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I. INTRODUCTION 
 

Bridge scour is the process of removal of the 

sediment such as sand and gravel around a bridge 

piers and abutments. It occurs due to swiftly moving 

of water, can scoop out scoop out scour holes, 

compromising the integrity of a structure. The scour 

can occur wherever hydraulic structures foundation 

cause a local acceleration of flow, generating vortex 

structures close to the bed, creating high pressures 

gradients in the sediment.  

 

In the river and marine environment bridge scour 

occurs around the piers or abutments. The process of 

erosion around a bridge foundation in river caused 

by flooding is the leading cause of bridge failure. 

Bridge scour countermeasures can be used to 

mitigate the scour effects. Generally, the scour is a 

long-time process, due to that the catastrophic 

failure was occurred at the bridge. World statics 

conforms that about 80 of the bridge failure were 

caused by scour [17].  

 

So, the estimation of scour around a bridge pier is an 

important practice in hydraulic engineering as it is 

useful to design the foundation of the piers. Under 

prediction of design scour depths can result in costly 

bridge failure and possibly in the loss of lives. For 

these purposes’ proper prediction of the amount of 

scour anticipated at a bridge crossing during design 

conditions is essential. Scour occurs in three main 

forms namely, General scour, Contraction scour and 

Local scour. The general scour occurs naturally in 

river channels and includes the aggradation and 

degradation of river bed. That also may occur as a 

result of changes in the hydraulic parameters. 

 

 

 

 

 

Governing the channel form such as a change in the 

quantity of sediment in the channel. 

 
Figure -1: [6] Computational mesh and boundaries. 

 

The contraction scour occurs as a result of the 

reduction in the channel cross sectional area. 

Increases in flow velocity and resulting bed shear 

stresses caused by a reduction in the cross-sectional 

area of channels at the location of the bridge. The 

local scour occurs around individual bridge piers and 

abutments leading to localized erosion in the direct 

vicinity of the structure [14].  

 

The three main mechanisms of local scour are 

Increased mean flow velocities and pressure 

gradients in the vicinity of the structure, the creation 

of secondary flows in the form of vortices and the 

increased turbulence in the local flow field. The local 

scour is divided into two different scour regimes that 

depend on the flow and sediment conditions 

upstream of the structure. Clear-water scour refers to 

the local scour that takes place under the conditions 

where sediment is not in motion on a flatbed 

upstream of the structure. If sediment upstream of 
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the structure is in motion, then the local scour is 

called live-bed scour. Scour associated in the marine 

environment with anthropogenic activities.  

 

When a structure is placed in a marine environment 

the flow pattern in its immediate neighborhood, 

resulting in following phenomena: The contraction of 

flow, the formation of a horseshoe vortex in front of 

the structure, the formation of lee-wake vortex 

behind the structure, the generation of turbulence, 

the occurrence of diffraction of waves, the 

occurrence of wave breaking, the pressure 

differentials in the soil and the occurrence of 

reflection of waves. Tidal scour is seafloor erosion 

caused by strong tidal currents resulting in the 

removal of sediments and formation of deep holes 

and channels. Two kinds of vortices may occur due 

to change in velocity of the flow.  

 

One is wake vortices, downstream of the points of 

flow separation on the structure and another one is 

horizontal vortices at the bed and free surface due to 

stagnation pressure variations along the face of the 

structure and flow separation at the edge of the 

scour hole. These phenomena, although relatively 

easy to observe, are difficult to quantify 

mathematically. Horseshoe vortices develop due to 

the separation of the flow at the edge of the scour 

hole upstream of the pier. That resulting in the 

pushing down flow inside the scour hole closer to 

the pier leads to erosion.  

 

Sediment scour occurs when the amount of sediment 

transport leaving an area is greater than the amount 

of sediment entering into the area. Sediment 

transport is divided into two categories: Bed load 

and Suspended load. Bed load refers to sediment 

particles that roll and slide in a thin layer, two 

sediment particle diameters, near the bed position. 

Sediment particle suspended in the water by 

turbulent fluctuations and transported with the flow 

is suspended load. 

 
Figure -2: - [25] Scour around the bridge piers. 

 

II. LITERATURE REVIEW 

 

Bestawy.A, Eltahawy.T, An experimental and 

hydraulic models were carried out to investigate 

two types of scour reduction methods around a 

single cylindrical pier, namely pier's slots and collars. 

Efficiency of the various types of pier slots and 

circular collars around the pier's base in reducing 

scour were studied. A new shape of the conical collar 

was developed by the authors and examined among 

other shapes. Results revealed that collars, in general, 

have more influence in reducing scour depth than 

slots made in the front and rear of bridge piers.  

