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4 ABSTRACT 
The research presented in this study is motivated by the need to improve the predictions of cohesive 

sediment erosion and subsequent transport. In addition, the knowledge of the geotechnical 

engineering soil properties related to the erosion of sediments in coastal Louisiana has broad 

implications as these properties are used in transport models guiding the current restoration efforts. 

The erosion measuring device used in the study is the Cheng-Han Tasi and Wilbert Lick Shaker. 

Previous studies have been conducted before using the Shaker, but challenges with the calibration 

of the shear stress hampered the resuspension results produced by the Shaker. Therefore, this study 

aims to examine the flow conditions inside the Shaker using the computational fluid dynamics 

(CFD) software Ansys. This allowed for a calibration curve based on 2-D flow conditions inside 

the Shaker rather than other erosion experiments. The soil sample tested using the Shaker are 

mainly from the southeast Louisiana coastline, which is significantly impacted by erosion. 

Moreover, the current study estimates the critical shear stress Pa of erosion for both mass and 

surface erosion, along with erosion parameters (m). 

Furthermore, this study further develops a simple sediment resuspension and distribution model. 

This model aims to improve the efficiency of data analysis in the current Louisiana Integrated 

Compartment Model (ICM) sediment distribution subroutine, which uses other languages for some 

sediment transport simulations. Moreover, The ICM is much larger and captures a wide range of 

processes making it computationally demanding to answer research questions. Therefore, the new 

model will be simpler and only capture some processes. Furthermore, this change will allow 

research questions to be answered more economically than using larger integrated models. 

Keywords: Geotechnical Engineering, Coastal land Loss, Coastal Restoration, Computational 

Fluid Dynamics, Resuspension, Coastal Louisiana, Critical Shear Stress  
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1 Chapter 1 Introduction 

1.1 Coastal erosion and deposition problem 

Coastal erosion of coastlines is a global phenomenon threatening almost 40% of the global 

population living near seas, oceans, and rivers. This has resulted in global land loss worldwide of 

over 10,000 square miles in the last 32 years (Mentaschi et al., 2018). Locally, where the present 

study is conducted, Louisiana's coastline has lost more than 18,000 square miles of wetlands since 

1932 (CPRA 2017). These wetlands are the first line of defense, providing important protection 

against ever-increasing hurricanes and storms. Similar wetlands provide an approximately a 20% 

reduction in wave energy for both regular and irregular waves (Möller et al., 2014). The annual 

value of coastal wetlands for storm protection is approximately USD $1,700 per hectare (Costanza 

et al., 2008). It is important to know that if all the wetland losses recorded for Louisiana were 

accounted for and converted to a present value, this would yield $28 billion in lost storm protection. 

Moreover, hurricanes cause significant damage to coastlines. For example, Hurricane Katrina was 

responsible for over 1,800 fatalities and $125 billion in monetary damages. Similarly, Hurricane 

Sandy and Typhon Haiyan caused damages of $77 billion, and 6288 humans perished (CDC, 

2013). More recently, the damage costs of Hurricane Ida in 2021 will exceed $31 billion (RMS, 

2022). In summary, erosion, subsidence, and relative sea level rise negatively affect the Louisiana 

coastline. 

Sediment deposition in waterways also pose a significant issue for navigation and require 

frequent dredging. Thus, dredging has become a critical part of the local and global economies as 

mega-ships are entering increasingly shallower waterways. For example, in Louisiana alone, the 

cost of maintenance dredging for waterways has risen since 1970. The US Army Corps of 

Engineers, funded by the federal government, has spent $105,894,803 from 2014-2019, and this 

was for 40,040,000 cubic yards of sediment. These dredging activities have environmental impacts 

such as spreading contaminants and pollutant habitat degradation and turbidity increases. In 

addition, rising sea levels and dam construction and leveeing of rivers have deprived adjacent land 

masses of much-needed land-building sediment, which enables the erosional forces to wreak havoc 

on these sediment-deficient wetlands.  

An approach to addressing the coastal erosion problem includes creating coastal restoration 

plans, which are created by public and private sector partnerships. For example, the Coastal Master 
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Plan of Louisiana is a multi-discipline effort to “develop, implement, and enforce a comprehensive 

coastal protection and restoration master plan” (CPRA, 2007, p. 11). These Coastal restoration 

plans are updated every few years because the coastal environments they deal with are changing 

and responding to natural processes such as relative sea level rise. Both soft and hard engineering 

approaches are used to manage and combat coastal degradation. Hard infrastructure includes 

groins, sea walls, revetments, and offshore breakwaters. On the other hand, soft engineering 

solutions include beach nourishment, managed strategic retreat, and dune stabilization. The 

various professionals working on these issues have turned to computer models to aid the decision-

making processes with regard to location selection and sustainability evaluations of these critical 

infrastructures. The models have become essential tools in studying coastal erosion and evaluating 

the impact of management/engineering practices on coastal habitat restoration. Several numerical 

transport models (e.g., Delft3D-FLOW; Delft3D-MOR; Delft3D-MOR; Stevens Institute, 

ECOMSED, 1996), are increasingly used for studying coastal zone processes. These models vary 

in structure, complexity, and input requirements and use multiple parameters and inputs to model 

sediment transport. However, it is challenging to obtain these parameters experimentally, and this 

is particularly true for the ones controlling the cohesive sediment transport mechanism as cohesive 

sediment behavior depends on physiochemical interaction and flows field interaction which adds 

complexity to this problem.  

The coastal erosion problem can be assessed by visual observation. For instance, NASA has 

taken numerous satellite images highlighting areas experiencing land loss. However, determining 

the factors affecting erosion and finding a sustainable solution requires a comprehensive study of 

the coastal zone and associated processes. These approaches control wave and littoral sediment 

transport (Kawata., 1989). Further, Narayan et al. (2016), based on a synthesis of data from 69 

field measurements in global coastal habitats, focused on the effectiveness, cost, and coastal 

protection benefits of natural and natural-based defenses. It was shown that projects using nature-

based defenses are cost-effective and effectively reduce storm damage. 

Studying cohesive sediments is more complicated than non-cohesive sediments due to 

interparticle forces. A clay fraction of more than 10% is sufficient for sediments to behave 

cohesively (Rijn, 1993). Numerical models have been a valuable tool for studying complex 

systems. For example, in studying cohesive sediment, calibrated numerical models have been 

widely used. The reliability of such a model relies on its ability to reproduce observation. However, 
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the fate of fine-grained sediment is only secondarily considered in the modeling effort (Roberts et 

al., 2015). The fate of these cohesive sediments plays a crucial role in building and sustaining 

marshlands. There is a need to experimentally obtain erosion parameters for numerical simulation 

of cohesive sediment transport and accumulation.  

