
Chapter 15

Assessment of Sediment Hazards by Bed

Level Variations Around the Bridge Pier

Laxmi Narayana Pasupuleti, Prafulkumar Vasharambhai Timbadiya,

and Prem Lal Patel

Abstract Local scour around the hydraulic structure is one of the prime responsi-

bilities for the sediment hazards. The present study investigated the bed level

variations around the bridge pier on uniform sediments under varied flow intensities

(U/Uc = 0.66, 0.82, and 0.98) to assess the sediment hazard around the hydraulic

structures, viz., bridge pier. A single pier of diameter (d= 8.8 cm) was positioned on

a sediment bed of 15 cm thick, having mean sediment size, d50= 0.75 mm, standard

deviation, σg = 1.29, specific gravity of 2.65 were used during the experimentation.

The SeaTek 5 MHz Ultrasonic Ranging System (URS) has been used to measure the

instantaneous bed levels at different grid points around the pier during the experi-

ments. The scour hole structure was quantified during its evolution, i.e., at 25%,

50%, 75%, and 100% scour depth. The quantities of scour hole in terms of areal and

volume studies, temporal variations at different time intervals, three-dimensional

scour depths are computed from measured bed levels. From the analysis, the scour

depths are observed 20% more at vicinity of bridge pier at U/Uc= 0.98, vis-à-vis U/

Uc = 0.66. The present study suggested that the volume and areal extent of local

scour, though challenging, is also essential along with scour depth computations to

assess sediment hazards around the bridge piers.
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15.1 Introduction

The current study presents an assessment of sediment hazards by studying the local

scour around the hydraulic structure. The rapid urbanization increased the construc-

tion of additional bridges either of sides with reference to existing bridge. Hence, the

safety of such bridge piers is essential for smooth operative of traffic. Local scour

around the hydraulic structure is one of the prime responsible for the sediment

hazards (Kothyari et al. 1992; Aamir et al. 2022). Due to severe periodic sedimen-

tation and flooding hazards the progression of alluvial fans may be at risk (Jain et al.

2021; Chaudhuri et al. 2022). Since, in 1983, extensive flooding and mudflows

caused an estimated $250 million in damages to Davis County communities located

on numerous alluvial fans along the base of the Wasatch Mountains in Utah

(MacArthur 1988). Clear water flood condition and steady-state condition were

used to delineate potential flood hazard zones. However, these studies did not

account for the severe sedimentation processes associated with the events. The

City of Rancho Mirage, located in Coachella Valley, California, experienced similar

sedimentation hazards, and debris-flow flood events on the Magnesia Spring Creek

alluvial fan in 1976 and 1979. The occurrences of these destructive, high-velocity

sedimentation-associated flood events led to the design and construction of a flood-

control project and debris-control facilities subject to such episodic, high-energy

flood hazards (Garcìa et al. 2008; Shankar et al. 2021).

The fluvial hydraulics states that the combination of the primary vortex and

secondary vortex created the three-dimensional flow structure at the foot of the

pier, leading to erosion at upstream and transporting the sediments to downstream,

resulting in the formation of scour hole (Graf and Yulistiyanto 1998; Euler and

Herget 2012; Dey and Raikar 2007; Pasupuleti et al. 2021a, b; Singh et al. 2022;

Wallwork et al. 2022). Several experimentations on local scour were conducted

extensively around single bridge pier (Breusers et al. 1977; Baker 1980; Raudkivi

and Ettema 1983; Dargahi 1989; Dey et al. 1995; Chiew and Melville 1987; Melville

and Chiew 1999; Graf and Istiarto 2002; Pandey et al. 2020; Yang et al. 2020).

Among the studies, Yang et al. (2020) identified four stages for the development of

scour around the piers, i.e., initiation, stagnation, developing, and equilibrium stages

in which the scour process is very rapid in the initiation stage whereas the scouring

process is significantly reduced in the stagnation stage. In the developing stage, the

scour process is accelerated once again and lasts for a long time. The rate of scour

depth is negligible in the equilibrium stage, i.e. the maximum scour depth is reached.