 

The sigma slot acts as better than other tested slots 

with reduction in the scour depths of 59.3% and 

52.8% at the upstream and downstream of the pier, 

respectively. On the other hand, the conical collar 

appeared to be the most effective collar shape in 

reducing the scour around the bridge pier with a 

61.1% reduction in the scour depth downstream of 

the piers. 3-D Laser scanner was used to capture the 

bed topography at the end of each experiment and 

contour maps of the deformed bed was produced. 1- 

D HEC-RAS model was developed with a single 

bridge pier to predict the scour depth around the 

pier with an attempt to introduced new values for 

the pier nose shape factor, K1, which describe the 

tested piers.  

 

Samma Hamidreza , Khosrojerdi Amir, etal., Scour 

development endangers the dam foundation and 

river banks and undermines the stability of the 

hydraulic structures. In this study, a detailed three- 

dimensional flow simulation is conduct to investigate 

the complex fluid–sediment interactions leading to 

the formation of the scour hole and ridge systems 

downstream of a near-bottom jet.  

 

The comparison with a series of available 

experimental data shows that the Meyer-Peter–

Müller equation results in better predictions than the 

two other relations. Performance of different 

turbulence models to reproduce vertical profiles of 

velocity and scour characteristic against the 

experimental data were evaluated. The vertical and 

horizontal profiles of the scour hole-ridge system are 

also compared with the corresponding experimental 

one. Numerical model satisfactorily reproduced the 

geometric parameters representing the scour hole. 

Jenson Alte, The wave impact on a vertical wall had 

been investigated in a physical and numerical wave 

flume. Two different impact phenomena were 
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explored and compared. A flip-through, where the 

front face of the waves was moving rapidly vertical 

due to a jet and a case with a very steep wave were 

generated in a wave flume. In the latter, the front was 

almost vertical and the measured pressure at create 

impact was 60% higher than the flip-through event. 

Both kinematics and pressures were measured and 

compared with the numerical simulations. Similar 

features were seen in the both experiments and 

simulations. The maximum pressure is found when a 

vertical front is violently impacting on a vertical wall. 

A pronounced double pressure peak was observed in 

the pressure measurements due to the impact and 

rundown process.  

 

Guan Dawei, Liu Jingang, etal., This paper presents an 

experimental investigation on time evolution of the 

scour process downstream of submerged weirs with 

the uniform coarse sand. The very clear-water scour 

experiments were carried out in a tilting recirculation 

flume. The different flow intensities and overtopping 

ratios were adopted in the experiments. Experimental 

observations showed that the scour hole 

downstream of submerged weirs develops very fast 

in the initial stage, before progressing at a 

decreasing rate and eventually reaching the 

equilibrium stage. The results showed that an 

increase of the overtopping ratio or flow rate can 

generate larger scour depth and volume downstream 

of the weir. Empirical equations for predicting scour 

hole geometrical evolutions downstream of the 

submerged weirs were presented. The results of this 

study were useful in the development of numerical 

models capable of estimating the scour depth 

downstream of weirs in the river or coastal areas, for 

which the overtopping conditions are present. 

Kahraman Recep, Riella Mattehw, etal., The flow 

around hydraulic structures such as bridge piers was 

very complex due to the constant shearing of the 

approaching flow generating multiple vortex systems 

and complicated free-surface interactions. This study 

investigated the influence of free-surface variation 

on the velocity field using numerical simulations of 

flow around a sharp-nosed pier that is representative 

of a typical masonry bridge pier. Zaid Mohamad, 

Yazdanfar Zeinab, etal., The study evaluated the 

assumption that free-surface effects are negligible at 

the small Froude numbers by comparing the change 

in flow field predictions due to the use of a free-

surface model. The results show that simulations by 

using the VOF model are in better agreement with 

experimental data than those using the rigid-lid 

approximation. Importantly, results proved that the 

even though the changes in free- surface height near 

the pier is small comparative to the approach flow, it 

still has a significant effect on velocities in front of 

the pier and in the wake regions and including at low 

Froude numbers. 

 

Local scour is the very significant design of piers and 

other civil and marine structures. The numerical 

developments have been very limited due to the 

complicated interaction of three-dimensional flow, 

sediment transport and fluid-particle interaction. In 

this work, a numerical model based upon the 

Reynolds Average Navier Stokes Equation (RANS) 

and (k-ε) approach has been used for predicting the 

three- dimensional flow (3D) around a bridge pier 

(square and cylinder piers), mounted on a flat and 

fixed bed. 