1.2 Problem definition 

The success of structural and nonstructural approaches in controlling coastal and riverine 

sedimentation/erosion problems relies heavily on our knowledge of the dominant physical 

processes and our ability to quantify and predict erosion and sedimentation using suitable sediment 

transport models. Researchers and coastal restoration professionals have recently studied sediment 

erosion and deposition (e.g., Shu et al., 2020; Gounder Krishnappan et al., 2020; Narayan et al., 

2016; Smith, 2010). The transport of most fine-grained soil is modeled in terms of a critical stress 

value that initiates suspension, along with characteristics parameters of sediment such as median 

particle size (D50). However, factors affecting erosion, including clay mineralogy, organic content, 

sediment composition, and electrochemical interactions such as salinity, pH, and sediment stress 

history also control erosion. Sediment deposition mainly occurs when the sediment weight is 

greater than buoyant forces. However, for cohesive sediments, the depositional state is either 

reached by coagulation and flocculation due to electrochemical interactions or a decrease in the 

flow rate. Either physicochemical interactions and/or a drop in flow velocity causes sediment to 

fall out of suspension, creating navigational and environmental predicaments. 

Sediment transport models vary from simple to more complex with many variables capturing 

the convoluted sediment transport processes. These models have inputs that govern sediment 

movements, such as critical shear stress, bed response time, and erosion and excess shear 

calibration constant m. Unfortunately, the prediction from such transport models is plagued with 

uncertainties arising from the complexity of the processes and, in some cases, the 

oversimplification of model assumptions for structures and values of parameters. Most of these 

models have parameters estimated from erosion tests using similar soils to areas being modeled. 

However, using the erosion test to derive parameters is not straightforward. Even in early erosion 

tests, the device or test method sometimes changes the strength measurements by orders of 

magnitude. For example, a Vermeyen (1995) test showed that erosion rates from rotating cylinder 

were 6-10 times higher than those estimated in the flume experiment. 



4 

1.3 Study objectives 

The present study has a range of objectives, and these are to: 

• Improve efficiency and uncertainties associated with the Lick Shaker having unknown flow

conditions. This objective will be managed using Ansys to model flow conditions inside

the Shaker.

• Experimentally investigate the sedimentation processes using the Lick Shaker. This

objective will be addressed by conducting Shaker tests on sediments from southeast

Louisiana.

• Extend the duration of shaker resuspension tests to mitigate the overpredicting of erosion

rates during experiments. This objective will be managed by conducting longer-duration

Shaker tests.

• Estimate the critical shear strength of erosion based on settling times and other geotechnical

engineering index properties.

• Develop a simple model for sediment resuspension as a function of wind that will be

computationally efficient to answer research questions without setting up and running

spatially computationally demanding models. This objective will be addressed by further

developing a numerical model using python.

• Develop a simplified model for predicting marsh accretion rates under various wind

conditions.

1.4 Approach 
 The current organization of the thesis is summarized in Figure 1-1. The approach has four 

research components 1) problem identification, 2) identification of the factor's contribution, 3) 

methods to resolve the problems, and 4) demonstration of the application of the method using data 

from the Lousiana coastline. Chapter 2 contains the prevalent literature review, which reviews past 

erosion experiments and their associated uncertainties, It highlights numerical modeling, 

highlighting strengths and weaknesses. Following this, Chapter 3 deals with current study 

experiment equipment and procedures. Moreover, it also explains the analytical procedure for 

analyzing the Shaker-generated data. Chapter 4 presents the initial experimental data and analysis 

procedure. Chapter 5 presents the reasons behind modeling the Shaker and the 2-D modeling used 

to analyze the flow conditions inside the Shaker. Chapter 6 discusses the in-depth analysis of the 

results in highlighting surface and mass erosion parameters. 
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Chapter 7 deals with the numerical modeling of sediments, the language used, model theory, 

validation, and application of the model.Chapter 8 includes all the relevant discussions for the 

current experiments and numerical simulations. Finally, Chapter 9 has the conclusions of the 

present study, and Chapter 10 has the recommendations for future work.   

Figure 1-1 Schematic of the study methodology 
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2 Chapter 2 Literature Review 

This chapter discusses cohesive sediment and associated properties, which plays an important 

role in cohesive sediment behavior. Laboratory experiments and numerical models are 

increasingly used to study the transport behavior of cohesive sediments. This chapter reviews past 

erosion laboratory experiments and numerical models used for studying the sediment transport 

process.  

2.1 Physics and properties of cohesive sediments 

In geotechnical engineering, the term cohesive soils refers to a combination of silts and clays. 

Silts and clays originate from the chemical weathering of rocks caused by oxygen and water—the 

cycle of erosion, deposition, and resuspension. Furthermore, a soil formation cycle is a long-term 

process, often unfolding over millions of years, and the final product is reached by physical 

disintegration and chemical decomposition. Figure 2-1 shows the different soil formation 

processes. Most of these formation mechanisms rely on microbial and chemical oxidation 

processes, which mobilize and translocate certain constituents to form different soil types. 

Engineers and scientists use many systems for the classification of soils such as the Unified 

soil classification System (USCS), the American Association of State Highway and Transportation 

Figure 2-1 Soil Formation Processes modified from (Mitchell, 2005) 
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Officials (AASHTO), and the United States Department of Agriculture (USDA). A grain size less 

than 0.075mm indicates fine soil using the USCS.  

The behavior of cohesive soils is mainly described by plasticity and cohesion. Plasticity, or the 

plasticity index, refers to the amount of water that fine soils absorb before breaking into 3mm 

diameter fragments. On the other hand, cohesion is the strength of clay when the deviator stress is 

equal to zero. The experiment conducted in this study will not directly address cohesion. However, 

all samples are tested for Atterberg limits which yield the plasticity index.  

For the fundamental building block of clay, there is the following arrangement summarized 

by (Mitchell & Soga, 2005): 

1. Silica tetrahedral unit – this structure has four oxygens enclosing a silicon atom that are

combined in a silica sheet.

2. Aluminum, Magnesium, or Iron Octahedral unit – these structures contain six oxygens and

hydroxyls enclosing an iron, magnesium, or aluminum atom.

In cohesive soils, the forces between particles are electrochemical, and clay particles have a 

negative charge on their surface. The electric charge can form by preferential adsorption or 

isomorphous substitution. Isomorphous substitution happens when a cation is replaced by a lower 

valence, leading to an excess negative charge. Preferential adsorption happens through chemical 

bonds, hydrogen bonds, and Van der Waals forces. Most of these processes occur at the outer layer 

of a clay particle known as a double layer. Moreover, fine sediments have a much larger surface 

area than cohesionless sediments this causes physiochemical force acting on them to be much 

larger by orders of magnitude than the submerged wights of the individual particles (Mehta, 1973). 

For fine-grained sediments erosion the following points are the four modes of erosion adopted 

from Winterwerp et al. (2004): 

• Entrainment – this occurs when the sediment behaves like a fluid and is usually caused by the

eroded bed being freshly deposited (e.g., through erosion of beds formed by rapid deposition).

