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25.    Reports of Technical Advice of Individual Site for MPI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

The Project for Capacity Development on Coastal Protection and Rehabilitation 
and 
the Project for Landslide Management in the Republic of Mauritius

 
Date: 23 June 2012 

From: Tomoharu Iwasaki  

Project team of JICA: Japan International 

Cooperation Agency 

To: Mr. S.P. Anadachee 

Ministry of Public Infrastructure 

 

About the Design of the Soakaway for Mauritius 
 

1. Structure of the current soakaway and developmental process of the cave 

The current soakaway in Mauritius is constructed on natural ground surface (Fig.1-a). Generally, the 

natural ground is not uniform, there is a porous part. The flow of the groundwater concentrates in a 

porous part selectively. Therefore the flow of groundwater becomes a high speed, the sand in the 

porous part is carried away. As a result, a cave occurs near soakaway (Fig.1-b). 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Structure of the current soakaway and developmental process of the cave 

 

 

 

2. Structure of appropriate soakaway (Simplified Soakaway) 

It is important that we slow down a flow of the groundwater to prevent a cave occurrence. Therefore 

structure of the soakaway such as Fig.2 is suitable for Mauritius.  

Fig.2 shows the simplified soakaway. In a Japanese private house, we sometimes use the simplified 

soakaway for rainwater drainage. In the case of this structure, the flow speed of groundwater 

becomes extremely small, because the groundwater bleeds from the whole boundary surface. The 

sand is not carried away. 

a. The current soakaway b. Developmental process of the cave  

High speed flow 
The sand is carried away

Porous part 

natural ground

Cave 

natural ground
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[Attention] If garbage is clogged up on the surface of soakaway, change a surface gravel. 

 

Fig.2 Simplified soakaway in Japan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Design of simplified soakaway for Mauritius 

Gravel 

The flow speed becomes 
extremely small 

[ During construction ] [Completion ] 

Gravel size : 10 - 20cm  (Lower part) Gravel size : 1- 5cm  (Upper part)
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3. Restoration method of the cave 

If a cave occurs, we backfill the cave and must restore it. The materials backfilling the cave are as 

follows; 

 

(1) Soil : It is a method to backfill with soil. In 

this case, a cave is likely to occur again. 

(2) Concrete : When we backfill it with concrete, 

new erosion occurs on concrete and a border 

of the ground. 

(3) Gravel : As for this method, new erosion is 

hard to happen. This is the best method. 

 

 

 

4. Conclusion 

It is important to diffuse simplified soakaway to prevent a cave. I think that MPI should inform a 

construction method of simplified soakaway to the nation. In addition, I hope that soakaway is 

replaced by the sewer in future. 

 

Backfill with Gravel 

Fig3 Restoration method of the cave 
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Ref. No. No.4/TH/2012 

Date: 10 September 2012 

From: Takashi Hara  

Project team of JICA: Japan International 

Cooperation Agency 

To: Mr. D. Chinasamy 

Ministry of Public Infrastructure 

 

Subject: Site Observation for the House in Quatre Soeurs 
 

Regarding to the request from you, Mr. M. K. Mosaheb from MPI and I conducted site observation 

on 6th September 2012 for the house that has been cracked in Quatre Soeurs. 

I report you the result of the site observation on the attachment. 

 

 

 

Your attention will be appreciated. 

Yours sincerely, 
 
 
 
     
Takashi Hara (JICA project team) 
Mobile: (230) 472-5811 
E-mail: hara@oyointer.com 
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Regarding to the request from you, Mr. M. K. Mosaheb from MPI and I conducted site observation 

on 6th September 2012 for the house that has been cracked in Quatre Soeurs. 

 

Findings: 

- The house is located on the gentle slope  

- Loose reddish-brown sandy clay is distributed around the area.  

- The cracks are found on the inside and outside walls of the house 

- Cracks were found about 5 years ago (house owner) 

- Some opened cracks are found after repair by crack filling (4 years ago) and painting (1 year 

ago) which has been conducted. 

- Almost cracks did not open horizontally but vertically. 

- Almost used water and catchment rain water are drained to the ground beside the house 

directly.  

- The part of the house which has deep RC basement is not found major deformed. 

- Since Northern part of the roof is depressed, direction of catchment rain water on roof was 

changed to West direction even though the water flew to South direction before. 

- Clear cracks which are evidence of the landslide activity are not found on the ground.   

 

Consideration: 

 According to the findings, it can be considered that there are two possibilities of the cause 

of the deformations. One is ground subsidence and another is landslide (creep). The both cases are 

kinds of phenomenon which is deformation of shallow under ground. Because of shortage of data, it 

is difficult to identify which is an actual cause of the deformation in this case. The area of the 

deformation (ground subsidence/creep) is not wide area including whole house, but partial area. 

Generally, one of the triggers of the deformations is to be weakness of the ground strength by 

groundwater. Since catchment water from the rain and house is discharge to the ground directly, the 

discharged water penetrates into the underground and disturbs the ground condition around the 

house.  

 

Suggestion: 

 The main trigger of the deformation will be the groundwater in this case. Thus, it can be 

recommended to avoid the water penetrating the underground (ex; the discharged water from house 

and roof shall not be drained to the ground near the house but far from the house area to avoid 

affecting ground condition). Since the actual cause is not identified, it is difficult to suggest actual 

remedial measure to the situation at the current condition. The information about cracks such as 

When, Which/Where etc. will help to engineer to evaluate the problem.  
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How to measure crack on house wall 

Crack on house wall may be related with landslide activity. 

 

 

 

 

 

 

 

 

Fig.1 Example of Crack Monitoring 
 

 

Basement

Basement

Garage

Garage
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Closed crack
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water

 
Fig.2 Schematic Drawing of the House Condition 

 

2 Feb. 2 Feb. 9 Feb.

Put a mark on 
both side of 

crack 

Crack

Measure a distance of 
the marks by 
measuring tape 
regularly 

If you have not measuring tape, put paper on the 
crack, and record the distance and measured 
date on the paper like above figure. 
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Ref. No. 130114/TI/01 

Date: 14th January 2013 

From: Tomoharu IWASAKI  

Project team of JICA: Japan International 

Cooperation Agency 

To: Mr. L. Bissessur 

Ministry of Public Infrastructure 

 

Subject: Site Observation for Floreal Riviere Seche Jyoti Sabha 
 

Regarding to the request from you, Mr. M. K. Mosaheb from MPI, Mr. Yokoo and I conducted site 

observation on 14th January 2013 for Floreal Riviere Seche Jyoti Sabha. 

I report you the result of the site observation as attached. 

 

 

 

Your attention will be appreciated. 

Yours sincerely, 
 
 
 
     
Tomoharu Iwasaki (JICA project team) 
Mobile: (230) 714-1886 
E-mail: tiwasaki1026@gmail.com 
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Regarding to the request from MPI, Mr. L. Bissessur and Mr. M. K. Mosaheb from MPI, Mr. Yokoo 

and I conducted site observation on 14th January 2013 for Floreal Riviere Seche Jyoti Sabha. 

Findings: 

- The building of Temple is located around the river side (fig.1) 

- The river bank behind the temple is a sedimentation area that was made by river stream 

(Fig.2 and Fig.3) 

- The river bank of the upper stream and the down stream of the temple are steep cliff by the 

erosion (Fig.2 and Fig.4) 

- The crack on the inside wall of the Temple is compression crack, horizontally (Photo.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Aerial photograph by Google earth 

Subjects of observation
(Temple) 
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Fig.2  Location map (Plane map) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3  Section B                           Fig.4  Section A 
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Photo.1 The crack on the inside wall of the Temple 
(compression crack, horizontally) 

 

 

Consideration: 

[Current status of the river bank] 

The river bank behind the temple is thought to be stable now because it is sedimentation area. On 

the other hand, the neighboring erosion areas are unstable because erosion advances continuously. 

[About the crack on the inside wall of the Temple] 

  Because the river bank behind the temple is a sedimentation area, it is thought that the landslide is 

hard to occur. If caused by a landslide, a tension crack occurs on the wall of the temple. However, a 

crack is a compression crack. Therefore, the cause of the crack seems to be the structural problem of 

the temple rather than a landslide. 

 

 

 

Recommendation: 

As construction to prevent erosion, bank protection works should be carried out to secure the 

stability of the river bank.  

Bank protection works has a Retaining Wall and a Gabion. In this site, because high water level is 

GL+2m, the Gabion is suitable. the Gabion (Photo.2) is relatively cheap, and construction is easy.  

In addition, the protection construction should be carried out in not only the erosion area but also 

the sedimentation area behind the temple, and the safety improves in it more. 
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Photo.2 Example of Gabion in JAPAN 
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Plan 
 

 

 

 

 

 

 

 

 

 

 

 

 
Section A                                  Section B 

 

 

Fig.5  Bank protection works (Gabion) 
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Report for the Flood sites  

in the Riviere du Rempart Region 
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Location map 

 



1. Site condition 
1.1 Topographical condition 
The targeted area is located at the foot of hilly area and the low land area, less than 5 degree 

gradients slope, near the sea. The slope of Mont Piton (267m) which is highest mountain in the 

district is gentle, 5-20 degree gradients. The area has also a lot of gentle concavity and 

convexity of topography, which leads stagnation of floodwater on surface after heavy rain. No 

clear valley-shapes are seen in the area, which means that surface water by heavy rain does not 

pass through in same valleys at every time. 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 1: View of Mt. Piton from Cottage  
The area is the foot of hilly area and the low 
land, less than 5 degree gradients slope. 

Photo 2: View of a Paix and Piton 
The area has a lot of gentle concavity and 
convexity and no clear valley-shapes. 

The road in the area is also paved along the gentle concavity and convexity of topography, 

which means that the drainage system is not working effectively due to the bumpy topography. 

Some residential areas are located in slight depression zone. 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 3: Overview of a road A6  
The road is along the gentle concavity and 
convexity. Drainage system is not working. 