 

The CFD numerical models for simulation of the 

RANS turbulent flow model around the circular pier 

had been developed. The numerical model has been 

compared with the experimental data. The main 

purpose of this numerical modelling of the flow field 

and analyses the pattern of the vortex system around 

the circular pier was to understand the flow 

behaviour on flat bed condition, evaluate the 

mathematical calculation of bed load transport and 

to estimate the ratio of bed shear stress around the 

circular piers. In this RANS simulation, no vortex 

shedding has been captured at both downstream 

and upstream of the piers. Further research will be 

conducted with different pier shapes and different 

turbulent models within the field of scouring process. 

Bao Ting, Leo zhen liu, etal.,  

 

This study fills the knowledge gap by investigating 

three issues that are related to soil characteristics: 

the effect of soil type on the PNF variation, the pier 

diameter effect for soil pier dynamic modelling using 

the Vesic Analytical Expression and contradictory 

statements in the existing studies regarding the 

influence of the soils elastic modulus on the PNF 

variation. The lab scale tests is first conducted and a 

winkler based numerical model is then developed 

and validated against the experimental results to 

investigate the effect of soil characteristics on the 

PNFs measured from systems with cohesive soils and 

those with less cohesive soils. They found that the 

soil characteristics affect the PNF by providing a 

different lateral stiffness to the soil pier interaction. 

Strength of the soil pier interaction mainly depends 
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on the lateral stiffness of each type of soils. The 

change in the PNF can then be obtained by 

transferring the dynamic data from the time domain 

into the frequency domain by using the Fast Fourier 

Transform. The simulations are finally conducted with 

more complex and realistic field soil conditions and 

the simulation results indicated that the soils elastic 

modulus significantly influences the PNFs.  

 

Experimental and numerical results indicated that the 

ranges of the PNF of the test piers in the cohesive 

soil and the less cohesive soil are different. The PNF 

variation differs under the different elastic moduli of 

soil and distributions of elastic moduli with soil 

depths. Williams Priscilla, Balachandar Ram, etal., An 

evaluation of the scour estimation methods has 

indicated that the effects of blockage ratio are 

neglected in both scour modelling and development 

lots of new predictive methods. Role of the channel 

blockage on the mechanism and progression of local 

scour is not well understood, and further analysis is 

required in order to incorporate this effect into scour 

estimation. In this study, local scour experiments 

were carried out under varying blockage ratio. 

Results were compared with the data from literature 

in order to explore the effects of blockage ratio (D/b) 

on equilibrium scour depth (dse/D).  

 

It was determined that D/b had a small influence on 

both dse/D and the progression of scour depth 

(ds/D) when relative coarseness D/d50 < 100 and 

that the influence appeared to be amplified when 

D/d50 > 100. The effectiveness of the scour 

estimation methods used to predict the progression 

of local scour was also dependent on D/d50. A 

method of scour estimation used to predict the 

dse/D was evaluated, and it was similarly found to be 

particularly effective when D/d50 < 100.  

 

Boujia Nissrine, Schmidt Franziska, etal., The 

laboratory tests are performed using different 

materials, with various geometries and lengths. The 

experimental study aims to investigate the feasibility 

of monitoring scour with rod-sensors. Tests are 

conducted in both dry sand and a soft clayey soil. 

The sensor will be placed in the river bed, it is crucial 

to evaluate the effect of immersed conditions on its 

response. The model is based on the following 

hypothesis: the soil medium and the rod sensor are 

elastic, all displacements and strain remain small and 

the soil and the sensors are perfectly bounded at the 

interface. For the boundary conditions, the lateral 

faces of the soil are fixed against deformation in the 

normal direction and the base is fixed against 

deformation in all the direction. A numerical 3D finite 

element model was developed and compare with the  

experimental data. Based on the both experimental 

and numerical result, an equivalent cantilever model 

is proposed to correlate the variation of the 

frequency of the sensor to the scour depth.  

 

The results show that the frequencies in sand are 

higher than the frequencies in the clayey soil, this is 

mainly due to the higher stiffness of sand compare 

to lower stiffness of clayey soil. The numerical results 

indicate that the effect of water should not be 

neglected, as the scour increased, the effect of water 

becomes more significant. Future research will focus 

on developing equations to correlate the “correction” 

of the cantilever model for different sensor materials 

and the soils and on large scale implementations of 

the monitoring technique.  

 

Prasanna.S, Kumar Suresh.N, A main objective of this 

present study was to investigate   the   flow   

behaviour   and    the    scour phenomenon around 

the bridge piers. The numerical simulations were 

even carried out using CFD- Fluent, k –epsilon 

turbulence model, to elaborate the physics behind 

the scour formation. Scour depth was also 

determined experimentally for the two plan shapes 

of bridge piers circular and oblong. The experimental 

results were in good accordance with the empirical 

formulae. The simulation results for dynamic and 

static pressures along with the velocity magnitude 

profiles, was showed good similarities with the 

experimental results. 