• Floc erosion – this occurs when parts of the bed surface (flocs) are dispersed by water

movement near the bed. This phenomenon occurs when the bed shear stresses exceeds the

strength of adhesion of surface particles. Note that this erosion mode is continuous, which

might contribute considerably to the overall erosion process.
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• Surface erosion – this occurs when the bed's top surface liquefies due to hydrodynamic

pressures caused by wave action. This mode of erosion can also be called a drained failure

process.

• Mass erosion or bulk erosion – this occurs when the applied external stress exceeds the strength

of the bed, and large lumps of sediments are eroded. This mode is sometimes referred to as an

undrained failure.

2.2 Review of past erosion laboratory experiments 

One study of significance was that of Smerdon et al. (1959), who conducted experiments inside 

a hydraulic flume to establish a relationship between bottom shear stresses and the physical 

properties of the sediment such as plasticity index, median size diameter D50, percentage of clay, 

and the tractive shear force. The soils included silty and purely cohesive clay from Missouri, with 

a plasticity index range from 6-44. The authors used a Darcy pitot tube for velocity measurements 

and an H-type rate to measure the flow rate. However, it was noted that "mean particle size and 

the percent clay do not measure cohesion; therefore, the correlation may not be as high when soils 

with different properties exist." 

Partheniades (1962) conducted a more extensive study on the erosion and deposition of 

cohesive soils in saltwater to design more stable channels with stable slopes in cohesive regimes. 

His experiments were conducted in an open flume and using ocean water salinities to test silts and 

clays with some sand and organics. Two beds were used inside the flume – a remolded bed and a 

depositional bed. The tests were used to determine the erosional and depositional behavior of fine 

sediments. These experiments showed that erosion is directly proportional to bed shear stresses. 

However, Partheniades could not find a relationship between low-strength clay erosion and 

strength. Therefore, he hypothesized that erosion of the bed was independent of the microscopic 

shear strength of the bed. 

In addition, Abdel-Rahman and Naim Mohamed (1963) experimented by constructing a 

physical model of an open channel to examine the effects of flowing water on erosion. The first 

series of experiments were tested using the vane shear strength of the soil as constant through the 

channel and varying hydraulic conditions. The second series was completed by keeping the 

hydraulic condition constant and varying the shear stress of the channel. The tested soil had a 

plasticity index of about 22%, silicate content of 91%, and grain size between 0.002mm and 
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0.05mm. The author derived a relationship to determine the mean eroded depth as a function of 

the water's tractive stress and the soil's shear strength. 

Further work includes Mehta’s (1973) study in an annular rotating apparatus focused on the 

depositional behaviors of cohesive sediment. The depositional behavior significantly influences 

the net erosion rate since the numerical value of net erosion is minimal compared to the 

depositional rate. In the study, Mehta noted that erosion rates are directly proportional to bed shear 

stress after the critical value. The author also suggested that any designated critical shear stress 

based on observed mass erosion can differ for the same soil based on the human factor involved 

in determining the visual initiation of suspension. What these experiments revealed is that 

depending on the value of shear stress, the sediment concentration reaches a steady-state value 

after a short period of deposition, known as equilibrium concentration. In order to measure erosion 

at high shear stress at a shallow depth, McNeil et al. (1996) developed the High Shear Stress Flume. 

This flume was primarily designed to study sediment transport and resuspension at high-stress 

floods. The rectangular flume is 120 cm long, and the cross-section is 10 cm x 2 cm. Moreover, 

the flume has a piston jack that raises a soil sample into the flow path, measuring the sample height 

increase and flow velocity enables a direct erosion rate versus shear stress measurement. However, 

this device costs around USD 100,000 and the shear stress is calculated based on mean flow 

velocity and Moody Chart 

Important developments included the creation of an erosion function apparatus (EFA) (Briaud, 

1999; Briaud et al., 2001). This apparatus was designed for studying scouring phenomena along 

bridge piers; this was motivated by several bridge pier failures due to small and large shear stresses 

applied cyclically by turbulent flows. EFA is an open channel with a Shelby tube soil sample 

placed on a piston and raised incrementally. The configuration and pressure ports before and after 

the sample calculate the shear stress acting on the sample. Moreover, Larsen (2008) evaluated the 

EFA and concluded it was a very useful tool for designing bridges. However, it was noted that 

uncertainty in estimating the roughness require further research to find an effective method to 

calculate roughness. Trammell (2004) also contributed a significant development in a sediment 

erosion rate flume. The flume is a rectangle 9ft long with dimensions of 5 x 20 cm. The test begins 

by placing a sample on a piston in the middle of the flume. The sample is then raised into oncoming 

water flowing from two pumps down the flume. Moreover, bottom shear stresses can be calculated 

by simple hydraulic formulations. However, this test is no longer used because it requires a bulky 
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setup, and the sensors giving sample heights and water elevation are expensive and have extensive 

downtimes during repairs. In addition, the samples must be in a cylinder so remolded, and 

disturbed samples cannot be tested 

2.3 Review of erosion measurements Devices 

The sediment erosion and resuspension behavior under flow-induced stress can be studied 

using many devices and methods. In this section, I will discuss prevalent erosion measurement 

devices and their associated uncertainties. 

The Cohesive Strength Meter (CSM) is the second generation of in situ erosion testing devices 

measuring the erosion shear stress of intertidal sediment. Tolhurst et al. (1999) conducted 

experiments using the CSM, which employs eroding stresses created by a water jet directed at the 

sediment interface, and the jet pressure is converted to horizontal shear stress using Shield's 

criterion. The coefficient of determination (R2) value for the calibration curve was below 0.5, with 

all the approximations involved in obtaining Shield's criterion using the settling velocity, which is 

approximated using Baba and Komar's (1981) relationship. The relationship, therefore, seems 

more empirical than mechanistic in describing erosional processes. However, this device could 

provide a reliable comparison with other erosion experiments (Briaud et al., 2019) 

The Sediment Erosion at Depth (SED) flume was designed by McNeil et al. (1996). The 

purpose of this flume was to determine the critical shear stress of erosion as a function of sediment 

depth. The main question the authors were attempting to answer was whether containments can be 

exposed and eroded during large floods on rivers or large storms near lakes. The main components 

of the flume include a coring tube, a test section, a water storage tank, and a pump. The SED flume 

is similar to a rectangle or circular flume with an open bottom. This opening enables an ex-situ 

soil sample to be inserted into the path of flowing water. Next, an operator raises the sample at a 

pre-determined rate. This enables erosion of the sample at different depths.  

The annular flume was developed by Fukuda and Lick (1980) and has a two-meter diameter 

and a 15 cm ring-shaped structure. Water fills the flume to a depth of 7.6 cm, and a rotating lid 

induces a shear stress on the sediment bed. The velocity profile is measured in the flume, which 

enables shear stress to be estimated. In the original design, the authors used a hot film anemometry 

to take velocity measurements in the flume. However, the flume contained no sediments, while 

velocity measurements were taken. 
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Another significant flume development is that of the Raven flume (Raven & Gschwend, 1999). 

