
1 INTRODUCTION 

The local temporal scour at bridge piers processes in 
steady state regime has a beginning and an end, the 
beginning is not so clear due to the fact that in the 
reality the flood discharge is not steady and 
furthermore it has very different stages. 
Nevertheless, in the laboratory the conditions can be 
established much more controlled than in reality and 
allow to understand the phenomenon with some 
more detail. In the laboratory it is easy to control the 
sediment size, the mean velocity, the flow direction 
and other variables that influence the local scour 

processes. The first step in the local scour is very 
difficult to measure because the initial velocity of 
scour is very high. The final stage is equilibrium and 
no scour occurs.  

Two different phenomena act at the same time, 
are coupled and depend on each other. This kind of 
process controls the three different stages that the 
scour goes through during time. One of them is the 
action of the vortex that is created in front of the pier 
due to the shock of the flow with the pier. The other 
phenomenon is the crumbling of the wall of the pit 
due to geotechnical instabilities. This last 
phenomenon occurs in frequent collapses that lead 
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ABSTRACT: Until today, few researchers have worked on the temporal evolution of local scour at bridge 
piers from the physical point of view, this question was not taken into account, until recent works like Miller 
(2003). Usually functional dimensionless models using the maximum equilibrium values (maximum scour 
depth or equilibrium time magnitudes) registered in a physical model, Franzetti (1994), Melville (1997), 
(1999) were studied. The present work introduces you to a solution in which a series of physical hypothesis 
take into account the processes that occur during the formation and evolution of local scour at bridge piers.  
The relationship that exists between the active action of the horseshoe vortices formed in the upstream face of 
the pier and the passive action of the crumbled bed wall of the pit predetermines the temporal evolution of the 
scour in three clear different stages during time. Both phenomena feeding back one to each other forming a 
quasi chaotic system that evolves in time until it reaches the final equilibrium, behavior that is shown by the 
Poincaré graphs Moon (2004).  This is the starting point to make the formulation of a system of two non 
linear equations in total derivatives to evaluate with great accuracy the temporal evolution of the local scour 
for square bridge piers that can be easily extended to other geometries. A set of 4 experiments of long 
duration have been carried out in square bridge piers at a reduced physical model at the laboratory of the 
University of Catalonia and have been compared with the proposed mathematical model.  Three of the four 
experiments arrived without problems to the equilibrium condition. The results demonstrate the existence of a 
physical limit for the temporal evolution and show clearly the phases that take place during the scour 
processes.  

 
To analyze the scour processes, the concept of velocity of dissipation of energy that needs a free vortex in 

a fluid to pass from a high energy to a low energy state, before dissipated in viscosity Batchelor (1953) and a 
simple hydrological concept to recreate continuous crumbling of the wall of the pit, was used and 
implemented. These circumstances form a set of equations independent of the final stabilization value of the 
variables that permits to evaluate a quasi steady state of the local scour processes without knowing the final 
condition. This kind of formulation allows to evaluate local scour during a flood using the concept of quasi 
steady state with clear water flow as a strong hypothesis. An example presented here shows the simple 
calculation.   
 



the sediment to the zone where the vortex acts. From 
now in advance the two phenomena are known as 
active the first and passive the last.  

The final stage occurs when the particles of 
sediment are in equilibrium, that is no sediment is 
transported out of the pit, and then no more scour is 
detected. This equilibrium, as we can see depends on 
one more phenomena, the seepage flow that occurs 
in front of the pier. The influence of the seepage can 
be very strong to divert the final equilibrium scour in 
more than twice its value without seepage.  

In this work, all the local scour stage processes 
are analyzed by formulating a morphodynamic 
model to predict its evolution and by understanding 
the different phenomena that take place during the 
scouring. The morphodynamic model takes into 
account the vortex energy and the crumbled pit walls 
as a hydrological model. Two total differential 
equations are derived and solved with the Runge 
Kutta model.  