The following conclusions were drawn from the 

present study, 

1. From the present study, it was observed that the 

scour depth was approximately same for both the 

plan geometries circular and oblong. 

2. The experimentation process was carried out for 

about one and half hour and the scouring was 

noticed on right and left side of the both the piers. 

However, the maximum scour was observed to form 

in the first 30 min. 

3. The velocity magnitudes, turbulent kinetic energy 

and dynamic pressure values from the simulated 

results were perfectly matching with the analytical 

values for both of the turbulence models, k-ε and k-

ω. 

Wen Xiong, A study applies structural dynamics 

monitoring to identify the presence of bridge 
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scouring through tracing the changes of vibration 

characteristics induced by scour. Four scour- 

indicating dynamic features, i.e. 

1. The frequency change ratio, 

2. Modal assurance criterion, 

3. Mode shape curvature, 

4. Flexibility-based deflection. 

are applied as the scour indicators. Based upon the 

study of a cable-stayed bridge, each scour indicator 

is calculated and its corresponding relationship with 

scour depth is obtained. Changes in the vibration 

response have become a useful inspection parameter 

to evaluate bridge conditions. Establishment of Scour 

Indicating Dynamic Features The eigen value 

problem for the free vibration of a bridge structure is 

governed by the following equation. 

(𝐊 − 𝛚𝟐𝐌)𝛗 = 𝟎 

The scour generally affects the structural stiffness 

much more than the mass, and thus small changes in 

the stiffness (ΔK) are considered here which produce 

corresponding changes in ω2 and Φ. After 

considering the scour effects can be rewritten as, 

[(K + ΔK) – (ω2  + Δ ω2) M] (Φ + Δ Φ) = 0 

Based on the scoured model in above equation, four 

scour indicating dynamic features, i.e., the frequency 

change ratio, modal assurance criteria, mode shape 

curvature, and flexibility-based deflections, were 

sequentially established. Four scour-indicating 

dynamic features, i.e., the natural frequency, modal 

assurance criterion, mode shape curvature, and 

flexibility-based deflection, were proposed. 

 

Amini Danial Baghbadorani, Ataie Ashtiani Behzad, 

etal., Complex piers consisting of a column, pile cap 

and pile group, are commonly built as foundations 

for hydraulic and marine structures. Scour-hole 

development around the complex piers is studied in 

this paper. A total of 52 tests were carried out on 4 

complex piers models, with experiments durations 

ranging from 24 to 120 h.  

 

All of the available experimental data for clear-water 

scour around complex piers including the collected 

data of the present study and those previously 

published are reviewed and combined into a 

database. Laboratory experiments for the scour 

around complex piers were conducted and the 

maximum scour depth as a function of pile cap 

elevation were reported for 4 physical models with 

different pile cap thickness and number of piles in 

line with the flow. A dataset of 529 data for complex 

and compound piers was assembled. The test 

durations varied between 3 and 1 126 h. The dataset 

had been made available as supplementary 

materials. This database is one of the valuable 

resources for the future researches related to scour- 

hole development around complex piers.  

 

Moustafa Ahmed, This paper was commenced in 

order to evaluate the scour around bridge pier. The 

two bridges are considered two major bridges so 

their impacts should be studied in properly. Total 

Scour (local, contraction and long-term degradation) 

was evaluated and the expected morphological 

changes were estimated in this paper. The local scour 

and contraction scour at Aswan Bridge is higher than 

El- Minia Bridge due to the big dimensions of bridge 

piers. The 2D model gives accurate results especially 

in the non-uniform cross sections. It was found that 

the smallest local scour was obtained in case of 

sharp edge nosed piers at normal flow to the piers. 

  

Scour technique will be used, else use the Clear 

Water Contraction Scour technique. It was concluded 

that the average velocities are higher than the critical 

velocities, and then Live Bed Contraction Scour 

technique was used in order to estimate the 

contraction scour at the bridge. The following was 

observed: 

1. For Aswan Bridge: 

The contraction scour was estimated as 0.19 and 0.24 

m for the related high discharges 270 and 350 

Mm3/day, respectively. 

The cross-section area was reduced by 12.56% due 

to the presence of piers. 

