03 1.8496 B-12-03 1.8918 C-12-03 1.7600
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Table 2 Results of relative absolute error and correlation coefficient

A B C

A-04  A-08 A-12 B-04 B-08 B-12 C-04 C-08 fz

Correlation coefficient 0.995 0.997  0.996 0.998 0.998 0.996  0.998  0.996 1

RAE of fine grains (%) 9 9 11 13 14 17 8 9 9

RAE of coarse grains (%) 2 2 3 13 12 14 13 14 14
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Fig. 15 Percentage of rectangular shape of grains in three samples A, B and C
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