The flume's main objective is to obtain in situ measurements of sediment erodibility. The flume 

has a 1.0 m long inlet section and a 1.2 m long sediment test section. The authors’ critical shear 

stresses measurements were around 0.10 ± 0.04 pa, and the sediments tested had an average 

organic content of 3.8% and an average D50 of 38 µm.  

In the context of the present study, the shaker used was developed by Tasi and Lick (1986). Its 

primary purpose was to create a portable device to measure resuspension. It contains a horizontal 

grid oscillating vertically, creating turbulence that causes resuspension. The shaker showed 

quantitative differences in entrainment behaviors at different sites (Tasi & Lick, 1986). A 

significant advantage pointed out by the authors was the ability of the shaker to test undisturbed 

samples. This is almost impossible in laboratory flumes because of the difficulty in obtaining and 

transporting large quantities of undisturbed samples. Finally, Haralampides (2000) used the Lick 

shaker to run two resuspension experiments. The shaker used was first replicated by the USGS 

and brought to the University of New Orleans. These experiments reached 300 revolutions per 

minute (RPM) or an estimated 0.16 Nm2 equivalent shear stress. The calibration curve was given 

to the author by the USGS oceanographer Dr. Richard P. Signell (A. McCorquodale, personal 

communication, 2021). Jerolleman (2014) used the same shaker to run more resuspension 

experiments, which were used to obtain a critical shear stress relationship and consolidation time 

formulated in Hajra and McCorquodale et al. (2014). However, Jerolleman (2014) did not reach 

higher RPM settings with an average applied shear stress of 0.04 pa and maximum settling time 

of 2 days 

2.4 Erosion Devices Associated uncertainties 

The SED flume has the following uncertainties and drawbacks associated with its erosion-

measuring framework: 

• The channel is initially empty upon start-up, and no shear stress measurements are possible

until the flume has been filled. During this filling stage, it is highly likely that the surface

erosion critical shear stresses cannot be measured.

• Jepsen (2006) stated that measurements of unconsolidated surface erosion during this

infilling stage need improvement. Moreover, The SED flume can only be used on

remolded disturbed samples.



12 

• The SED flume is an open system, and a new water source is continuously introduced

during a test. This open system does not duplicate a natural system where resuspended

material settles simultaneously with resuspension.

• The operator raises the sample into the flume continuously during the test, which could

introduce human parallax error.

• The lab setup is very bulky and costs more than $100,000 (Briaud et al., 2019)

• There is difficulty in determining sediment roughness used in shear stress estimations.

The Annular flume has the following uncertainties and drawbacks: 

• The shear stress is determined by boundary layer velocity measurements only.

• The annular flume can only test disturbed samples.

• Secondary flow velocities in the flume are generally not small compared with cohesive

sediment fall velocities (Booij, 1994).

Then Raven flume also has some following uncertainties and drawbacks as follows: 

• The shear stress is determined using internal flow theory. Not direct shear stress

measurements or modeling.

• There is a limit to depth erosion measurements due to the internal flow theory becoming

invalid and the bottom stress in the flume becoming uncertain (Jaspsen, 2005).

• It is difficult to determine sediment roughness used in shear stress estimations.

• This is an open system, and a new water source is continuously introduced during a test.

This open system does not duplicate a natural system where resuspended material could

settle simultaneously with resuspension (Jaspsen, 2005).

The Tasi and Lick Shaker has the following uncertainties: 

• The shaker calibration curve is heavily dependent on flume conditions, and requires

additional investigation (Abdelrhman et al., 1996).

• The sediment concentration in the overlying water does not necessarily replicate a

condition in which an increase in water could cause additional sediments to be

resuspended.

• The shaker cannot be used to determine the entrainment rate as a function of depth.
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• The turbulence field generated by the Shaker differs from that generated by the shear flow

(Tasi & Lick, 1986).

2.5 Review of sediment transport numerical modeling 

Numerical modeling of sediment transport solves the governing equation to describe the spatial 

and temporal evolution of a sedimentation and or erosion process. Thus, it can be said that 

numerical modeling is an effective tool for predicting sediment transport processes. Scores of 

numerical models have been developed in the Scores of numerical models have been developed in 

the past (AGNPS, 1987; IQQM, 1995; GUEST, 1997; LISEM, 1999; WEPP, 2001; Delft3d, 2007; 

ENCOMED, 1996), and these models differ in how varying processes are accounted for. However, 

it must be acknowledged that there are two main issues with the numerical simulation methods in 

studying sediment transport. First, the underlying physics must be described in enough detail to 

capture the main features of the flow. If a complete flow description is possible, the solution for 

the system of equations would be so complex that it could not be solved in a reasonable execution 

time. Moreover, a complete description is impossible because terms such as turbulent shear and 

bed stresses are not sufficiently well understood and are usually modeled empirically (Mingham, 

2003).  

The second problem with numerical simulation relates to the mathematics underlying 

numerical models not always respecting the governing physics. The solvers sometimes fail to 

conserve mass or momentum, which leads to solution errors. Mingham (2003) noted that models 

with high levels of numerical diffusion obscure some flow features, which hinders the simulation's 

accuracy of the simulation. Some solvers fail on problems involving transcritical flow and abrupt 

changes in bathymetry (Yang et al., 2006). 

Models reflective of different dimensions are utilized in this process. For instance, one-

Dimensional (1D) models are used to solve cross-sectionally averaged flow equations and mass 

balance of suspended sediments without solving the cross-section details. These models are more 

effective at capturing sediment transport in long river reaches where lateral variations are 

negligible. Using such models improves solution stability and computational efficiency, and only 

a small number of in situ measurements are needed for simplified calibration and verification 

(Yang, 2006). However, these models do not have the capacity to capture three-dimensional 

phenomena such as turbulence 
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Two-dimensional models (2D) are better suited than 1D to modeling systems with a larger 

fetch. These models can be either two-dimensional horizontally averaged (2DH) or two-

dimensional vertically averaged (2DV). These numerical simulations use the depth-averaged 

Navier-Stokes equations and sediment mass balance coupled with finite element, finite difference, 

or finite volume. These 2D models require detailed in situ sampling and extensive calibration. 

However, they can capture many more processes, such as the Coriolis effect, frictional interactions, 

and the transverse components of the flow. 

Three-dimensional models (3D) is also used to model transport and can, for example, model 

turbulence more realistically. Flow near bridge piers for scour studies and flow near hydraulic 

structures are all examples of when a 3D model that respects the underlying physics is required. 