2. For El-Minia Bridge: 

The contraction scour was estimated as 0.06 and 0.1 

m for the related high discharges 181 and 350 

Mm3/day, respectively. In general, total scour for 

Aswan bridge is higher than El-Minia Bridge due to 

the big dimensions of piers. The 2D model provided 

accurate results with respect to 1-D results. Bao Ting, 

Swartz Andrew.R, The main concept of vibration 

based real-time bridge scour detection had been 

explored in recent years by investigating the change 

in natural frequency spectrum of a bridge or 

component of the bridge with respect to scour 

depth. This paper investigated the three unsolved 

issues: the physical meaning of the measured 

predominant natural frequency, the location of the 

sensor installation and the influence of the shape of 

scour holes. Which are easily neglected but critical to 

the further implementation of the natural frequency 
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spectrum-based bridge scour detection. The natural 

frequency spectrum of the bridge pier is affected by 

its boundary conditions and as scour changes the 

boundary conditions by removing the soil around the 

pier, bridge scour is observing the change in natural 

frequency spectrum. The laboratory tests were then 

performed to validate with the numerical modelling. 

In the laboratory tests found that for an eigen  

 

problem of the system with soil-structure interaction, 

the physical meaning of the natural frequency 

obtained from modal analysis can be understood by 

comparing the modal natural frequency with the 

natural frequency calculated from the dynamic 

response of the test component in that system. 

Measuring the dynamic response, e.g, the variation 

of acceleration with time from the points using 

sensors is equivalent to abstracting the numerical 

results from the corresponding points. Results also 

verified that the obtained predominant natural 

frequency of the pier body greatly varies with the 

location of pier body where a sensor was mounted 

for signal pickup. The shape of the scour hole 

affected the predominant natural frequency of the 

pier, causing difficulties in the practical 

measurements.  

 

Nagayama.T, Reksowardojo.A.P, etal., Vehicle 

response contains a various components, making it 

difficult to distinguish the bridge frequency from 

other frequency components. This study proposes 

new frequency estimation strategy utilizing the two 

vehicles. Numerical analyses employing a vehicle- 

bridge interaction model were conducted to examine 

the algorithm performance under various conditions. 

The numerical simulations had confirmed the 

feasibility of such indirect frequency detection. An 

experimental study featuring synchronized-sensing 

of the two vehicles is then performed.  

 

The first natural frequency of the bridge has been 

identified under a various driving speed combination, 

demonstrating the performance of the proposed 

approach. Through the numerical study, this 

approach was demonstrated to be feasible under a 

relatively low driving speed. The similar result is 

obtained from the field measurement, confirming the 

practicality of the strategy. The estimated bridge 

natural frequency was found to be in fair agreement 

to the values obtained from direct measurement, 

with the largest discrepancy of 3.20%. Moreno Mario, 

Maia Rodrigo, etal., The bridges are frequently built 

with geometries that consist of a column founded on 

a pile cap and supported by an array of piles, 

referred to as common complex piers or most often 

briefly, as complex piers. This paper addressed 

prediction of local scour depth at those complex 

piers. An experimental campaign of 48 long- 

duration tests was performed with the seven 

complex pier models under steady clear-water flow 

conditions to quantify the influence of the relative 

column width, Dc/Dpc (Dc = column width, Dpc = 

pile cap width), the relative pile cap thickness, T/h (T 

= pile cap thickness, h = approach flow depth), and 

the pile-group configuration on the equilibrium 

scour depth, dse.  

 

Many tests were carried out for the possible range of 

variations in the pile cap position relatively to the 

initial bed level. The proposed predictor is based on 

the assumption that dse may be calculated by using 

an equation fitted to single piers but using an 

equivalent diameter De of the complex pier, as in 

Auckland and FDOT methods. Because the effects of 

flow intensity, sediment grading, sediment 

coarseness, and flow shallowness on the equilibrium 

scour depth had been extensively studied for single 

piers the evaluation of scour depth at complex piers 

is centered in the estimation of the equivalent pier 

diameter, De. The corresponding De definition shall 

take into account the different influences of pier 

geometry on the flow structure and the respective 

scouring process (in the particular, relative pile cap 

position, relative column width, relative pile cap 

thickness, among others).  

 

Topczewski Lukasz, Ciesla Juliusz , etal., Bridge scour 

may be the consequences of, narrowing the water 

course a natural or manmade including construction 

of a bridge, Lateral movement or lowering of the 

stream bed, hydraulic works shortening the length of 

the meandering section of the water course, other 

changes in water course hydrology. The presence of 

the bridge causes the stream flow cross section 

reduction, which increases the speed and intensity of 

erosion of the stream bed. River tends to stabilize its 

bed in order to restore the natural flow section. 