All the numerical data are compared with 
experimental data, obtained during a set of runs 
realized at the Hydraulic, Marine and Environmental 
Department Laboratory of the Technical University 
of Catalonia. Other experiments realized at Saint 
Anthony Falls Laboratory are also presented, the last 
ones were conduced to obtain the influence of 
seepage in local scour. An empirical relationship 
between the geometry of the pit conduces to the 
Golden Relationship; the coincidence is surprisingly 
high. 
 
2 EXPERIMENTAL SET UP. 

2.1  Hydraulic, Marine and Environmental 
Department Laboratory runs 

Experiments were carried out at a flume of 8 m 
length and 2.5 m width which is divided into three 
different parts. The middle one is formed by a ditch 
of 2.5 m length and 0.5 m depth in which the piers 
were placed. The slope of the bed is nearly 0.6%. 
Figure 1 shows the schema of the experimental set 
up. Discharges around of 58, 92 and 140 l/s were 
used to determine three different configurations in 
which the threshold of movement was found. All the 
tests were made in this condition, in which the 
relationship between nominal and critical velocity is 

of the order of one, always a little bit less than one. 
Discharge was measured by using the 90º V-notch 
whose discharge relation is Q=1.366.(h+0.008)2.5. In 
all the tests the discharge level was controlled to 
check the constant discharge during the tests. 
Mechanical meters were used to determine the levels 
at different control points, upstream and downstream 
the pier, it was because of the 0% slope of the bed 
that never a normal depth of the flow was 
developed. A uniform sediment of gs=2.6 Ton/m3 
was used with a size distribution of d16=0.957 mm, 
d50=1.617 mm, d84=1.94 mm y d90=1.975 mm with 
sg=1.36. The zero level print of the scour was 
measured to know the form of the erosion in order to 
compare with a numerical model in a future. 
Temporal scour at different points was taken both 
with manual and automatic measurements. The 
automatic ones were realized with an echo sound 
sensor constructed by the Signal Process Department 
of the UPC, Bateman & Torres (2003). The 
boundary condition was achieved by using 
rectangular bricks of two different widths. At the 
beginning of each test the flow boundary condition 
was closed enough using a huge amount of bricks 
that were extracted slowly one by one to reach the 
previous determined threshold condition. To avoid 
initial scour without arriving to the final discharge a 
plastic plate was placed around the pier and was 
taken off when the flow conditions were set up. The 
time zero starts when the last brick is extracted from 
the boundary section and the plastic protection at the 
pier is taken out. This task has to be done delicately 
to control the level of water at each instant to avoid a 
flood that destroys the experiment. The Manning 

coefficient of the granular zone was determined to 
be 0.016. The threshold of movement was 
determined for all the tests. 

 
Square piers of 3, 4, 6, and 9 cm where used. The 

last pier was transparent with the only purpose to put 
a web cam and to be able to register what happens in 
the active zone.  The occurrence of the intermittent 
collapses was verified with the registration. Those 
collapses that transport the sediment from the 
passive to the active zone were also described by 
Miller (2003). The normal water depth was 
performed for all tests with a 0.0368 m2/s. Three of 
the four runs arrive to an equilibrium state. Those 

Table 1. Set of initial conditions and work values. y0, the normal flow depth, q unit discharge, Rh 
hydraulic depth, Sf the energy slope, v* shear velocity, t o shear stress y t c critical stress 

    

 y0 q   (l/s/m) Rh (m) Sf v* (m/s) t 0=g·Sf·Rh 
(N/m2) 

t C(N/m
2
) t 0/t C 

Pier 3 9.41 36.6 0.088 0.00099 0.0292 0.85 0.96 0.89 
Pier 4 9.55 36.6 0.089 0.00095 0.0288 0.83 0.96 0.86 
Pier 6 9.48 36.7 0.088 0.00097 0.0290 0.84 0.96 0.88 
Pier 9 9.47 36.5 0.088 0.00097 0.0290 0.84     0.96 0.87 



experiments where sufficient to prove the behavior 
of the local temporal scour. The entire tests were run  

in clear water flow that is the more erosive 
condition. This is the starting time.  