Photo 4: Overview from Mt. Piton 
A residential area is located in slight depression 
zone. 
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1.2 Geological condition 
The area is mainly composed of volcanic rock, basalt and its debris. The base rock of basalt is 

very shallow, 50cm – 5m depth, and is massive, little cracky and cohesive. The soil, sand and 

debris produced by the basalt have become clayish. These geological facts mean that the soil 

and rock in the area are very impermeable and little water-retaining function. Therefore rainfall 

is not pervaded into the soil and flows away on the surface easily. There are no landslides and 

debris flows in the areas. 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 5: Rock and soil of basalt  
Exposed basalt rocks and soils by erosion are 
seen near the sugar cane field. 

Photo 6: Profile of the area 
Basaltic clay with 2-3m thickness is sedimented 
on the surface.  

 

1.3 Drainage system 
As described before, drainage systems along the road are non existent or not working effectively 

even along major road A6. There are also little drainage systems and ditches in the residential 

areas. Some of outlets in the residential area are not enough to drain water and leads to overflow 

on the road during the rainy season. The maintenance of drains, such as removal of dust or 

removal of sediment soil in drains is not enough in several resident areas. In the sugar cane 

fields, instead of ditches, flowing water have caused erosions of surface soil, especially along 

some parts of the sugar roads. 

 

 

 

 

 

 

 

 

 

 2 

Photo 7: View of main road A6  
Drainage systems are no existence along the 
road. 

Photo 8: Destroyed drainage system along road 
Drainage systems along the road are not 
working effectively even in major road A6 



The river and river system are so small that sufficient flow volume is not secure for surface 

water after heavy rain. There are also no dike and bank to protect the residences and the 

infrastructures from flood in the area. 

 

1.4 Rainfall data 
The floods at the sites happened 13th -14th February 2013. The rainfall date is shown in 

following figures at the rainfall stations Beau Sejour and Mon Loisir. The maximum daily 

rainfall is 110.6 at 13th and continuous rainfall is 182.1 from 11th -14th. According to a local 

resident, 172 mm/12 hours was locally recorded from 18:00 of 13th to 6:00 14th February. 

 

 

 

 

 

 

 

 

 

0.0
20.0
40.0
60.0
80.0

100.0
120.0
140.0
160.0
180.0
200.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Daily Amount 

Continuous amount

Beau Sejour 

 

 

 

 

 

 

 

 

 

0.0
20.0
40.0
60.0
80.0

100.0
120.0
140.0
160.0
180.0
200.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Daily Amount 

Continuous amount

Mon Loisir S.E 

Figure 1: Daily rainfall and continuous rainfall on February 

According to local residents, heavy surface water flowed on the gentle slope of Mont Piton 

around 30 minutes after the heavy rainfall started. 

 
1.5 Each site condition 
The disaster condition and current situation at each site have been compiled based on verbal 
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information obtained from the local residents  during the survey. 

 

Mont Piton 

The slope of Mt. Piton is 5-20 degree gradients. It is covered with basaltic rock, soil and clay. It 

is cultivated by sugar cane. No clear valley-shape is seen in the area. 

The heavy surface water on 13th February flowed on the fields and farm roads. The surface 

water runoff caused soil erosion on the sugar cane roads. There are no ditches for surface water 

on the sugar cane field on the slope.  

 

 

 

 

 

 

 

 

 

 

 

 

Photo 9: Slope of Mt. Piton 
It is cultivated by sugar cane fields. No clear 
valley-shape is seen in the area.. 

Photo 10: Erosion of farm road 
The erosion is scattered on the roads. There are 
no ditches for surface water. 

La Paix and Piton 

La Paix and Piton are located at the foot of the Mont Piton. These localities were heavily 

affected by the flood which occurred on the 13th and 14th February 2013Flood water including 

mud and small rocks struck directly into some houses at La Paix, which is upper part of Piton. 

The mud flow went through the houses and also moved away downward towards Piton. 

There are no significant drainage system such as ditches and pipes in that area and no protection 

facilities for the houses at La Paix. 
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Photo 11: House where flooding water struck 
The mud flow went through the houses and 
away downward. 

Photo 12: Upper part of a Paix and Piton 
There are little drainage system and no protection 
facilities for the houses on top of a Paix. 



Mapou 
On the 14th February 2013, the flood water flowed from the mountainous areas and stacked in 

the roundabout in the center of Mapou and then flowed into the residential areas. Around 50 

houses were affected by the water, which was about 1m height. The level of the flood water 

went down after 1-2 hours.  

There are little drainage system such as ditches and pipes in the area. The drain system along the 

road is too narrow to work effectively and is not connected properly to outlets. Some outlets are 

just 10cm PVC pipe, which would be trigger of overflow on the road. There are no protection 

facilities for the houses against flood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 13: House where flooding water struck  
Flood water flew into the resident areas. 50 
houses were damaged by the water of 1m height

Photo 14: Road where overflow happened 
There are little drainage system such as ditches 
and pipes in the area. 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 15: End of outlet 
The drain system is too narrow to work 
effectively and is not connect proper outlets. 

Photo 16: Outlet of 10cm PVC pipe 
A outlet is just 10cm PVC pipe at the end of 
drainage system along the road. 

Cottage 

Flood water comes down from Mapou and Piton areas through sugar cane fields. The flood on 

14th February 2013 destroyed a wall of a house at higher elevation of Cottage.  
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There are little drainage system such as ditches and pipes in the area. The drain system along the 

road is too narrow to work effectively and is not connected properly to outlets. A6 road is on 

upper part of Cottage, but there are no effective drainage systems along the road. No protection 

facilities are for the houses from flood. 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 17: Top of Cottage  
No protection facilities are for the houses from 
flood. 

Photo 18: Destroyed wall 
The flood on 14th February destroyed a wall of a 
house on top of Cottage. 

Bon Espoir 

The area at a lower elevation along A6 road and the stagnation of flooding water often happens 

in the rainy season. On the 14th February 2013 the water level rose to around 50 cm- along the 

road. The road was closed due to flood on that day. 

The flood destroyed a fencing wall near the road because there was no effective drainage 

systems such as ditches and culverts along A6 road. 

 

 

 

 

 

 

 

 

 

 

 

 

Beau Sejour 

Photo 19: Lower point along A6 road  
50cm flood happened along the road. The road 
was closed by the flood on that day. 

Photo 20: Destroyed wall along the road 
A wall of building was fallen by flooding because 
there are no effective drainage systems along 
A6 road. 

The area is at a lower elevation along the A6 road and the stagnation of flooding water often 

happens in the rainy season. On the 14th February 2013 around 1.5 m-height-floods happened 
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along the road. The road was closed due to the flood on that day.  

There are no effective drainage systems such as ditches and culverts along A6 road. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 21: Lowest point along A6 road  
The stagnation of flooding water often happens 
in the rainy season. On the 14th, around 1.5m 
height flood happened along the road.. 

Photo 22: Destroyed culvert 
There are no effective drainage systems such as 
ditches and culverts along A6 road. 

Gokoola 

Gokoola is also a flood prone area by heavy surface water runoff from Mont Piton area and was 

severely affected by flooding. However, drains are currently under construction by National 

Development Unit (NDU) of MPI. The drainage channel is 3m depth * 2.5m height and is 

supposed to be connected to a natural river near the area. Some of the channel works is to 

widening of current ditches because the overflow happened in the ditches. The constructed 

channel runs along A6 road. Flood situation will be alleviated by the additional drainage 

channels under construction in that area. 

The other problem is that several houses are located in the lowest area where water is not 

drained by the constructed channel.  

 

 

 

 

 

 

 

 

 

 

 

 

Photo 23: Drainage channel works  
National Development Unit (NDU) of MPI is 
conducting the works. 

Photo 24: Drainage channel works 
The drainage channel is 3m depth * 2.5m height 
and is supposed to be connected to a natural 
river near the area. 
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Photo 25: Widening of current ditch  
Widening of current ditch is being conducted 
because the overflow happened in the ditches. 

Photo 26: A house in the lower area of Gokoola 
Water is not drained by the existing drain, due to 
lack of maintenance 

Amitié 

Amitié is also a flood prone area by heavy surface water runoff from Mont Piton area and was 

severely affected by flooding. However, additional drainage channel works and widening of 

current river system are under way by National Development Unit (NDU) of MPI.  

The flood situation will be improved by the additional drainage channels under construction at 

the area. 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 27: Drainage channel works  
Additional drainage channel works are under 
construction by NDU of MPI. 

Photo 28: Construction of abutment 
New abutment is constructed to widen of current 
river. 

Antoinette 

Antoinette is also a flood prone area due to heavy surface water runoff from Mont Piton area 

and was severely affected by flooding. However, drains are under construction by National 

Development Unit (NDU) of MPI. 

The flood situation will be improved by the additional drainage channels under construction at 

the area. 
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Photo 29: Drainage channel works  
New drainage channel works are under 
construction by NDU of MPI. 

Photo 30: Drainage channel works 
Flood situation will be improved by the additional 
drainage channels. 

Amaury 

Amaury is also flood prone area due heavy surface water from Mont Piton area and was 

severely affected by flooding. However, drainage works are currently under way by National 

Development Unit (NDU) of MPI. 

The flood situation will be improved by the additional drainage channels under construction at 

the area. 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 31: Drainage channel works  
New drainage channel works are under 
construction by NDU of MPI. 

Photo 32: Channel to be connected a river 
Flood situation will be improved by the additional 
drainage channels. 
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2. Recommendations 
 

2.1 Issues and problems 
Before discussing remedial countermeasures, issues and problems at the areas need to be 

reviewed as follows: 

 

Issues for drainage system 

- Little drainage system such as ditches and pipes in the resident areas. 

- Outlets are not enough to drain water in ditches. 

- No protection facilities for houses from flood. 

- Drainage systems along the roads are non existent or not working effectively. 

- The maintenance such as removal of sediment soil and debris in ditches is not enough for 

the drainage system. 

- There are no ditches in the sugar cane fields. 

 

Issues for current rivers 

- The river and river system are so small to permit timely evacuation of the surface water 

runoff after heavy rain. 

- There is little dike and bank to protect the residences and infrastructures from flood. 

 

Issues for survey and analysis 

- Detailed surveys for flooding have not been conducted by experts of flood at the sites. 

- Topographic map is not enough accuracy for flood analysis and determination of 

countermeasures. 

 

 

2.2 countermeasures 
Based on the issues and problems as the results of the site reconnaissance, remedial measures 

are proposed in this chapter. Tentative locations of proposed facilities are shown in the figure of 

last page. 

