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Evolution of Four Formulae Derived 
Over Five Decades to Predict Temporal 
Scour at Circular Pier 

Buddhadev Nandi, Krishanu Sasmal, and Subhasish Das 

1 Introduction 

Check for 
updates 

The interaction of stream flow and a vertical bridge supporting structure which are 
creating an obstruction to the flow generates erosion of the sediment bed due to 
complicated three-dimensional flow separation [1]. The transverse resistivity of the 
soil supporting the foundation decreases substantially with increasing scour depth, 
resulting in horizontal deflection of the foundation head. The most significant human 
aspects are: the insufficiency of hydrological data to base flood magnitude estimations 
for design purposes; the absence of reliable techniques for estimating scour at bridge 

piers; as well as an inability to predict the impact and accumulation of debris against 
the bridge structure [2]. In front of such obstructions, the flow velocity is less and on 
the side of the obstruction, the flow velocity increase which reduces the bed shear 
stress and the sediment lifted by the action of the horseshoe vortex leads the erosion. 
Most of the widely used empirical formulas for estimating scour depth under clear 
water equilibrium (CWE) conditions are derived under conditions of extremely long 
flow periods. Bridge pier footings designed keeping CWE condition, scour depths 
can offer significantly higher values than when the flow lasts for a shorter period 
of time. Smaller scour depths can be attained for a limited time to the peak value 
of the planned flood hydrograph, thus minimizing the total construction costs. As 
a result, it is critical to investigate the temporal variation of CWE scour. However, 
time-dependent studies on the local scouring phenomenon are few. 

To determine the maximum depth of scour at bridge piers, several computational 
and laboratory investigations were conducted. But based on these concepts, bridge 
pier design may not be cost-effective. Thus, the concept of temporal scour depth (Sdr) 
is established. The Sdr is a crucial requirement for safe and cost-effective construction 
of bridge piers [3]. Due to the gradually increasing scientific interest in evaluating 
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Estimation of Clear Water Flow Induced 
Maximum Scour Depth Using Random 
Forest and XGBoost 

Buddhadev Nandi , Subhasish Das , and Subhalakshi Paul 

Abstract Bridge piers in hydraulic environments are vulnerable to local scour. Water 
flow causes erosion of adjacent sediment vicinity of the piers leads a risk to bridge 
structure. This results in unique flow patterns near the bridge piers. Soft computing 
models that are data-driven and efficient are used by researchers nowadays to predict 
local scour. A total of 180 data sets from the previous literature over four decades 
were collected. Ensemble frameworks, such as Random Forest Regression (RF) and 
Extreme Gradient Boosting (XGBoost), are utilized in this study to compute the 
maximum local scour depth in clear water flow conditions. As independent vari-
ables, there are five input parameters: flow strength, flow shallowness, sediment 
gradation, sediment coarseness, and dimensionless time were considered. A total of 
three performance indicators were used namely Coefficient of Determination (R2), 
Mean Absolute Error (MAE), and Root Mean Squared Error (RMSE) to assess the 
effectiveness of these two machine learning models. Three literature equations with 
high potential have been taken into account for comparison with the current machine 
learning model about performance indicators. The results of the study show that the 
XGBoost performs better during the training stage with R2 = 0.983, MAE = 0.066, 
and RMSE = 0.086, while the RF performs best during the testing scenario with R2 

= 0.765, MAE = 0.221 and RMSE = 0.299, The features importance found using 
XGBoost which indicates that flow intensity to be the most important variable that 
causes this phenomenon most vulnerable. 

Keywords Random forest · Extreme gradient boosting · Scour ·Machine learning
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Excess scour developing around tandem and eccentric piers of side-by-side bridges may aggravate bridge failure'

Thinking differently, this combination of pierJike structures may increase scour and shift sediments towards the bank,

which may help in self-dredging. Therefore, accurate estimation of temporal scour depth (dJ around such piers has a

very high priority nowadays, However, Iittle work has been done in this regard. Most of the previous equations

pr"ii6 ao only for an isolated pier. Here, two to three piers are placed eccentrically in line in addition to isolated

piers to derive equations empirically for accurate prediction of d* considering circular, triangular and square pier

ihapes, the present experimental results for an isolated circular pier are validated using equations from the literature,

crois-validated with other published experimental data, Predictive equations are proposed for two to three pierc with

eccentrically in-line arrangements, taking their intermediate spacings as key variables' These equations are

established based on dimensionat analysis and non-linear regression. Overall analysis reveals that the estimated

temporal scour depths based on the proposed integrated equation are closely within the t80% accuracy band. The

proposed equations can be used to predict temporal scour accurately for selected combinations of piers within the

given experimental ranges.

Keywords: eccentricity/hydraulics & hydrodynamicVpierAedimentation/shallow waterltemporal scour

Notation
pier diaEeter/width (L)

effective pier diameter/width (L)

median diameter of sand (L)

maximum scour depth at isolated pier (L)

temporal scour depth (L)

da at ftont pier for isolated pier (L)

do at eccentric pier for eccentric arrangement (L)

dst at front pier for eccentic arrangement (L)

ds at eccentric pier for in-line eccentric arrangement

(L)

l* at rear pier for in-line eccentric arra:rgement (L)

do at ftont pier for in-line eccentdc arrangement (L)

Froude number
gravitational acceleration (LT-2)

approach flow depth E)
diagonal distance between two eccentric piers (L)

longitudinal distance between the pien (L)

flow Rrynolds number (= I/II/D)
pier Reynolds number (= I/B/o)

bed slope

time scale (T)

time (T)

time to reach equilibrium scour [)
depth-averaged approaching flow velocity Efl)
shear velocity (LI1)
critical velocity (LT- t)

critical shear velociry (tf )

angle of attack

correction factor for piet alignment

specific weight of fluid (ML-t1
kinematic viscosity (L'f ')
mass density of fluid (I\tr,-3)

mass density of sediment (ML-3)

geometric standard deviation

1. lntroduction
When a pier blocks a stream's flow, a scour hole forms locally

around the pier. Examples are pien of new bridgeg which are

usually wide these days, and comprise two piers aliped along

the flow to support the structue's loading simultaneously. New

bridges constructed parallel to existing bridges also give rise to

the complex pier condition studied (Ashtiani and Beheshd

2006; Das and Mazumdar, 2015; Das et a1.,2016; Keshavarzi

et a1.,2018; Malik and Setia, 2020; Memar et a1.,2020; Moreno

et at.,2017;Yarlg et al.,2019,2}2fr;Ylmaz et al.'2Ol7). Stndy

of complex piers is needed for the safe and cost-effective design

of bridges and offshore structues and for mitigating bridge

failure. Eccentrically in-line piers can enhane sediment shifting

by increasing scour towarrds the channel bank @x et a1.,20L6,

2019; laaan et a1.,2017;Micbael et al.,l99l).

It is crucial to know how tong the local scour near a bridge pier

lasts For timedependent local scour surrounding isolated pien,

only a few equatiotrs have been suggested (Melville and Chiew,
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