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Abstract 

Currently, different types of revetment are installed in urban stream and various 

revetment methods are developed to improve the resistance to flow in order to reduce 

damage against flood. Especially, an eco-friendly revetment structure has a structural 

vulnerability against flood; however there are several theoretical and experimental 

technical issues to improve structural capacity. This research used computational 

program, ANSYS Fluent CFD, in order to evaluate the stability of ecological revetment, 

where stone mattress and vegetation mound are applied to protect in an extreme flood. In 

the result of numerical simulation, the velocity was decreased comparing to the central 

area of channel around the vegetation mound located at the bottom of stone mattress. The 

stable flow section at the downstream of stone mattress shows different according to the 

flow condition. If the vegetation mound is located at a section having minimum flow 

velocity, the erosion damage will be minimized. 

 

Keywords: Stone Mattress, Vegetation Mound, Ecological Revetment Method, ANSYS 
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1. Introduction 

As the computer engineering has developed for the past several decades, its scope of 

application has been extended to all technology areas. As a numerical simulation has been 

possible for complicated phenomena using computers in the water engineering, it has 

replaced a hydraulic model experiment that requires high cost and time and enabled 

comparison between multiple cases in order to find the optimum conditions. As well, the 

improvement of computer performance and development of Computational Fluid 

Dynamics (CFD) program for a hydrodynamic simulation facilitate change of structure; 

clarify results by boundary conditions; and save time and cost [1].  

In addition, the graphic technology can be used to visualize flows of fluids. To take 

advantages of computational technology, this research used advanced program of ANSYS 

Fluent 3D CFD to analyze turbulent flow around complicated phenomena in order to 

evaluate the stability of revetment of stream.  

In Korea, many research projects were performed regarding eco-friendly river 

maintenance on urban streams since 1990s. The goals of these projects are to meet the 

water environment requirements for leisure and ecological experience space as the level 

of people's living has improved and to help normal operation of the ecosystem of stream 

by recovering ecological habitat [2]. 

Currently, various revetment methods are used for urban stream projects. Revetment is 

used to increase the resistance of bank to flow. Depending on a bank to provide stability, 

a revetment may consist of different types of reinforcement [3]. As the interest increases 
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in the environment, the mattress-type gabion is used for their eco-friendliness, economics, 

and hydraulic stability [4]. However, Korea has very unstable flow regime because of 

large changes of flow rate between seasons and an eco-friendly structure has a structural 

vulnerability for flood stage so it requires theoretical or basic experiments for sufficient 

and technological consideration.  

Software used has long been practiced by softwater engineers [5]. In Korea, there are 

many researches to evaluate stability of revetment through hydraulic or numerical model 

experiments and recent times see the researches to evaluate hydraulic characteristics of 

revetment materials. A hydraulic model experiment is used to obtain feasible results by 

flowing through a model in similarity with the real one in order to achieve the actual 

hydraulic phenomenon. If it is difficult to predict a complicated natural phenomenon, the 

original phenomenon may be predicted by flowing water with boundary conditions of 

upper/lower streams in consideration of law of similarity in order to create scaled flow 

through a model and apply it to revetment and irrigation, floodgate, classification and 

confluent, retarding basin, and meander [6].  

Song et al. [7] proposed the necessity of vegetated revetment for the problems that the 

increased urbanization and use of land straighten or cover streams and that high-strength 

concrete is used for the revetment resulting in loss of self-purification capacity of stream. 

As well, it introduced vegetated revetment method, which is applied in Korea and 

overseas and suggested consideration for applying it. Kim [8] surveyed and analyzed 

plant-ecological environment changes due to natural revetment method with the 

downstream of Jeongpyeongcheon stream located in Yongin-gun, Gyeonggi-do where the 

natural revetment method is applied, and compared it with similar foreign studies. Park et 

al. [9] researched the hydraulic influence of vegetated levee revetment, stability of block 

itself to resist against flowing water when a block is installed, and relationship between 

change of coefficient of roughness and flow. Rhee et al. [10] researched the dimensional 