Scanning sonar as the best acoustical method used 

for periodic scour monitoring- theory: For 

monitoring of the bridge pier walls the best solution 

is height resolution 2D mechanically scanning sonar, 

while for monitoring the bottom around the bridge 

piers can be used the both 2D and 3D height 

resolution mechanically scanning sonar. Underwater 
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sonar surveys carried out as a preliminary research 

used for determining sizes of the scour before long 

term monitoring: Stationary system equipped with 

the 3D sonar was used for recording the sonar 

profiles in certain period of time. The sonar 

echograms was digitized by the computer software 

and displayed on the screen. During these tests, 

hydrological observations were also recorded 

simultaneously by the hydrologist and added level 

during the time of observation and normal stream 

flows. 

 

Hadi Zaid Obeid, This paper used the CFD code to 

simulate the 3D flow and local scouring around 

bridge piers. The 3D Navier-Stokes equations were 

solved with Finite Difference Method and the RNG κ-

ε turbulence model was selected and the bed load 

model is based on the excess bed shear stress 

applied by the flowing water. The free surfaces were 

modelled with the Volume Of Fluid technique. The 

simulated results include scour depth around six 

different shapes of bridge piers and velocity 

distribution around piers. 

 

The calculations of velocity distribution and scour 

depth were conducted based on previously 

laboratory experiments. The main comparison of the 

results between the numerical model and 

experimental model indicates about (5.1%- 9.8%) 

and (1.8%-6.1%) ranged errors for prediction scour 

depth and maximum velocity, respectively, was 

considered a good result. The CFD code provided an 

economic way to predict potential results. Also, it 

seen that the CFD code was an effective tool for 

analyzing free surface flows and scour depth around 

bridge piers. 

 

The validation of numerical model was using the 

physical model provides an additional confidence in 

the results. Also, the RNG turbulence model provided 

a better result compared to experimental results. A 

special attention must be given to the resolution of 

mesh and turbulence characteristics that may 

affected the results. 

 

Ehteram Mohammed, Mahdevi Amin Meymand, A 

main aim of this article is related to Numerical 

modelling of three-dimensional flow and sediment at 

the narrowing location of the bridge. They selected 

the SSIM2 model because this model has high ability 

for numerical simulation. They used this model in the 

erodible and rigid bed and compare the results with 

experimental data. The geometry of scour hole 

depends on many variables such as, sediment size, 

inflow of sediments, size distributions and velocity in 

the river, geometry of the structure and geometry of 

the bed around the structure are all parameters that 

was affect the shape of the scour hole. The geometry 

of the bed calculated specifically for each case used 

averaged two dimensional and turbulence model. 

The three-dimensional models were used for the 

more complex when we secondary flows and vertical 

velocities in the depth.  

 

The comparison shows that model with high ability 

for simulation about velocity and level of water but 

when the value of perturbation is high to have the 

high error for simulation. The SSIIM model is three-

dimensional software for simulation of water and 

sediment movements and it was developed by Nilz 

Oulsen in the hydraulic engineering department and 

environment of Norway science and technology. The 

three-dimensional CFD model based on the finite 

volume method and that solves Navior- Stokes 

turbulence model on the standard turbulence model 

k-e. SSIM model is the numerical software with 

applications in the field of river engineering, 

environmental hydraulics and sediment. The primary 

purpose of this software structure is to simulate the 

movement of sediment in the river and channel 

geometry. 

 

Nistor Ioan, Colin, etal., The high velocity and the 

relatively short duration of hydraulic bores causes 

local scouring which was different from that 

generated by river flows and waves. The present 

study used an experimental model to simulate the 

propagation of a hydraulic bore over a movable 

sediment bed placed around a circular pier-like 

structure. The measurements of water surface 

elevation bore propagation velocity and scour 

distribution were taken. The linear relationship 

between the reservoir depth and bore depth led to 

an increase in flow acceleration, and thus to an 

increased in flow velocity. The final scour bed 

elevations indicated that scour depth was highly 

dependent on the bore velocity. The scour depth 

ratios suggested in the current design guidelines 

were significantly lower than those obtained in this 

study. Evidence that the turbulent characteristics of 

the flow surrounding the structure are different for 

large bore depths than for the small-bore depths 

was observed in this study. An investigation of the 

effect of bore propagation velocity on maximum 
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scour depth. Two distinct relationships between the 

bore velocity and scour depth were observed in this 

study. A larger sample of tests was required to better 

define this relationship and evaluate the dependency 

of scour depth on bore velocity. 

