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Since the enactment of the Law related to Promotion of Measures for Sediment-related 

Disaster Area etc. due to Sediment-related Disaster, numerical conditions for designing 

structures for catching collapsed soil in steep slope failure prevention areas have been 

clarified. This improvement is meant to provide structures for catching collapsed soil with 

greater resistance to its impact force and the deposit pressure, and maintain the capacity of 

these structures to retain the required volume of collapsed soil. Concrete retaining walls have 

been widely used as structures for it, but since the walls that serve this purpose are rigid, large 

structures and wide area are required. As an alternative to conventional structures, we have 

developed a new type of structure for catching collapsed soil for slope failure prevention that 

is compact and flexible (hereinafter "flexible barrier"). The performance of the flexible barrier 

are achieved by tolerating large deformation, thus mitigating the impact force of collapsed 

soil. 
 

   
 Fig. 1 Flexible barrier for catching collapsed soil Fig. 2 Retaining wall for catching collapsed soil 
 

Structural features of the flexible barrier include: 

1. Structures can be designed based on member strength to resist the impact force of 

collapsed soil and deposit pressure. 

2. Safety performance of the above design has been verified by full-scale tests. This structure 

is capable of resisting an impact force of up to 150 kN/m2. 

3. This structure can maintain the required catch capacity even after being subjected to 

deformation. 

4. This structure can greatly reduce the impact force acting on the members with the ring-

shaped high-strength net and a special energy-absorbing device attached to wire ropes. 

 

                     

 

 

 

 

 

 
Fig. 3 Full-scale test using two different slopes 



Functional comparisons were made by simulation using the distinct element method/Distinct 

Element Method (so called DEM) to clarify the advantages and disadvantages of both the 

flexible barrier and the retaining wall for catching collapsed soil and allowing appropriate 

selection depending on the conditions. 
 

Major deforming elements of the structure, or net and energy-absorbing device, are modeled 

using springs and dashpots to simulate the behavior of the flexible barrier. (See Fig. 4.) 
 

 
Fig. 4 Model of flexible barrier 

 

Simulating the full-scale tests of the flexible 

barrier and past cases of the retaining wall 

subjected to collapsed soil, the verification 

simulation were conducted, and then case work 

was conducted by changing the slope height, 

slope angle and the amount of collapsed soil for 

both types of structures. Following is a 

summary of the results: 

1. Simulation conducted under the same 

conditions indicates that the impact force 

acting on the interaction plane is more 

mitigated by the flexible barrier than the 

retaining wall.  

2. Comparing the two structures using the same effective height, it is understood that there 

are cases where a cross-section larger than the conventionally used cross-section is 

necessary for the retaining wall. 

3. For larger amount of collapsed soil or steeper slopes, we found that there are cases where 

impact force by the collapsed soil exceeding that specified by the technical regulation in 

Japan would work. 
 

As explained above, our research concludes that the flexible barrier is capable of catching 
collapsed soil that slides down with a greater impact force and that this performance remains 

effective even when the amount of soil and the slope angle increases. 
 

Presently, flexible barriers for catching collapsed soil have 

been built at about 30 locations in Japan. One of those 

locations showed that the structure is effective in successfully 

catching collapsed soil. (See Fig. 6.) 

 

In order to build structures at locations where conditions are 

more severe, based on the results gathered from simulations 

and instances, we intend to improve this newly developed 

structure to expand the scope of applicability and enhance 

maintenance performance of the structure. 
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Fig. 6 Collapsed soil caught by the 

flexible barrier 
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Fig. 5 Comparison of simulation results 

Analysis results after 30s 
Soil captured 

(a) Flexible barrier 

  Barrier’s Effective height: 3.5m 

Collapse conditions  
Collapsed soil volume: 12m3/m 

Collapse depth:  2m 

Slope inclination: 38° 

(b) Retaining wall 

  Retaining wall height: 3.5m 

  Levee crown width: 0.5m 

  Front gradient: 1：0.5 

Analysis results after 30s 
Retaining wall slid 

 