stability and applicability of vegetated levee revetment method to environmental aspect 

by developing a crib work using geotextile and vegetation mat developed by using 

photodegradable and biodegradable materials and coir. Choi et al. [11] evaluated physical 

structure of stream by applying LAWA (Länderarbeitsgemeinschaft Wasser) method to 

urban streams, which had elapsed 5 years or more after constructing natural streams. In 

the result, the ecological function of structure was low even though so-called natural 

stream method was applied so he proposed a method to improve ecological 

characteristics. Han et al. [12] proposed an equation to easily calculate the tractive force 

of individual sections of bank slope by applying natural revetment methods to bank slope 

with inclination through a hydraulic model experiment. Additionally, they researched how 

to calculate allowable tractive force of individual sections of revetment by changes of 

different climate conditions including materials of revetment method and density of 

vegetation.  Park [13] researched the formation of mild meandering channel using the 

spur of riverbank. 

Jang et al. [14] analyzed the influence of stone mattress installed to protect vegetation 

mound after natural decomposition of soft bag in a stream where a newly-developed 

ecological revetment method was applied, through a hydraulic model experiment and 

numerical modeling. The ecological revetment is a method to protect a revetment from 

erosion using stone mattress of stones and gabion, which is applicable to a revetment, 

river bed protection facilities, foot protection, etc. It installs stopper stones in certain sizes 

for gap, which provides habitat for animals and plants as well as safety zone in a 

downstream to improve compatibility of nature and help stability of vegetation. 

This research continued by Jang [14] to develop a numerical analysis model in the 

same scale with the existing hydraulic model experiment in order to evaluate the stability 

of ecological revetment, where stone mattress and vegetation mound are applied to protect 

in an extreme flood. Comparing to the existing research which experimented max. 

allowable flow with the numerical model and applied the same flow condition to the 
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numerical model, this research assumed a larger flood stage than max. flow of hydraulic 

model experiment, which is not applicable to it considering the experiment conditions, 

and developed a numerical model in order to prepare for an extreme flood. Fig. 1 

illustrates an ecological revetment model in a real stream.  

 

 

Figure 1. Ecological Revetment Model in a Real Stream [15] 

2. Introduction of Numerical Model and Basic Theory 

To simulate details of complicated flow and drowned flow, a 3D numerical model, 

ANSYS Fluent was used to analyze detailed distribution of flow velocity around stone 

mattress and vegetation mound.   

ANSYS Fluent provides comprehensive modeling capabilities for a wide range of 

incompressible and compressible, laminar and turbulent fluid flow problems. Steady-state 

or transient analyses can be performed. In ANSYS Fluent, a broad range of mathematical 

models for transport phenomena is combined with the ability to model complex 

geometries [16]. 

For all flows, ANSYS Fluent solves conservation equations for mass and momentum.  

 

2.1 The Mass Conservation Equation 

The equation for conservation of mass, or continuity equation, can be written as 

follows:  
𝜕𝜌

𝜕𝑡
+ ∇ ∙ (𝜌�⃗�) = 𝑆𝑚 

(1) 

Equation (1) is the general form of the mass conservation equation and is valid for 

incompressible as well as compressible flows. The source 𝑆𝑚 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.  

For 2D axisymmetric geometries, the continuity equation is given by  

𝜕𝜌

𝜕𝑡
+
𝜕

𝜕𝑥
(𝜌𝜐𝑥) +

𝜕

𝜕𝑟
(𝜌𝜐𝑟) +

𝜌𝜐𝑟
𝑟
= 𝑆𝑚 

(2) 

Where   is the axial coordinate,   is the radial coordinate, 𝜐𝑥 is the axial velocity, 

and 𝜐𝑟 is the radial velocity.  