Sarkar et al. (2015) investigated the temporal variations of bed forms around isolated

submerged piers of four different shapes (circle, square, triangle, and elliptical). The

study found that scour depth was maximum in circular pier while elliptical shape had

shown the minimum scour depth. Vijayasree et al. (2017) experimentally investi-

gated influence of pier shape (including, rectangular, trapezoidal, triangular, oblong,

and lenticular shapes) on flow field and scour geometry on the sediment bed. The

study found maximum scour depth occurred at rectangular and minimum scour

depth occurred at lenticular shape. Few studies (Kothyari et al. 1992; Baker 1980;



Chiew and Melville 1989; Sheppard et al. 2014; Pournazeri et al. 2014; Pandey et al.

2017; Gazi and Afzal 2020) developed mathematical models to predict the scour

depth around the single circular pier. Through experiments, the researchers (Zarrati

et al. 2006; Selamoglu et al. 2014; Wang et al. 2016; Khaple et al. 2017; Keshavarzi

et al. 2018; Memar et al. 2020; Chavan et al. 2020) focused on scour depth around

tandem piers. In recent studies, Chavan et al. (2020) investigated the effect of

seepage, i.e., no seepages, 10% seepage, and 15% seepage, on scour depth by

placing piers of two different diameters, one at upstream and other at downstream.

The study found minimum scour depth at upstream piers under 15% seepage. On

other hand, maximum scour was found under no seepage condition.
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The quantities of scour holes in terms of areal and volume studies, temporal

variations at different time intervals, three-dimensional scour depths from instanta-

neous bed levels are scarce in the literature. Due to marginal availability on sediment

hazard assessment, the present study focused on quantification of scour hole around

pier at different flow intensities, the three-dimensional behavior of scour hole during

its evolution, volume, and areal extents during the evolution of scour hole, i.e., scour

hole at 25%, 50%, 75%, and 100% of equilibrium scour depth around the pier under

varied flow conditions.

15.2 Experimentation

A series of experiments were performed in a re-circulating sediment transport flume

which situated in the Advanced Hydraulics laboratory at the Sardar Vallabhbhai

National Institute of Technology, Surat, Gujarat, and India. The channel having

dimensions, 15 m long, 0.89 m wide, and 0.6 m deep, see Fig. 15.1 (Pasupuleti et al.

2020). At 5.0 m downstream from inlet, a 6.0 m long working section was located

with sides having perspex glass to have clear view of the flow. A couple of

honeycomb cages were positioned with 0.5 m gap at the inlet to allow smooth

flows over the working section. A tail gate was placed at the end of the channel to

maintain the uniform flow over the working section. A digital flow meter was fixed

at the inlet pipe to measure the discharges released from the overhead tank through

supervisory control data acquisition (SCADA) system.

The alluvial channel consists of a 15 cm thick sediment bed with the median size

d50 = 0.75 mm, geometric standard deviation σg (d84/d16)
0.5
= 1.29, and angle of

repose, ϕ = 31.5°, in the entire working section of 6.0 m long and 0.89 width. The

cylindrical pier having diameter (d = 8.8 cm) was placed 8.0 m downstream from

inlet, to ensure fully developed flow (Pasupuleti et al. 2020). Total three experiments

were carried around the pier, see Table 15.1. The flow intensity, U/Uc = 0.64–0.98,

was gradually maintain to avoid sudden deformations around the piers. The Reyn-

olds number (Re = UZ0/ν) of the approaching flow are tabulated in Table 15.1. The

instantaneous bed levels were recorded around the single by ultrasonic ranging

system (URS) composed of 32 transducers (Tr.) developed by the SeaTek. The



Run (m3/s) of pier (m)

plan of transducers locations for data collection over both the pier arrangements

along with flow directions are shown in Fig. 15.2.
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Fig. 15.1 Schematic of the experimental set-up

Table 15.1 Flow conditions used in the current study

Discharge

Flow

depth

(m)

Diameter

Approaching mean

flow velocity (U )

(m/s)

Flow

intensity

(U/Uc)

Pier

Reynolds

number (Re)

