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Fig. 4. Hydrographs with different peak discharge and the
same duration
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Run UM, titgy  Run Ul toltg
Hydl 08 1/6 Hyd9 092 1/6
Hyd2 08 2/6 Hyd10 092 2/6
Hyd3 08 4/6 Hydll 092  4/6
Hyd4 0.8 1 Hyd12 092 1
Hyd5 088 1/6 Hyd13 0095 1/6
Hyd6 088 2/6 Hyd1l4 0095 2/6
Hyd7 088 4/6 Hyd15 095  4/6
Hyd8 088 1  Hyd16 0095 1

Table 1. Summary of test conditions

Flow depth
corresponding Duration of Peak
Run number  U/U to hydrograph  discharge o L .
° peak discharge ) (lit/s) 2 AIASG oo b eddeslad bl S uns (7)) S
(cm) . e . e
HdeOlhr 08 26 1 60 JKJJJAJL;«QL;J b wL&'\ji‘Y A r)‘.)u QL«)}A.:;L
Hyd 60 2hr 0.8 26 2 60 s el 1oL r)‘-ﬁf)tﬁj L sl Sy 0 55 (8)
Hyd 60 4hr 0.8 26 4 60 . .
Hyd 60 6hr 0.8 26 6 60 s e QLS 1 4l 2 A 5 Ve Ve A (S
Hyd 70 1hr  0.88 27.2 1 70
Hyd 70 2hr  0.88 27.2 2 70
Hyd 70 4hr  0.88 27.2 4 70 TSEY O sl sl A e b o S XSS
Hyd 70 6hr  0.88 27.2 6 70 i
celw
Hyd 75 1hr  0.92 27.8 1 75
Hyd 75 2hr ~ 0.92 27.8 2 75 100.0
Hyd 75 4hr  0.92 2738 4 75 —*— Hydrograph 1 hr
80.0 —x— Hydrograph 2 hr
Hyd 75 6hr  0.92 27.8 6 75 : \ a— Hydrograph 4 hr
Hyd 80 1hr  0.95 28.5 1 80 g - Hydrograph 6 hr
Hyd 80 2hr  0.95 285 2 o %0
\
Hyd 80 4hr  0.95 28.5 4 80 100 ‘ \
Hyd 80 6hr  0.95 28.5 6 80 # 4 w
Steady 1 0.8 26 6 60 20.0 \‘- S_g
Steady 2 0.88 27.2 6 70 0 100 200 300 400
Steady 3 0.92 27.8 6 75 time (min)
Steady 4 0.95 28.5 6 80
Table 2. Conditions for experimental data used in the present Fig. 3. Hydrographs with different duration and the same
study peak discharge
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4 Hyd60 1hr
= i
5 4 A = = == Hyd60 2hr
= 2 —e— Hyd60 4hr
0 = = Hyd 60 6hr
0 1 2 3 4 5 6
t (hr)
12
10 o ————
_. 8
£
= 6 Hyd70 1hr
) = === Hyd70 2hr
—— Hyd70 4hr
2 — —Hyd70 6hr
0
0 2 t(hn 4 6
12
10 =~ - - -
8 — 7
6 1, / Hyd75 1hr
’g 4 / Vd = === Hyd75 2hr
= / -~ —— Hyd75 4hr
8 2 | k3
= = Hyd75 6hr
0
0 6
t (hr)
12
——— — —
10
8
6 Hyd80 1hr
5 4 = === Hyd80 2hr
g 9 ——— Hyd80 4hr
0 — —Hyd80 6hr
0 1 2 3 4 5 6

t (hr)
Fig. 5. Temporal variation of scour depth under different
hydrographs with the same peak discharge
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Run 1hr 2hr 4hr 6hr
Hyd60 40.6% 33.33% 125% 0%
Hyd 70 42% 25 % 9% 0%
Hyd75 40% 26 % 4% 0%
Hyd 80 33 % 16.5 % 10 % 0%

2z
10 [T
/ -
8 /
€ 6 // Hyd 60 6hr
@ =y = === Hyd70 6hr
© ) = —— Hyd75 6hr
— — — Hyd80 6hr
0
0 1 2 3 4 5 6
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10 Pt — NN
8 / la‘— ----------
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€ 6 .
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0
0 1 2 3 4
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10
. —— e = —-
8
[ st
6
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0 e
0 0.5 1 15 2
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7
6 / o
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@ §3 —e— Hyd75 1hr
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Fig. 6. Temporal variation of scour depth under different
hydrographs with the same duration