 

2.2 Momentum Conservation Equations 

Conservation of momentum in an inertial (non-accelerating) reference frame is 

described by  
𝜕

𝜕𝑡
(𝜌�⃗�) + ∇ ∙ (𝜌�⃗��⃗�) = −∇p + ∇ ∙ (�̿�) + 𝜌�⃗� + �⃗� 

(3) 

where p is the static pressure, �̿� is the stress tensor (described below), and 𝜌�⃗� and 

�⃗� are the gravitational body force and external body forces (e.g., that arise from 
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interaction with the dispersed phase), respectively. �⃗� also contains other model-

dependent source terms such as porous-media and user-defined sources.  

The stress tensor  �̿� is given by  

�̿� =  𝜇[(∇�⃗�) + ∇ ∙ (𝜌�⃗�Τ) = −
2

3
∇ ∙ �⃗�𝐼 

(4) 

where 𝜇 is the molecular viscosity, 𝐼 is the unit tensor, and the second term on the 

right hand side is the effect of volume dilation.  

For 2D axisymmetric geometries, the axial and radial momentum conservation 

equations are given by  

 
𝜕

𝜕𝑡
(𝜌𝜐𝑥) +

1

𝑟

𝜕

𝜕𝑥
(𝑟𝜌𝜐𝑥𝜐𝑥) +

1

𝑟

𝜕

𝜕𝑟
(𝑟𝜌𝜐𝑟𝜐𝑥)

= −
𝜕𝑝

𝜕𝑥
+
1

𝑟

𝜕

𝜕𝑟
[𝑟𝜇 (2

𝜕𝜐𝑥
𝜕𝑟
+
2

3
∇ ∙ �⃗�)] +

1

𝑟

𝜕

𝜕𝑟

+ [𝑟𝜇 (
𝜕𝜐𝑥
𝜕𝑟
+
𝜕𝜐𝑥
𝜕𝑟
)] + 𝐹𝑥 

(5) 

 

and  
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where  

 

∇ ∙ �⃗� =
𝜕𝜐𝑥
𝜕𝑥
+
𝜕𝑢𝑟
𝜕𝑟
+
𝑢𝑟
𝑟

 
(7) 

 

v and 𝜐𝑧 is the swirl velocity [16].  

 

3. Analysis of Flow Change Around Stone Mattress through Numerical 

Model Experiment 
 

3.1   Development of Numerical Model  

In the ANSYS Fluent, the numerical model experiment applied the same scale as the 

hydraulic model experiment of advance research and simulated it by supplying the flow of 

flood stage, which is not applicable in the hydraulic model experiment. The model 

includes topographic development of a river channel, revetment, stone mattress, and 

vegetation mound and creation of mesh. 

It installed an open channel unit having (Width) 2 m  (Length) 20 m  (Height) 1 m 

river channel in a certain section of straightened stream, and revetment having the 

inclination of 1:2 (Vertical to Horizontal) on both sides of the open channel. The bottom 

of open channel is 100 cm wide and the revetment is 50 cm wide and 25 cm high. The 

specifications of stone mattress and vegetation mound were decided on the basis of design 

guidelines of ecological 3D revetment method developed by Incheon National University 

among the creation of natural riverbank and development of technology to promote 

change of riverbank, and they were scaled to 1/5 of original size [14]. Table 1 includes the 

specifications of structure while Fig. 2 illustrates cross-sectional diagram.  
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Table 1.  Specifications of Stone Mattress and Vegetation Mound in 
Numerical Model 

Materials 
Width 
(cm) 

Length 
(cm) 

Height 
(cm) 

Spur 
Length 
(cm) 

Stone Mattress 30 40 12.5 15 

Vegetation 
Mound 

40 33 12.5 7.5 

 

 
(a) Cross-sectional Diagram of Stone Mattress Installation 

 
Cross-sectional Diagram of Vegetation Revetment Installation 

Figure 2. Cross-sectional Diagram of Stone Mattress and Vegetation 
Revetment Installation [17] 

The mesh was used to set analysis area of model and selected considering the size of 

structure. For the smooth information delivery of inter-mesh flow at the bottom and 

revetment where contact the water, the size of mesh was dense. It includes 422,664 

variable meshes of up to 0.03 size and the type was rectangular one, which is common for 

primary open channel.  

Fig. 3 illustrates the geometry and mesh created in ANSYS Fluent. 