Near and around the pier a set of gages to control 
bed level were tested, the important one was the one 
at the front of the pier at the active zone and which 
serves to contrast the morphodynamic model. The 
other points were considered as control points. The 
bed level measurement was taken with ultrasonic 
gages with a 1 minute frequency; the test conditions 
are presented in table 1. The water level was chosen 
to avoid the grain size influence and the threshold of 
movement conditions was set.  
 
2.2 Saint Anthony Falls Laboratory runs 
 A Flume 18 m long, 0.90 m wide and 80 cm deep 
was used to do the runs. In the middle of the flume a 
sand terrace was placed, a smooth slope transition 
was made at its entrance and at its final part. The 
terrace was leveled with a slope of about 0.5% and 
in the middle a plastic pier of 9 cm width was 
installed. 

 
Figure 2. Installing Level Gages at the SAFL 
Laboratory.  
 

The terrace was leveled with a slope of about 
0.5% and in the middle a plastic pier of 9 cm width 
was installed. A drifting screw downstream gate was 
used to get control of the water level and to be able 
to adjust the normal depth in the zone of interest. 
Below the terrace, as a base of the pier, a system of 

1 mm tubes was placed to measure the pressure 
distribution at the bed level in the pit zone, the tubes 
were placed in some chosen points.  Also the 
pressure in the faces of the pier and its surroundings 
was measured, with special attention to the front and 
to the back of the pier. The Figures 2 and 3 show the 
situation of the tubes. The tubes were put at level 
with the sediment bed simply by pulling them until 
their mouths coincide with the bed level. The tubes 
didn’ t disturb nor the flow neither the bed. 
Connecting the tubes to a gage level panel and with 
a photographic camera, the pressure level at all  
points was measured.  

 
 

Figure 3. Distribution of the gages  
 
3 DETAILED OBSERVATION NOTES  

The scour pit was created by a denominated 
frontal horseshoe vortex that has a power capable to 
raise the sediment particles from the bed at the 
active zone. Figure 4 shows the principal zones of 
the scour pit (Figure 4 is a drawing based on a photo 
of one of the experiments), at least those observed 
during the tests and those that coincide very well 
with observations of other researchers who were 
studying the phenomena. Figure 4 shows three zones 
of interest in the scour phenomena. The zone A, that 
is little scour at the front of the pier that is well 
observed at square piers and less at circular piers; 
the zone B is the pit that for its size is easy to 
observe and is commented by the different authors 
as it has a geometry like an inverted cone. 
Nevertheless, the difference between both pits is 
substantial, the zone A will be the active zone where 
the vortex concentrates its energy and does the work 
of scour. The B pit, is formed by the intermittent 
collapses or crumbling of the wall of the B pit to the 
A zone. The relationship between both pits is 
fundamental in the scour history. The vortex raises 
the sediment and throws it upstream. The sediment 
forms a little terrace over which the sediment runs 
away first laterally (to both sides of the pier) and 
finally downstream. The action of the vortex 
supports the bank of the active pit in high slopes, but 

 
Figure 1. Experimental flume that consists in a ditch 
of 50 cm depth. 



the losses of sediment of the active zone finally 
destabilize the passive pit conducing it to crumble. 
The zone C is formed by the sedimentation or low 
transport capacity of the flow, just downstream the 
pier and only the Von Karman vortices (vertical axis 
vortex) are active.  

  
Figure 4a. The different 
zones of the scour pits. 
A the little active pit 
and B the passive zone 
or crumbling zone. 

Figure 4b. Longitudinal 
profile of the bed and the 
position of the vortex.  

 
The maximum scour occurs in the active zone, 

and its evolution is not continuously growing as 
announced by Franzetti, but the contrary, in some 
determined moment the process stops. Figure 5 
shows an example of the temporal evolution of the 
local scour in the point in which the maximum scour 
is produced. This figure shows the result of the 4 cm 
square pier test, for better observation a normal-log 
plot it used.  It is possible to distinguish clearly what 
happens at the beginning and at the final stage in the 
same graph. The graph can be divided into three 
different parts, as observed by Cardoso (1999) at 
bridge abutments. The three phases can be named by 
the kind of processes that occur in them; the initial 
one or active phase, the principal one or passive 
phase and finally the equilibrium phase.  