Table 3. Percentage of maximum scour depth difference
under Hyd 6hr and other hydrographs
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12
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=6 J—_ Hyd60 1hr
§ 4 FAI Y GRS Hyd60 2hr
o 7 —=— Hyd60 4hr
o 2 —e— Hyd60 6hr
0 —a— Steady60 6hr
0 2 4 6
t (hr)
14
12 ) ikt
10
’g 8
>~ 6 Hyd70 1hr
© - = =+ Hyd70 2hr
4 —— Hyd70 4hr
2 —— Hyd70 6hr
0 —— Steady70 6hr
0 2 4 6
t (hr)
16
14
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g 4 —— Hyd80 4hr
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0 —— Steady80 6hr
0 2 4 6
t (hr)
Fig. 7. Temporal variation of scour depth under steady flow

and different hydrographs.
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Time  Hyd60 Hyd70 Hyd75 Hyd80
1hr 366% 255% 155% 0
2 hr 428%  232%  17% 0
4hr  305% 132% 5% 0
6hr  345%  19%  108% 0

Table 4. Percentage of maximum scour depth
difference under Hyd 80 and other hydrographs for the
same duration
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313 O~
Run 1hr 2hr 4hr 6hr
Hyd 60 39.5 36.5 28.8 24.5
Hyd 70 38.5 31.2 22.2 21.2
Hyd 75 39.6 33 19 24
Hyd 80 32 23.8 25.7 225

Table 5. Percentage of maximum scour depth difference
under steady flow and different hydrographs.
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Fig. 8. Comparison between observed and computed scour
depth using Eq. (1).
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Abstract

Estimating the maximum possible scour depth around spur dike is an important step in the design of spur
dike foundations. To determine the maximum scour depth in the design of spur dike foundations, the
equilibrium scour depth, which is commonly estimated using peak-flow conditions for engineering design of
spur dike foundations, are used. In fluvial rivers, significant transport of bed materials often takes place
during peak-flow discharge in a flood event. In the case of large rivers, the duration of a flood event may last
for a few months, but for others the unsteadiness of a flood can be pronounced. The general practice of
employing peak-flow discharge for evaluating the maximum scour depth for design may be questioned
because the maximum scour depth occurring under a flood hydrograph can be
much smaller than the calculated value using peak-flow discharge. In other words, using the peak-flow
discharge for design can overestimate the maximum scour depth in comparison to the actual conditions
under the flood hydrograph, greatly. Therefore, when the flow unsteadiness is pronounced, investigating the
temporal variation of clear water scour at spur dike is important to estimating the possible extension of the
scour hole. This will provide useful information for designing the footing safely and the selecting of scour
counter-measure. The degree of severity of the problem is dictated by the magnitude of this scour hole.

In this experimental study, the scour around the single spur dike was investigated under unsteady flow.
These tests have been done in terms of clear water and non cohesive sediments. In order to investigating the
scour around the spur dike, experiments have been done by changing the properties of normal hydrograph
such as peak discharge and durability time. In order to producing the hydrograph, we used a device for
adjusting the speed of pump motor and generating the variable discharge according to actual discharge time
series. In the inlet pipe of pump, a magnetic flow meter is located that Measures the discharge in per one
tenth of a second. Thus, the system verifies the requested discharge at any time. The results show that one of
the influential parameters that affect the scour around the spur dike is the durability time of hydrograph. We
concluded that when the durability time increases 6-times, scour depth will increase 40 percent, because with
increasing durability time, the time that spur dike exposes tensions increases. Furthermore the depth of scour
has increased 35 percent, by increasing 25 percent of peak discharge of hydrograph that is caused by
increasing stresses imposed on the bed. Finally, the resulted scour under unsteady flow was compared with
the resulted scour under steady flow (With flood peak discharge), with a significant difference between the
scour under steady and unsteady flow. Then, an imperial equation was proposed for calculating the scour
depth under hydrograph. This equation was obtained by adding the unsteady coefficient of flow in the
equation of equilibrium scour depth under steady flow. This unsteady coefficient of flow includes effective
parameters of hydrograph such as peak flow of hydrograph, peak time, duration time of hydrograph and
equilibrium time of scour.
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