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A cantilever failure is a severe problem in river engineering, and it affects the geometry of a riverbank. 

Unfortunately, previous researches has limitations on coupling fluvial erosion and cantilever failure. Therefore, 

the aim of this paper is to introduce a new coupled processes for simulating fluvial erosion and cantilever failure 

of the experimental cohesive riverbank [1], and U-Tapao River in Thailand [2]. 

 

1 INTRODUCTION 

Riverbank failure is an important source of sediment production in an alluvial channel, and can cause severe 

environmental and economic problems. A wide range of a cantilever failure studies were developed only for the 

simple cantilever failure (without the interactions between fluvial erosion and cantilever failure). However, 

because a cantilever failure involves a rapid channel widening and delivers a large volume of sediment into the 

channel, such a failure is a serious issue in river engineering. Therefore, elucidating the underlying mechanism 

of coupling fluvial erosion and cantilever failure is important for a full understanding of fluvial erosion and 

cantilever failure along the cohesive riverbanks. 

 

2 METHODOLOGY 

2.1 Laboratory experiment 

In this study, we use the data from an existing experiment. Since the design and aim of this experiment have 

been described in a previous publication [1], we herein present only a brief overview. The experiments were 

conducted in the fixed-bed rectangular flume (0.30 m in width, 10.00 m in length, and 0.20 m in height). The 

channel slope was set as 0.002. The cohesive materials were composed of sand (d50 = 0.23 mm) and the different 

percentage of silt-clay content (SC) from 20% to 30% (d50 = 0.028 mm). Moreover, the cohesive sediment were 

initially wetted with water to achieve a water content between 32.2% and 48%. 

 

2.2 Study area in a real river 

The U-Tapao River is located within the Songkhla Lake River Basin, Thailand (see Figure 1). For this study, the 

4 selected sites are located at the middle region of the river, named UT.1 (6.931° N, 100.440° E), UT.2 (6.973° 

N, 100.458° E), UT.3 (6.967° N, 100.460° E), and UT.4 (6.965° N, 100.459° E). Moreover, the riverbanks 

regularly experience instability due to the erosion at a moderate rate, particularly in the rainy season and the 

significant failure types in the U-Tapao River are planar failure and cantilever failure. Furthermore, the mean 

diameter (d50) of river bed and riverbank materials is around 0.34 mm. For riverbank properties, the soil 

materials are low plasticity clay (CL) with the percentage of silt-clay content (SC%) between 50.1% and 82.5%, 

the friction angle (ϕ) from 22.58
o
 to 28.96

o
, the erodibility coefficient (kd) approximately between 0.07 and 6.37 

cm
3
/ (N s), the critical shear stress (τbc) in the range of 9.44 and 12.99 Pa, the unit weight (γs) from 18,970 to 

20,120 N/m
3
, and plastic index (PI) between 12.1 and 23.53. 



 

Figure 1. Study locations along the U-Tapao River, Songkhla Province, Thailand 

 

2.3 The coupled study of fluvial erosion and cantilever failure 

The assumption of this study for the coupling fluvial erosion and cantilever failure is illustrated in Figure 2. 

During the initial stage of the computation, the coupling computational model reproduced fluvial erosion at the 

lower part of the bank, which is shown through the dashed line in zone 1. Next, the tension crack in zone 2 and 

the cantilever failure in zone 3 (the dashed vertical line along the cohesive bank) were captured using the model. 

For fluvial erosion, the fluvial erosion rate is determined by using an excess shear stress as given in Eq.(1). 
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where ε is the fluvial erosion rate (m/s), kd is the erodibility coefficient (m
3
/(N s)), τb0 is the actual shear stress 

acted by the flow (Pa), τbc is the critical shear stress (Pa), and a is the exponent generally considered to be 1. In 

Eq.(1), the positive value of excess shear stress is only considered for fluvial erosion estimation. Although Eq.(1) 

appears simple, in practice it is necessary to define the kd. This parameter is highly variable. Therefore, in situ 

experiments for determining the τbc and kd are advantageous for the different soil and environment. For this 

study, the two equations of the kd were employed to calculate fluvial erosion rate as expressed in Eq.(2) [3] and 

Eq. (3) [4]. 

 
0.50.20d bck                 (2) 

 
0.373.10d bck                 (3) 

 

The flow field is calculated using a uniform flow model on a lateral grid cell for considering the sidewall 

correction effect in the narrow laboratory channel, written as follows: 
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where uj is velocity in each calculated cell (m/s), n is the Manning roughness parameter, calculated by the 

Manning–Strickler equation, Rj is hydraulic radius in each calculated cell, and i is channel slope. 

For the actual shear stress, we employ the actual shear stress equation that is determined by the function of 

water depth and channel slope in Eq.(5). In the critical shear stress, the empirical equations for the function of 

the percentage of silt-clay content was employed for this study as expressed in Eq. (6). 
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Figure 2. The overhanging geometry and forces exerted on the incipient failure block. 
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where ρ is the density of water (1,000 kg/m
3
), g is gravity acceleration (9.81 m/s

2
), and D is water depth (m). 

