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ABSTRACT:

Shear stress is one of the most critical paramétehydraulic and coastal engineering, which ieoftmeasured indirectly. Since
there is no instrument to measure this parametectti and given that it is usually calculated bgasuring other parameters such as
velocity and pressure and using some equationsy sieess measurement is often accompanied wigle lweasurement errors. In
this study, a new technique and direct measurenrg@ng physical modeling in a hydraulic kni#elge flume and load cell were
employed to measure the shear stress in a rectngfuinnel with rigid unsubmerged vegetation witk R0, 25, and 32mm in
o
Q=25 and 30 Lit/S and y=10, 12, 17, and 20 cm. fBiselts indicate that the shear stress and thendimelesst ratio decrease in
a constant flow discharge with increasing the faepth. It was also shown that the shear stressowmienhanced with an increase
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in vegetation diameter due to increasing vegetatiensity against flow. According to dimensionleatios of T and in the
graphs and considering the trend lines with appatgicorrelation coefficients, some equations vpeesented to calculate the shear
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stress in the concerned range.

1. INTRODUCTION

Shear stress on the floor and walls have implioatim many
important hydraulic equations and sediment trartspoch as
calculations of suspended
estimation of channel designs and stable riverkecten of
suitable drainage basins, designs for wall erosoomtrol
structures and so on. It is also necessary to krbes
distribution of shear stress across the rivers redipt cross-
sectional geometry changes, especially the onestires from
flood passage. In this case, the use of the geframaula for
the shear stress on the river floor, which caleddhe average
shear stress with an assumption of uniform flomnas practical
(Hoshmandi F., Zahiri, 2014).

Measuring and calculating shear stress in hydrangineering
can be considered as one of the key activitiesnigaglways
been of interest to researchers and experts infithis In this
regard, the present study aimed to describe thectdir
measurement method in open channels using a spgg@&lof
laboratory hydraulic flume, called knife-edge flummedeling
for rigid unsubmerged vegetation. Shear stress measured

directly using the features of this flume by loadll.c The
experiments in this study were developed and cdeduay the

research authors in Khuzestan Province Water Ressurc
to Khuzestan

Management Laboratory Center affiliated

load and  bed-load trahspo Province Water and Power Organization.

A lot of studies have been carried out to deterntieeamount
and distribution of shear stress in open chanmasording to
these studies, several factors such as gravitgnsecy flow
patterns, geometric shape of the channel sectiatiosr of
dimensions, velocity distribution, roughness of el walls
and the distribution of roughness in the channekhapacts
on the distribution of stress in the channel. Adaog to some
studies, although secondary flows have a velogitytai2% of
the main flow velocity, they play a significant eolin

distributing shear stress in the channel (Nezu, ahd
Nakagawa, 1993). Knight et al. conducted their isgicbn a
smooth rectangular channels on the basis of lagyraesults
and proposed experimental equations for the digtoh of

boundary shear stress, based on which the avehage stress
in the bed and wall can be calculated with an gmate

approximation (D. W. Knight, J. D. Demetrious, 1984
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Tominaga et al. also studied shear stress and dagofiows in
a smooth and rough rectangular and trapezoidalnghablsing
velocity distribution rate and its relationship hvitshear
velocity, they developed Equation (1) to calculsiear stress.
They presented their results as diagrams of stlisg#bution on
the bed and wall.

Ll ]

1)

where:TalS stress on the channel bedl, is fluid der 155 d

. represents shear velocity (A. Tominaga, 1989).

Dey and Lambert annually examined the shear stresgpen
channels with
presented equations to calculate shear stressege ttypes of
flows (S. Dey, and M. F. Lambert, 2005). Guo andiedu
offered a numerical solution to estimate the shs@ess
distribution on the floor and walls of a smooth teegular
channel, assuming a constant viscosity of whirlpaegardless
of the secondary flows. According to the comparssavith

laboratory findings, the calculated shear stressiegawere
about 17% less than the shear stress on the Whlserror was
reduced by 6% by adding two modification parametér&uo,
and P. Y. Julien, 2005). Zarrati et al. examined tbsue by a
semi-analytic model using a simplified flow velgciequation
and provided acceptable results compared to latrgraesults
(A. R Zarrati., Y. C. Jin, and S. Karimpour, 2008).

Shear stress measurement methods can be classiftetwo

direct (Winterer, 1977; Frenwells et al., 1996) andirect

(Chow, 1959; Preston, 1954; Porter et al., 2000;Bunkler et

al., 2008) categories. Among different shear stnesasurement
methods, the Preston tube can be considered asntst

common one. The shear stress calculated by thisotieind the
relevant equations can be used to calculate tharappshear
stress or the transition movement (Behdarvandi AskaiFathi

Moghadam M. and Mosavi Jahromi S. H., 2013).

2. MATERIALSAND METHODS

All experiments in this study were carried out irhydraulic
knife edge flume with a 15-m length, a 1.07-m wjdthd a 1¢

hag

Upstrsam Tank

Upsirsam SEide Qude

Enifs Edg Section

impermanent and non-uniform flows,d an

bed slope. To provide the water flow in this chdnaepump
with a flow rate of 1600 Lit/min and two reservoias flume
upstream and downstream were used. In this stisbldyer
polyethylene pipes with three diameters of 20, 88 82 mm
were used to simulate rigid vegetation.

