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Fig. 2. Schematic view of the experimental setup
(dimensions are in meters)
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Fig. 3. View of embankment fuse plug tested
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Test No. 1 2 3
Inlet discharge (I/s) 0.2-44 0.6-42 1.2-42

Depth of flow (hres) 145 0142 0-141
(mm)

Increasing rate of

head (cnv/min) 13 15 15

Table 2. Inlet discharge properties
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Test No. 1 2 3
Median particle size

(dso)(mm) 0.2 0.6 0.9
d’=dso/H 1.33E-3  4E-3 6E-3

Geometric standard

deviation of particle 1.21 1.29 1.32

size (og)

Relative density (%) 80.75 80.60 80.15
Table 1. Soil properties
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Test No. 1 2 3
Inlet discharge (1/s) 0.2-44 0.6-42 1.2-42
Depth of flow (hres) 0-145 0-142 0-141
(mm)

Increasing rate of

head (cm/min) 1.5 13 13

Table 2. Inlet discharge properties
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Table 3. Rate of lateral breach developed on down slope (cm/s)
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Abstract

One of the main causes of damage to dams, especially earth dams is the overtopping which
may cause huge human losses and financial damages. Fuse plug is used as a safety valve to
protect dams against catastrophic damages of overtopping. The increasing outbreak of floods
and their huge and sometimes irrecoverable damages has incentivized dam experts and
designers for more studies on the most effective and economical spillway construction. The
attempt is towards letting higher amounts of water run through spillways. One approach is
using an auxiliary spillway beside the main spillway. The fuse plug operation is totally
automatic and does not require human intervention. At other times, fuse plug should be stable
and have reliability coefficients equal to those of earth dams.

In this experimental research, the effect of the body grain size of embankment fuse plug on
the failure and washout mechanism of non-cohesive homogeneous fuse plug is evaluated.
The water level upstream of fuse plug is kept constant throughout the overtopping and failure
processes, the tests thereby simulating the failure of embankment fuse plug impounding a
very large upstream reservoir. The failure trend and mechanism, rate of embankment
sediment washout and the output hydrograph of overtopping are addressed. The breach shape
and failure mechanism can be used as a guide to interpret the extent of grain size effect and
failure progress. The mechanisms of embankment breach due to overtopping can be
categorized into 2D and 3D processes. 3D mechanism consists of both lateral and vertical
erosions, whereas 2D mechanism only consists of vertical erosion. In this research, both
types of erosions were observed. Initially 3D mechanism is observed and breach expansion
continued until the breach reached the flume walls. Then after the 2D mechanism failure was
observed. Also the equation obtained for describing non-dimensional embankment crest in
2D process by non-dimensional time and non-dimensional grain size. The mean rate of
washout in test No.2 is the highest and an analysis similar to the mean rate of washout
materials can be generalized to the washout period, which given the uniformity of the total
volume of materials, is a rational generalization. The important point in the optimal
performance of the fuse plug during the time of destruction is the volume of more outlet
water in a shorter time period at the level desired by the designer. According to the results,
the mean washout rate at d* is equal to 0.004 the highest value compared to two other d*
that are 0.00133 and 0.026. At d* is equal to 0.00133, the discharge rate of the plug fuse
during washout and H* levels are 2.5% and 2.8%, respectively, over two d*. On the other
hand, the larger the value of d*, the first is that the embankment drains more drainage and
the volume of useful water inside the reservoir drains more and the second reduces the
stability of the embankment due to the possible piping. According to the set of reasons
mentioned above, d* is equal to 0.004 the most suitable d* for the construction of the plug
fuse in the range of parameters tested.

Keywords: Embankment fuse plug, Erosion mechanism, Experimental modeling, Grain
size, Overtopping flow
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