For cantilever failure, we defined the factor of safety for two types of cantilever failure, based on the shear-

type [5] and beam-type failures [6] because the tensile-type failure was rarely observed in the real river. The 

cantilever failure will occur if any of the overhanging block has a factor of safety less than one. 
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where Fss is the factor of safety of shear-type failure, C is the cohesive force (Pa), hd is the effective length (m), 

γs is the unit weight of soil (N/m
3
), Ab is the cross-sectional area of overhanging block (m

2
), Fsb is the factor of 

safety of beam-type failure, lc is the overhanging length under compressive stress (m), lt is the overhanging 

length under tensile stress (m), σc  is the compressive strength (kN/m
2
), σt is the tensile strength (kN/m

2
), bc is the 

overhanging block width (m), and hc is the overhanging block height (m). 

3 RESULTS AND DISSCUSSIONS 

In this section, we present the results by two types of the overhanging block properties which consisted of the 

existing experimental results [1], and the cross-sections of the U-Tapao River, Thailand [2]. 

The fluvial erosion was estimated using Eq.(1). Pragmatically, the estimation of the τb0, τbc, and kd are the 

significant parameters. Therefore, the estimation of the τb0, τbc, and kd were estimated by Eq.(5), Eq.(6), and Eq. 

(2) to (3). To determine the cantilever failure, the factor of safety equations of the shear-type failure and beam-

type failure in Eq.(7) and (8) were calculated by the properties of the reference overhanging blocks. 

For fluvial erosion, the τb0 of the experimental banks are between 0.68 and 1.23 Pa, while at the U-Tapao 

river, they are in the range from 18.51 to 22.52 Pa. Moreover, the τbc are in the range from 0.38 to 0.57 Pa, while 

at the U-Tapao river, they are between 9.44 and 12.99 Pa. Consequently, the previous relationship between the 

τbc and kd indicate that they do not follow the values of experimental results and the U-Tapao River. 

Additionally, the τbc and kd showed that these parameters varied significantly from one site to another site. 

Therefore, the relationship between τbc and kd should be measured locally. In the cantilever failure, the Fsb of the 

experimental studies was smaller than one. It was clear that the beam-type failure was the dominant failure 

mechanism in the experimental studies. On the other hand, for the U-Tapao River, the Fss in the 4 cross-sections 

was smaller than one. This means that the shear-type failure was the dominant failure mechanism in the U-Tapao 

River. Therefore, the results of the present study are consistent with the previous study in the term of cantilever 

failure mechanism, as the shear-type and beam-type failures were reported as the two dominant failure 

mechanisms. The estimation values of the actual shear stress, critical shear stress, erodibility coefficient, and the 

factor of safety of this study are expressed in Table 1. 

To assess the accuracy and reliability of numerical results, the validation results of the temporal variations of 

spatially averaged bank width by the previous numerical modeling [1], present numerical modeling, and the 

experimental results are shown in Figure 3. The present numerical results are shown to be good agreement with 

the experimental results. This is due to the use of kd from the experimental values in the numerical modeling. On 

the other hand, the previous numerical results illustrate poor validation agreement in terms of temporal average 

bank width because the previous numerical modeling employed the analytical equation for calculating the kd. 



Additionally, the present numerical modeling can simulate the first cantilever failure with high precision in term 

of failure times and the overhanging block width. Significant errors occurred during the cantilever failure stage 

because the failure materials were dropped into the channel and protected from new fluvial erosion at the bank 

toe. Therefore, the slump block mechanism should be considered in the new numerical modeling. 

 

Table 1. Estimation values of the actual shear stress, the critical shear stress, the erodibility coefficient, and the 

factor of safety 

 

Case Shear stress (Pa) kd cm
3
/(N s) Factor of safety 

 τb0 τbc Eq.(2) Eq.(3) Observation values Fss Fsb 

Case 5 (Experiment) 1.16 0.38 0.32 4.42 172.09 2.42 0.77 

UT.1 (U-Tapao River) 22.52 11.00 0.06 1.27 6.37 0.54 1.27 

 

   
(a) Case 1 (b) Case 5 (c) Case 6 

Figure 3. The validation results of the temporal variations of spatially averaged bank 

 

4 CONCLUSION 

This study has elucidated the mechanisms of cantilever failure by means of the stability analysis of the 

overhanging block properties and numerical study with the experimental results and the U-Tapao River, 

Thailand. A comparison of the erodibility coefficient (kd) values between the two previous relationships and the 

experimental results as well as the U-Tapao River showed the poor agreement of the kd. As a result, the critical 

shear stress (τbc) and the kd showed that these parameters varied significantly from one site to another site. 

Therefore, relationship between the τbc and kd are needed to be measured locally. For overhanging block stability, 

the results revealed that the dominant cantilever failure of the experimental study is the beam-type failure while 

the shear-type failure is the dominant failure mechanism in the U-Tapao River. Finally, the cantilever failure was 

simulated by novel numerical model within the framework of fluvial erosion and cantilever failure. The 

numerical results were validated with the temporal variations of spatially averaged bank width. This validation 

result showed a good agreement between the numerical results and the experimental results. 
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