 

[1] La Paix, Piton, Mapou, Cottage, 

A Paix, Piton, Mapou and Cottage,where there are no protection facilities and little drainage 

system, are directly afffected by flooding water from Mont Piton. Therefore the following 

measures are advisable: 

(1-1) Construction of drainage channels on upper part of the each residence areas. The drainage 

channels should be connected to drainage ditches along the road A6 mentioned later. 
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(1-2) Improvement/construction of drain ditches in the resident areas. 

 

 

 

 

 

 

 

 

 

 

 
Photo 33: Example photo of drainage channel  
Left is upper slope and right is lower slope. 

Figure 2: Schematic figure of drainage channel. 

 

 

 

 

 

 

 

 

 

 

 
Photo 34: Example photo of ditch in a resident 
area. 

Figure 3: Schematic figure of ditch in a resident 
area. 

 

[2] A6 road, Bon Espoir, Beau Sejour 

A6 road, Bon Espoir and Beau Sejour, where there are no drainage system along the road, are 

prone areas of stagnation of the flooding water. Therefore the following measures are advisable. 

(2-1) Construction of drainage ditches/culverts on both sides along the A6 road. The water of 

the drainage ditches/culverts should be evacuated to the artificial river channels mentioned later. 

 

 

Figure 4: Schematic figure of drainage ditch on 
both sides along a road and culvert. 
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Photo 35: Example photo of drainage ditch along 
a road. 

Photo 36: Example photo of culvert under a 
road. 

 

[3] Cottage, Piton, Mapou 

Cottage, Piton, Mapou, where the outlets are not enough to drain water in ditches, are prone 

areas of stagnation of flooding water because there are no proper outlet river near the areas. 

Therefore the following measures are advisable. 

(3-1) Construction of artificial river channels to outlet water to natural river or sea. 

(3-2) Construction of dike/bank and excavation of river bottom to secure the sufficient flow 

volume. 

(3-3) Construction of drain ditches/drainage channels in resident areas of Cottage if necessary. 

(it is expected that the flood condition in Cottage will be improve by the ditches/culverts along 

the A6 road). 

 

 

 

 

 

 

 

 

 

 

 
Photo 37: Example photo of artificial river 
channel to outlet water to natural river. 

Photo 38: Example photo of excavation of rive 
bottom to secure the sufficient flow volume. 

 

[4] Sugar cane fields (Mont Piton etc.) 

In case the erosion on the fields and farm roads by the surface water at sugar cane fields is 

serious, the following measures are advisable. 
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(4-1) Construction of ditches along farm roads. 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 39: Example photo of construction of ditch 
along a farm road 

Figure 5: Schematic figure of ditch along a farm 
road 
 

[5] Other recommendation 

- The maintenance such as removal of sediment soil and debris from channels/ditches should 

be conducted properly and periodically by the local authorities after the construction.  

 

The drains under construction in Gokoola, Amitié, Antoinette and Amaury are designed based 

on the calculation of catchment area, probability rainfall amount. The works are effective to 

protect flooding. The flood situation will be improved by the additional drainage channels at the 

areas. 

 

 

[Recommendation of detailed survey] 

- Detailed surveys for flooding should be conducted by experts of flood at the sites to 

determine the exact location and the detail specification of the drainage system. 

- Topographic map with high accuracy should be prepared for flood analysis and 

determination of specific countermeasures. 
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3. Limitation 
 

This report was tentatively prepared based on the current findings by an expert of landslide. 

Therefore it is strongly recommended that experts of flood and drainage system at urban areas 

need to conduct the site investigation for the detail and to propose specific countermeasures 

from their technical standpoints. 

 

 

 

 

 

 

 

 

 



 

 : (1-1) Drainage channel on upperpart of the area 

 : (2-1) Drainage ditches/culverts along t road 

 : (3-1) Artificial river channel 

 : Connecting ditch 



 

The Project for Capacity Development on Coastal Protection and Rehabilitation 
and 
the Project for Landslide Management in the Republic of Mauritius

 
Ref. No. No.03/TI/2013 

Date: 19 September 2013 

From: Tomoharu Iwasaki  

Project team of JICA: Japan International 

Cooperation Agency 

Ministry of Public Infrastructure, National 

Development Unit, Land Transport and 

Shipping 

Attn: Mrs Bahadoor 

 

 

Subject: Location of Ruisseau de Créole, Baie du Cap 
 

Dear Sir, 

 

With reference to your letter dated 17 September 2013, We, JICA expert team, would like to inform 

your ministry that Ruisseau de Créole, Baie du Cap is not included in 37 disaster sites shown in 

Cyclone and Other Natural Disaster Schemes (CONDS). This is a new site. 

Please refer to attachment. 

 

Your attention will be appreciated. 

Yours sincerely, 
 
 
 
 
 
 
     
Tomoharu Iwasaki  
(JICA project team) 
E-mail: tomoharu_iwasaki@kk-grp.jp 

 

CC to: Mr. M. R. Jewon (Deputy Director, Civil Engineering Division) 

To :Mr D. Chinasamy (Chief Engineer, Civil Engineering Division) 

to: Mr S. P. Anadachee (Engineer /Senior Engineer, Civil Engineering Division) 

to: Mr B. Dabycharun (Engineer /Senior Engineer, Civil Engineering Division) 



 

The Project for Capacity Development on Coastal Protection and Rehabilitation 
and 
the Project for Landslide Management in the Republic of Mauritius

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Location of the site, Ruisseau de Créole, Baie du Cap 

 

 

 

 

 

 

Baie du Cap: (i) Near St Francois d'Assise Church 
( It is included in 37 disaster sites shown in CONDS) 

Baie du Cap: (ii) Maconde Region  
( It is included in 37 disaster sites shown in CONDS) 

Ruisseau de Créole, Baie du Cap  
(New site.) 
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Report of the preliminary survey at Ruisseau de Créole, Baie du Cap  
September 6, 2013 
JICA Expert Team 

 
 
The first survey at Ruisseau de Créole, Baie du Cap was carried out by MPI and JET on 6th 
September 2013. In this paper, the summary of the result of the preliminary survey is reported. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 Location Map, Baie du Cap 

 

Stakeholders Present  
 
Mr Lutchmeeparsad – Permanent Secretary – MPI  
Mrs Bellers – NDOCC 
Mr Bholah – Project Coordinator –NDU 
Mr Iwasaki – JICA 
Ms Bundun – JICA 
Mr Bissessur – Engineer/SE – MPI 
Mr Dabycharun - Engineer/SE – MPI 
Mr Seechurn – Engineer – District Council of Savanne 
Mr Mungra – Divisional Manager – RDA  
Mrs Jodee – President of Village Council of Bel Ombre 
Mr Jayprakash Maunkee – Divisional commander southern Division 
Mr Babooram – Inspector – Police station Bel Ombre 
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1. Current condition 
In this site, there are many unstable rocks and boulders in the residence area and 
the upper part (Figure 2), a rock fall may occur in the case of a heavy rain, but is not 
a Landslide. 
Observations noted on site 
 The police officers reported that in March 2013 that the unstable rock fell from the 

upper part of the residence area and hit a house (Photo 1). 
 In April 2013, it was noted from the police officers/ inhabitants that the 

unstable rock which is located in the residence area fell on another house 
(Photo 2). 

 It was noted that there are sixteen houses located in the region prone to rock 
fall 

 The slope from the road to the existing houses were found to be more than 20 % 
 The toe at the bottom of the slope was cut for the construction of houses. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Schematic section of this site 
 
  

Degree of slope >30° 

Degree of slope >20° Road

Residence area
 

70m 

Unstable rocks and boulders in the 
upper part of the Residence area 

Unstable boulders in the 
Residence area 

The toe of the slope was cut to allow for 
construction of houses 
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  Photo 1 Rock fall, In March 2013           Photo 2 Rock fall, In April 2013 
 
 
 
 
 
 
 
 
 
 

Photo 3 An stable Rocks in the upper part of the residence area 
2. Recommendations 
 

 A detailed investigation should be carried out to know the extent of the unstable 
area. The unstable rock(loose) in the residence area should be removed at the 
earliest . 

 Based on the result of the detailed investigations, the countermeasures will 
then be proposed. 

 The countermeasure to the upper part recommended at present is the 
construction of an Reinforced Concrete retaining wall and fixing of a rock net to 
prevent rock fall. 

 For the time being, a request should be made to JICA Head Office in Japan to 
undertake a study in that area.   

 
 
 
 
Date 06 September 2013 



 

 

 

 

 

 

 

 

 

26.    Soil Water Index 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



















































































































































































































































































































































































































 

 

 

 

 

 

 

 

 

27.    Result of Ring Shear Test 
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Ring share test ［CD］ （Shearing process）

Name： Youich Hasegawa
Item： Soil test (Country: Republic of Mauritius) Date of test： 5-Nov-14
Sample No： Chitrakoot
Depth of sample： GL-
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Shear velocity  mm/min 0.02 OCR 1 Shearing box space mm Date of end 20-Nov-14
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Sample No： Chitrakoot Name： Youich Hasegawa
Depth of sample： GL-

Final displacement　(°) 1481.7

Ring share test ［CD］ （Shearing process）
Item： Soil test (Country: Republic of Mauritius) Date of test： 5-Nov-14

Consolidation stress （kPa） 300
Sample No. 1

Pre-consolidated displacement　(mm)
Vertical displacement　(mm) 2.547

1.893
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m m

Remark

-2.307
1 1476.0 50.77 28.81 -2.307
1 1399.5 100.70 41.72
1 1233.0 150.70 49.75 -2.260
1 971.5 200.15 58.88 -2.373
1 702.1 250.67 69.43 -2.233

Vertical
displacement

(mm)
1 10.5 298.43 143.91 -0.740 1 533.8 301.54 83.45

Shearing
displacement

(°)

Sample
№

-1.120

Sample
№

Shearing
displacement

(°)

Nomal stress
σ'(kPa)

Shear stress
τ(kPa)

Vertical
displacement

(mm)

Shear stress
τ(kPa)

Nomal stress
σ'(kPa)

tanφr'

11.8 0.208

Shearing resistance
angle φp' (°)

Cohesion
cp' (kPa)tanφp'