   

 
Figure 5. The different parts of the local scour 
evolution at rectangular bridge piers. 

 
The more interesting phenomenon that occurs 

during the scour evolution is the continuous collapse 
of the wall; it is possible to distinguish it ploting a 
Poincare Map of the process. Figure 6 shows two 

examples of this map, velocity of scour vs. the 
scour, mapped for a short period of time to see the 
process in detail. A series of collapses, as a chaotic 
behavior, is detected in the figure. Each dot 
represented in the figure is a measured point; you 
can see the movement of the sediment, sometimes 
eroded and sometimes deposited.  The high scour 
velocity at initial instants avoids the collapses of the 
wall pit and no chaotic behavior is present, when the 
vortex loses some of the energy the collapses start. 
The collapses are bigger the bigger is the pit, and for 
this reason the graph becomes thicker.    
 

 
Figure 6a. Evolution of the crumbling process. Look 
how at final stages the scour and deposits are bigger 
than the previous.  

 
Figure 6b. A zoom of the Poincare Map of figure 6a 
for the last 100 data or instants. Take into account 
that between two dots one minute passes. A 
prechaotic behavior is present. 
 
4 MORPHODYNAMIC MODEL 

A short description of the theoretical model is 
presented here. It consists of the explanation of the 
different processes that occur during the scour 
evolution and its possible evaluation.  



a) Vortex scours power. It is obvious that the power 
of the vortex in front of the pier is proportional to 
the mean flow velocity, V. The vortexes contain an 
energy that is dissipated in the following form, after 
Batchelor (1953), as: 
 

 
 

 
in which, v is the mean velocity of the vortex; lv is a 
length defined as the integral scale or vortex size; Ap 
is a constant of the order of one, independent of the 
Reynolds number, Dryden (1943) and Batchelor 
(1953). The relationship (1) defines the velocity of 
energy dissipation per unit mass for a free vortex, 
but the relationship can be valid for a confined 
vortex as that formed in front of the pier. The 
difference is that the flow continuously feeds energy 
to the vortex body. In this way the vortex only is the 
transmission belt to dredge the sediment. The 
relation (1) can be expressed in terms of mean flow 
velocity, just changing the local velocity v of the 
vortex by U, the length is of the order of the size of 
the vortex. M.Muzzammil & T. Gangadhariah 
(2003), show that the relationship between the 
vortex velocity and the flow velocity U is nearly 
constant as shown by their experiments in a circular 
pier. The same authors show that the size of the 
vortex is of the order of 80% of the water depth. The 
mean velocity of the flow can be expressed as, 

)( 0 sdyqU += and the mean vortex length l can be 
written as )( 0ydl sv +µ . In which y0 is the water 
depth; ds the scour depth measured from the bed 
level; lv vortex integral scale or mean vortex 
diameter, U mean flow velocity and q unit flow 
discharge.  

b) Power Scour.    In order that erosion takes 
place, the power of the vortex has to have at least the 
sufficient power to move the sediment. In other 
words:  

in which Ws is the submerged weight of the sediment 
expressed as V� gR V)SgW ss =-= 1(r ;  V the net 
volume of the sediment; � the water unit weight; 

R)Ss =- 1( ; in which Ss is the relative density of the 
sediment.  

c) Scour capacity.  One of the important issues is 
that the vortex always exists independently of the 
size of the pit. The vortex loses energy because more 
water is involved in the process as scour increases 
and less energy per unit mass is available. Equations 

(1) and (2) can be equated to give the following 
relationship: 

 
 

 
 
in which, l  is the porosity of the material anda  is a 
proportionality coefficient that indicates that the 
vortex does not occupy the whole volume and that 
the power of the vortex is less than the power 
provided by the mean flow. Aa, is the area in which 
the vortex acts and produces erosion. This area 
depends strongly on the pier geometry because each 
flow line can be converted into a vortex and 
concentrates the energy to produce scour. Flow lines 
that pass directly without vortex formation do not 
contribute to the scour process but to the sediment 
transport. This phenomenon differentiates scour 
depths for different piers geometry.   