Most 3D models solve the Reynolds average Navier-Stokes (RANS) and the continuity equations, 

along with finite difference, finite volume, and finite element methods. However, Van Rijn (1993) 

noted that if the vertical grids are not defined accurately, and realistic initial boundary conditions 

are not met, the 3D model becomes the most sensitive and least accurate out of the other two 

models. 
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3 Chapter 3 Experimental Equipment and Procedure 

3.1 Soil samples locations 
 The current study area is focused on southeast Louisiana (Figure 3-2) shows soil samples 

tested in this study. This area was formed by natural cycles of depositing by the Mississippi river 

into the Gulf of Mexico (GOM). Glacial deposits began during the Late Cretaceous period (Blum 

& Roberts, 2012). Since then, the Mississippi River changed course in response to sea-level rise, 

creating barrier islands, bays, and other geomorphic features that can be seen today. More recently, 

channelization and straightening of the lower Mississippi River began in the 1930s in response to 

catastrophic flooding events, e.g., the Great Flood of 1927. However, the levees and flood control 

structures that protect the human population from flooding also reduce the much-needed sediment 

supply wetlands need.  

The reduction in sediment supply is primarily responsible for land loss which started 

accelerating around the 1930s. As the population increased in the lower Mississippi river basin, it 

became necessary to engage in fortification of the cities with dams and levees started to protect 

humans from spring flooding. These flow restrictions deprive the wetlands of their sediment load. 

Currently global sea-level rise and relative sea-level rise affecting the subsiding fluvial sediments 

is leading the coastline into decline. Since the 1930s, estimates suggest that 2,000 square miles of 

Figure 3-1 Shows one potential land change scenario over the next 50 years. The red color is land loss the 
green color is land gain (CPRA, 2012). 
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wetlands have been lost (CPRA, 2012). In the last 20 years, coastal Louisiana has seen an increase 

in land loss at the rate of approximately 32 square miles per year as estimated by the USGS (2016). 

This problem will continue degrading the coastline if no action is taken to combat this land loss 

problem (CPRA, 2012). Figure 3-1 indicates one potential land change scenario over the next 50 

years, suggesting that the areas marked in red could be lost to open water. Moreover, Louisiana's 

barrier islands are eroding and or receding at a rate of up to 20 meters per year (Williams, 1995). 

According to recent USGS estimates, several barrier islands will disappear by the end of the 

century. Natural processes alone are not responsible for the degradation and loss of wetlands in 

the Mississippi river delta plain. The seasonal flooding that previously provided sediments critical 

to the growth of wetlands has been eliminated by the construction of levees and other flood control 

structures that channel the river and prevent sediment supply from reaching the wetlands. This 

sediment is now carried by the river and often discharged into deep water off the coastline 

(Williams, 1995). In addition, throughout the wetlands, an extensive system of dredged canals and 

gas pipeline networks and their accessory structures constructed to facilitate hydrocarbon 

exploration and production has also contributed to the problem. In relation to this, Baumann and 

Turner (1990) quantified the impact of hydrocarbon exploration at 25.6% of the total wetland loss. 

Finally, some commercial and recreational boat traffic creates wakes that erode the banks of these 

wetlands. These impacts enable saltwater from the Gulf of Mexico to intrude into brackish and 

Figure 3-2 The white arrows show the geographical location of soil samples tested in the current study 
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freshwater, leading to additional sediment deposition. Moreover, saltwater intrusion will 

negatively impact the fauna and flora of the region as they are unaccustomed to these higher 

salinities. Most sampling is conducted in southeast Louisiana, which is responsible for 80% of the 

total historic land loss (CWPPRA, 2012)  

3.2 Field sampling 

Soil samples are taken by petite Ponar Grab Sampler, a plastic tube similar to Shelby tubes 

with a 76.2mm soil core, and shovel grab samples (see Figure 3-3). The Ponar sample was suitable 

for a maximum of 10ft water depth. A rope is attached to the top of the sampler, and once the 

sampler hits the bed, it automatically closes and grabs around three pounds of sediments. The 

sediment was then stored in a labeled plastic bucket, site water was collected, and GPS location 

was recorded. Site water collection and GPS location marking was completed for all samples. 

These samples were then brought to the University of New Orleans Geotechnical Engineering 

Laboratory for testing.  

For The plastic tubes samples, the tubes are pushed by hand into the bed material where the 

depth is shallow enough to push these tubes approximately 2ft into the bed. For the shovel samples 

collection shown in Figure 3-2(c), this was also performed in areas where the water depth did not 

exceed five feet. For sample labeling, labels such as A-1 or D-2 are used if a sample shares the 

Figure 3-3 a) Ponar Grab Sampler, b) Plastic Shelby Tubes, and c) Shovel sampling 

a b c 
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first letter. This letter refers to samples near each other. Note these samples were collected with 

the help of several current and former graduate students at the University of New Orleans 

((Mattson, 2014) Mebust, (2015); Roberts, (2022)).  

3.3 Sample storage and sample preparations 

The samples are stored in sealed plastic buckets in the geotechnical laboratory, where the 

temperature is controlled at 72 Fahrenheit. These samples are tested for their geotechnical index 

properties, e.g., Atterberg limits. There are also other tests inside the geotechnical laboratory, such 

as the column setting test, which is separate from the current experiments. For the Current study, 

the samples are removed from the sealed plastic bucket and placed into the plastic column. They 

are mixed for ten minutes inside the column and then allowed to settle before being tested using 

the shaker. (Figure 3.4) Shows the complete sample preparation process. First, the sediments are 

placed inside the Shaker plastic column.  

The concertation found best suited for the Shaker size is between 90 mg/l and 100 mg/l. 

However, in some trials, the concentration exceeding 100 mg/l could not be tested using the Shaker 

due to the column size needing to accommodate the sample while maintaining a 2-inch distance 

between the grid and the sample 

Figure 3-4 Sample preparation for Shaker testing. On the left is the sample placed in the plastic 
column for mixing. In the middle the soil is mixed inside the column.   



19 

3.4 Laboratory testing 
Cheng-Han Tsai and Wilbert Lick designed the shaker in 1986 at the University of California 

Santa Barbara. This shaker is also known as the Particle Entrainment Simulator (PES) and consists 

of a plastic cylinder with a grid inside oscillating with an amplitude of one inch. The vertical grid 

oscillations create a turbulence which penetrates the sediments layer place at the bottom of the 

water bath (Figure 3.5). This shaker was intended to measure sediment resuspension rapidly on-

board vessels or in laboratories. The PES uses a 12V, 3-amp power supply which powers a motor 

that rotates the driving desk, which causes the vertical rod to move vertically inside the water 

column.  

The stress generated by the shaker differs from that generated by currents and waves. However, 

because the shaker was calibrated with flume experiments, the results from the shaker could be an 

accurate estimate of sediment resuspension (Cheng-Han Tasi & Wilbert Lick, 1986). However, 

the current study uses the calibration curve as a sanity check on the newly Ansys-modeled shear 

stresses inside the shaker. This allows different sediments to be tested using the shaker without the 

need for simultaneous flume experiments.  