18.7

Residual strength

Sample No：

Shearing resistance
angle φp' (°)

Cohesion
cp' (kPa)

Youich Hasegawa
Item：

Chitrakoot Name：

Ring share test ［CD］ （Shearing process）

Soil test (Country: Republic of Mauritius) Date of test： 5-Nov-14

Fully softened strength
Depth of sample： GL-
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m ～ m

Remark

0.6 0.7

Shear velocity  mm/min

0.5

3.5 3.8

193.6

Outside diameter cm

Inside diameter cm

Displace
ment
（°）

298.929 66.888 -0.027 1.071 211.2 176.0 295.367

W
a
t
e
r

c
o
n
t
e
n
t

176.0

shear surfaces

After test
pre-consolidated displacement mm

Shearing box space mm

middle
2.673

Sample outflow（Outside）

Date of end
Date of start

0.523

time
t (hour)

297.6

Displace
ment
（°）

1.669 220.0

201.6
0.158 -0.007 0.224 295.342

295.1420.4 0.4 0.4 299.477 67.676 -0.020 184.8 168.0

Shear stress
τ (kPa)

Vertical
displacement
⊿H (mm)

Frictional
resistancef

(kPa)

300
0.02

62.51
57.86
57.45

16-Sep-14

1
middle

Sample No：

30-Oct-14

GL-
No. Number of shear surfaces1

4.658

Height cm

Area cm2

Effective
vertical stress

σ' (kPa)
82.348

Vertical
displacement
⊿H (mm)

Frictional
resistancef

(kPa)
160.0

98.17

（Shearing process）

Name：
Date of test： 31-Oct-14

Youich Hasegawa
Item：

Ring share test ［CD］
（Shearing process）
Quatre Soeurs

Depth of sample：

10

0.0

Sample outflow（Inside）

2.0

time
t (hour)

1

0.0 299.776 192.0

OCR

S
a
m
p
l
e

Shear stress
τ (kPa)

Displace
ment
（mm）

Before test1 Apparatus No.

Effective
vertical stress

σ' (kPa)

Consolidation stress　σc　kPa

Displace
ment
（mm）

15

192.0
-0.047 1.221 202.4 220.8 184.0

230.41.071 211.2
294.893 81.086 -1.693

0.0

0.8 0.9 0.7 298.779 66.572

-1.640

4.633
82.190 -1.660 4.858
81.401 -1.673

200.0 295.018 80.455 -1.700 4.982
1.4 1.5 1.3 297.559 97.965
1.2 1.3 1.1 298.331

294.520 81.717 -1.713 5.480
5.107

1.0 1.1
240.095.283 -0.093

0.9 298.929 87.238 -0.067

6.327
1.9 2.1 1.7 296.189 108.850 -0.193 3.811 246.4 268.8

237.6 259.2 216.0 293.673 79.350 -1.720
79.666 -1.713 5.580

1.7 1.9 1.5 296.762 105.064 -0.160 3.238
-0.120 2.441 228.8 249.6 208.0 294.420

76.511 -1.720 6.551
2.7 2.9 2.5 294.295 118.631 -0.307 5.705

224.0 293.573
-0.247 4.907 255.2 278.4

78.088 -1.713 6.427
2.3 2.5 2.1 295.093 114.214 232.0 293.449

293.125 75.722 -1.720 6.875
3.2 292.701 125.099 -0.413

6.676
2.9 3.2 2.6 293.847 120.682 -0.340 6.153 272.8 248.0

264.0 288.0 240.0 293.324 75.880 -1.720

307.2 256.0 292.851 75.091 -1.720
248.9 293.125 75.722

7.149
-1.727 6.875

3.7 4.0 3.4 292.502 126.361 -0.433 7.498

291.954 74.775

281.6
7.299 273.8 298.7

316.8 264.0
326.4 272.0 -1.713 8.046

-1.720 7.349
5.2 5.7 4.7 291.306 133.618 -0.567 8.694 299.2

292.651 74.9334.4 4.8 4.0 291.780 130.463 -0.500 8.220 290.4

-1.720 9.242
-1.720 8.619

7.8 8.5 7.1 290.285
336.1 280.1

142.925 -0.733 9.715 316.9 345.7 288.1
137.404 -0.627 9.018 308.16.0 6.5 5.5 290.982

290.534 72.094

291.381 75.249
290.758 75.091
290.285 73.671

-1.707 9.466
-1.693 9.715

11.4 12.4 10.4 289.513
355.3 296.1

149.078 -0.880 10.487 334.5 364.9 304.1
147.027 -0.8209.6 10.5 8.7 289.836 10.164 325.7

-1.687 9.665
-1.707 9.491374.5 312.1

384.1 320.114.0 15.3 12.7 289.264 150.813 -0.960 10.736 352.1
150.182 -0.940 10.736 343.313.2 14.4 12.0 289.264

291.431 72.251

290.509 71.463
290.335 71.936
290.808 71.620

-1.707 8.569
-1.680 9.192

15.4 16.8 14.0 289.189
386.7 322.2

150.182 -0.993 10.811 360.9 393.7 328.1
150.813 -0.97314.4 15.7 13.1 289.214 10.786 354.5

-1.733 9.616
-1.727 8.769403.3 336.1

412.9 344.119.9 21.7 18.1 288.965 143.241 -1.047 11.035 378.5
147.973 -1.027 10.736 369.717.6 19.2 16.0 289.264

290.708 71.305

291.231 72.567
290.384 71.936
290.484 70.989

-1.780 9.292
-1.760 9.516

26.5 28.9 24.1 289.363
422.5 352.1

126.045 -1.087 10.637 396.1 432.1 360.1
137.561 -1.05322.1 24.1 20.1 289.413 10.587 387.3

-1.807 7.996
-1.787 8.694441.7 368.1

451.3 376.135.3 38.5 32.1 290.235 110.270 -1.147 9.765 413.7
117.369 -1.120 9.765 404.930.9 33.7 28.1 290.235

292.950 70.832

291.306 70.516
292.004 71.305
292.502 70.832

-1.847 7.050
-1.833 7.498

44.1 48.1 40.1 290.036
460.9 384.1

100.489 -1.187 9.964 431.3 470.5 392.1
104.591 -1.17339.7 43.3 36.1 289.886 10.114 422.5

-1.847 6.576
-1.840 6.751474.8 395.7

476.8 397.352.9 57.7 48.1 290.135 93.864 -1.200 9.865 437.1
97.019 -1.213 10.064 435.348.5 52.9 44.1 289.936

293.747 70.674

293.249 69.570
293.424 69.570
293.573 70.516

-1.867 6.253
-1.860 6.427

61.7 67.3 56.1 290.957
479.4 399.5

91.024 -1.253 9.043 440.1 480.1 400.1
92.128 -1.22757.3 62.5 52.1 290.434 9.566 439.5

-1.920 5.729
-1.900 5.779489.7 408.1

499.3 416.170.5 76.9 64.1 291.605 88.342 -1.287 8.395 457.7
89.447 -1.273 8.769 448.966.1 72.1 60.1 291.231

296.263 71.463

294.221 71.620
294.271 70.989
295.416 71.147

-1.980 3.737
-1.940 4.58487.711 -1.307

79.2 86.4 72.0 291.630 86.922 -1.313 8.370 475.3
74.9 81.7 68.1 291.331 8.669 466.5

532.4 296.338
528.1 440.1

508.9 424.1
518.5 432.1

71.463 -2.020443.7 3.662
105.6 115.2 96.0 293.374 1.644488.3 532.7 443.9 248.356

86.922 -1.407 7.199 488.196.8 105.6 88.0 292.801
-2.007 3.687296.313 70.83288.0 96.0 80.0 292.452 86.291 -1.353 7.548 484.1

1.121
123.2 134.4 112.0 294.993 84.556 -1.500 5.007 488.9 533.3

488.5 532.9 444.1 248.879 64.837 -2.013
66.414 -2.013

114.4 124.8 104.0 294.594 84.872 -1.460 5.406
-1.413 6.62685.503

0.125
140.8 153.6 128.0 295.765 83.610 -1.553 4.235

-1.527
0.025

444.4 249.302 64.206
4.957 492.9 537.7 448.1

-2.007 0.698
132.0 144.0 120.0 295.043 84.083 62.313 -2.013249.875

167.2 182.4 152.0 295.167 83.294 -1.620 4.833
-1.613 4.48483.452 519.3 566.5 472.1 249.900

464.1 249.950 61.997 -2.033
158.4 172.8 144.0 295.516
149.6 163.2 136.0 295.765 83.136 -1.580 4.235 510.5 556.9

528.1 -2.040 0.149576.1 480.1 249.851 61.524
60.578 -2.027 0.100

0.050
62.471 -2.027501.7 547.3 456.1 249.975



m ～ m

Remark
800.9 873.6 728.0 100.722 27.922 -1.707 -0.722

783.3 854.4 712.0 100.548 27.922 -1.687 -0.548
-0.623792.1 864.0 720.0 100.623 27.922 -1.687

765.7 835.2 696.0 100.324 28.553 -1.687 -0.324
774.5 844.8 704.0 100.374 28.396 -1.693 -0.374

760.5 829.6 691.3 99.975 32.182 -1.713 0.025
-0.050760.9 830.0 691.7 100.050 30.131 -1.700

760.1 829.1 691.0 149.701 38.965 -1.733 0.299
760.3 829.4 691.1 99.975 34.390 -1.720 0.025

756.9 825.6 688.0 149.726 39.281 -1.740 0.274
0.424758.3 827.2 689.3 149.576 38.492 -1.733

754.7 823.2 686.0 149.826 38.492 -1.747 0.174
754.9 823.5 686.2 149.801 38.492 -1.740 0.199

739.3 806.5 672.0 149.776 39.281 -1.713 0.224
0.224748.1 816.1 680.0 149.776 39.596 -1.740

721.7 787.3 656.0 149.875 40.858 -1.720 0.125
730.5 796.9 664.0 149.851 40.385 -1.707 0.149

704.1 768.1 640.0 149.900 39.439 -1.727 0.100
0.075712.9 777.7 648.0 149.925 40.227 -1.727