Equation (3) is very active by its own, because no 
sediment collapses from the passive zone to the 
recent formed pit. This equation coincides with the 
first minutes of the processes, but later the wall of 
the pit begins to collapse into the active pit. In this 
moment the process is going to be decelerated. The 
sediment begins to flow into the pit diminishing the 
scour velocity. Using a sediment conservation 
equation between both zones A and B and the 
energy of the vortex or equation (3), the general 
situation can be expressed as: 

 
 

d) Collapses as continuous phenomenon.  
Assuming that the sediment flows from the zone B 
to zone A in a continuous form, a hydrological 
relationship can be assumed to model this kind of 
flow. The particles situated in the pit walls are in 
imminent motion, because they stay in a friction 
slope condition. When the vortex erodes the active 
zone, the wall of the pit collapses in a complex 
phenomenon, a chaotic situation starts. The simple 
solution is the hydrological model that is presented 
here. Assume Qs is the discharge of sediment that 
passes from one zone to the other, B to A, and 
assume that it is proportional to the volume (Vc) 
contained in the zone B susceptible to be collapsed, 
because the particles of the wall of the pit are in their 
threshold of movement. This hydrological equation 
can be formulated as: 
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in which K is a proportional factor and n an 
exponent, that distinguishes some kind of 
rheological response or non-linearity response of the 
particle system. The factor n differentiates the sand 
particle system from water behaviour. Per unit time 
it can be written as: 

 
 
 

 
Figure 7a. Geometrical sketch of the pit. 

 
Figure 7b. Geometrical sketch of the pit.  

 
As it is shown in Figure 7 it is possible to say that 

the volume susceptible to be collapsed at some 
instant is the difference between the potential 
volume, Ve, and the volume eroded until this instant, 
Vh. That is per unit time:  

 
 

After defining the geometrical volumes using 
Figure 7 and evaluate the pit as an inverted cone, it 
is possible to define the following relations between 
the variables involved: 
 

 
 

Combined with equations 5, 6 and 7 it is easy to 
obtain the second differential equation, that is 
written as: 

 

 
 

in which ds and e0 are the local scour depth at  
instant t and scour depth at the instant in which the 
collapses begin, respectively. e0, stays with the same 
value during the entire scour process and its value is 
of the order of the width of the pier.  In Figure 7 is 
defined the angle of reception of material q, which 
limits the area of collapse from the passive zone to 
the active pit and f  the friction angle or repose 
angle.   

Equations, 4 and 9, constitute a system of total 
differential equation in terms of scour depth, ds, and 
total solid discharge, Qs. This pair of equations can 
be solved by four order Runge Kutta method or 
similar, in an easy way. The total solid discharge 
controls the velocity of scour. 

e) Boundary Conditions:  To start to integrate the 
equations it is important to distinguish the three 
phases, each of them require a physical real 
condition. They are the active, the passive and the 
equilibrium phase.   In the initial instants only the 
active scour is present and evolves continuously just 
until the scour depth is of the order of y0, only the 
equation (3) is active.  In this moment the collapses 
of the bed begin to crumble and the system of 
equations 4 and 9 becomes active. The process stops 
when some threshold condition is established. The 
present work tries to show how this condition has to 
have a link with the non-hydrostatic pressure that 
acts around the pier near the bed.  

 
Integration of equation (3) gives equation (10) as 

follows: 

 
In the beginning of the process, equation (10) 

governs the scour evolution. Scour depends on the 
one fifth power of time and maintains this behaviour 
just until the collapses from the bed start. It can be 
seen that for time zero scour is really zero. The 
porosity, unit discharge and specific gravity are the 
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parameters that intervene in the initial process and 
the scour is independent of the pier size. Figure 8 
shows the initial evolution with some initial data, the 
central line is with a equal 1 and certain discharge q. 
The line below is for a equal 1.4 and the upper one 
for 10% more discharge. As a acts the same as the 
submerged specific gravity, a variation of 40% of R 
contributes nearly the same as a variation of 10% of 
discharge q.  

 

 
Figure 8. Scour at the initial instants. The evolution 
of the scour does not depend on the width of the pier 
but in the vortex power.  

