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Abstract: This paper presents a classification of cavitation damage levels on spillway surface. Two important
factors influencing cavitation damage have been considered in this study, flow velocity and cavitation index.
Based on these factors, five different damage levels from no cavitation damage to major cavitation damage have
been determined. The method was applied to data of the Shahid Abbaspour dam spillway in Iran. Results
showes that based on both factors, the major damage occurs at ending areas of the chute; however, the
cavitation index factor gives better predictions of cavitation damage levels and locations compared with the
observed damage.
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INTRODUCTION resistance to damage depends upon several factors

Cavitation phenomenon is a common and very homogeneity. Hay [5] investigated various factors
complex process on spillways that threatens the stability affecting  cavitation   damage   on   a   spillway  surface.
of spillway structure and it may cause damage to the He suggested that the cavitation damage on a spillway
structure. This phenomenon occurs when pressure in surface can be prevented by using resistant materials and
lower nappe of flow falls below the corresponding vapor aeration. Lee and Hoopes [2] predicted the cavitation
pressure. Cavitation phenomenon in hydraulic structures damage for a spillway using fuzzy mathematics. The model
can be a function of flow velocity, flow pressure, duration was tested with data from the left and right tunnel
of operation, boundary roughness and alignment, spillways at Glen Canyon dam and the results were
strength of materials from which the boundary is satisfactory. Nie [6] examined the surface roughness
constructed and the amount of dissolved air in water [1]. effect on cavitation damage. He found that a rough
Although prevention of cavitation damage is considered surface reduces the pressure drop and likelihood of
in hydraulic design of spillways, because of uncertain cavitation downstream of the roughness. Dong and Su [7]
conditions on the structure, damage may occur. analyzed the cavitation control by aeration and its
Sometimes the cavitation damage in a structure is so large compressible characteristics at the flow velocity V=20-50
that repair costs are very great for the structure to m/s. They found that aeration increases the pressure in
function properly and safely again [2]. cavitation region and the corresponding pressure wave

Cavitation damage in spillways has been a big exhibits a compression wave/shock wave. Bordbar et al.
engineering challenge for years. Peterka [3] was one of the [8] investigated the cavitation risk in stepped morning
first people who did some experimental investigations on glory spillways. They examined the effects of flow regime
cavitation damage in hydraulic structures. According to changes on spillway, changes of step dimensions and the
his experiments on the aeration effect on cavitation change of number of steps on cavitation formation.
damage, he found that about 6-8 percent air was needed Results showed that the number of steps and h/b
to stop damage in concrete surface having a 28-day dimensionless ratio are the most effective factors in flow
compressive   strength   of   about   17   mega  pascals. regime changes in spillways and the more is the number
Rao et al [4] investigated the resistance of surface of steps in morning glory spillways, the less is the
materials to cavitation damage. They found that a surface cavitation risk.

including the strength of materials, ductility and
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This paper deals with a classification of cavitation have been presented based upon researches and
damage levels based on two major factors influencing experiments. For example Arndt [12] developed following
cavitation damage, flow velocity and cavitation index. relationship for surface with uniform roughness:
According to these factors, the cavitation damage levels
and corresponding locations are predicted for a chute  = 16 C  = 4f (2)
spillway.

Cavitation Damage: In a hydraulic structure, the resistance coefficient. He also presented some equations
cavitation phenomenon will occur whenever the local for surface with singular (isolated) roughness. Falvey [1]
pressure in flowing water drops below the vapor pressure presented a very complete set for determining cavitation
and bubbles or cavities form locally in the body of flow. inception index based on different shapes of surface and
When cavitation bubbles travel with flow to an area with different kinds of irregularities and roughness. According
higher local pressure, they will collapse. When a to his researches, the cavitation inception index varies
cavitation bubble collapses near to or against a solid between 0.076 and 1.2 (0.076  1.2) for all
boundary, an extremely high pressure is generated that roughnesses.
acts on a very small area of surface in a very short period
of time [9]. After some time, a hole will form in the surface Experimental Model: The Shahid Abbaspour dam is a
which is known as cavitation pitting.