 

     
             (a) Geometry                              (b) Mesh   

Figure 3. Creation of Geometry and Mesh in ANSYS Fluent 

3.2 Conditions of Numerical Simulation  

To consider the stability of vegetation mound in the condition of strong flow such as an 

extreme flow, the distribution of detailed flow velocity was analyzed for the flow around 

the structures in the open channel with cases 1 through 3 considering 36 ∼52% higher 

water depth than the stone mattress as shown in Table 2. With the flow of 0.25∼0.35 

m
3
/s, the Froude number is 1.3∼1.5 at the upstream of open channel, which is not under 

the influence of stone mattress. Furthermore, a preliminary experiment was conducted to 

verify the numerical simulation before this experiment.  

Longitudinal profile 
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Table 2. Simulation Conditions of Numerical Model Experiment 

Experiment 
conditions 

Flow 
(m

3
/s) 

Water depth 
of upstream 

(m) 

Water depth 
of 

downstream 
(m) 

Froude 
Number 

Water depth 
of overflow 

(%) 

Remarks 

Preliminary 
experiment 

0.21 0.16 0.09 1.1 28 
Validation of 

numerical 
analysis 

Case 1 0.25 0.18 0.09 1.3 36 Extreme 
flood 

condition 
Case 2 0.30 0.20 0.09 1.4 44 

Case 3 0.35 0.22 0.09 1.5 52 

 

3.3 Validation of Model    

ANSYS Fluent model was used to validate the numerical simulation with the flow of 

0.21 m
3
/s and up/downstream water depth same as the hydraulic model experiment. 8 

points of Fig. 4 were selected to validate the flow around the stone mattress and 

vegetation mound. With the same upstream flow and downstream water depth for the 

hydraulic model experiment and numerical modeling, it selected a point where shows 

influence of stone mattress and complicated flow around vegetation mound. P1 is the 

starting point of influence of stone mattress; P4 is the center of the stone mattress and 

vegetation mound; and P5 and P8 are the measuring points in the vegetation mound 

section.     

 

Figure 4. Validation Point of Numerical Model Experiment 

Fig. 5 illustrates the comparison of water depth and flow velocity for P1-P8 between 

the numerical model experiment and hydraulic experiment. The flow velocity has the 

error rate of 0.4∼13.0% and average error rate of analysis section of 6.0% while the water 

depth has the average error rate of analysis section of under 7.3%, where the error rates of 

flow velocity and water depth are similarly under 10%.   

 

   
(a) Water Depth                    (b) Flow Velocity 

Figure 5. Comparison of Water Depth and Flow Velocity to Validate 
Numerical Model between Hydraulic and Numerical Model Experiments 
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3.4 Detailed Analysis of Flow Velocity Around Stone Mattress    

To analyze the flow velocity around stone mattress and vegetation mound in the 

numerical model experiment, the cross section A-E and section S1-S3 were selected to 

extract and compare the data by experiment conditions. It checked the flow velocity at A-

A’ cross section 1   away from the upstream of stone mattress; B-B’ cross section in the 

center of stone mattress; C-C’ cross section between the stone mattress and vegetation 

mound; D-D’ cross section in the center of vegetation mound; and E-E’ cross section 1 m 

away from the downstream of vegetation mound. 

Additionally, it analyzed the surface flow velocity at S1-S3: between the downstream 

and the end of projection of vegetation, end of projection of stone mattress, and center of 

channel, respectively.  

 

 

Figure 6. Result Analysis Point of Numerical Model Experiment 

Fig. 7 illustrates the distribution of flow velocity for Case 1 having the flow of 0.25 

m
3
/s and there is the flow velocity of 1.3∼1.9     from the center, where the stone 

mattress is installed, to the downstream of channel. The surface flow velocity is 0.5∼0.8 

    around the vegetation mound, which is approximately 1/2 lower than the center of 

channel, where there is high flow velocity. As well, the result of cross-sectional flow 

velocity shows low flow velocity between the stone mattress and vegetation mound, 

except for the surface. 