1 0.020 0.105 0.088 0.214 0.66 2.2 × 104

2 0.025 0.105 0.088 0.267 0.82 2.8 × 104

3 0.030 0.105 0.088 0.320 0.98 3.36 × 104

15.3 Results and Discussion

Areal and volume extents of scour hole, the temporal variation of scour depth during

its evolution, scale measurements, and three-dimensional scour structures during the

25% to 100% of scour hole formations are described in the following paragraphs:
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Fig. 15.2 Placement of URS transducers in plan around pier

Fig. 15.3 Equilibrium

scour depth around the pier

at different flow intensity

15.3.1 Areal and Volumes of Scour Hole

The bed elevations were continuously recorded over the period of 300 min around

the pier using URS transducers at different grids (see Fig. 15.2). Thereafter, the scour

depths are recorded as ±1 mm. The dimensionless equilibrium scour depth (ds/d ) is

shown in Fig. 15.3 for all the three flow intensities. Here, ds is the scour depth at time

t and d is the pier diameter. From Fig. 15.3, at higher flow intensity,U/Uc= 0.98, the

scour depths reach stable condition compared to U/Uc = 0.66. The threshold

condition prevails more accurate at higher flow intensity. The scale measurements

were collected on stabled bed condition after end of each run, it is observed that the

radius of scour hole for U/Uc = 0.66 is 18 cm, while, for U/Uc = 0.82 and 0.98 are

20 and 22, respectively, i.e., with increase in flow discharge of 5 L/s, the radius of

scour hole was increased by 11% (Table 15.2). Furthermore, the volume of sedi-

ments eroded from the scour hole and deposited in the downstream of pier were

computed using ArcMap 10 based on the procedure adopted in the previous studies

(Pasupuleti et al. 2020). It can be seen that, at equilibrium state, i.e., evolution of

scour hole at 100%, the volume of sediment eroded and volume of sediment



Uc) (cm)

Scour

hole (%) depth (ds/d) eroded (cm3)

deposited are significantly increased vis-à-vis scour hole at 25%. It is observed that

both the volumes are increased by 3.5 times at equilibrium condition for all the three

flow intensities (see Table 15.3).
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Table 15.2 Areal measurements of scour holes around the piers

Scour radii (distance from pier center) (cm)

Longitudinal direction Transverse direction

Flow intensity (U/Uc) 0.66 0.82 0.98 0.66 0.82 0.98

Radial distance 18 20 22 18 20 22

Affected deformed zone (cm)

Flow intensity (U/Uc) 0.66 0.82 0.98

Flow direction 40 50 75

Table 15.3 Total quantities of scour hole

Flow

intensity (U/

Pier

diameter

Single pier Single pier

Dimensionless scour Volume

Volume

deposited

(cm3)

0.66 8.8 25 0.30 210 100

0.66 8.8 50 0.45 375 160

0.66 8.8 75 0.72 522 280

0.66 8.8 100 0.94 756 350

0.82 8.8 25 0.38 230 110

0.82 8.8 50 0.48 410 178

0.82 8.8 75 0.75 578 305

0.82 8.8 100 0.97 822 398

0.98 8.8 25 0.40 260 130

0.98 8.8 50 0.50 450 195

0.98 8.8 75 0.80 650 350

0.98 8.8 100 0.99 900 450

15.3.2 Temporal Variations in Bed Levels

Temporal variations of bed elevations around the pier during the evolution of scour

hole are shown in Figs. 15.4, 15.5, and 15.6. Here, Fig. 15.4a–d represents the space-

time dynamics of bed at 25%, 50%, 75%, and 100%, respectively, for flow intensity,

U/Uc= 0.66. Similarly, Figs. 15.5a–d and 15.6a–d are for U/Uc = 0.82 and 0.98,

respectively. From Figs. 15.4, 15.5, and 15.6, it can be observed that 20% more

elevations were observed for U/Uc = 0.98 in comparison to U/Uc = 0.66 under the

identical conditions. Furthermore, maximum depositions are occurred in U/Uc =

0.98 vis-à-vis U/Uc = 0.66.



