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Abstract

Scour at last docks is a standard issue in structure organizing, as neighborhood scours around range wharves is the
potential the most prominent explanation behind range upset assumption. Surmise of the best significance of
bordering scour as such expects a fundamental part into assuring thriving & low-cost while plan & upkeep. CFD
based extension thinking for choosing importance of neighborhood to scour around length docks utilizing 3D stream
module is subsequently anticipated into our outline.

In order to come up with an effective strategy for dealing with minor scouring, the researchers are looking at the
implications of the expansion wharf's form. Non-solid bed growth under clear water scour circumstances was
reenacted for each dock shape at varying stream powers, fluid profundities, and dock diameters.

In this experience, Computational Fluid Dynamic Analysis is done on the expansion docks of different shapes. The
plan of framework docks model is done by Catia Software and FEA-based CFD evaluation will be guided by Ansys
Software to survey the appraisal credits.

Keywords- CFD analysis, Ansys, Catia

I. INTRODUCTION

A dock, in the plan, is upstanding assistance for new development or superstructures like a bend or framework.
Areas of essential walls between openings (straights) can fill in as docks. External or unsupported walls could
have docked at the terminations or on corners.

Figure 1: wharves with springing from them to help the stage

1.1 Description

The most un-complex cross piece of the dock is square, or rectangular, but various shapes are likewise
customary. In obsolete preparation, huge underhanded sponsorships called drum moors, cruciform (cross-
formed) wharves, and compound wharves are normal compositional parts.

Segments are equivalent to upstanding assistance yet standing upon rounded base. Structures having
development of straights amongst wharves, every spacing among 2 docks is seen as singular bay.

1.2 OBJECTIVES OF THE STUDY

The target of this experience work is to develop a structure of an evaluation for Bridge Piers, truly. The
blueprint is to be dependable, key, sharp and by and large around that truly matters, possible. This attempt to
draw in included edge speed reshapes terrifically, with tight districts. This improvement is similarly expected to
other than help solace as the side power felt taking a turn is on an exceptionally basic level less in Bridge Piers.
At first, the Bridge Piers plans were embraced from a for the most part existing organization and this is to suit
our motivation. This attempt is tried considering the following targets.
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To find a reasonable material for computational testing under stacking conditions.

To drop by the ideal outcomes which not everlastingly set up and structure results are worked with the
closest worth of various Bridge Piers strength.

Twirl around the drawing of the Bridge Piers

Dealing with the game-plan of various states of the wharf (circumlocutory, rectangular, square, and
elliptic) the Bridge Piers utilizing Catia V5

Computational Fluid Dynamics Analysis on the various states of the dock (circular, rectangular, square,
and elliptic) utilizing Ansys Workbench

Il. LITERATURE REVIEW

Prasanna & Suresh Kumar (2018)

Zeroed in on stream lead & scrub unconventionality across stage docks utilizing mathematical entertainment
utilizing the k-¢ disturbing impact model. They focused on the scour importance with the assistance of a striking
exploratory recipe. Two states of the dock were taken explicitly circuitous and wound outlined wharf. They in
addition facilitated the tests. The mathematical reenactment was in hitting consonance with the exploratory
outcomes.

Accordingly, CFD redirection contraption can be utilized for wide energy for the stream lead around the stage
wharves even without genuine model assessments.

They moreover studied 3-layered scour strategy to singular-stage streams including water like primary stage &
separation between it and the multiple stage model. 2-stage stream model in range scour is much exact when
wandered from the single-stage model for got and basic length range plans in different stream conditions. They
expected that by redesigning the dock shapes or examination, neighborhood scouring close to the wharf toe can
be diminished. All four fraud numbers were shown graphically, with their corresponding speed in stream area
associated shearing stress method upon that stream bottom. They discovered when the fraud quantity of stream
increases, speed closer to surface of the bed expands, resulting in an increase in sheer weight on the sides of
rectangular pier.

J.A. Vasquez and B.W. Walsh (2018)

Utilized a limited vol hydrodynamic module by k-¢ loathsomeness appearing to copy three-layered stream
around a store. All of the central credits of the scour cycle, for example, the state of scouring opening,
horseshoe, sand sliding upon scour bed & opening sides makes are completely analyzed & accumulated with
them. Harmony scours importance acquired during mathematical outcomes concurred commonly around by
examinations.

P.X. Ramos, R. Maia, L (2016)

In their survey, Mathematical results are obtained and disengaged from 3-layered stream through chamber-
shaped dock set upon level & stable bed. The (LES) method was used to create a Navier Stokes model with
three layers. Use of PISO solved the whirling stream problem. Velocity patterns along the pier on a shallow flat
substrate indicated basically a close illustration in exploratory and mathematical postponed results.

Deepika Bhulla, Rajendra Magar (2017)

Throughout Range Wharf, we notice scrub brand name, which is subject of this review. They also showed how
to prevent scouring, several factors influencing the scour's significance, and frameworks for preparing for scour.
Credits of stream, bed material features, dock attributes, & stream's prominence are all demonstrated to have an
important role. They suggested using Riprap security to keep the scouring contained. With this mix, twenty
extensions in Sweden were provided Riprap protection using this condition, and none exhibited a significant
scouring.

