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Failure of embankments due to overflowing is the major cause for the embankment dam as 

compared to other types of failure. Failure of a dam causes major losses huge damage to 

infrastructure and surrounding area; it has drawn more attention to researchers. It is to 

analyze the breach mechanism to forecast the infrastructure damage and to develop early 

warning systems. The geotechnical and flow characteristics influence the rate of breaching. 

The temporal variations of embankment profile and different functional parameters as 

initiation of breach, breach depth, total time to embankment failure, are necessary to 

understand the breaching process. In the present study, a total of eight tests were 

conducted on earthen dam model by using a fuse plug model. Limited fuse plugs and small-

scale tests on a small flume are some limitations of the present work. 
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1. Introduction 

Earthen dams are commonly constructed since early days 

of human civilization for different purposes. However, earthen 

dams are highly vulnerable to failure due to overtopping, 

piping, seeping, foundation defects. As the earthen dams are 

constructed by erodible materials so the failure of these dams, 

under high flood conditions, occurs due to flow of water inside 

the body of dam. Due to flow, erosion takes place and a hole 

occurs inside the dam. The failure of dam causes loss of lives 

and massive damage to infra structures. Previous studies 

(Costa, 1985 and Loukela, 1993) reveal that most of the 

earthen dam failures occurred in the past due to overtopping. It 

is difficult to eradicate completely the risk of overtopping but 

the evacuation time of warning time can be establish by 

analyzing the breach behavior of earthen dams. In the present 

paper an experimental study using a fuse plug model was 

described to obtain the different breach parameters before and 

during the process of overtopping. 

 

2. Review of literature 

Singh (1996) compiled the database of different dams that 

had failed in the past. He also classified the different methods 

of dam breach analysis. There are different approaches to 

analyze the breaching of embankments and were critically 

reviewed by Wahl (2007).  These methods were critically 

described by Wu (ASCE, EWAI, 2011). Broadly differently 

breach modelling methods were grouped under three 

categories as parametric models, simplified and detailed 

physical models. Dam breach modelling, parametric or 

physical, were based on statistically regression equations or 

case studies. These models did not consider the impact of 

embankment material, hydraulic condition, and also scouring 

rate during the overtopping which are the important factors. 

Different parameters were determined breach conditions like 

beginning of breach time, breaking time, time to crack 

formation (Jhonson et al., 2011). Further it was required to 

perform experiments at different field tests which help to 

overcome the limitations to be identified in the earlier work 

(Colemn, 2004). Recently Jhao (2014) also done experiments 

on breaching on embankment and Verma et al. (2014) used a 

fuse plug as an auxiliary spillway and investigated the temporal 

variation of breach parameters in a small flume. 

 

Fuse Plug Model 

Fuse plug is an integral part of earthen dams. It washes 

out under flood conditions, in a controlled manner without 

damaging the rest of the body of dam (CWC, 1989). It also 

provides additional discharge capacity and  acts as  an 

auxillary spillway.  The fuse  plug does not  permit  lateral  

erosion of  dam (Verma  et al., 2017) and it allows 2D breach 

development (Figure 1). Recently Verma (2014), Sahu et al. 

(2013) and Schomocker et al. (2009) used the fuse plug 

models for analyzing the breaching of earthen dams. 

 

 
Figure 1: Fuse Plug model 

 

3. Experimental Programme 

A total of eight tests were conducted in a small recirculating 

glass flume in the Hydraulics laboratory. The flume was having 

dimensions of 4.5 m x 0.57 m  x 0.57 m (Figure 2).In all tests a 

fuse plug model was used to study the breach behaviour of 

earthen dams during overtopping. 
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Figure 2: Line diagram of flume 

 

Table 1: Dimensions of fuse plug model 

Fuse plug model Dimensions Values (cm) 

Model width (Bf) 14.6 

Longitudinal length 
of model, L 

Top length (Crest) (Lft) 20 

Base length(Lfb) 120 

Height (Hf) 25 

Slope 1V : 2 H 

 

Description of fuse plug model 

The fuse plug was fabricated using the wooden material and polished before placing in the flume to avoid seepage (Figure 3). 

The dimensions of fuse plug model are tabulated in table 1. 

 

 
Figure 3: Fuse plug model 

 

4. Experimental Set Up 

For studying the different tests, a fuse plug model, soil of 

different proportions, a compaction roller along with essential 

standard laboratory devices were used. A high-speed digital 

video camera (Figure 4) and digital cameras were also used 

for observing the temporal variation of breach growth. The 

properties of different proportion of material were calculated by 

performing experiments in the Soil Mechanics laboratory 

(Table 2). 