Spillways are hydraulic structures which are in risk of
cavitation damage. Examples of  cavitation  damage in
dam spillways have been well documented.  Falvey  [1]
has discussed the cavitation damage that occurred to
spillways of Glen Canyon, Blue Mesa, Yellowtail and
Hoover dams in United States. Kiamanesh [10] has
described cases of cavitation damage on spillway surface
of Shahid Abbaspour dam in Iran. Ball [11] has reported
several examples of cavitation damage initiated by various
types of surface irregularities on spillway and outlet
surfaces.

Occurrence of cavitation damage to a spillway can be
predicted using cavitation index. The cavitation index is
a dimensionless measure used to characterize the
susceptibility of a hydraulic structure to cavitate  (Eq.1).
In this method to prevent the cavitation damage to a
spillway, it is required to keep the flow cavitation index
more than cavitation inception index (  > ) everywherei

on the structure.

(1)

where  is cavitation inception index, P is reference flowi

pressure, P  is water vapor pressure,  is water densityv

and V is reference flow velocity. The value of cavitation
inception index is determined according to surface
irregularities or surface roughness and various equations

i j

where f is Darcy-Weisbach friction factor, C  is meanf

i

large arch dam on the Karun River located 50 kilometers
northeast of Masjed Soleiman, in the Khuzesten province,
Iran. Some features of this dam are presented on table 1.
The chute spillway consists of three bays with a width of
18.5 m which are controlled by radial gates 20×15 m
dimensions [13]. The hydraulic model of this spillway has
been built in hydraulic laboratory of Iran Water Research
Institute (WRI) in 1984 with scale of 1:62.5. The spillway
hydraulic model consists a part of the dam, the spillway
configuration, radial gates, 250 meters from upstream lake
and 800 meters from downstream river [14]. Based on
several measurements, values of water depth, velocity and
piezometric pressure were calculated along the spillway
for different water levels.

In open channel flows, the presence of the free-
surface means that gravity effects are very important,
therefore the Froude number is always significant [15].
Using the Froude number, the similarity exists between
the model and prototype for length, velocity, discharge,
pressure and time can be written as:

L  = L L (3)m p. r

(4)

(5)

P  = P .L (6)m p r

(7)

Table 1: Some features of the Shahid Abbaspour dam [10]
Type Height (m) Length (m) Reservoir capacity (m ) type of spillway Spillway capacity (m /s) Maximum water level (m)3 3

Double-curvature concrete 200 380 3000 million Gated ski-chute 16500 530



World Appl. Sci. J., 21 (1): 73-78, 2013

75

Table 2: Similarity between the spillway model and prototype

Similarity Ratio Value

Length L /L 1/62.5m p

Velocity V /V 1/7.905m p

Discharge Q /Q 1/30881.618m p

Pressure P /P 1/62.5m p

Time T /T 1/7.905m p

Table 3: Cavitation Damage level

level Cavitation damage risk Intervals of velocity (m/s) Intervals of cavitation index

1 No cavitation damage V 5  > 1

2 Possible cavitation damage 5 <V 16 0.45 <  1

3 Cavitation damage 16 <V 25 0.25 <  0.45

4 Serious damage 25 <V 40 0.17 <  0.25

5 Major damage V>40  0.17

where L is length, V is flow velocity, Q is discharge, P is surface whenever v  5m/s, that damage might or might
flow pressure, T is time and subscripts m and p indicate not happen when 5 m/s < v < 16m/s, that cavitation
model and prototype, respectively. The values of the damage occurs whenever v  16-18 m/s and that major
similarity ratios based on this spillway model scale (1:62.5) cavitation damage occurs when v > 40-45 m/s [1-2].
are presented on Table 2. In this study, five different levels have been