Figure 3-5 Original blueprints of the Shaker. On the left side is the 
oscillating grid, and on the right side are the Shaker components inside 
the water bath (Abdelrhman et al., 1996). 
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For the current Lick Shaker tests, all samples undergo self-weight settling for 1, 3, 6, and 12 

days. These varied settling times represent an improvement to previous tests conducted by 

Haralmpides (2000) and Jerolleman (2014), who both used the shaker in their studies. Increasing 

the settling time allows for a more in-depth characterization of the resuspension and or critical 

shear stress for erosion vs. settling time relationship. Before the testing procedure begins, a 

background sample of 60ml is withdrawn from the water column. An improvement to previous 

tests conducted using the shaker is adding 60 ml of site water (as opposed to tap water) after a 

sample is collected. Adding site water back into the sample ensures that the water chemical 

composition is not changed, thus not hindering deposition and resuspension during the test. Once 

the Shaker starts, the motor's lowest setting was approximately 140 rpm. This initial speed is 

maintained for 10 minutes. Next, a sample is taken from the top of the water column using a 

syringe. This is done slowly with minimal interference with the grid to ensure the grid oscillations 

are not changed. The volume of the sample withdrawn at each interval is replaced with site water, 

and the RPM is increased by 10%. The new speed influences the bed for 10 minutes before another 

sample is taken. The same procedure is repeated until the highest setting of the motor is reached, 

approximately 950 RPM. The duration of each Shaker test is approximately 90 minutes. Total 

suspended solids (TSS) measurements were conducted. These tests were performed on all samples 

collected from the Shaker. The TSS analyses equipment shown in (Figure 3.6). These tests are 

performed in general accordance with Environmental Protection Agency (EPA) Environmental 

Sciences Section (ESS) Method 340.2. The test included pouring a sample through a 0.47-micron 

pore size filter and weighing the dried solids on the.  A vacuum pump was used to extract the water 

through the filter, and distilled water was used to rinse the sample. The sample is prelabeled, and 

once collected, it is stored for no longer than 48hours for turbidity and TSS measurements.  
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TSS was calculated using the following equation (Eqn.1): 

𝑇𝑆𝑆 =
𝑊!
𝑉"
∗ 10# Enq.1 

Where, TSS is the total suspended solids in grams per liter (g/L), Wp is the weight of dried particles 

in grams, and Vt is the sample volume in liters. 

The turbidity test was performed as an additional check on suspended solids concentrations. 

The correlation between the TSS and turbidity (Figure 3.7) indicates a good positive agreement 

between the turbidity and TSS within the Turbidity meter's maximum measuring capacity. This 

test includes placing the sample in a vial and a turbidity meter The vial must be cleaned with a 

microfiber cloth and inverted twice to ensure no bubbles disturb the sample reading.  The value 

displayed on the machine was recorded in NTUs (Figure 3.8).  

The total suspended solids concentration (TSS) was calculated using the following equation 

(Eqn.2): 

𝑇𝑆𝑆 =
1000 ∗ 𝑊!
𝑊!
𝐺$

+𝑊%
Eqn.2 

Figure 3-6 Water samples on the left are organized by run number 
to be passed through filtration apparatus on the right 



22 

Where TSS is the suspended solids, Wp is the weight of the dry particles, G is the specific 

gravity, Ww is the weight of water. For all TSS measurements in the current study, please see 

Appendix B. Some of these measurements could not be plotted in figure 3-8 as they fell outside 

the Turbidity Meter used maximum capacity of 4500 [NTU].

Figure 3-7 The Scatter plot between turbidity and TSS [mg/l]. The x-axis represents 
the turbidity measurements with their corresponding y-axis TTS measurement for 
tested samples. good correlation exists for TSS [mg/l] with turbidity measurements 
for all samples tested. 

Figure 3-8 Turbidity meter used to test water samples from the shaker 
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4 Chapter 4 Laboratory Experimental Results 

4.1 Shaker resuspension analysis procedure  

After Shaker experiments were completed the following equations were used the analyze 

primary data from the Shaker to obtain a resuspension rate; this procedure was formulate by 

Abdelrhman et al. (1996). The E' (t) the net Erosion rate or entertainment rate was calculated using 

the following equation (Eqn.3):  

𝐸′ = 8𝑑
∆𝐶
∆𝑡 < + 𝐶𝑉$

Eqn3 

Where d is the depth of water in the cylinder,  ∆𝐶 is changed in concentration between each run, 

∆𝑡	 change is time (Lavelle and Davis 1987), Vs, which is settling velocity, and C is the 

concentration in mg/L  

The Actual entertainment rate was calculated using the following equation (Eqn.4): 

𝐸 = 𝐸& + 𝐷(𝑡) (Eqn.4) 

where E is the Actual entertainment rate, 𝛦′ is the net entrainment rate per unit area of the bed, and 

D(t) is the deposition rate per unit area of the bed (Abdelrahman et al., 1996). 

The deposition rate was calculated using the following equation (Eqn.5): 

𝐷 = 𝑉'	𝐶      (Eqn.5)

Calculating Vs, which is settling or depositional velocity, and c is the concentration in mg/L, 

using the following equation (Eqn.6): 

𝑉$ = 𝑉(		𝑒*+, (Eqn.6) 
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Where Vo is hindered settling velocity, k is hindered settling coefficient, and c is the concentration 

(Vesilind, 1968). 

4.2 Initial experimental results 

Before any analysis procedure is conducted, the primary data from the Shaker is plotted. These 

results included the Recorded RPM at each time interval and the TSS concentration, measured by 

the filtration processes described in section 3.4. For example, Figure 4-1 shows the Shaker RPM, 

with TSS concentration mg/l for a settling time of 1 day. The map on the graph represents the area 

from which this sample was taken. It is evident from Figures 4-1, 4-2, 4-3, and 4-4 that as the 

settling time increases, the RPM settings increase. For example, in comparing figure 4-1, 

maximum RPM setting of 300 for 1-day settling, to figure 4-4, maximum RPM of 900, with 

settling of 12 days. This increase in RPM required to mobilize sediments is because as the samples 

are allowed to consolidate self-weigh, the bed shear strength increases.

Figure 4-1 Show the primary resuspension test results for one day of settling time. 
The x-axis in the rpm setting of the shaker and the y-axis is the TSS measurements 
[mg/l]. 
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Figure 4-3 Show the primary resuspension test results for six days of settling time. 
The x-axis in the rpm setting of the shaker and the y-axis is the TSS [mg/l] for that 
setting. 

Figure 4-2 Show the primary resuspension test results for three days of settling 
time. The x-axis in the rpm setting of the shaker and the y-axis is the TSS [mg/l] for 
that setting. 
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Figure 4-4 Show the primary resuspension test results for 12 days of settling time. The x-axis in 
the rpm setting of the shaker and the y-axis is the TSS [mg/l] concentration for that setting. 