Two sliding valves at flume upstream and downstreae in
charge of controlling the flow depth in the mairachel and the
discharge flow rate is set by the valves instak¢dhe flume
input and triangular spillway at flume downstrearigure 1
presents the laboratory flume plan and Figure 2wsha
longitudinal view of the laboratory flume.

The experimental scenarios were determined based3on
diameters, 2 discharge flow rates and 4 depthshasvn in
Table 1.

Table 1. The research variable parameters

Variables Values
D, (mm) 20 25 32
Q (Lit/S) 25 30
y (cm) 10 12 17 20

Based on these values, 32 experiments (4 experiniengs
rectangular channel without vegetation and 28 emymts in a
rectangular channel with vegetation) were develoged
examine the effect of each variable parameter earsétress.

To measure the shear stress using a direct methatvice

called a load cell and a special form of flume,, ilaife edge
flume, were used. The knife edge is made at 1 m fiwe flume

length (control volume) in such a way that it isvays to

collapse and is balanced by the load cell and thbedded
system. Hence, instead of collapsing, the resukimgar stress
of the water flow is to be measured.

The knife edge section consists of eight v-shapadkiests and

8 blades, which are in charge of unbalancing thecemed
control volume. Figure 3 shows a schematic of thigekedge

section and how it is placed

Pipa =4 i
Downitiniss Tusk

- iln
1t

Drrwnstrsum Shide Cute 1

Trissggiler Jpillway

Figure 1. Laboratory Flume Plan
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Figure 2. Longitudinal View of Laboratory Flume

Figure 3. Schematic of Knife Edge

3. RESULTS

The results of the experiments are presented irfath@ving
diagrams. In these diagrams, the shear stress tivaga
measured by the load cell are shown in terms dghtians in
vegetation diameter, depth, and flow dischargesrdte Figure
4, all measured values are presented in differentes based on
variations in flow depth.

All Data of Shear Stress Measured by Load Cell in Different Flow Depth

~+=No Vegetation- Q=25 Lit/§
~B-Dv=20mm-Q=25 Lit'S
—4-Dv=25 mm-Q=25 Lit'S
—-Dv=32mm-Q=25 Lit'S
~-No Vegetation-Q=30 Lit/S
—-Dv=20mm-Q=30 Lit'S
—Dv=25mm-Q=30 Lit'S
—~Dv=32mm-Q=30 Lit'S

14

¥ (cm)

Figure 4. All Data of Shear Stress Measured by L@alllin
Different Flow Depths

In Figures 5 to 8, the shear stress variation bgetation
diameters are presented in depths according teested flow
discharge rates.

Shear Stress Measured bv Load Cell without Vegetation

in Different Flow Depth
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Figure 5. Shear Stress Measured by Load Cell without
Vegetation at Q= 25 and 30 Lit/S

Shear Stress Measured by Load Cell with D+=20 mm in
Different Flow Depth
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Figure 6. Shear Stress Measured by Load Cell wjthdD mm
at Q= 25 and 30 Lit/S

Shear Stress Measured by Load Cell with D+=25mm in
Diffrent Flow Depth
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Figure 7. Shear Stress Measured by Load Cell wjthd® mm
at Q= 25 and 30 Lit/S

Shear Stress Measured by Load Cell with D+v=32 mm in
Different Flow Depth
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Figure 8. Shear Stress Measured by Load Cell with32 mm
at Q= 25 and 30 Lit/S

157



JOURNAL OF APPLIED ENGINEERING SCIENCES
| SSN: 2247-3769 / e-| SSN: 2284-7197

VOL. 9(22), | SSUE 2/2019
ART.NO. 267, pp. 155-160

Figures 9 to 12 shows shear stress variations Iggtaton
based on different depths and discharge rates.

Shear Stress Measured by Load Cell with yv=10cm

in Different Vegetation Diameter
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Figure 9. Shear Stress Measured by Load Cell wiflDgm at
Q=25 and 30 Lit/S

Shear Stress Measured by Load Cell with y=12cm
in Different Vegetation Diameter
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Figure 10. Shear Stress Measured by Load Cell wiff2gm at
Q=25 and 30 Lit/S

Shear Stress Measured by Load Cell with y=17cm
in Different Vegetation Diameter
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Figure 11. Shear Stress Measured by Load Cell wiftygm at
Q=25 and 30 Lit/S

Shear Stress Measured by Load Cell with y=20cm
in Different Vegetation Diameter
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Figure 12. Shear Stress Measured by Load Cell wifogm at
Q=25 and 30 Lit/S

Figures 13 and 14 will shows the measured sheessstat
discharge flow rates of 25 and 30 Lit/S according the
vegetation diameter variations.

