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In this study, the influence of incorporating plastic clay (Ball Clay) into a sandy bed on the
mitigation of local scour around a cylindrical bridge pier was investigated through a
comprehensive series of laboratory experiments. The experiments were conducted in a
recirculating flume measuring 13 m in length, 1.2 m in width, and 0.8 m in depth, with the
sediment bed composed of uniform sand with a median size of dso = 0.78 mm. A cylindrical
pier with a diameter of 9 cm was installed at the center of the test section, and plastic clay was
mixed with the sediment at weight fractions of 5%, 10%, and 15%. The flow conditions
considered included discharges of 10, 15, 20, 25, and 30 L/s, corresponding to Froude numbers
of 0.12, 0.15, 0.168, 0.171, and 0.18, respectively. In total, 20 experiments were performed.
To determine the equilibrium scour time, the temporal evolution of the scour depth was
recorded at multiple time intervals. The results showed that for all flow conditions, the scour
depth reached an asymptotic and stable state after approximately 210 minutes. At this stage,
the sediment entrainment and deposition processes around the pier had reached dynamic
equilibrium, such that the bed shear stress within the scour hole dropped below the critical
shear stress of the particles. Consequently, the flow was no longer capable of mobilizing the
bed material, and the scour depth remained constant thereafter. Based on this observation, the
equilibrium scour depth at 210 minutes was adopted for all subsequent analyses. The bed
topography was measured using (i) manual readings obtained with a mechanical point gauge,
and (ii) three-dimensional surface reconstruction derived from close-range photogrammetry in
Agisoft Metashape based on sets of overlapping images. The comparison demonstrated strong
consistency between the two measurement techniques. The experimental results revealed that
the addition of plastic clay significantly enhanced the resistance of the sediment bed to
scouring by increasing inter-particle cohesion. Increasing the clay content markedly reduced
the maximum scour depth, and in some flow conditions—particularly at 10 and 15 L/s—scour
was almost completely inhibited. For instance, at 15 L/s, reductions of 54%, 100%, and 100%
in scour depth were obtained for clay contents of 5%, 10%, and 15%, respectively. At 30 L/s,
the corresponding reductions were 37%, 40%, and 50%. These findings demonstrate that
higher clay contents, especially 15%, were capable of effectively suppressing local scour even
under relatively high flow intensities. Overall, the results confirm the high potential of plastic
clay as a cost-effective bed stabilization material for mitigating local scour around hydraulic
structures. Furthermore, the addition of plastic clay substantially reduced not only
themaximum depth but also the spatial extent of the scour hole. The 3D photogrammetric
models accurately captured the scour geometry and proved to be a reliable tool for detailed
morphological assessment.
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EXTENDED ABSTRACT

Introduction

Local scour around bridge piers is a critical factor threatening the stability of hydraulic structures in riverbeds. It
occurs due to flow concentration and increased bed shear stress around the pier, leading to erosion and potential structural
failure. Understanding and controlling local scour is thus essential in river engineering and pier design. Various methods
have been proposed to mitigate scour, including modifying pier geometry, using protective structures such as riprap and
flow guide plates, and enhancing bed properties with mineral or chemical additives. Among these, natural and
environmentally friendly materials have attracted attention as effective and cost-efficient solutions. Ballclay powder, a
natural material with high cohesion and low permeability, can increase bed resistance and reduce the formation of deep
scour holes around piers. The present study aims to experimentally investigate the effect of different percentages of
Ballclay powder on local scour reduction around a cylindrical pier in a sandy bed. Laboratory-scale experiments were
conducted under various flow discharges to assess the bed response to different mixtures. Scour depths were measured
over time, and equilibrium conditions were analyzed at 210 minutes. The findings provide practical insights for
controlling local scour and enhancing the safety and stability of hydraulic structures, highlighting the potential of Ballclay
powder as an environmentally friendly and effective countermeasure.