 

Ju.S.H, A study developed a finite element method 

with the effect of soil-fluid-structure interaction to 

calculate the bridge natural frequencies. Finite 

element model includes bridge girders, piers, 

foundations, soil and water. The frequency change 

due to the fluid effect is not obvious so using the 

soil- structure interaction model is accurate enough 

in the bridge natural frequency analysis. For eigen 

problem with soil-structure interaction, the following 

issues are considered:  

 

The appropriate boundary conditions along the soil 

mesh, An adequate soil mesh size to model the 

infinite domain, Which mode representing the first 

natural frequency of the super structure in each 

direction and how to solve a large Eigen problem 

numerically. The changes in natural frequency with 

the scour depth are more obvious, and this is useful 

for measurement of the depth using bridge natural 

frequencies. A roller boundary condition was 

arranged around the finite element mesh, the water 

was simulated using the potential-based formulation, 

and the effective mass above the soil surface were 

used to find the first natural frequency in each 

direction. The results obtained using the random 

decrement method indicates that the finite element 

results had acceptable accuracy.  

 

Prendergast.L.J, Hester.D, Bridge monitoring of the 

scour phenomenon was primarily based around 

using under water instrumentation to monitor the 

progression of scour holes around the foundation 

system. The damage in bridge beams are detected 

by using vibration-based damage detection 

techniques. This paper examined the effect that 

scour has on the frequency response of a driven pile 

foundation system similar to those used to support 

road and rail bridges. The effect of scour on the 

vibration characteristics of the pile was examined 

using laboratory and field testing. A laboratory scale 

model of a pile foundation structure was constructed 

in order to assess the plausibility of measuring 

changes in natural frequency due to the progressive 

scour. The system was excited using an impulse force 

and for the purpose of consistency, the force was 

applied using a swinging arc mechanism. Once the 

impulse force was applied, the system responded 

transiently and the transient response that 

underwent post-processing in MATLAB in order to 

assess the relevant dynamic characteristics such as 

natural frequency and damping ratio. For the 

numerical model to correctly simulate the observed 

behaviour of the laboratory piles, it is crucial that the 

stiffness assigned to the springs accurately reflects 

the lateral stiffness of the sand around the single 

pile. In this paper, two methods were considered to 

model lateral spring stiffness values. The first method 

used the small-strain stiffness values measured 

directly or indirectly at the site. 

 

The second method utilises spring stiffness proposed 

in a widely employed design code for laterally loaded 

piles, the American Petroleum Institute (API) method 

and the laboratory test was modelled using API 

method only. The laboratory pile was subjected to an 

impulse force and the acceleration response 

predicted by the numerical model. Foti.S, Sabia.D, 

Scour occurs at foundations are a major issue for the 

structural safety of existing bridges, hence its 

monitoring is of paramount importance.  

 

In this paper the use of dynamical tests is proposed 

as a tool for assessment and monitoring, reporting 

the case history of a bridge presenting evidence of 

scouring and subjected to retrofitting. Two different 

approaches have been bridges as a whole and of its 

structural components (piers, spans, abutments). The 

comparative analyses can be used to highlight the 

difference in the behaviour of a single pier with 

respect to the others or, if the tests are repeated in 

time, to monitor the evolution of scour of 

foundations. Second approach can be particularly 

interesting if tests are executed before and after a 

main flood event.  

 

The analysis of data retrieved after the retrofitting of 

the bridge clearly shows the effectiveness of such a 

simple approach, which can be easily implemented 

also with the fixed instruments to monitor bridge 

performance continuously. Aghaee Yasin, 

Hakimzadeh, A 3Dnumerical model study was used 

to simulate the turbulent flow around a vertical 

circular pier. The developed numerical model is 

based on the solution of fully three-dimensional 

hydrodynamic equations. These equations can be 

achieved with the two different methods, including: 

Reynolds Averaged Navier-Stokes equations and 

Space Averaged Navier- Stokes equations. The 
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turbulence models the two- equation standard k-ε 

model of RANS type and the Smagorinsky model of 

large eddy simulation type have been deployed for 

each set of the hydrodynamic equations.  

 

The governing equations were discredited by using 

the structured mesh of cell-centred collocated finite 

volume method, with the convection and diffusion 

terms being discredited using the third order upwind 

and second order central schemes, respectively. 

Based on the extensive numerical tests, the capability 

and the performance of the LES and RANS models 

have been validated against experimental data. Then, 

the numerical model results of the velocity, pressure 

and bed shear stress fields were compared with the 

available two sets of experimental data. The 

numerical model results showed that the length and 

intensity of the wake and also the horseshoe vortices 

are mainly affected with the turbulence models were 

used. 

 

III. CONCLUSION 
  

Applied as potential tools for the monitoring scour 

of 

1. The physical modeling in turbulence flow 

was difficult foundations on the basis of 

measurements of traffic induced vibrations. One 

approach is based on modal identification for bridge 

spans, while the other is based on the observation of 

the dynamic response of the pier foundations.   