 

Table 2: Properties of soil use for different tests 

Test Number 1 2 3 4 5 6 7 8 

Coarse grained soil (% age) 38 89 85 95 93 80 76 72 

Fine grained soil (%age) 62 11 15 5 7 20 24 28 

Maximum dry density (gm/cc) 1.625  1.925 1.902 1.88 1.86 1.87 1.85 

 

5. Experimental Procedure 

All tests were performed by placing the fuseplug model 

inside the flume at a same position. The fill material mixed at 

optimum moisture content before placing in the flume. 
 

Earthen dam with fuseplug 

The fill material was filled in five compacted layers. To 

maintain the uniformity of embankment material, a sufficient 

time of 24-48 hours was provided. On the upstream side of 

dam model, clay layer was laid to reduce seepage and the 

water was filled on upstream side upto the specified level by 

controlling the inflow with head regulator attached to inflow 

pipe. Pointer guage was used to for measuring readings at 

temporal variation. Water depth was taken upto a height of 22 

cm on the upstream side of the model. Water was collected 

and retained for the one day for considering homogenous 

saturation of embankment. 
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Figure 4: Experimental Set up 

 

 
Figure 5: Different flow parameters 

 

Breach flow Characteristics 

Breach flow characteristics depends upon the incoming 

flow to the reservoir, material used in fuse plug, geometry of 

fuse plug and capacity of reservoir. Different parameters were 

considered in the fuse plug model is shown in Figure 5. 

Instant photographs and videos were taken for 

overtopping the model. The different time durations were 

observed during the overtopping process. With the passage of 

time, reading were noted for different the water level in 

reservoir (hr) and crest sediment height (hcs) was observed. 

The water level above the crest (hcf) during the breaching 

process was calculated as hcf = hr – hcs. The temporal 

variations of breach flow characteristics were studied by 

plotting the graphs. 

 

6. Results and Discussion 

As the water flows over the crest of embankment, the 

scouring at different rate for cohesive and non-cohesive soils. 

This work has been carried out by the different 

researchers(Coleman et al., 2002, Hunt et al., 2005; Hanson et 

al., 2005) and they describe the whole process in different 

phases. 

 

Embankment profile 

For cohesive and non-cohesive soil, test 1 and 7 were 

considered for describing water surface profile through 

channel. For cohesive soil as shown in figure 6 (a), the 

headcut widens and rate of erosion largely affected by 

cohesion of soil and the slope of headcut steepens. So, the soil 

material influences the rate of erosion and the influence may 

vary several orders of magnitude. For non-cohesive soil as 

shown in figure 6(b), the slope of water surface remains almost 

constant with the steep erosion of downstream face. From the 

literature, the slope of eroding headcut is equal to static friction 

angle. Figure 7 (a) and 7 (b) describes the temporal variation 

of embankment breach profile. 

 

 
Figure 6 (a): Widening of breach 
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Figure 6 (b): Caveing in of sediment 

 

 

     
7 (a)                                     7 (b) 

Figure 7: Embankment profile for cohesive (a) and non-cohesive embankment (b) 

 

Initially it was observed that detachment of downstream 

toe occurred for cohesive embankment (figure 7a). It occurred 

because of infiltration and subsequently increased magnitude 

of load of sediment on downstream side. This process took 

place as the earthen dam models were not fully saturated even 

after providing the extension time. 

For non-cohesive soil, scouring occurred on the 

downstream side and also it was observed across the crest of 

the dam(Figure 7b). With continuous overtopping a narrow 

channel with nearly vertical banks was formed which steps 

forward to the crest of the model with steep of gentle gradient 

as shown in figure (7b) which was described by Walder and 

Godt (2015) as erosional cyclic steps. 

 

7. Summary and Conclusions 

Present study describes the experimental work in a small 

glass flume with fuse plug models for understanding the 

behavior of dams in breach during overtopping. Different tests 

were studied for cohesive and non-cohesive earthen 

embankment models. Due to overtopping of earth dams 

erosion rate is influenced and this influence may be of several 

orders of magnitude. Fuse plug plays an important role in the 

dam and reduces the chances of failure of dam. The water 

surface profile of different tests indicates that for non-cohesive 

soil the breaching progresses gradually but in case of cohesive 

soil, it is steep erosion (headcutting) rather than progressive. 

During the experimental results it was observed that as the 

breach widened then the discharge of overtopping increases. 

Water surface profiles concludes the type of erosion for 

earthen models of different soil compositions. These 2D test 

are greatly helpful in determining the erosion process and also 

helps for the warning systems to be developed for making 

emergency action plans (EAP). but cannot describe the 

process breach widening in detail. 
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