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ABSTRACT 
 
A new wave reduction method, called the Net Buffer Method, has been developed by the authors 
to reduce caisson joint waves for suppressing internal erosion and collapse behind seawalls and 
quaywalls. This new method, in which a net fiber material is installed within the joints, is capable 
of reducing caisson joint waves by more than 80% in terms of the maximum and average wave 
pressures. This study investigated the applicability of this method as a preventive maintenance and 
recurrence prevention measure against coastal internal erosion and collapse based on field 
observations. The results of analysis of the measured caisson joint wave pressures during the 
passage of three typhoons and a seven-year follow-up survey show the effectiveness of this method 
as a preventive maintenance and in preventing re-collapse under severer wave conditions than 
those that led to collapse in the past.  
 
INTRODUCTION 
 
Collapse at the back sides of seawalls and quaywalls has occurred all over the world (CEC, 2002; 
Felixstowe Docker, 2017; Ishizaka and Sassa, 2017; Vancouver Sun, 2012; Figure 1). The 
phenomenon represents the collapse of cavities that gradually develop underneath the ground by 
coastal internal erosion of backfilling sand behind seawalls and quaywalls. Caisson joints may fail 
or widen due to the repeated action of waves that pass though the joints, allowing sand particles to 
be washed out through the joints and/or defects under continued hydrodynamic forcing such as 
waves and tides. This gives rise to the occurrence and evolution of cavities above groundwater 
level owing to the presence of suction, i.e. negative porewater pressure relative to the atmospheric 
pressure, in the ground, which eventually leads to abrupt collapse (Sassa et al., 2005; Sassa, 2021; 
Kudai et al., 2021).  

The authors have developed a new wave reduction method, called the Net Buffer Method 
(Figure 2), to reduce such caisson joint waves for suppressing internal erosion and collapse behind 
seawalls and quaywalls (Sassa and Ishizaka, 2022).  The new method, in which a net fiber material 
is installed within the joints, is capable of reducing such caisson joint waves by more than 80% in 
terms of the maximum and average wave pressures. Unlike previous countermeasures, it is 
applicable to joints of variable width and can autonomically adjust to changes in the configuration 
and surrounding environment due to continued wave impacts and other dynamic forcing such as 
earthquakes (Sassa and Ishizaka, 2022).  
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Figure 1. Collapse due to coastal internal erosion worldwide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Concept and installation of the Net Buffer Method: Caisson joint wave reduction. 

Kashima, Japan (Ishizaka and Sassa, 2017) 
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In the present study, the applicability of the above method as a preventive maintenance and 
recurrence prevention measure against coastal internal erosion and collapse was investigated based 
on field observations. 
 
FIELD OBSERVATIONS AGAINST THREE TYPHOON EVENTS 
 
The Net Buffer Method was adopted to a Strategic International Port, Yokohama Port, Japan, so 
as to prepare for the future approach/arrival of typhoons and to cope with the increasing severity 
of wave forcing amid climate change, as a preventive maintenance measure on site (Figure 3). A 
total of six pressure sensors were installed on the sea and shore sides of the net buffer to measure 
and analyze the caisson joint wave pressures. Three typhoons such as Typhoon Chanthu 2021 
(typhoon No. 14, 2021), Typhoon Mindulle 2021 (typhoon No. 16, 2021), and Typhoon Nanmadol 
2022 (typhoon No. 14, 2022) took place following the installation. Among the three typhoons, 
Typhoon Chanthu approached the Yokohama Port most closely, as shown in the typhoon path in 
Figure 4. The corresponding processes of the wave development and attenuation are shown in 
Figure 5, where the monitoring period denotes the period when the observed records were analyzed 
and involved the peak in the significant wave height in the course of the passage of Typhoon 
Chanthu.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3. Cross-section of the Strategic International Port, Yokohama Port, Japan. 
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Figure 4. Typhoon path of Chanthu 2021. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The measured caisson joint wave pressures during the passage of Typhoon Chanthu (typhoon 

No. 14, 2021) in Figure 6(a) indicate that the caisson joint wave pressure fluctuations attenuated 
markedly from the seaside to the shoreside owing to the effect of the net buffer, and the observed 
records for the other two typhoons, namely, Typhoon Mindulle 2021 (typhoon No. 16, 2021) and 
Typhoon Nanmadol 2022 (typhoon No. 14, 2022) also demonstrate essentially the same 
attenuation characteristics during the passage of each typhoon, as shown in Figure 6(b) and (c). In 
fact, the corresponding transmission ratios P2 (shore side) /P1 (sea side) in terms of the maximum 
and average pressure amplitudes shown in Table 1 were as low as 6.8% and 8.2% respectively 
under Typhoon Chanthu that made the closest approach to the site. The measured results also 
showed that for the passage of all typhoons, the maximum and average amplitudes remained below 
15% against the incident caisson joint waves. This means that the Net Buffer Method is capable 
of reducing the caisson joint wave pressures by more than 85% even under the passage of typhoons 
(Table 1).  
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Figure 5. Typhoon Chanthu-induced wave 
development. 