      
(a) Surface Flow Velocity                 (b) Cross-sectional Flow Velocity 

Figure 7. Distribution of Flow Velocity with the Flow of 0.25 (m3/s) (case 1) 

Fig. 8 illustrates the distribution of flow velocity for Case 2 having the flow of 0.30  

m
3
/s and there is the flow velocity of 1.4∼2.1     from the center, where the stone 

mattress is installed, to the downstream of channel. Comparing to Case 1, the overall flow 

velocity is 10% higher but the result of cross-sectional velocity still shows low flow 

velocity around the vegetation mound due to the stone mattress as in the Case 1. 
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(a) Surface Flow Velocity        (b) Cross-sectional Flow Velocity 

Figure 8. Distribution of Flow Velocity with the Flow of 0.30 (m3/s) (case 2) 

Fig. 9 illustrates the distribution of flow velocity for Case 3 having the flow of 0.35 

m
3
/s and there is the flow velocity of 1.5∼2.2     from the center, where the stone 

mattress is installed, to the downstream of channel. For the C-C' cross section, the 

analysis result of cross-sectional flow velocity shows the flow velocity of 0.34 m/s or 

lower in the bottom between the stone mattress and vegetation mound and stability 

against scour but the flow velocity sharply increases as it approaches the center of 

channel. As the flow increases, more flow overflows the vegetation mound so the 

vegetation mound is not stable even though the high flow velocity is decreased. 

   
(a) Surface Flow Velocity          (b) Cross-sectional Flow Velocity 

Figure 9. Distribution of Flow Velocity with the Flow of 0.35 (m3/s) (case 3) 

Fig. 10 illustrates the change of flow velocity due to the stone mattress by comparing 

the flow velocity at S1, S2 and S3 for individual experiment cases. S1 and S2 show 

reduced flow velocity due to the stone mattress but S3 is barely influenced by the stone 

mattress. In the Case 1, the min. flow velocity of 0.6 m/s or lower is found for S1 at 1m 

away toward the downstream from the stone mattress, and it is lower by 50% or more 

than S3, which is the center of channel. In the Case 2, complex flow of warm current is 

found as more flow overflows the stone mattress, which is the reason why the change of 

flow velocity is complex at S1. In addition, the min. flow velocity is 0.7 m/s and the flow 

velocity increases from a point 1.5 m away from the stone mattress to the downstream. In 

the Case 3, the flow velocity increases in all sections but the reduction of flow velocity 

due to the stone mattress is relatively lower. The miinimum flow velocity is found at a 

point 1.6   away from the stone mattress toward the downstream.  

 



International Journal of u- and e- Service, Science and Technology  

Vol.9, No. 1 (2016) 

 

 

Copyright ⓒ 2016 SERSC  371 

 

 

Figure 10. Results of Velocity for Individual Experiment Conditions in S1, S2 
and S3 

4. Conclusions 

This research was performed to estimate the stability of vegetated revetment where 

the stone mattress and vegetation mound were applied with the overflow condition. The 

ANSIS Fluent was used to evaluate the effect of stone mattress, which was installed to 

keep the ecological revetment from destruction and develop the stability, on the flow and 

to pull the conclusion as follows.  

In the extreme flood condition, the stability of structure due to high flow velocity 

found around the vegetation mound can be enhanced by stone mattress structure. The 

stone mattress decreases the flow velocity around the vegetation mound comparing to the 

other part of channel so the stone mattress method will significantly decrease the damage 

from flood.  

The stable flow section at the downstream of stone mattress shows different according 

to the flow condition. If the vegetation mound is positioned at a sector having low flow 

velocity, the destruction damage will be reduced. With the flood condition of this 

research, the low flow velocity was found lower than 0.7 m away from the stone mattress 

toward the downstream. 

The real revetment method was installed in Osancheon Stream and Tancheon Stream 

for test projects from January, 2014. For now, the vegetation mounds has taken vegetation 

well but more effective research result will be drawn through an additional evaluation 

research in accordance with the various real test of stone mattress. 
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