-1.567 -0.623
-1.547 -0.673

50.673 21.46
50.698 21.30

686.5 748.9 624.0 150.050 1084.8 904.02639.596 -1.767 -0.050 994.5
695.3 758.5 632.0 150.000 38.807 -1.753 1090.1 908.3890.000 999.3

-1.533 -0.673
-1.527 -0.698

674.1 735.3 612.8 150.025 40.070 -1.813 -0.025 976.9
-0.025 985.7

1065.6 888.027 50.623 20.51
677.7 739.3 616.0 150.025 39.123 -1.787 1075.2 896.027 50.673 20.67

-1.640 -0.498
-1.600 -0.424

49.975 19.72
50.249 20.19

673.5 734.7 612.2 150.025 1046.4 872.02843.382 -1.827 -0.025 959.3
673.7 734.9 612.4 150.025 41.805 -1.820 1056.0 880.028-0.025 968.1

-1.587 0.025
-1.587 -0.249

668.9 729.7 608.0 199.676 48.746 -1.853 0.324 941.7
-0.050 950.5

1027.2 856.029 50.498 19.40
673.3 734.5 612.0 200.050 48.430 -1.840 1036.8 864.029 50.424 19.09

-1.687 -1.021
-1.680 -1.046

50.498 18.14
50.473 19.25

653.1 712.4 593.7 199.975 1008.0 840.03147.799 -1.860 0.025 924.1
660.1 720.1 600.0 199.975 48.115 -1.860 1017.6 848.0300.025 932.9

-1.633 -0.498
-1.640 -0.473

651.3 710.5 592.0 199.975 48.746 -1.867 0.025 906.5
0.000 915.3

988.8 824.032 51.021 18.62
652.7 712.0 593.3 200.000 47.799 -1.860 998.4 832.031 51.046 18.62

-1.713 -0.947
-1.707 -0.996

51.021 18.14
50.972 18.30

633.7 691.3 576.0 200.000 969.6 808.03348.115 -1.907 0.000 888.9
642.5 700.9 584.0 200.025 49.377 -1.893 979.2 816.032-0.025 897.7

-1.707 -1.021
-1.673 -0.972

616.1 672.1 560.1 199.975 50.008 -1.973 0.025 871.3
0.025 880.1

950.4 792.034 50.947 17.20
624.9 681.7 568.1 199.975 48.588 -1.927 960.0 800.033 50.996 17.51

-1.793 -0.872
-1.780 -0.897

50.872 19.88
50.947 16.88

598.5 652.9 544.1 199.726 942.2 785.12550.324 -2.000 0.274 863.7
607.3 662.5 552.1 199.900 50.166 -1.987 950.0 791.6700.100 870.9

-1.760 -0.872
-1.713 -0.947

580.9 633.7 528.1 200.000 50.955 -2.053 0.000 863.1
0.025 863.3

941.5 784.580 50.872 23.98
589.7 643.3 536.1 199.975 50.166 -2.040 941.7 784.762 50.897 21.93

-1.780 -0.598
-1.800 -0.623

100.473 29.34
100.374 29.34

577.5 630.0 525.0 200.000 940.8 784.03553.636 -2.060 0.000 862.5
577.9 630.4 525.3 200.000 51.901 -2.060 941.3 784.3980.000 862.9

-1.813 -0.473
-1.813 -0.374

577.1 629.5 524.6 249.651 60.578 -2.080 0.349 844.9
0.000 853.7

921.6 768.036 100.598 28.08
577.3 629.7 524.8 200.000 55.687 -2.067 931.2 776.035 100.623 28.40

-1.720 -0.698
-1.740 -0.822

100.673 28.24
100.224 28.55

563.7 614.9 512.4 249.576 902.4 752.03759.158 -2.067 0.424 827.3
572.1 624.1 520.1 249.726 60.578 -2.073 912.0 760.0360.274 836.1

-1.753 -0.673
-1.773 -0.224

563.1 614.2 511.9 249.552 59.158 -2.067 0.448 818.5
0.424 822.5

892.8 744.037 100.698 27.92
563.3 614.5 512.1 249.576 59.316 -2.067 897.2 747.674 100.822 27.29

Vertical
displacement
⊿H (mm)

Frictional
resistancef

(kPa)
-1.713 -0.399

100.673 27.29
100.722 27.29

545.7 595.3 496.1 249.626 884.6 737.12960.893 -2.060 0.374 810.9
554.5 604.9 504.1 249.601 60.893 -2.067 889.6 741.3100.399 815.5

-1.707 -0.673
-1.707 -0.722

Displace
ment
（mm）

time
t (hour)

Displace
ment
（°）

Displace
ment
（mm）

time
t (hour)

Effective
vertical stress

σ' (kPa)

Shear stress
τ (kPa)

Vertical
displacement
⊿H (mm)

Frictional
resistancef

(kPa)

Displace
ment
（°）

-2.053 883.2 736.00.349 809.7585.7 488.1 249.651 60.578 100.40 27.77

Consolidation stress　σc　kPa 300 pre-consolidated displacement mm 2.673 Date of start

Effective
vertical stress

σ' (kPa)

Shear stress
τ (kPa)

536.9

Sample outflow（Inside） middleInside diameter cm 10 Area cm2 98.17
16-Sep-14

Shear velocity  mm/min 0.02 OCR 1 Shearing box space mm Date of end 30-Oct-14

Depth of sample： GL-
S
a
m
p
l
e

No. 1 Apparatus No. 1 Number of shear surfaces 1
Outside diameter cm 15 Height cm 2.0

After test 57.45

W
a
t
e
r

c
o
n
t
e
n
t

Before test 62.51
Sample outflow（Outside） middle shear surfaces 57.86

（Shearing process）

Name： Youich Hasegawa
Item： （Shearing process） Date of test： 31-Oct-14
Sample No： Quatre Soeurs

Ring share test ［CD］



m ～ m

Remark

Pre-consolidated displacement　(mm)
Vertical displacement　(mm) 2.080

2.673

Consolidation stress （kPa） 300
Sample No. 1

Ring share test ［CD］ （Shearing process）
Item： Soil test (Country: Republic of Mauritius) Date of test： 31-Oct-14

Final displacement　(°) 999.3

Sample No： Quatre Soeurs Name： Youich Hasegawa
Depth of sample： GL-
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m m

Remark

Ring share test ［CD］ （Shearing process）

Soil test (Country: Republic of Mauritius) Date of test： 31-Oct-14Item：

tanφr'

Residual strength

Quatre Soeurs Name： Youich Hasegawa

Fully softened strength
Depth of sample： GL-
Sample No：

tanφp'
Shearing resistance

angle φp' (°)
Cohesion
cp' (kPa)

5.7
Shearing

displacement
(°)

Sample
№

0.215

Shearing resistance
angle φp' (°)

Cohesion
cp' (kPa)

Sample
№

Shearing
displacement

(°)

Nomal stress
σ'(kPa)

Shear stress
τ(kPa)

12.2

1 14.0 289.26 150.81 -0.960 1 437.1 293.42 69.57 -1.847

Shear stress
τ(kPa)

Nomal stress
σ'(kPa)

249.58 59.16 -2.067
47.80

Vertical
displacement

(mm)

Vertical
displacement

(mm)

1 563.7

870.9

200.00

50.95

-1.860
1 758.3 149.58 38.49 -1.733
1 652.7

16.88 -1.713
1 810.9 100.67 27.29 -1.707
1

R2 = 0.999
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Fully softened
strength



m ～ m

Remark

Outside diameter cm

Inside diameter cm

Displacem
ent
（°）

0.6 0.7

Shear velocity  mm/min

0.5

2.9 3.2

220.8 184.0 300.150299.426 74.915 -0.047 0.574 202.4

shear surfaces

After test
pre-consolidated displacement mm

Shearing box space mm

Low
2.933

Sample outflow（Outside）

Date of end
Date of start

W
a
t
e
r

c
o
n
t
e
n
t

time
t (hour)

298.7

Displacem
ent
（°）

1.347 228.8

211.2 300.0250.4 0.4 0.4 299.426 66.556 -0.020 193.6 176.0
168.0

98.17

OCR
Shear stress
τ (kPa)

Vertical
displacement
⊿H (mm)

Frictional
resistancef

(kPa)

300
0.02

300.125 43.845

52.69
46.46
46.50

24-Sep-14

Vertical
displacement
⊿H (mm)

Frictional
resistancef

(kPa)

1
Low

Sample No：

4-Nov-14

0.000 0.000 1.971 184.8 201.6 -0.125

Height cm

Area cm2

GL-

（Shearing process）

Name：
Date of test： 05-Nov-14

Youich Hasegawa
Item：

Ring share test ［CD］
Soil test (Country: Republic of Mauritius)
Vallee Pitot

No. Number of shear surfaces3
Depth of sample：

0.574

15
10

0.0

Sample outflow（Inside）

2.0

time
t (hour)

1

0.0 298.029

Effective
vertical stress

σ' (kPa)

S
a
m
p
l
e

Shear stress
τ (kPa)

Displacem
ent

（mm）

Before test1 Apparatus No.