 
The area Aa, is the area in which the vortex, 

formed by the shock of the flow against the pier, 
acts. It is assumed that some flow lines shock and 
other lines pass away without forming a vortex. In 
the rectangular piers almost all the lines of the flow 
are intercepted by the pier width, in circular piers 
this does not occur, at least only in a reduced area or 
angle in which the flow can be reflected. This 
concept is shown in figure 9. Aa is smaller in the 
circular pier than in the rectangular one.  
 

 

Figure 9. The schemas show how the vortices only 
act in some restricted area; it depends on the 
geometry of the flow. At equality of flow conditions, 
the vortex in the square and circular pier has the 
same power, but in the rectangular pier the vortex 
acts in a more extensive area.  
f) Golden Ratio Relationship: Accidentally it is 
found, that the scour process has always the same 
relationship between the parts of its geometry and it 
coincides with the Golden Ratio. Figure 10 shows 
the first measurements that were taken to evaluate 
the Golden Ratio. In table 2 the rest of tests is 

shown, the measurements were carried out after this 
idea occurred.     

 
Figure 10. Photography of the local scour in a 9 cm 
bridge pier. It shows two triangles that correspond 
to both pits, the active and the passive one.   
Table 2. Golden Ratio obtained in the 4 
experiments. The last experiment didn’ t arrive to the 
final equilibrium. 
 H(cm) L(cm) D/H 
Pier 3 cm 34.8 22 1.55 
Pier 4 cm 27.0 17 1.55 
Pier 6 cm 18.3 10.5 1.64 
Pier 9 cm  44.4 28 1.55 
 

The relationship is found by simple inspection of 
the local scour. Tracing the pit border just until the 
plane that contains the face of the pier, it is possible 
to construct a triangle. The first distance is the 
diagonal of the triangle containing the face of the 
pier and is limited by its intersection with the border 
of the pits. The second distance is formed by the 
union of the apex of the border of the pit with the 
intersection mentioned above. Dividing the first 
distance by the second a value near the Golden Ratio 
is obtained. This relationship is maintained in every 
instant during the entire test, except for the initial 
process in which there is no data available. The 
Golden Ratio is a number about j  =1.61…, and is a 
known relationship from ancient Greece, Euclides 
(300 a.c.). Based on Figures 10-11 the equations 11, 
12, 13, 14 and 15 can be formulated, which 
contribute to evaluate the geometry of the pit at any 
instant.  
 

 



Figure 11. Geometrical definition of the pit and its 
relationship with the Golden Ratio.  
 
    The geometrical variables of these equations are 
defined in Figure 11. Wf is the lateral width of the 
scour in the same plane of the face of the pier. This 
distance is useful to control the threshold of 
movement and the sediment transport out of the 
active pit, also to affront the equilibrium phase. 

 
  

 

 

 

 

  

  

 
 

g) Non hydrostatic Pressure distribution. In order to 
understand the maximum scour process or the 
equilibrium phase, at the Saint Anthony Falls 
Laboratory a set of runs to determine the pressure 
distribution at the sediment bed around the pier were 
carried out. As explained above, a set of gage levels 
were installed to read the pressure value. Figure 12 
shows the levels at the final equilibrium in one of 
the tests.   

 
Figure 12. Pressure distribution at gages in the 
selected points around the pier and near the bed. 

Figures 2 and 3 show the position of the level 
gages, a plot of the pressure distribution along the 
line that contains the pier face normal to the flow is 
shown in Figure 13.  

 
Figure 13. Pressure distribution at a line normal 
to the flow at the level of the upstream face of the 
pier. 

The maximum pressure difference is located 
between the axe of the pier or point A and the point 
G. Point G lies in the central zone of the active pit.  
The difference of pressure between the points A and 
G is about 1 cm of water and the distance between 
them is 8.63 cm. The Darcy’s law shows that there is 
a seepage flow from A to G, Cheng & Chiew (1999) 
due to the difference of pressure as shown above. 
The flow exits in the minimum pressure zone and 
pushes the sediment with a pressure normal to the 
bed and proportional to: 

  

 
Figure 14. Temporal evolution of local scour at 
bridge piers.  
 