Method

Laboratory experiments were conducted to investigate the effect of Ballclay powder on local scour around a
cylindrical pier. The experiments were performed in a flume 13 m long, 1.2 m wide, and 0.8 m high. Flow was supplied
by a centrifugal pump and discharge was controlled using an ultrasonic flowmeter with +0.1 L/s accuracy. Transparent
Plexiglas sidewalls allowed visual observation of scour development. A 3-m-long sandy bed with a thickness of
approximately 20 cm was prepared at the center of the flume using natural sand with a median particle size of dsp =0.78
mm. A PVC cylindrical pier with an external diameter of 9 cm was installed at the center of the sediment layer. The pier
diameter and position were selected to minimize flow interference with the flume walls and to maintain geometric
similarity. Ballclay powder was mixed with the dry sand at weight fractions of 5%, 10%, and 15%, resulting in four test
conditions: pure sand (control) and sand with 5%, 10%, and 15% Ballclay. For each condition, experiments were
conducted under five discharges: 10, 15, 20, 25, and 30 L/s, with each test repeated independently. Scour depth was
measured manually at the center of the hole using a graduated ruler, and equilibrium conditions were determined at 210
minutes. High-resolution photogrammetry was employed to capture the final bed geometry around the pier. Sequential
overlapping images were processed in Agisoft Metashape to reconstruct accurate 3D models of the scour hole, allowing
detailed analysis of scour depth, sediment distribution, and comparison across different experimental conditions.

Results

The longitudinal profiles of local scour depth in the clear-sand case indicate that increasing flow discharge
significantly amplifies the scour hole around the cylindrical pier. This trend is attributed to higher flow energy and shear
stress acting on the sandy bed, causing particle displacement and erosion. Particularly at higher discharges (25 and 30
L/s), the profiles show substantial scour depth, reflecting severe erosion under these conditions. The transverse scour
profiles exhibit a symmetric distribution, with the maximum depth occurring at the pier center along the flow axis and
gradually decreasing toward the sides. This pattern highlights the formation of horseshoe vortices and concentrated flow
around the pier, leading to intense central erosion and lateral reduction. Higher discharges also broaden the scour width,
indicating increased lateral as well as vertical erosion potential. The addition of Ballclay significantly reduced scour depth
across all discharges. At 10 L/s, 5% Ballclay reduced scour depth by approximately 42%, while 10% and 15% completely
prevented scour formation. The effectiveness of Ballclay is attributed to enhanced mechanical properties of the sediment
bed; particle cohesion and reduced permeability limit particle displacement. At higher discharges (15-30 L/s), Ballclay
still mitigated scour, although lower percentages (5% and 10%) showed reduced efficiency under stronger flows. For
instance, at 15 L/s, the scour reduction reached 54%, 100%, and 100% for 5%, 10%, and 15% Ballclay, respectively, and
similar trends were observed at higher discharges. Transverse profiles confirm that increasing Ballclay content decreases
both the depth and lateral extent of the scour hole. At 15%, the bed remained almost flat, demonstrating full stabilization
against erosion. Furthermore, downstream sediment accumulation decreased with Ballclay addition, reflecting reduced
sediment detachment and transport. Short-range photogrammetry was employed to reconstruct 3D scour models ,and the
manually measured longitudinal profile was compared with the 3D model for 15% Ballclay at 30 L/s. The results show
excellent agreement, validating the 3D reconstruction method as a reliable tool for detailed analysis of scour patterns.

Conclusions

In this study, the effect of adding Ballclay to a sandy bed on the reduction of local scour around a cylindrical pier
was investigated under laboratory conditions at different flow discharges. The results clearly demonstrated that the
mixture of sand with Ballclay significantly enhanced bed stability and effectively prevented the development of scour
holes. The addition of 5% Ballclay reduced the average scour depth by approximately 40% across all discharges, while
10% and especially 15% Ballclay achieved much higher reductions, up to 98%, even completely eliminating scour at low
discharges of 10 and 15 L/s. This improvement is mainly attributed to increased cohesion, reduced permeability, and
enhanced shear strength of the sandy bed due to the fine and plastic properties of Ballclay. Temporal analysis of scour
development showed that, for both the clean sand and the 5% mixture, the scour depth reached a quasi-steady state after
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approximately 210 minutes, which was therefore considered as the equilibrium time for all experiments. Additionally,
the formation of downstream sediment mounds, resulting from the displacement of eroded particles, was significantly
reduced in the presence of Ballclay. This indicates that Ballclay not only mitigates scour depth but also prevents sediment
redistribution along the flow path. Overall, the use of Ballclay as a simple, cost-effective, and environmentally friendly
additive represents an efficient approach for controlling local scour around bridge piers in sandy beds. Further studies
under unsteady flow conditions, long-term durability, and field implementation may provide valuable insights for
practical protection of hydraulic structures.
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