5 Chapter 5 Ansys Computational Fluid Dynamics (CFD) Shaker Model 

5.1 Motivation for modeling the Shaker in Ansys 

 Tasi and Lick developed the Shaker in 1986. The primary purpose of creating the shaker 

was for rapid measurements of resuspension. For economics, the shaker is the best choice for 

erosion measurements when compared to other erosion-measuring devices discussed in Chapter 2. 

The shaker is also small and compact, meaning grab samples can easily be tested without long 

sample preparation times. Moreover, the amount of sample required is minimal compared to 

laboratory flumes. However, the shaker has a significant drawback because flow conditions and 

shear stresses inside the shaker are unknown (Jaspen, 2005). In addition, concentration calibrations 

are only valid for identical sediments and sediment conditions, such as self-weight settling times 

(Jaspen, 2005). This sediment type and sediment condition dependability are evident in Figure 5-

6. For example, at 450 RPM, the percentage difference between Lick’s 1986 curve and Lick’s

1994 curve for shear stress estimation is 127%. In summary, it is evident that when a new sediment

type is tested, the shaker requires a new calibration with a flume. Note that this calibration is

concentration-based and not shear-stress calibration. Figure 5.1 shows the concentration every

time new sediments are tested using the Shaker. If this calibration process is fully completed, the 
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Figure 5-1 The schematic showing Shaker calibration procedure 
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Shaker economic edge is eliminated since two laboratory experiments are needed for every new 

sample. For the reasons discussed above. A 2D CFD model of the Shaker is created to approximate 

flow conditions and shear stress values generated by the Shaker. This model will allow improved 

postprocessing of the erosion tests and change the shear stress calibration curve from flume 

dependent to Ansys CFD-calculated stress. 

5.2 Advantages of using Ansys 

• Ansys is a powerful standalone interface with a user-friendly environment and advanced

meshing options

• Ansys integrated with two standards, American National Standard Institute and American

Society of Mechanical Engineering sections used for example, to design nuclear reactors.

• Transient analysis can be completed economically

• Ansys allow the implementation of complex geometries, constraints, and coupled

analysis.

5.3 Governing equations used in Ansys 

For all flows, Ansys solves the conservation of mass and conservation of momentum 

equations.  

The mass conservation equation or continuity equation is written as follows (Eqn.7): 
-.
-"
+ ∇. (𝜌𝑣⃑) = 𝑆/								(Eqn.7)

Where 𝑆/ is the mass added to the continuous phase from the dispersed second phase (e.g., due to 

vaporization of liquid droplets) and any user defined sources. The equation above in the general 

form (Ansys, 2009).  

The momentum conservation in an inertial (non-accelerating) frame by Batchelor (1967) is as 

follows (Eqn.8):  
-
-"
(𝜌𝑣⃑) + ∇. (𝜌𝑣⃑𝑣⃑) = −∇𝑝 + ∇. (𝜏̿) + 𝑝𝑔⃗ + 𝐹⃗       (Eqn.8) 

Where 𝑝 is the static pressure, 𝜏̿ is the stress tensor, and 𝑝𝑔⃗ and 𝐹⃗ are the gravitational body force 

and external body forces respectively. 𝐹⃗ also contains model-dependent source terms. The stress 

tensor 𝜏̿ is given by (Eqn.9): 

𝜏̿ = 𝜇 M(∇𝑣⃗ + ∇𝑣⃗0) − 1
2
∇. 𝑣⃗𝐼O          (Eqn.9) 
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For turbulence the Standard k- e model wad used. This model is robust, economical, and has 

reasonable accuracy for a wide range of turbulent flows, which explains its popularity in industrial 

flows (Ansys, 2009). The turbulence kinetic energy, k, and its rate of dissipation, 𝜖 , are obtained 

from the following transport equations (Eqn.10 & Eqn.11): 

-
-"
(𝑝𝑘) + -

-3!
(𝑝𝑘𝑢4) =

-
-3"

8Sµ + 5#
6$
U -+
-3"
< + 𝐺+ + 𝐺7 − 𝜌𝜖 − 𝑌8 + 𝑆+  (Eqn.10)

and 

-
-"
(𝑝𝜖) + -

-3!
(𝑝𝜖𝑢4) =

-
-3"

8Sµ + 5#
6%
U -9
-3"
< + 𝐶:9

9
+
+ (𝐺+ + 𝐶2∈𝐺7) − 𝐶19𝜌

9&

+
+ 𝑆9   (Eqn.11) 

Where, 𝐺+ represents the generation of turbulence kinetic energy due to the mean velocity 

gradients. 𝐺7 is the generation of turbulence kinetic energy due to buoyancy. 𝑌8 is the contribution 

of the fluctuating dilatation in compressible turbulence to the overall dissipation rate.  

The turbulent or eddy viscosity, 𝜇" is calculated by combining k and 𝜖 as follows (Eqn.12): 

𝜇" = 𝜌𝐶5
+&

9
           (Eqn.12)

where 𝐶5 is a constant, the turbulence kinetic energy, k, and its rate of dissipation, 𝜖. 

For the current model the constants used had the following values (Eqn.13): 

𝐶:9 = 1.44, 𝐶19 = 1.92, 𝐶5 = 0.09, 𝜎+ = 1.0, 𝜎9 = 1.3		(Eqn. 13) 

The above constants values are Ansys default values determined from experiments with air and 

water for turbulent shear flows and decaying isotropic grid turbulence. They have been found to 

work reasonably well for wall-bounded and free-shear flows (Ansys, 2009). 
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5.4 Modeling procedure 
First step before modeling the Shaker is drafting its geometry. The drafting was completed in 

Soildswork using the Shaker’s original blueprints shown in section 3 (Figure3.5). The model is 

then imported into Ansys for simulations. The Shaker was initially modeled in 3D and had 

2,842,470 nodes and 16,337,988 elements. However, it encountered many computationally 

demanding errors and uneconomical computational times. It was then modeled as 2D using 13,581 

nodes and 13,013 elements. Converting the shaker's geometry from 3D to 2D reduces the 

computational performance and overall efficiency. However, 2D conversion reduces the accuracy 

of turbulence modeling inside the shaker. The accuracy should not be affected substantially since 

the shaker is dimensionally small, about 0.0038m3. Another potential drawback is modeling the 

soil surface as a flat solid. The soil inside the water column is not perfectly flat, and throughout 

the Shaker experiment, the surface of the bed changes as sediment is constantly eroded. Finally a 

potential uncertintiy inside the Shaker comes from modeling the grid with six circular pentrations 

and then replicating the results assuming five penetrations at each location. This could yield 

different results and requires futher investigation by using a full 3D model. Furthermore, the grid 

structure cannot be resolved entirely in 2D, and the results from the centerline of the grid were 

approximated to other locations on the grid structure itself. This could influence the results. 

