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Abstract:

The most dominant concern about the stability of bridges is the occurrence of local scour around piers and
abutments. The local scour around bridge foundations has been widely studied by different researchers in recent years.
Different methods have been proposed to control the scour depth and occurrence of scouring around bridge piers and
abutments. Construction of bridge foundations in elevations deeper than predicted values is a usual method, in which,
proper estimation of scour depth is very crucial. There are other available methods to countermeasure the scour, among
which: installation of an amour layer around bridge piers and abutments. In this method heavy particles of stone or
concrete blocks are placed around the bridge foundations, enhancing resistance of the bed to erosion and scour.
Deviation of the flow from the bridge foundation is another way which usually transfers the scour to the midway
channel at downstream of the structure. Installation of collars and spur dikes are the examples of this approach. An
innovative method to mitigate scour around hydraulic structures is “soil compaction”. Compaction increases the
relative density and soil resistance which mitigates scour and produce a time delay in scour hole development
procedure. Effects of clay content percentage and compaction ratio on scour reduction around bridge piers are
investigated in this paper. Experimental programs are conducted in a flume with 45 m length, 1.2 m width, 0.45 m
depth and with a bed slope of 0.001. Uniform sand with median size of 0.73 mm and standard deviation of 1.27 is
selected as non-cohesive material. The clay content liquid limit (LL) is 15.9, plastic limit (PL) is 49.2 and plasticity
index (PI) is 10.9, which categorize the clay content as CH according to Unified Classification Standard. The
experiments are performed in clear water conditions (Ve/v=0.9) with a constant depth of 15 cm and a flow rate equal
to 40 L/s (with a subcritical Froud Number of 0.31 and mean velocity of 0.31 m/s). In order to investigate the effect of
clay content percentage and compaction energy on local scour, 5%, 10%, and 15% of clay were added to the soil.
Thereafter, the specimens were compacted by different ratios. According to the experimental results, compaction
leaves no effect on non-cohesive soil scouring rate and magnitude. However if the clay content percentage rises up to
10% -while the compaction ratio is 100%- the scour is completely eliminated. In order to assess the effect of
compaction ratio on scour mitigation, the same mixture (with 10% clay content) was compacted to 70% of ultimate
compaction energy. The results showed a 50% decrease in scour depth which is comparable to the previous case in
the same compaction rate (70%). The percentage of the clay content was raised to 15% for another test. The results
showed that the scour was completely captured. In a specimen with 15% clay content mixed with non-cohesive
sediment materials -in saturated bed conditions- and with a relative density of 70%, the scour process around the bridge
pier was completely controlled after 24 hours. The results prove that adding cohesive materials can postpone the local
scour process significantly.

Keywords: Scour, Bridge Pier, Compaction, Scour countermeasure
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