In background of this spillway operation, there are considered for cavitation damage risk to a spillway
various cavitation damage reports. The first cavitation surface. The levels are presented based on the flow
damage happened in 1977 that caused serious damage to velocity and flow cavitation index. The level intervals
ending areas of the chute and the flip-bucket. The flow have been determined based on previous experiments and
rate values for each bays were reported about 300-700 researches and also the mechanism of cavitation damage
m /s. The most sever cavitation damage occurred in 1993 on the Shahid Abbaspour dam spillway.3

during an estimated flood of 92 m /s/m [10].3

Level of Cavitation Damage: In this study, the cavitation
damage level for a spillway has been predicted by two In this study, four different flow rates have been
parameters:  the   flow  velocity  and  cavitation  index. considered  to  deal  with  cavitaton  problem  on a
The flow velocity has also a remarkable effect on spillway. The piezometric pressure values along the
cavitation damage. Experiences and researches have spillway were calculated for four different flow rates.
shown that there is no cavitation damage on  a   concrete Figure  1  shows the pressure profiles along the spillway.

RESULTS AND DISCUSSION

Fig. 1: The piezometric pressure profiles along the spillway
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Fig. 2: The average flow velocity profiles along the spillway

Fig. 3: The cavitation index values along the spillway

Table 4: Cavitation damage levels for the Shahid Abbaspour dam spillway based on cavitation index

Distance from the spillway crest (d)

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Cavitation damage level Q= 1370 m /s Q= 2000 m /s Q= 2500 m /s Q= 3000 m /s3 3 3 3

2 40m  d <120m 40m  d <60m 40m  d <100m -

3 120m  d <160m 60m  d <140m 100m  d <140m 40m  d <120m

4 160m  d <220m 140m  d <200m 140m  d <200m 120m  d <200m

5 220m  d  250m 200m  d  250m 200m  d  250m 200m  d  250m

Table 5: Cavitation damage levels for the Shahid Abbaspour dam spillway based on flow velocity

Distance from the spillway crest (d)

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Cavitation damage level Q= 1370 m /s Q= 2000 m /s Q= 2500 m /s Q= 3000 m /s3 3 3 3

3 40m  d <140m 40m  d <100m 40m  d <100m -

4 140m  d <240m 100m  d <240m 100m  d <220m 40m  d <220m

5 240m  d  250m 240m  d  250m 220m  d  250m 220m  d  250m
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The average flow velocity profiles were also measured for Moreover, based on the cavitation index factor, the
all flow rates. Figure 2 shows the average flow velocity method gives better predictions of cavitation damage
profiles along the spillway. levels and locations compared with the damage data for

For   all    flow    rates,    the    cavitation    index the Shahid Abbaspour dam spillway. Finally, it is
values  were  calculated  according  to  corresponding suggested that the method is tested with data from other
flow velocity and piezometric pressure values. The dam spillways and the other effective factors on
cavitation index equation (Eq. 1) on a spillway surface is cavitation damage are also considered.
expressed as

(8) 1. Falvey, H.T., 1990. Cavitation in chutes and

where  is atmospheric pressure that is considered

10.33 meter water height in normal situation,  is the

vapor pressure of water that is considered 2450 pascals or
0.25 meter water height at 20 degree of centigrade,   is
the angle of chute with horizontal surface. Figure 3 shows
the cavitation index values for all flow rates.

According to measured flow velocity and cavitation
index values, levels of cavitation damage have been
predicted  for   the  Shahid  Abbaspour  dam  spillway.
The results have been summarized on Tables 4 and 5.

According to results, we can find out as the flow rate
increases, the cavitation risk increases either. Based on
both factors, this spillway is at risk of cavitation damage
and the major damage will occur at ending areas of the
chute. With comparison between actual and predicted
damage levels for this spillway we can find that based on
cavitation index, the method gives more reasonable
predictions of cavitation levels; however, for serious and
major damage levels the predicted areas are greater that
actual.

CONCLUSION

In the current paper, a classification of cavitation
damage levels on spillway surface was presented that
includes two important factors influencing cavitation
damage, flow velocity and cavitation index. Based on
these factors, five different damage levels from no
cavitation damage to major cavitation damage were
determined. The method was applied to Shahid
Abbaspour dam spillway. Results showed that based on
both factors the most areas of the spillway are at risk of
serious to major cavitation damage and as the flow rate
increases the cavitation damage will become more  severe.
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