 

The present study shows that the great potential of 

dynamic tests in monitoring bridges with respect to 

scour of foundations. Indeed, such phenomena affect 

the dynamical behavior of the to measure one of the 

quantities is the vortex, which was known to be the 

major responsible for the base scouring. Results from 

some studies indicated that the physical modeling 

approach without Reynolds number similarity may 

result in considerable errors in modeling turbulence 

flow and sediment scour around large bridge pier. 

For velocity, large errors are significant near the two 

sides of the cylinder where currents were strong. 

 

2.Wave impact on a vertical wall was investigated 

and a large amplitude solitary wave was generated 

and was Carpenter number, in full agreement with 

the existing experimental information. shoaling on a 

beach before it impacted a wall. The two  Some 

journals  mentioned  that local scour wall 

positions were used and mounted on the beach. 

Since the wave impacted the wall at different stages 

in breaking process, two different events were 

occurring. When the wall was located in deeper 

water a flip through phenomenon was observed, 

where the experiments were carried out under 

varying blockage ratio. In future work, further 

experiments and analysis in the range of D/d50 > 

100 are required in order to establish the role of D/b 

under prototype conditions and to refine existing 

scour estimation methods. front face of the wave was 

moving rapidly vertical due10. Global effects of the 

scour were captured as a change to a jet that was 

formed at the crossing between the beach and the 

walls. 

 

3. The peak values of the mean velocity components 

and of the turbulent kinetic energy were predicted 

to occur in regions close to the complex pier 

elements and below the pile cap, where the 

corresponding experimental measurements were 

not usually feasible. 

4. Some papers deal with the development of the 

concepts required to estimate the depth of scour 

based on an observed natural frequency of the pier. 

Further research will be required to apply these 

concepts to the monitoring of full-scale real 

structures in the response of the pile foundation 

itself, which was a novel approach. The applications 

of the methods developed in extend beyond scour 

detection.  

 

   Stiffness degradation in the foundation due to 

excessive cyclic loading may also be captured as a 

change in dynamic characteristics by accelerometers 

placed on the structure. The stiffness of the soil is 

strain level dependent and any excessive loading 

may be reduced the foundation stiffness, which 

could be detrimental to the carrying capacity of the 

foundation elements. Accelerometers were allowed 

for direct measurements of structural distress. due 

to the complexity of the interactions at this scale.11. 

Some paper deals with the development of the 

result. 

  

5. The numerical results of some journals showed 

that the effect of water should not be neglected. As 

the scour increased, the effect of the water becomes 

more significant. Further research will focus on 

developing equations to calculate the correction of 

the cantilever concepts required to estimate the 

depth of scour based on an observed natural 

frequency of a single pile. Further research will be 
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required to apply these concepts to the monitoring 

of full-scale real structures due to the complexity of 

the interactions at this scale. model for different 

sensor materials and soils and on12. The influence of 

the shape of scour holes on the the large-scale 

implementations of this monitoring technique. The 

numerical model was also used to estimate the 

maximum scour depths for different scenarios by 

varying the inflow discharge and pier diameter. 

measured PNF of the piers had been investigated by 

developing scour scenarios with both the 

unsymmetrical and symmetrical scour holes, but the 

PNF’s in the symmetrical and unsymmetrical scour 

holes were different due to different soil constrains. 

  

6. The test was performed before and after the13. 

The PNF variation differs at different elastic moduli 

of retrofitting of a bridge that was affected by 

marked localized erosion below one of its four 

piers. An analysis of the modes of vibration for the 

superstructure obtained with an ARMAV analysis of 

experimental data showed that dynamic tests can 

identify piers had scour affected foundation soils. 

The PNF calculated in the soil with a high elastic 

modulus decreased faster when compared to that 

with a low elastic modulus. The main reason was 

that the PNF may be more heavily or even 

primarily dependent of the elastic modulus of the 

soil at locations very close to the bottom portion. 

conditions. 14. Some unsolved issues are 

required for the further 

  

7. Maximum scour depth alone was not enough to 

predict breakwater failure due to overturning or 

sliding. Distance of the maximum scour depth from 

the breakwater face allows engineers to determine 

the amount of supporting sand that might remain 

at the break water after the dynamic equilibrium 

was reached on the seafloor. 

8. The backfilling tests indicated that the equilibrium 

depth of scour holes is the same for the scour 

process and the backfilling process for a given 

Keulegan- investigations. Important Issues are, 

repeatability of the measurements, the effect of 

embedded length, the effect of soil type, the effect 

of sensor geometry, the location of sensor 

installation, influence the shape of the scour hole. 

Some papers show that the development of the 

concepts required to estimate the depth of scour 

based on an observed natural frequency of the pier. 

Further research will be required to apply these 

concepts to the monitoring of full-scale real 

structures due to the complexity of the interactions 

at this scale. 
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