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1. Introduction 

Stability of riverbanks is an important issue as it 
may be responsible for land loss, damage of hydraulic 
structures, and transportation of sediment to 
downstream reaches. Riverbank erosion usually is 
composed of four cyclic processes1): (1) bed scouring 
at the bottom of the side bank, (2) bank collapse due to 
the scoured bed, (3) deposition of collapsed bank 
material, and (4) transportation of the deposited 
material. Nearly all the researchers assume planner 
sliding surface and assume that the collapsed mass 
disappear as it washed away by the flow. 

The objective of this paper is to (1) simulate not 
only the toe erosion but the entire bank failure 
mechanism, and (2) to find a mechanism allowing the 
bank to evolve from an unstable to stable shape. 

 Four calculation steps are made to obtain a 
possible riverbank shape after failure: (1) calculate the 
lateral fluvial erosion distances, (2) calculate the pore 
water pressure and seepage flow, (3) check the 
stability of the riverbank slope, and finally (4) 
calculation of the volume and shape of the collapsed 
mass which will be described in details in the current 
study. 

 
2. Hydraulic conditions and simulation procedure. 

Fluvial erosion and mass failure are investigated by 
a hypothetical riverbank under the effect of a 
hydrograph as shown in figure (1). The hydrograph is 
divided into several parts, each of 4-hours period and 
the river discharge is assumed constant within this 
time period. The eroded cross-section is obtained at 
the end of each time period. For the new riverbank 
geometry, the seepage model is run and the 
groundwater table is obtained, then the safety factor 
(SF) and the plane of failure are determined, finally 
the volume and shape of the collapsed material are 
approximately obtained.  

Fluvial-erosion model was explained in details by 

Aly El-Dien et. al.2). Unsteady saturated-unsaturated 
seepage flow model was used as described by Gottardi, 
and Venutelli3). Stability model is based on the 
strength reduction technique as presented by Griffiths, 
and Lane4). 

 
 

 

Fig.(1) (a) The simulated 

riverbank ,(b) Hydrograph 

 
3. Approach describing the mass failure. 

 Geometry of the riverbank after collapse can be 
obtained based on the following assumptions: (1) the 
collapsed material becomes loose and turned into 
small separate pieces that rests at the submerged angle 
of repose ( s) under water surface and at the emerged 
angle of repose ( e) above water surface. (2) the 
volume of collapsed sediment (VC) = × Volume of 
deposited material (VD),  is factor considering 
volume change, (3) part of the sliding mass may 
remain on the slope; while the other part deposits at 
the bank toe, the remaining part is stable by the action 
of friction force (Fr) developed on the plane of failure, 
figure (2-A, B, C, and D). Finally (4) it is assumed that 
the bank height is not high enough to generate a mass 
flow so the velocity and the generated momentum of 
the collapsed mass is neglected. The final shape of the 
collapsed bank material is obtained by using a 
geometric trial and error algorithm which is developed 
to satisfy the above mentioned hypotheses.    
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Fig.(2) Illustration of the mass failure approach 
 
4. Results and discussion  

Figure (3) shows the riverbank profile and the 
variation of safety factor (SF) during a simulation time 
of 10 days. Mass failure occurs after 164 hours, (6.8 
days). The collapsed mass is defined by the plane of 
failure which is determined naturally through the 
zones within the soil mass in which the soil shear 
strength is unable to resist the applied shear stresses.  

 

 
Fig.(3) (a) Riverbank profile and plane of failure, (b) Variation 

of factor of safety with time, first failure occurs after 164 hours. 

Part of the collapsed mass rests on the plane of 
failure and the other part collapses and rests at the 
angle of repose (dashed line figure (4-a)). After failure, 
the collapsed bank material accumulates at the bank 
toe which forms an additional stability, reduces bank 
height, and relaxes the bank slope angle to a mild 
slope. Safety factor is changed from 1.0 to 1.3 because 
of the new geometry of the collapsed riverbank; figure 

(4-b). By the effect of continued fluvial erosion, 
second failure occurs after 208 hours (8.7 days) as 
shown by figure (4-b). 

 The deposited sediment acts as a shield for the 
original bank material. Yet there are three challenging 
points that have to be considered in the simulation. 
(1)The mechanical properties of the collapsed bank 
material are different from the original bank material, 
(unit weight, shear strength parameters, hydraulic 
conductivity, erodibility parameters,…). (2) Lateral 
sediment transport should be considered. (3) In 
addition the angles of repose for the collapsed material 
have large uncertainty because it depends on so many 
factors. 
 
5. Conclusions  

The riverbank restores part of its stability after the 
occurrence of failure because the collapsed sediment 
settles at stable slopes. The new bank slopes are 
determined by applying geometric trial and error 
approach. The collapsed mass from an unstable 
riverbank should be taken into consideration and 
shouldn’t be assumed as washed away by the flow.   
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Fig.(4) (a) Riverbank profile after first failure, (b) Variation of 

factor of safety with time, second failure occurs after 208 hours 

- A-125 -