In which, Pnh is the pressure done by the seepage 
flow, h the hydraulic head between two points, z the 
direction of the flow and Dm the mean diameter of 
the sediment. This pressure is the same as a buoyant 
force and can be expressed in this same form. The 
result of this thought is like the sediment loses 
weight. In the case that occupies our attention, the 
energy seepage gradient is about 11%, the mean 
diameter of the sediment is about 1mm. Then the 
pressure due to the seepage flow is about 1.13 N/m2 

which is comparable with the critical stress at the 
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threshold of movement, 0.96 N/m2, except that the 
first of this forces acts in the same direction as the 
weight.  The seepage pressure represents a lost in 
weight particle, in this case, from about 10%.   
 
5 RESULTS 

In Figure 14 it can be observed, how the model 
forecasts the temporal evolution of the local erosion 
for the three experiments with piers with 3, 4 and 6 
cm of width. In order to obtain the results shown in 
the figure, the following parameters have been 
considered: reception angle 120 degrees, K=1, a = 
1,13, e0 is in the range of the width of the pier br, 
Aa=br

2/2. The other values are a result of the 
experiment. All the parameters have been adjusted 
manually without the previous realisation of an 
optimisation study of these parameters. The scour 
equilibrium phase has been adjusted manually, 
currently the phenomena of distribution of non-
hydrostatic pressures is studied. The distribution of 
pressures in the bed and along a line parallel to the 
face upstream of the pier has been measured. This is 
why this phenomenon is thought to be related to the 
seepage phenomenon. As an advance to the study in 
progress, in Figure 13 the distribution of pressures in 
the section parallel to the face upstream of the pier is 
shown. 

 
Figure 15. Comparison between experimental data 
(4 cm pier width), Melville, Franzetti and the present 
Model for the 4 cm pier. The data are in 
dimensionless form. Here is shown that it is 
necessary the use of two different behaviour to 
forecast the experimental data.   

 
It exists a maximum pressure in the central point 

A of the pier above the hydrostatic, in the corner F 
of the pier the pressure is low, even below the value 
of the hydrostatical. At the middle of the active pit, 
point G, the pressure is even lower. The maximum 
difference of pressure found is about 1 cm in only 
8.6 cm length, about 11% grade line slope. The lose 
of weight for this flow is of the order of 10%.  

Figure 15 shows the comparison between the 
Melville Formulation, Franzetti formulation, the 
experimental data and the actual model. The scour 

axe is normalized. The maximum scour evaluated by 
the formula of Melville (1999) agrees perfectly with 
the experiments. Nor Franzetti neither Melville 
adjust the initial scour process. This is the big 
difference between the present model and the other 
formulation.  
6 CONCLUSIONS 

The following aspects can be highlighted: 
·  The vortex dynamic applications have good 

results in scour time evolution analysis.  
·  Three different phases are distinguished, the 

active, the passive and the equilibrium one. The 
active is controlled by the vortex dynamics, the 
passive appears due to the crumbling of material 
into the active pit. The equilibrium phase 
depends on the non-hydrostatic pressure 
distribution.   

·  A non linear system of two total differential 
equations is presented, which agree very well 
with experimental data, by using a vortex 
dynamic equation and an hydrological type 
equation.  

·  Without the knowledge of the final condition 
state it is possible to evaluate the local scour and 
also it is possible to introduce a non steady state 
of flow discharge and sediment discharge. For 
the last one no experimental data exists to prove 
its kindness.  

·  A deeper study about the parameters involved 
has to be carried out to know more about their 
sensibility in the process of scour evaluation. 

·  The Golden Ratio relationship seems to be a 
useful tool to evaluate the geometry of the pit 
and the stress condition in the outlet surface area 
to control the equilibrium phase.     

·  A simple non-hydrostatic pressure distribution 
study has been presented. It seems to be very 
important phenomena that can control the 
equilibrium phase. The non-hydrostatic pressure 
distributions in the bed surface increase the 
mobility of the grains around the pier. 

·  The concepts applied here can be used in other 
phenomena and of course in other pier and 
abutment analysis.  
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