Figure 5-2 Lick Shaker modeled in Soildswork 
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In Ansys simulation a pressure-based solver was used, and the fluid was assumed to be 

incompressible, and transient time. Fluid selected inside the column was water with a density of 

998.2 kg/m3 and viscosity of 0.001003 kg/m-s. (Figure 5.3) shows one amplitude of the shakers 

oscillation as modeled in ANSYS. (Figure 5.4) shows velocity streamlines around grid openings 

and inside the water bath.  

Figure 5-4 shows velocity streamlines generated by the Ansys simulation 

 

Figure 5-3 shows the modeling of 1 amplitude of the shaker as the grid 
moves down into the water bath 
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The software allows the use of a dynamic mesh option, which allows for the modeling of 

moving parts without the need of overset meshing which introduces interpolation errors at the 

component/background interface (ANSYS, 2018). For the current model, the dynamic mesh option 

was used, and the solver used is pressure-based. The 2D space is planar since the slider has a linear 

velocity converted from angular velocity. This velocity conversion was done using the basic slider 

crank equations. There is no rotational body inside the water column hence the 2D model is 

sufficient and economical in computational power and execution time. 

Finally, a sensitivity analysis was completed using both a fine and coarse mesh. The sensitivity 

analysis resulted is the same order of magnitude bed shear stresses (Table 5-1). Finally, a fine 

mesh was selected as it is more likely to resolve flow around the grid and cylinder walls more 

effectively. For turbulence, the Standard k-epsilon (2 equation) model was selected and transitional 

K- kl-w models were used to model turbulence inside the Shaker. Table 5-1 shows the bed shear

stress values using different approaches, these results show that the effect of mesh size on the

magnitude of bed shear stress was in the same order of magnitude. Moreover, the results from the

fine mesh and K-epsilon turbulence model were selected for erosion test RPM conversions as they

are more likely to better resolve flow around the grid and cylinder walls due to high nodes and

element presence.

Moreover, It was necessary to operate the Lick shaker equipment with a frequency between 

100 and 900 RPMs. However, the Lick Shaker curves are only accurate for frequency less than 

800 RPMs and more than 100 rpm see (Figure 5.5) showing all Shaker calibrations used in past 

studies. 

Table 5-1 Sensitivity analysis results using different turbulence models listed here and different mesh sizes 
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Figure 5.5 Shows all the different calibration curves for the Lick Shaker in the literature. These 

curves convert the Shaker RPM into shear stress for the resuspension analysis. The black curve is 

the newly modeled curve based on flow conditions inside the Shaker. Note that previous 

calibration curves did not cover RPMs below 200 and did not reach RPMs above 800. Therefore, 

the newly modeled curves reached these Shaker settings observed during the current experiment. 

5.5 Statistical significance of the Ansys model 

For the bed shear stresses generated by the grid oscillations a two-tailed paired samples t-test 

was conducted to examine whether the mean difference of maximum wall shear stress (Max-WSS) 

and average wall shear stress (Avg_WSS) was significantly different from zero. 

The result of the two-tailed paired samples t-test was significant, t (8) = 6.43, p < .001. This 

finding suggests the difference in the mean of Max_WSS and the mean of Avg_WSS was 

significantly different from zero. The mean of Max_WSS was significantly higher than the mean 

Figure 5-5 The relationship between RPM and shear stress The Black curve is ANSYS 
modeled. Blue curve from (Haralampides, 2001) Orange  Curve (Tasi et al.1986) red curve is 
redrawn from (DePinto & Lick et al.,1994) 
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of Avg_WSS. The results are presented in Table 5-2. A bar plot of the means is presented in Figure 

5-6. Moreover, A Pearson correlation analysis was conducted between Max_WSS and Avg_WSS.

A significant positive correlation was observed between Max_WSS and Avg_WSS, with a

correlation of 0.999, indicating a large effect size (p < .001). This suggests that as Max_WSS

increases, Avg_WSS tends to increase.

Max_WSS [Pa] Avg_WSS [Pa] 
M SD M SD t p d 

0.32 0.15 0.19 0.09 6.43 < .001 2.14 
Note. N = 9. Degrees of Freedom for the t-statistic = 8. d represents Cohen's d. 

Table 5-2 shows Two-Tailed Paired Samples t-Test for the Difference Between Max_WSS and Avg_WSS 

An analysis of variance (ANOVA) was conducted to determine whether there were significant 

differences in Shear Stress by the different existing shaker calibration curves. The results of the 

ANOVA were significant, F (3, 26) = 10.63, p < .001, indicating there were significant differences 

in shear stress among the existing calibration curves (Table 5-3). The eta squared was 0.55 

indicating Category explains approximately 55% of the variance in Shear Stress. The means and 

standard deviations are presented in Table 5-4. 

Figure 5-6 The means of Max_WSS [Pa] and Avg_WSS 
[Pa] with 95.00% CI Error Bars 
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Term SS df F p ηp2 

Category 0.86 3 10.63 < .001 0.55 
Residuals 0.70 26 

Table 5-3 shows analysis of variance table for Shear Stress estimations using the different existing calibration curves 

Combination M SD n 

Tasi & Lick (1986) 0.37 0.11 4 

Lick (DePinto & Lick et al.,1994) 0.64 0.23 7 

Haralampides (2000) 0.30 0.18 10 
Ansys  0.19 0.09 9 

Table 5-4 Mean, Standard Deviation, and Sample Size for Shear Stress by the different published calibration curves 

Post-hoc analysis for the main effect of calibration curves, the mean of shear stress [Pa] for 

Lick (M = 0.64, SD = 0.23) was significantly larger than for Haralampides (M = 0.30, SD = 

0.18), p = .001. For the main effect of category, the mean of shear stress for Lick (M = 0.64, SD 

= 0.23) was significantly larger than for current Ansys (M = 0.19, SD = 0.09), p < .001. No other 

significant effects were found. A bar plot of the means is presented in Figure 5-7 shows the 

differences in shear stress [Pa] estimations using different calibration curves. 

Figure 5-7 Means of shear stress [Pa] by the three different 
calibration types with 95.00% CI Error Bars 
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Figure 13-5 Calculated fetch for 16 wind directions for a portion of coastal Louisiana including Lake Pontchartrain 
(CPRA, 2017) 
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Figure 13-6 Summary of simulation for the open water cell for Fixed and for varying shear strength [Pa]. Cfcon, is 
the clay floc concentration [mg/l], Siltcon is the silt concentration in [mg/l], and CPcon is clay particulate 
concentration [mg/l].  

Figure 13-7 Total Suspended Solids (TSS) [mg/l] concentration measured in all Shaker experiments. 



110 

14 Vita 

Laith Qasem Shamaileh 

Born in 1992 in Amman, Jordan. Graduated in 2014 and 2017 from the University of New Orleans 

with a Bachelor and Master of Science in Civil Engineering. He has been working in Civil 

Engineering Design and Construction since 2015. He enrolled in Spring of 2017 in The Ph.D. 

program of Engineering and Applied science. He became a licensed professional Engineer in 2022 

in the State of Louisiana and currently practicing the Engineering profession.  