Chauhan Kaustubh and Jhamnani Bharat (2019)

They studies and investigate the flow behavior and scour phenomenon around bridge piers of various shapes
structure and local scouring depending on various factors such as depth of flow, upstream, flow conditions, pier
shape and dimensions, the numerical simulations where carried out using CFD fluent, k- epsilon turbulence
model to elaborate the physics behind the scour formation, while considering as a fixed scour hole around the
pier, focusing numerical analysis on variation of pressure, shear stress, and kinetic energy of flow by the three
dimensional model

They found that the lesser the projected area of the upstream face of the pier lesser will be the obstruction to the
flow and lesser will be the chance of formation of horse shoe vortex.

Priscilla Williams, Ram Balachandar (2019)

The investigation of local scour experiments where carried out under varying blockage ratio, for computing with
the data from previous literatures in order for their exploration of effects blockage ratio. The experiment of three
local scour test under varying conditions were conducted for a period of 24 h, it found within that period that the
depth of the scour hole upstream of the cylinder increased incrementally of the experiment, also between 16 to
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24 h the profiles in the upstream region were varies similar of minimal difference. The investigation explored
the progression of local scour a round circular cylinder placed in an erodible bed and effects of channel
blockage ratio D/b therein, under the experiment conditions of work, equilibrium of sediment removal in the
vicinity of the cylinder was reached 24 h, for period of process changes of scour observed primarily in the
downstream region, which do not contribute significantly to the design foundation head for local scour.

Debasish Dutta and Mohammad Saud Afzal (2023)

Studies three dimensional simulations to investigate scour in combined wave current flows around rectangular
piles with various different ratios, module solves the Reynolds averaged Navier-stokes (RANS) equations using
k-w Turbulence model, The morphological module employs a modified critical bed shear formula on a sloping
bed and a sand slide for erosion and deposition calculations in the sediment

111. DESIGN METHODOLOGY OF BRIDGE PIERS
3.1 Introduction to CATIA

Infrastructure
R‘-I‘_1 echanical

Shape r
Analysis & Simulation r
AEC Plant L4
rachining L4

‘Qigital Maockup r
Eguipment & Systems r
Digital Process for Manufacturing r
Ergonomics Design & Analysis r
Knowledgeware L4

CATIA is a multi-stage CAD/CAM/CAE business programming suite made with French connection Dassault
Systems.

Figure 2: Home Page of CatiaV5

The 3D CAD structure CATIA V5 was developed in 1999 by Dassault Systems. Clearing CATIA V4, it paid
special attention to a totally new technique contraption showing head parts to its begetter. The Ul, at this point
including MS Windows procedure, considers the prominent blend of typical programming packs like MS
Office, a few reasonable endeavors, or SAPR3 things (reliant upon the IT climate).

Modeling of Bridge Piers in CATIA V5

This Bridge Piers is coordinated using CATIA V5 programming. This thing is used in auto, flying, buyer stock,
enormous readiness, etc it is the huge strong region for wonderfully coordinating perplexed 3d models, uses of
CATIA Version 5 like a part plan, get together a strategy. An identical CATIA V5 R20 3d model and 2d
drawing model are shown for reference. Perspectives are taken from. The arrangement of the 3d model is done
in CATIA V5 programming, and sometime later to do the test we are using implied programming.

www.ijaasjournal.com 13



https://ijaas.net/index.php/IJAAS/index
http://www.ijaasjournal.com/

g#’“*wv%%% INTERNATIONAL JOURNAL OF ADVANCED AND APPLIED SCIENCES
IJAAS: Volume-1 Issue-3 June 2023

INTERN,

leto

Juet  Took  Wedow  Hep
[a- s

s3] Jfere &

doRe0e B ®

R NARANSAN &

B Ehr O

NS, @ R uTenAQAsBA0EE KO BE8E 3 248 @ OLNEE  Z.
[

Selectan object ot # commund

Figure 3: Model arrangement of Bridge Piers in CATIA-V5
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Figure 4: Model methodology of Bridge Piers in CATIA-V5

3.1.1 Design Procedure of Bridge Piers

The Bridge Piers are coordinated in the Catia V5 programming by both the part showing up and Assembly
showing up. This showing is being done by the following advances:

Part Modeling of Bridge Piers

Sketch: It gives the profile, as an outside appraisal and inward broadness by anticipated technique for line,
rectangle request.
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Figure 5: Using Sketch Command for outside profile

Pad: It gives the normal thickness to the part. After the sketch, click on the close-by workbench picture and
sometime later the padding request appears, on tapping on it, the conversation box opens; the focal worth can be
set.
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Figure 6: Using Pad tool for thick