Effective
vertical stress

σ' (kPa)

Consolidation stress　σc　kPa

Displacem
ent

（mm）

200.0
-0.080 0.674 211.2 230.4 192.0

240.00.848 220.0
300.075 46.210 -0.960

0.0

0.8 0.9 0.7 299.326 79.173

-0.880

-0.150
46.053 -0.907 -0.025
46.526 -0.927

208.0 299.950 45.106 -1.007 0.050
1.4 1.5 1.3 298.453 78.069
1.2 1.3 1.1 298.653

300.100 46.684 -0.987 -0.100
-0.075

1.0 1.1
249.678.384 -0.133

0.9 299.152 81.854 -0.107

0.374
1.9 2.1 1.7 298.553 89.267 -0.200 1.447 255.2 278.4

246.4 268.8 224.0 299.626 40.848 -1.073
43.845 -1.047 0.299

1.7 1.9 1.5 298.254 80.119 -0.180 1.746
-0.153 1.547 237.6 259.2 216.0 299.701

37.852 -1.147 0.524
2.5 2.7 2.3 298.478 92.736 -0.280 1.522

232.0 299.576
-0.240 1.397 264.0 288.0

39.113 -1.107 0.424
2.3 2.5 2.1 298.603 91.790 240.0 299.476

299.202 37.378 -1.173 0.798
2.6 298.279 92.579 -0.313

0.798
2.7 2.9 2.5 298.428 92.736 -0.293 1.572 273.8 248.9

272.8 297.6 248.0 299.202 36.905 -1.173

301.9 251.6 299.152 36.590 -1.180
250.5 299.252 36.590

0.848
-1.173 0.748

3.5 3.8 3.2 298.204 91.159 -0.360 1.796

298.927 37.536

276.8
1.721 275.6 300.6

-1.240 1.073
-1.200 0.923

4.4 4.8 4.0 298.004
307.2 256.0

87.532 -0.427 1.996 290.4 316.8 264.0
299.077 37.6943.7 4.0 3.4 298.204 90.371 -0.380 1.796 281.6

-1.287 0.873
-1.260 0.574

6.0 6.5 5.5 297.530
326.4 272.0

79.331 -0.493 2.470 308.1 336.1 280.1
83.431 -0.467 2.170 299.25.2 5.7 4.7 297.830

299.127 38.009

299.426 37.536
299.127 37.694

-1.333 0.873
-1.320 0.898

9.6 10.5 8.7 297.356
345.7 288.1

64.505 -0.587 2.644 325.7 355.3 296.1
299.102 38.1677.8 8.5 7.1 297.381 70.341 -0.553 2.619 316.9

-1.353 0.898
-1.347 0.898

13.2 14.4 12.0 297.505
364.9 304.1

57.566 -0.633 2.495 343.3 374.5 312.1
60.563 -0.620 2.470 334.511.4 12.4 10.4 297.530

299.052 38.640

299.102 38.167
299.102 39.271

-1.360 0.948
-1.360 0.898

17.6 19.2 16.0 297.580
384.1 320.1

53.150 -0.673 2.420 354.5 386.7 322.2
299.102 38.79815.4 16.8 14.0 297.580 55.358 -0.653 2.420 352.1

-1.367 0.923
-1.353 0.923

22.1 24.1 20.1 297.630
393.7 328.1

50.311 -0.700 2.370 369.7 403.3 336.1
51.573 -0.687 2.420 360.919.9 21.7 18.1 297.580

299.601 39.586

299.077 38.640
299.077 39.429

-1.340 0.399
-1.353 0.599

30.9 33.7 28.1 297.056
412.9 344.1

47.157 -0.720 2.944 383.5 418.3 348.6
299.401 40.37526.5 28.9 24.1 297.331 48.576 -0.713 2.669 378.5

-1.327 0.075
-1.333 0.075

39.7 43.3 36.1 297.730
418.6 348.8

44.949 -0.733 2.270 383.9 418.8 349.0
46.999 -0.733 2.495 383.735.3 38.5 32.1 297.505

250.025 33.909

249.925 38.482
249.925 37.378

-1.300 -0.025
-1.320 0.075

48.5 52.9 44.1 298.453
419.2 349.3

44.002 -0.740 1.547 387.3 422.5 352.1
249.925 35.48644.1 48.1 40.1 298.254 44.791 -0.740 1.746 384.3

-1.267 -0.075
-1.293 -0.050

57.3 62.5 52.1 298.753
433.9 361.6

42.898 -0.740 1.247 404.9 441.7 368.1
43.372 -0.747 1.846 397.852.9 57.7 48.1 298.154

249.975 34.224

250.050 33.909
250.075 34.382

-1.200 0.025
-1.240 -0.100

66.1 72.1 60.1 299.052
451.3 376.1

41.637 -0.740 0.948 422.5 460.9 384.1
250.100 33.90961.7 67.3 56.1 298.628 42.425 -0.740 1.372 413.7

-1.167 -0.075
-1.180 -0.050

74.9 81.7 68.1 299.401
470.5 392.1

40.690 -0.727 0.599 439.5 479.4 399.5
41.164 -0.727 0.724 431.370.5 76.9 64.1 299.276

250.175 32.647

250.050 33.751
250.075 33.909

-1.120 -0.175
-1.153 -0.075

88.0 96.0 80.0 299.751
480.1 400.1

40.060 -0.720 0.249 448.5 489.2 407.7
250.075 33.12079.2 86.4 72.0 299.501 40.217 -0.720 0.499 440.1

499.3 250.150 32.962 -1.093416.1 -0.150
114.4 124.8 104.0 299.751 38.640 -0.175466.5 508.9 424.1

39.744 -0.727 0.150 457.7105.6 115.2 96.0 299.850
489.7 408.1 -1.113 -0.175250.175 32.96296.8 105.6 88.0 299.825 39.902 -0.720 0.175 448.9

-0.175
132.0 144.0 120.0 299.975 40.533 -0.740 0.025 484.1 528.1

475.3 518.5 432.1 250.175 33.278 -1.080
33.278 -1.087

123.2 134.4 112.0 299.950 39.586 -0.733 0.050
-0.713 0.249 250.175

-0.175
149.6 163.2 136.0 300.050 42.583 -0.773 -0.050

-0.753
440.1 250.150 33.436

-0.025 492.9 537.7 448.1
-1.080 -0.150

140.8 153.6 128.0 300.025 42.898 33.436 -1.080250.175

176.0 192.0 160.0 300.125 44.633 -0.847 -0.125
-0.827 -0.12543.214 495.7 540.7 450.6 200.175

450.4 200.150 32.016 -1.073
167.2 182.4 152.0 300.125
158.4 172.8 144.0 300.025 43.056 -0.800 -0.025 495.5 540.5

495.9 -1.067 -0.224540.9 450.8 200.224 29.966
30.597 -1.067 -0.175

-0.150
-0.150495.3 540.3 450.2 250.150 32.962 -1.080



m ～ m

Remark

774.5 844.8 704.0 100.150 16.876 -1.007 -0.150

769.9 839.8 699.9 100.000 19.084 -1.053 0.000
-0.050770.3 840.3 700.2 100.050 18.453 -1.047

769.5 839.4 699.5 149.726 22.238 -1.093 0.274
769.7 839.6 699.7 99.975 20.188 -1.067 0.025

756.9 825.6 688.0 149.676 22.238 -1.127 0.324
0.299765.7 835.2 696.0 149.701 22.553 -1.107

739.3 806.5 672.0 149.401 22.238 -1.193 0.599
748.1 816.1 680.0 149.651 21.765 -1.147 0.349

721.7 787.3 656.0 149.077 21.449 -1.207 0.923
0.674730.5 796.9 664.0 149.326 22.238 -1.200

704.1 768.1 640.0 149.401 21.607 -1.220 0.599
712.9 777.7 648.0 149.127 21.922 -1.220 0.873

695.5 758.7 632.2 149.726 20.661 -1.220 0.274
0.299695.7 758.9 632.4 149.701 20.661 -1.220

-0.653 -0.973
-0.653 -0.998

694.5 757.6 631.3 149.800 20.661 -1.220 0.200
695.3 758.5 632.0 149.751 20.661 -1.220 0.249

692.5 755.4 629.5 149.850 20.661 -1.227 0.150 994.5
0.175 996.7

1084.8 904.026 50.973 9.46
692.9 755.8 629.9 149.825 20.661 -1.220 1087.2 906.026 50.998 9.31

-0.647 -0.898
-0.647 -0.923

50.948 9.46
50.973 9.31

691.5 754.3 628.6 149.875 1065.6 888.02720.661 -1.227 0.125 976.9
692.1 755.0 629.1 149.925 20.661 -1.220 1075.2 896.0270.075 985.7

-0.647 -0.948
-0.653 -0.973

686.5 748.9 624.0 149.975 21.134 -1.247 0.025 959.3
0.100 968.1

1046.4 872.028 50.898 9.46
690.9 753.7 628.0 149.900 20.661 -1.227 1056.0 880.028 50.923 9.31

-0.633 -0.848
-0.640 -0.873

50.898 9.46
50.873 9.46

671.9 732.9 610.8 149.875 1027.2 856.02922.238 -1.267 0.125 941.7
677.7 739.3 616.0 149.975 21.449 -1.247 1036.8 864.0290.025 950.5

-0.633 -0.898
-0.633 -0.873

671.3 732.3 610.2 149.825 23.973 -1.273 0.175 924.1
0.100 932.9

1008.0 840.031 50.848 9.62
671.5 732.5 610.4 149.900 23.500 -1.267 1017.6 848.030 50.873 9.78

-0.613 -0.873
-0.620 -0.898

50.923 9.78
50.898 9.78

668.9 729.7 608.0 197.904 988.8 824.03226.181 -1.280 2.096 906.5
671.1 732.1 610.0 197.780 26.338 -1.293 998.4 832.0312.220 915.3

-0.620 -0.923
-0.633 -0.898

660.1 720.1 600.0 198.902 26.496 -1.280 1.098 888.9
1.821 897.7

969.6 808.033 50.873 9.46
667.7 728.3 607.0 198.179 25.392 -1.280 979.2 816.032 50.898 9.62

-0.620 -0.923
-0.620 -0.898

50.923 9.31
50.873 9.62

642.5 700.9 584.0 199.376 950.4 792.03426.338 -1.247 0.624 871.3
651.3 710.5 592.0 199.252 26.496 -1.267 960.0 800.0330.748 880.1

-0.613 -0.923
-0.620 -0.873

624.9 681.7 568.1 199.526 26.496 -1.213 0.474 861.3
0.449 862.5

939.5 782.944 50.923 8.99
633.7 691.3 576.0 199.551 26.496 -1.233 940.8 784.035 50.898 9.31

-0.733 -0.898
-0.673 -0.848

50.898 9.46
50.923 8.99

607.3 662.5 552.1 199.451 931.2 776.03527.127 -1.153 0.549 853.7
616.1 672.1 560.1 199.501 26.969 -1.180 935.6 779.6710.499 857.7

-0.640 -0.898
-0.620 -0.923

589.7 643.3 536.1 199.276 29.020 -1.107 0.724 838.5
0.649 844.9

914.7 762.218 50.898 11.51
598.5 652.9 544.1 199.351 28.073 -1.127 921.6 768.036 50.848 9.62

-0.780 -0.249
-0.787 -0.224

50.274 14.04
50.873 12.93

572.1 624.1 520.1 200.674 914.0 761.67330.912 -1.087 -0.674 837.9
580.9 633.7 528.1 198.877 29.808 -1.087 914.2 761.8541.123 838.1