Figure 6. Caisson joint wave pressure fluctuations 
during three typhoons.  
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Table 1. Measured effects of caisson joint wave reduction during three typhoons 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIELD OBSERVATIONS AS A SEVEN YEAR FOLLOW-UP SURVEY 
 
A seven-year follow up survey of the application of the Net Buffer Method was performed on sites 
that repeatedly underwent collapses before the application. With reference to Figures 7 and 8, 
collapse occurred at two places: No.1 and No. 2. Following the collapses, repair was carried out 
by installing iron plates and concrete coverings, and sand prevention sheets with backfill. The 
repair work was carried out above sea level where excavation behind the seawall was possible. 
However, three months after the repairs, re-collapse occurred at both places. The maximum 
significant wave height at the time of re-collapse was equal to Hsmax = 5.4 m. These results 
suggested that if the same forms of repair and backfill were conducted, this would result in re-
collapse again after a similar period under common hydrodynamic forcing. This reasoning led to 
the application of the Net Buffer Method. The subsequent wave conditions became even severer, 
involving the maximum significant wave heights of Hsmax = 6.7 m and 7.8m (Figure 7). 

Before installation of the buffer material, the caisson joint wave transmission ratios were over 
100% in terms of both the maximum and average pressure amplitudes, as shown in Table 2. This 
stemmed from the fact that the transmitted waves reflected from the caisson joint plate. By contrast, 
just after installation of the buffer material, the caisson joint wave pressure fluctuations on the 
shoreside became substantially lower and marginal compared with those on the seaside, yielding 
the corresponding maximum and average transmission ratios as low as 11.7% and 10.3%, 
respectively. Five years following the installation, essentially the same magnitudes of reductions 
in the caisson joint wave pressures were obtained (Table 2). A comparison of the maximum and 
average pressure amplitudes to the significant wave heights also demonstrates that both wave  

Max. Amp.
Pmax

Ave. Amp.
Pave

2021/9/18 Seaside P1 10.47 4.65
4:00～5:00 Shoreside P2 0.71 0.38

Chanchu 2021 P2/P1 6.8% 8.2%
2021/10/1 Seaside P1 5.83 3.53

13:00～14:00 Shoreside P2 0.83 0.43
Mindulle 2021 P2/P1 14.2% 12.2%

2022/9/19 Seaside P1 10.00 5.02
14:30～15:30 Shoreside P2 0.83 0.36

Nanmadol 2022 P2/P1 8.3% 7.2%
Unit of pressure: kPa
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Figure 7. Wave force variations during a seven-year follow up survey. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. Status of collapse and results of a seven-year follow-up survey of the Net Buffer Method. 
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Table 2. Measured effects of caisson joint wave reduction during the seven-year follow up survey 
 
 
 
 
 
 
 
 
 
 
 

 
pressures were substantially reduced to less than 0.1 in terms of a dimensionless ratio against the 
significant wave height (Table 2). Considering the fact that the caisson joint widths and 
configurations had changed in association with displacements of the caissons and wave-dissipating 
blocks under continued severe wave impacts during a five-year period, these results demonstrate 
that the method achieved a sustainable reduction in the caisson joint wave pressures despite the 
changes in the surrounding environment. 

The results of the seven-year follow up survey (Figures 7 and 8) indicate that despite even 
severer wave actions that took place with the maximum significant wave heights equal to Hsmax 
= 6.7m  and 7.8m and nearly thirty times longer period than the estimated cycle of collapse, no re-
collapse or deformation was observed. These results demonstrate the effect of the method in 
suppressing collapse under severe hydrodynamic forcing. 

 
CONCLUSION 
 
The present study investigated the applicability of a new wave reduction method, called the Net 
Buffer Method developed by the authors to reduce caisson joint waves for suppressing internal 
erosion and collapse behind seawalls and quaywalls. This was made based on the field 
observations at Strategic International Port and Major Port, Japan. The results demonstrate that the 
caisson joint waves can be reduced by more than 85% in a sustained manner, preventing collapse 
disasters from occurring on sites subjected to three typhoon events. A seven-year follow up survey 
indicates the effect of the method in suppressing re-collapse under even severer hydrodynamic 
forcing than those that led to collapse in the past. These results show the effectiveness of this 
method as a preventive maintenance and recurrence prevention measure against coastal internal 
erosion and collapse, thereby facilitating sustainable infrastructure development amid global 
climate change. 
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