Space-time dynamics during the evolution of scour hole around the pier are studied

in the current study. The experiments were carried under clear water condition at

different flow intensities, viz., U/Uc = 0.66, 0.82, and 0.98 using the ultrasonic
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Fig. 15.4 Temporal variations at some time intervals around the pier at U/Uc = 0.66 during

formation of scour hole at (a) 25% (75 min), (b) 50% (150 min), (c) 75% (220 min), and (d)

100% (300 min)

To escalate scour around the pier, three-dimensional surface contours are derived

from bed elevation data with the help of Surf packages available in MATLAB 2014

(Sarkar et al. 2016). The Surf creates a three-dimensional surface for a given spatial

coordinates (X and Y) and elevation data (Z) (Pasupuleti et al. 2021a, b). The current

study collected the bed elevations at a grid size of 5 × 5 cm. To create the finer mesh,

the elevations were cubically interpolated. In the Surf plots, the values in matrix Z as

heights above a bed in the x–y plane defined by X and Y are shown in Figs. 15.7 and

15.8. Here, Fig. 15.7a–d represents 3D surface contour of bed at 25%, 50%, 75%,

and 100%, respectively, for flow intensity, U/Uc = 0.66. Similarly, Fig. 15.8a–d for

U/Uc = 0.98. From Figs. 15.7 and 15.8, it can be observed that the scour depths are

seen 20% more at U/Uc = 0.98 as compared to U/Uc = 0.66.

15.4 Conclusions



ranging system having 32 transducers. The measured instantaneous bed elevations

are used to compute areal and volume extents of scour hole during evolution of scour

hole, temporal variations at some time intervals around the said pier and, the three-

dimensional surface contours are presented. From the ongoing study, the following

key conclusions are drawn.
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Fig. 15.5 Temporal variations at some time intervals around the pier at U/Uc = 0.82 during

formation of scour hole at (a) 25% (75 min), (b) 50% (150 min), (c) 75% (220 min), and (d)

100% (300 min)

1. Areal and volume quantities of scour hole were observed 3.5 times more for flow

intensity, U/Uc = 0.98 vis-à-vis U/Uc = 0.66.

2. Maximum erosions and maximum depositions are seen at U/Uc = 0.98 in

comparison with U/Uc = 0.66. Furthermore, temporal variations of bed eleva-

tions are increased by 20% for higher flow intensity in comparison to lower one,

under the identical conditions.

3. The evolution of bed topography around the pier are studied using the 3D surface

contours developed with surf packages available in MATLAB R2014b. The

scour depths are seen 20% more at U/Uc = 0.98 vis-à-vis U/Uc = 0.66.

4. The assessment of sediment hazard around the bridge pier was observed by

studying local scour around there, it is observed that 20% more at vicinity of

bridge pier at U/Uc = 0.98, vis-à-vis U/Uc = 0.66. The present study suggested

that the volume and areal extent of local scour, though challenging, is also

essential along with scour depth computations.
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Fig. 15.6 Temporal variations at some time intervals around the pier at U/Uc = 0.98 during

formation of scour hole at (a) 25% (75 min), (b) 50% (150 min), (c) 75% (220 min), and (d)

100% (300 min)

Fig. 15.7 Three-dimensional surface contours pier for U/Uc= 0.66 during formation of scour hole

at (a) 25% (75 min), (b) 50% (150 min), (c) 75% (220 min), and (d) 100% (300 min)

The current study may be used to assess the risk on sediment hazard around

hydraulic structure and will be used to predict the periodic sedimentation and

flooding hazards on progression of alluvial fans. The current study associated to



temporal variations of bed level variations around the bridge pier for uniform and

clear water conditions in the channel. The following are key limitations of the current

study.
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Fig. 15.8 Three-dimensional surface contours pier for U/Uc= 0.98 during formation of scour hole

at (a) 25% (75 min), (b) 50% (150 min), (c) 75% (220 min), and (d) 100% (300 min)

1. The flow depth, discharge, diameter of pier were kept constant in current study.

More experimental runs by varying these variables can be useful to risk assess-

ment around sediment hazardous around hydraulic structures.

2. The current study is based on clear water condition in the flume. Similar inves-

tigation can be performed with live bed conditions in the channel which is close to

actual field condition in alluvial rivers.
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