-0.767 -0.274
-0.753 -0.873

554.5 604.9 504.1 200.674 29.650 -1.053 -0.674 836.1
-0.699 837.7

912.0 760.036 100.249 15.61
563.3 614.5 512.1 200.699 29.966 -1.060 913.8 761.491 100.224 15.30

-0.853 -0.299
-0.833 -0.699

100.224 15.61
100.224 14.98

536.9 585.7 488.1 200.599 902.4 752.03729.966 -1.027 -0.599 827.3
545.7 595.3 496.1 200.649 29.177 -1.047 907.0 755.855-0.649 831.5

-0.807 -0.224
-0.793 -0.224

519.3 566.5 472.1 200.674 29.177 -1.027 -0.674 809.7
-0.499 818.5

883.2 736.038 100.299 15.61
528.1 576.1 480.1 200.499 30.439 -1.020 892.8 744.037 100.699 16.09

Vertical
displacement
⊿H (mm)

Frictional
resistancef

(kPa)
-0.960 -0.175

100.200 16.09
100.274 15.93

501.7 547.3 456.1 200.624 864.0 720.03927.285 -1.033 -0.624 792.1
510.5 556.9 464.1 200.624 28.073 -1.027 873.6 728.039-0.624 800.9

-0.927 -0.200
-0.880 -0.274

Displacem
ent

（mm）

time
t (hour)

Displacem
ent
（°）

Displacem
ent

（mm）

time
t (hour)

Effective
vertical stress

σ' (kPa)

Shear stress
τ (kPa)

Vertical
displacement
⊿H (mm)

Frictional
resistancef

(kPa)

Displacem
ent
（°）

-1.060 854.4 712.0-0.224 783.3541.4 451.1 200.224 29.020 100.17 16.56

Consolidation stress　σc　kPa 300 pre-consolidated displacement mm 2.933 Date of start

Effective
vertical stress

σ' (kPa)

Shear stress
τ (kPa)

496.3

Sample outflow（Inside） LowInside diameter cm 10 Area cm2 98.17
24-Sep-14

Shear velocity  mm/min 0.02 OCR 1 Shearing box space mm Date of end 4-Nov-14

Depth of sample： GL-
S
a
m
p
l
e

No. 1 Apparatus No. 3 Number of shear surfaces 1
Outside diameter cm 15 Height cm 2.0

After test 46.50

W
a
t
e
r

c
o
n
t
e
n
t

Before test 52.69
Sample outflow（Outside） Low shear surfaces 46.46

Ring share test ［CD］ （Shearing process）

Name： Youich Hasegawa
Item： Soil test (Country: Republic of Mauritius) Date of test： 05-Nov-14
Sample No： Vallee Pitot
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Remark

Pre-consolidated displacement　(mm)
Vertical displacement　(mm) 1.367

2.933

Consolidation stress （kPa） 300
Sample No. 1

Ring share test ［CD］ （Shearing process）
Item： Soil test (Country: Republic of Mauritius) Date of test： 5-Nov-14

Final displacement　(°) 996.7

Sample No： Vallee Pitot Name： Youich Hasegawa
Depth of sample： GL-
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Remark

Ring share test ［CD］ （Shearing process）

Soil test (Country: Republic of Mauritius) Date of test： 05-Nov-14Item：

tanφr'

Residual strength

Vallee Pitot Name： Youich Hasegawa

Fully softened strength
Depth of sample： GL-
Sample No：

0.113

Shearing resistance
angle φp' (°)

Cohesion
cp' (kPa)

3.5

tanφp'
Shearing resistance

angle φp' (°)
Cohesion
cp' (kPa)

Vertical
displacement

(mm)

Sample
№

Shearing
displacement

(°)

Nomal stress
σ'(kPa)

Shear stress
τ(kPa)

Vertical
displacement

(mm)

6.4

1 2.5 298.48 92.74 -0.280 1 275.6 299.25 36.59

Shearing
displacement

(°)

Sample
№

-1.173

Shear stress
τ(kPa)

Nomal stress
σ'(kPa)

1 448.5

861.3

250.17 32.65 -1.120
198.18 25.39

-0.793
1

-1.280
1 695.7 149.70 20.66 -1.220
1 667.7

50.92 8.99 -0.620
1 831.5 100.22 14.98

R2 = 0.9969
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R2 = 0.9969

0

50

100

150

200

250

0 50 100 150 200 250 300 350

Normal stress (kPa)

Sh
ea

r s
tre

ss
 (k

Pa
)

No. 1

残留強度

完全軟化強度
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Location
Date

Location
Date

Location
Date

14-Aug-14

Vallee Pitot

余　白

余　白

13-Aug-14

Quatre Soeurs

余　白

Chitrakoot

Sampling location and Situation

13-Aug-14



Ring shear test

Item：Soil test

Country：Republic of Mauritius

Ring shear test

Item：Soil test

Country：Republic of Mauritius

Ring shear test

Item：Soil test

Country：Republic of Mauritius

Quatre Soeurs

Sample:S-1

Nomal stress:300kPa

Apparatus: No.1

Before ring shear test

State of implementation of
Ring shear test

State of implementation of
Ring shear test



Ring shear test

Item：Soil test

Country：Republic of Mauritius

Quatre Soeurs

Sample:S-1

Nomal stress:300kPa

Apparatus: No.1

After ring shear test

Ring shear test

Item：Soil test

Country：Republic of Mauritius

Quatre Soeurs

Sample:S-1

Nomal stress:300kPa

Apparatus: No.1

Lower plate

Ring shear test

Item：Soil test

Country：Republic of Mauritius

Quatre Soeurs

Sample:S-1

Nomal stress:300kPa

Apparatus: No.1

Lower plate

Shear surfaces after ring
shear test

Shear surfaces after ring
shear test



Ring shear test

Item：Soil test

Country：Republic of Mauritius

Chitrakoot

Sample:S-2

Nomal stress:300kPa

Apparatus: No.2

Before ring shear test

Ring shear test

Item：Soil test

Country：Republic of Mauritius

Chitrakoot

Sample:S-2

Nomal stress:300kPa

Apparatus: No.2

After ring shear test

Ring shear test

Item：Soil test

Country：Republic of Mauritius

Chitrakoot

Sample:S-2

Nomal stress:300kPa

Apparatus: No.2

Lower plate

Shear surfaces after ring
shear test



Ring shear test

Item：Soil test

Country：Republic of Mauritius

Chitrakoot

Nomal stress:300kPa

Apparatus: No.2

Lower plate

Ring shear test

Item：Soil test

Country：Republic of Mauritius

Vallee Pitot

Sample:S-1

Nomal stress:300kPa

Apparatus: No.3

Before ring shear test

Ring shear test

Item：Soil test

Country：Republic of Mauritius

Vallee Pitot

Sample:S-1

Nomal stress:300kPa

Apparatus: No.3

After ring shear test

Shear surfaces after ring
shear test



Ring shear test

Item：Soil test

Country：Republic of Mauritius

Vallee Pitot

Sample:S-1

Nomal stress:300kPa

Apparatus: No.3

After ring shear test

Ring shear test

Item：Soil test

Country：Republic of Mauritius

Vallee Pitot

Sample:S-1

Nomal stress:300kPa

Apparatus: No.3

Lower plate

X-ray diffraction test

Item：Soil test

Country：Republic of Mauritius

Shear surfaces after ring
shear test

State of implementation of
Ring shear test



 

 

 

 

 

 

 

 

 

28.    Calculation of Pile Work 
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1

杭設計計算

－曲げくさび杭の設計計算－

地区名

Sl ice NO.5測線名

備 考

計 算 条 件 すべり面：x=0

数 値単 位記 号項 目

鋼管鋼 材 の 種 類
杭

材

570材相当品材 質

318.5mm d外 径

12.7mm t肉 厚

8.75m l t 移 動 層 の 厚 さ
設

計

条

件

8.75m l e 杭 の 有 効 長

225.0Pr必 要 抑 止 力 kN/m 

（すべり面）0.0m l H 荷 重 の 作 用 位 置 集中荷重

2.0m D杭 間 隔

° 5.2θe す べ り 面 傾 斜 角 度

0.0kN Nf1 杭 に か か る 初 期 軸 力

許
容
値

許容応力度 N/mm2 255σsa 曲 げ

)( 長期 N/mm2 145τsa せ ん 断

地

盤

Ese kN/m2 22219移 動 層
変 形 係 数

不 動 層 kN/m2 Esr 49627



2

計 算 結 果 すべり面：x=0

項 目 単 位記 号 数 値

kN･m 最 大 曲 げ モ ー メ ン ト Mmax 219.69発

生

応

力

不動層 XM 発 生 位 置 m 0.84

448.2kN 最 大 せ ん 断 力 Smax

すべり面 発 生 位 置 XS 0.00m 

Y 40.6杭 頭 変 位 mm 

移動層 発 生 位 置 XY 8.75m 

248261kN/m2 σs 曲 げ 応 力 度応

力

度

73476kN/m2 τs せ ん 断 応 力 度

000kN/m2 曲 げ 応 力 度 照 査 ・・・255 OK≦248261

000kN/m2 せ ん 断 応 力 度 照 査 ・・・145 OK≦73476

5.63m l r' 必 要 根 入 長杭

長

5.75m l r 根 入 長

l p 14.50杭 全 長 m 



3

1. 常時の設計条件

1.1 荷重に関する条件

荷重条件は以下の通りである。

曲げくさび杭杭の解析種別

集中荷重荷重の作用状態

kN/m ＝Pr必要抑止力 ( )225.0

° 5.2 )(θe ＝すべり面傾斜角度

・cosθe PrHu ＝単位幅当たりの水平負担力

＝ 225.0 5.2 )(cos×

224.1＝ )( kN/m 

・sinθe PrVu ＝単位幅当たりの鉛直負担力

＝ 225.0 5.2 )(sin×

20.4＝ )( kN/m 

2.0 )( m D ＝杭の間隔

Hu・DH ＝杭一本当りの水平負担力

＝ 2.0224.1 ×

448.2＝ )( kN/本 

Vu・DV ＝杭一本当りの鉛直負担力

＝ 2.020.4 ×

40.8＝ )( kN/本 

8.75 )( m l t ＝移動層の厚さ

8.75 )( m l e ＝杭の有効長



4

1.2 杭材に関する条件

1.2.1 設計強度

当地区の杭は打設位置及び移動土塊の特性上、常時設計外力が作用する杭と判断

できる。従って長期強度を用いて設計する。

570材相当品杭の材質

)( N/mm2 255 )(＝σsa 長期許容曲げ応力度

)( N/mm2 145 )(＝τsa 長期許容せん断応力度

1.2.2 設計に用いる杭の諸元

設計に用いる鋼管杭の諸元は以下のとおりである。

mm ＝d外径 ( )318.5

mm ＝t肉厚 ( )12.7

m2 ＝A断面積 ( )1.220×10-2 

m4 ＝I断面二次モーメント ( )1.430×10-4 

m3 ＝Z断面係数 ( )8.970×10-4 

kN/m2 )(2.0×108 E ＝杭の弾性係数

I杭の曲げ剛性 E・＝EI

1.430×10-4 ×2.0×108 ＝

kN･m2 )(2.860×104 ＝
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1.3 地盤に関する条件

