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1. Introduction

One of the main causes of the destruction of marine structures, is creating erosion in its pier foundation.
The uncontrolled spread of scour hole undermines the foundation and thereby will threaten the entire
structure. In this study, the performance of countermeasure strategies include bed sill, collar and then
combination of them were evaluated. Experimental assessment for cylindrical pier has been conducted under
the clear water condition. Based on the recommendations resulting from the studies reviewed, bed sill was
attached to the downstream side of the pier, the width of the channel, vertically from floor to sediments and
circular collar with an outer diameter equal to 3 times the pier diameter, was installed in the bed level. Also in
the combination method the integration of last two solutions was used, while bed sill was placed tangent to the
downstream of collar.

2. Methodology
2.1. Experimental setup

The experiments in this study were conducted in the hydraulic laboratory at the Civil Faculty of Arak
University. The research flume has 9 meters long, 50 centimeters wide and 60 centimeters high. In order to
reduce the materials, by using raised floor with a height of 20 cm, the experiments were performed at 2.5 meter
middle length of the channel.

The necessary constraints in modeling were imposed; as the flume width B is limited, the diameter of the
pier should be reasonably controlled to prevent sidewall effects. Chiew and Melville (1987) suggested that the
pier diameter (D) should not be greater than 10 percent of flume width (b) while Raudkivi and Ettema (1983)
suggested that the maximum ratio of D to b should be 0.16, so the cylindrical pier diameter chose 5 cm in this
research. To prevent the ripple on bed , median grain size (dso) must be more than 0.7mm and for eliminating
the effect of grain on scour depth, ratio of D on d50 must be greater than 20-25 (Raudkivi and Ettema, 1983);
Lee and storm suggested D/dso> 25. In order to have these conditions, Microsilica by density equal to 2.6 and
a median diameter of dso= 1 mm is chosen as model sediment. Melville and Chiew (1999) have estimated
maximum scour depth equal to 2.4 so the sediment depth should be greater than this amount. So in this
research the sediment depths selected over 20 cm. For minimizing the effect of flow depth on scour, ratio flow
depth (Y) to pier diameter (D) must be greater than 3 (Chiew, 1995). The minimum water depth suggested 20
mm by Oliveto and Hager (2002) for preventing effect of roughness. So in this research the flow depth was
selected about 20 cm. For having clear water conditions, ratio flow velocity (V) to threshold velocity for the
beginning of sediment motion (V:) must be smaller than 1(V/Vc<1). Melvill and Chiew (1999) have resulted
that clear water create in the condition of 0.3V.<V<V.. In all of the tests which have conducted in this research

* Corresponding Author
E-mail addresses: n-shahkarami@araku.ac.ir (Nazanin Shahkarami).



Nazanin Shahkarami / J. Civ. Env. Eng. 47 (2018)

VL have controlled equal to 0.5. Steady and uniform flow were imposed. Subcritical flow during tests and control
c

of their turbulent calculated using Froude and Reynolds dimensionless numbers in every test.

3. Results and discussion

Cylindrical bridge pier test was conducted without any protection as a base for evaluating the performance
of control solutions to reduce the amount of scour and bed changes. As well as the time they need to reach
equilibrium should be determined on this test. Accordingly, equilibrium time at least 6 hours for all tests was
based (Fig. 1). In the bed sill test, 75% of the amount of scour happened only in the first 30 minutes. Then scour
depth increases with the little trend till 6 hours and then remained constant for 100 minutes. Collar delayed
the start of scour time, as in this experiment, 75% scour occurred in the first 130 minutes. So test conducted
for 520 minutes which after 400 minutes the amount of scouring fixed. In the combination test, 75% scour
happened in the first 80 minutes. Until this time scour development was similar to the collar test but after that
continued with less slope. From 260 to 360 minutes no scour development was recorded.

As it can be seen in Fig. 2, by bed sill the maximum scour depth, occurring adjacent to the pier front, is 20
percentless than unprotected pier. By collar the scour depth decreased 90% in the area up to 3 times the radius
of the pier radius and 65% in entire of the bed, which shows a very good performance of this strategy to reduce
scour. Also the combined approach improved the maximum scour depth 75%, 70% and 87% in comparison
with the unprotected pier, collar and bed sill respectively. While there wasn’t seen bed scour under collar in
this method. In the last two countermeasure methods (collar and combined methods) the maximum scour hole
occurred in the downstream of structures. All of countermeasures except combined method increased area of
morphological changes in bed. At upstream of the pier can be seen that by adding a bed sill, no significant
changes in the bed level occurred, although in the two sides of pier in cross section the area which is influenced
by scour has increased 35%. But adding collar and combination of collar and bed sill has decreased bed changes
in upstream and wings as it can be supposed same as the bed without any structure in it.

——8— NO protection e——a. . collar =——e. =pedsill <---a.-- combination bed sill+collar

Scour depth (cm)

wad AR VT Mo TR TR A Ly RSN e P Wy

0 . . . . .
0 100 200 300 400 500 .
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Fig. 1. Maximum scour depth with time around cylindrical bridge pier

4., Conclusions

It can be said that collar increased the equilibrium time of scour, but bed sill reduced this time. In combined
strategy equilibrium time was between related times in each solution alone, almost similar to the unprotected
pier. The best performance in reduction of scour depth belonged to combination of collar and bed sill, then the
collar and then the bed sill; the scour reduction percent in the river in these methods were 75, 65 and 20
percent and 100, 90 and 20 percent respectively in the adjacent pier (up to three times of pier radius).
Evaluating the effect of countermeasures on the topography of the bed showed that adding a collar and bed sill
increased the length range of bed changes in downstream of the pier, while the bed sill has also added changes
in wings. But it should be noted that the range of minimum and maximum scour depth improved in all the
control method. Adjacent the bridge, collar and a combined method could improve the effects of bed level
changes completely.
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(c) (d)

Fig. 2. Bed topography changes around bridge pier: a. without protection, b. with bed sill, c. with collar, d. with combination
of collar and bed sill
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