Shear Stress Measured by Load Cell with Q=251it/S in
Different Vegetation Diameter
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Figure 13. Shear Stress Measured by Flow depth with
Q=25Lit/S in Different Vegetation
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Figure 14. Shear Stress Measured by Flow depth with
Q=30Lit/S in Different Vegetation Diameter

In these diagrams, the shear stress values armgtisthed
based on the concerned depths, so that the siraolianeffect
of the variation in vegetation diameter and flovptieis clearly
demonstrated.

Figures 15 to 24 are presented in accordance vigrés 5-14
and the only difference is that the ratio of meadwshear stress
to calculated shear stress is concerned in thedddl axis.

Tg = ¥Ry (2
Equation (2) shows how to calculate a computaticstedar
stress. In this equatioripis computational shear streds, is

fluid mass,® is hydraulic radius of the channel afislstands
for the channel bed slope.

T/To without Vegetation
5
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Figure 15. Ratio of Measured Shear Stress to CatzliBhear
Stress by Flow Depth without Vegetation at Q= 28 a8 Lit/S
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Figure 16. Ratio of Measured Shear Stress to Casighear
Stress by Flow Depth with,B 20 mm at Q= 25 and 30 Lit/S
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Figure 17. Ratio of Measured Shear Stress to Casmiahear
Stress by Flow Depth with,B 25 mm at Q= 25 and 30 Lit/S
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Figure 18. Ratio of Measured Shear Stress to Casmlifahear
Stress by Flow Depth with,B 32 mm at Q= 25 and 30 Lit/S
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Figure 20. Ratio of Measured Shear Stress to CatzliBhear
Stress by Vegetation Diameter with y=12cm at Q=228 30
Lit/'S
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Figure 21. Ratio of Measured Shear Stress to Catzlighear
Stress by Vegetation Diameter with y=17cm at Q=288 30

Lit/S
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Figure 22. Ratio of Measured Shear Stress to Catzlidhear
Stress by Vegetation Diameter with y=20cm at Q=228 30

Lit/'S
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Figure 23. Ratio of Measured Shear Stress to Catzlighear
Stress in Different Vegetation Diameters by Flowpibeat Q=
25 Lit/S

T/To in Q=30 lit/S

] 10 20 30 40
Dv (mm)
Figure 19. Ratio of Measured Shear Stress to Casmighear
Stress by Vegetation Diameter with y=10cm at Q=288 30
Lit/S

a0
35 A
——y=10 cm
30
—m—y=1Zcm
T Do
= —re /
YRS, 20 =20 cm /
15 4-/
10 e
s
o
0 10 20 30 40

D (mm)

Figure 24. Ratio of Measured Shear Stress to CatzliBhear

Stress in Different Vegetation Diameters by Flowpeat Q=
30 Lit/S
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In Fig. 25, the laboratory data obtained from meadshear
stress to calculated shear stress according {dy are
represented.

Relative Betwin T/To and D+/y
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T v=404.724%-15 558% + 2.0374 / /
as RZ=00821
YRS, 23 /-’ /
20
-/-//
15
>
o v=338.15x%-18.998x + 1.5747
R*=0986
o
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Figure 25. Ratio of Measured Shear Stress to Caézlilahear
Stress according to\y at Q= 25 and 30 Lit/S

In all figures, except Figures 4, 14, 15, 23 angdtBd data trend
lines are presented. According to the correlatioefficients

(R?), these equations are of an acceptable accuraajl figure

with trend lines but Figure 25, the line equatidregponential

function was used to enhance the correlation aweifft. In

Figure 25, a power line function was used to presss trend
lines of the dimensionless graph. Trend line eguatican be
used as a computational equation for obtaining rskeeass in
the range concerned in each graph.

A review of the diagrams suggested that the medsshear
stress increases with enhancing the diameter irctib@nel in
different discharge flows rates and depths. Thigv&ent in
Figures 9 to 11. According to Figures 5 to 8, theas stress
decreases at a constant flow discharge rate witleasing flow
depth. This can be described with respect to theraae
velocity decrease in the channel.

In Figures 15 to 18, which indicates variationstinin terms of
the flow depth, it was observed that the value bé t

dimensionless parameEr, such as the shear stress measure

by the load cell, decreases with increasing dapthé constant
flow discharge rate. This dimensionless ratio igufés 19 to 22
is increased with increasing vegetation diameter.

In Figure 25, all measured data were placed wit2%)and 30
Lit/S in a graph with two dimensional axes indingtithe

Tp n'.f
variations of T to ¥

of the flow discharge rates. This figure showsratio increases

0.,

T
In a constant discharge flow, the shear stresstlaacr ratio
decrease as the flow depth increases. This mighdue to a
decrease of average velocity in the channel.
2. Increasing the vegetation diameter increaseslear stress

T

and T ratio due to enhancing the vegetation density agaire
flow.

With regard to the trend lines in Figure 25, thdlofeing

equations can be formulated for Q=25 and 30 L&/Sniform
vegetation diameter and regular arrangements:

§=25 ——>—— =333 15( J — 1£.098 (ﬁJ+ 15747
5 YRS

Lit :
40472 — 1558822 | + 20374
5 YR ¥

-|'-...l L
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