Chamfer: It gives the Chamfer of the Solid Model profile of the surfaces like an inside surface or outside surface
by expected philosophy for sharp edges for reference orders.
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Figure 7: Window for Chamfer of the Solid Model

Reflect: It gives the crucial Mirror Command to reflect the model like pocket/groove/opening to the part.
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Figure 8: Mirror reflecting the model

IV. ANALYSIS OF BRIDGE PIERS
The evaluation of the Bridge Piers is finished utilizing Ansys. For the battle to come gathering is to be finished
on Bridge Piers out by applying minutes at the area along which turn we really need to make reference to.
Fixing the locale is the base legs of the part.
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Figure 9: Import board in Ansys

Meshing

Network age is the showing up of making a polygonal or polyhedral improvement that approximates a
mathematical space. The colloquialism "network age™ is consistently utilized evidently. Standard suppositions
are for obliging bound part evaluation or computational liquid parts. The information model improvement can
move enormously paying little psyche to standard B-rep, and STL (record plan). The field is particularly
interdisciplinary, with obligations tracked down in math, programming, and collecting.

Finite Element Method

In science, bound part structure (FEM) is a mathematical system for finding comprehended manages any results
concerning limit gathering structures (the Calculus) to tie an oversight cutoff and produce a strong framework.
Undifferentiated conveying different inconsequential straight lines can hazardous a more perceptible circle,
FEM works with all of the designs to associate different major part conditions over many little sub-spaces,
named bound parts, to fill up a more perplexed condition around a more fundamental locale.

Bound part thinking (FEM) is a mathematical development for settling a differential or focal applied to various
primary concerns of conflict, where the regulating differential conditions are open. The point of view according
to a general viewpoint contains expecting the piecewise dependable end concerning the method and getting the
obstructions of the endpoints to such an extent that decreases the goof over progress. In this article, a short
prelude to the bound part improvement and plane strain organizing.

4.1 CFD Analysis Procedure of Bridge Piers
Inlet Velocity is taken as 0.76 m/s.

Dimension of rectangular flume

Length = 11m

Width=2.4m

Height=8.2m

Dimensions of the Pier

Circular Pier, Diameter = 1000 mm

Elliptical Pier, Major length = 6000 mm Minor length = 1000 mm
Square Pier, Length = 1000 mm

Rectangular Pier, Major length = 6000 mm Minor length = 1000 mm.
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V. DISCUSSION ON ANALYSIS RESULTS

5.1 CFD Analysis Results of Bridge Pier (Circular)

Figure 16: Residuals Vs Iterations
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Figure 17: Vector — Velocity Result
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Figure 18: Contour — Density Result
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Figure 19: Contour — Pressure Result

Figure 20: Stream Line — Velocity Result

5.2 CFD Analysis Results of Bridge Piers (Rectangular)

ferations

Figure 21: Residuals Vs Iterations
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Figure 22: Vector — Velocity Result

0 2.500 W00 (m)
]

1.250 3.750

Figure 23: Contour — Density Result
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Figure 24: Contour — Pressure Result
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Figure 25: Stream Line — Velocity Result

5.3 CFD Analysis Results of Bridge Piers (Square)

lterations

Figure 26: Residuals Vs Iterations
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Figure 27: Vector — Velocity Result
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Figure 28: Contour — Density Result
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Figure 29: Contour — Pressure Result
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Figure 30: Stream Line — Velocity Result

5.4 CFD Analysis Results of Bridge Pier (Elliptic)

herations:

Figure 31: Residuals Vs Iterations
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Figure 32: Vector — Velocity Result
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Figure 33: Contour — Density Result
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Figure 34: Contour — Pressure Result
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Figure 35: Stream Line — Velocity Result

www.ijaasjournal.com 24



https://ijaas.net/index.php/IJAAS/index
http://www.ijaasjournal.com/

INTERNATIONAL JOURNAL OF ADVANCED AND APPLIED SCIENCES

‘% Volume-1 Issue-3 June 2023

10.

VI. CONCLUSION
It has seen that the above results that, our goal is to find the Computational Fluid Dynamics Analysis
like speed, strain, and thickness on various spaces of Bridge Piers in a curve strong regions for has for
being.
This evaluation put out energy into the properties and response of Bridge Piers utilizing various shapes.
The properties needs to pick by a starter, were utilized in a bound part evaluation of the Bridge Piers.
The Fluid strain, speed, and thickness are the outcomes that we approach in the Ansys workbench.
Load is applied and fixing at the delta, power source, and its walls area of Bridge Pier was remained
mindful of in the CFD assessment. The material and mathematical properties are recorded. So we can
conclude our circumstance limits are around right.
Following finishing the cross-district on various areas of the Bridge Piers Model next is to do
assessment thinking about the application. So the model which is annihilated and noticed in the Ansys
programming drops through careful outcomes according to the circumstances.
The framework for the various areas of Bridge Piers model is horrendous down absolutely in appraisal
other than. To show it is other than working, genuinely, this goliath number of guaranteed parts audits
the fulfillment of our target for high regard.
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