＜移動層＞

d・Khe ＝Ese 地盤の変形係数

＝ 0.3185×69762

＝ )( kN/m2 22219

ここで、

Khe 横方向地盤反力係数( 値による方法で算出すN)は道路橋示方書下部構造編の

ると次のようになる。

Ne 2800 32/29 )(・・ d -9/29 ・ )-3/29 EI(4横方向地盤反力係数 0.324/29 ＝Khe 
0.3

×)-3/29 0.324/29 -9/29 0.31852.860×104 ×(4×＝

14×2800 32/29 )(×
0.3

69762 )( kN/m3 ＝

)( kN･m2 ：EI 杭の曲げ剛性

d 杭の外径 )( m ：

：Ne 標準貫入試験におけるN値
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＜不動層＞

d・Khr ＝Esr 地盤の変形係数

＝ 0.3185×155814

＝ 49627 )( kN/m2 

ここで、

Khr 横方向地盤反力係数( 値による方法で算出すN)は道路橋示方書下部構造編の

ると次のようになる。

Nr 2800 32/29 )(・・・ d -9/29 )-3/29 EI(40.324/29 横方向地盤反力係数 ＝Khr 
0.3

)-3/29 ×(4×0.324/29 -9/29 0.3185×2.860×104 ＝

×2800 29 32/29 )(×
0.3

155814 )( kN/m3 ＝

)( kN･m2 ：EI 杭の曲げ剛性

d 杭の外径 )( m ：

Nr ：標準貫入試験におけるN値

1.4 杭の特性値の算定

＜移動層＞

22219Ese 44 ＝＝βe 
2.860×104 4×EI4

)( m-1 )( )( )(＝ 0.6639

＜不動層＞

49627Esr 44 ＝＝βr 
2.860×104 4×EI4

)( m-1 )( )( )(＝ 0.8116
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1.5 杭形式の区分

設計における杭形式の区分は次によるのを原則とする。

杭形式

βe l e 
または

βr l r 32 410

(有限の杭)短い杭

βl ＜3)(1≦
杭

長い杭(無限の杭)

βl )(3≦

：ここに、 l e 杭の有効長

杭の根入長：l r 

杭の移動層での特性値：βe 

杭の不動層での特性値：βr 

  一般的に用いられている各杭の設計上の区分について規定したがこれらは必

ずしも明確に区分されるものではないため、その境界値近傍の杭形式によって

は他の杭形式の検討が必要となる場合がある。

  地すべり防止対策杭の設計において長い杭とはすべり面より上、下それぞれ

≧3となるものをいい、短い杭とはすべり面の上下で何βr l r またはβe l e で

となるものをいう。＜3l e βe または βr l r れか一方が、あるいは両方が1≦

※　「地すべり鋼管杭設計要領 2003年6月版  P61」より引用加筆
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2. 常時の設計式

2.1 基本式

x1 

移動層

θ y2 y1 

不動層

x2 

計算モデル

地盤の反力が杭のタワミに比例すると仮定したChangの式を用いる。

y4 d
Es・y＋ 0EI・ ＝

4 dx

ここで、

x :任意の深さ(すべり面を0とする)

y :深さxにおける杭の変位

EI :杭の曲げ剛性

Es :地盤の変形係数

上記の微分方程式を解いて一般解を得る。

・・・・ )(C)( βx βxβx sincos-βx esinβxcos D＋＋B＋βx e Ay ＝

ここで、

A,B,C,D : 積分定数
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2.2 連立方程式

i を求める。S、せん断力M、曲げモーメント一般解を逐次微分して杭のタワミ角

{ ・・ )＝ βx βxsin－βx(cose Aβiたわみ角: [

・＋ ])βxsinβx(cosB ＋

・＋ [ βxβx-βx e )sin(cosC ＋－

}・＋ )( rad]βxβx )sin(cosD －

・ ・EI ・・- －[ )βxβx(2 cosB＋sinβx e Aβ2 M ＝モーメント:

・ ・ ] )( kN･m＋ ( )－ βxβx Dsin cos-βx e C

{ ・EI ・・β3 - βx(cos－2 )βx βxsine A ＋[＝せん断力: S
・＋ ])βxsinβx(cosB －

・＋ [ βxβx-βx e )sin－(cosC

}・ )( kN＋ ]βxβx )sin(cosD ＋

ここで、上下に無限な杭の境界条件は次のように表される。

0 のとき＝x2 ＝x1 

i2 ＝i1 

0＋ M2 ＝M1 

－－ H＝S2 H＝S1 

∞ のとき＝x1 

0＝y1 

∞ のとき＝x2 

0＝y2 
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＝＝BA 0 となり、次の4元連立方程式が得られる。前述の式と境界条件により

0 -- βr βr βe βe C1 

0 2 2 --βe 0 0 D1 βr 

＝ ・
-H

1 1 C2 00
3 βe ・EI2

-H
00 1 D2 1

3 βr ・EI2

ここから、変位、曲げモーメント、せん断力の式は次のようになる。

≦x ] 】【 移動層(すべり面～杭頭) [ 0≦ 8.75

( })({ )
1111H－ x-βe 

e・ x・・＝ βe x sin－＋βe cos＋y1 
・ βr βe 2 βr βe βe EI4

( })({ )
1111H x-βe x・ βe sinxβe ・e・＝ ＋－cos－M1 

βr βe βr βe 2

)(
11x-βe 

x・ βe sinxβe ・ －cose・＝ ・βe HS1 
βr βe 

≦x ] 】【 不動層(すべり面～杭下端) [ 0≦ 5.63

( })({ )
1111H x-βr 

・sin xβr ・ xβr cose・＝ －－＋y2 
βr βe 2 βr βe ・βr EI4

( })({ )
1111H－ x-βr 

・ xβr cos ・sin xβr e・＝ ＋＋－M2 
βr βe βr βe 2

)(
11x-βr 

・sin xβr ・ xβr cos －e・－＝ ・βr HS2 
βe βr 
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変位－曲げモーメント－せん断力図3. 常時の

変位－曲げモーメント－せん断力を計算した結果を以下の図に示す。

  最大変位 42.2 (mm)   最大曲げモーメント 219.69 (kN･m)  最大せん断力 448.2 (kN)

    － 変位図 －     － 曲げモーメント図 －    － せん断力図 －

-0.0-400.0 0.0 400.0-0.0-100.0-200.0 0.0 100.0 200.0

 ←X20 = 3.75 (m)

0.040.0 -0.0 -40.0

  0.0

  2.0

  4.0

  6.0

  8.0

 10.0

 12.0

 14.0
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4. 常時の最大曲げモーメント

0X ＝ とすると次の位置で発生する。杭1本当たりの最大曲げモーメントは、すべり面を

＜移動層＞

0.81161βr 1
)()( ×tan-1 ＝tan-1 ・XM1 ＝

0.66390.6639βe βe 

1.33 m )＝ (

移動層における最大曲げモーメントは以下のとおりである。

H 1111
}{ )(XM1 -βe )(・ )βe XM1 ＋XM1 βe ・sin－・cos－eMmax1 ＝

βe βr βe βr 2

kN･m-179.95 )(＝

＜不動層＞

0.66391βe 1
)()(・ ×tan-1 ＝XM2 tan-1 ＝

0.81160.8116βr βr 

0.84 m )＝ (

不動層における最大曲げモーメントは以下のとおりである。

-H 1111
}{ )(XM2 -βr )(・ )βr XM2 ＋XM2 βr ・sin＋・cos－eMmax2 ＝

βe βr βe βr 2

kN･m-219.69 )(＝

ここで、

kN H 448.2 )(＝

0.6639 m-1 )(＝βe 

m-1 0.8116 )(＝βr 

XM1 βe 0.882987＝1.33×0.6639＝

XM2 βr 0.681744＝0.84×0.8116＝

よって、最大曲げモーメントは以下のとおりである。

m )(XM ＝ 0.84

kN･m219.69 )(＝Mmax
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5. 常時の最大せん断力

杭1本当たりの最大せん断力は、すべり面で発生する。

m )XS ＝ (0.0

したがって、最大せん断力は以下の式で与えられる。

HSmax ＝

kN (448.2 )＝
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6. 常時の軸力の計算

Nfとしては以下のものがある。軸力

杭1本当たりに作用する地すべり力の鉛直成分

＝V )( kN ＝ 40.8Nf2 

は、Nfしたがって、杭1本にかかる軸力

Nf2 ＝Nf

)( kN 40.8＝

7. 常時の断面強度の照査

σs を照査する。杭に生じる曲げ応力度

Nf 40.8219.69Mmax
＋＋σs ＝ ＝

1.220×10-2 AZ 8.970×10-4 

000≦ )( kN/m2 255＝＝ σsa 248261 )( kN/m2 ・・・・・OK

τs を照査する。杭に生じるせん断応力度

448.2Smax
2.000 ×・α0 τs ＝ ＝

A 1.220×10-2 

000≦ )( kN/m2 145＝＝ τsa 73476 )( kN/m2 ・・・・・OK

＝ 2.000: せん断応力補正係数α0 

上記より、当該杭は設計条件に対して安全である。

8. 常時の杭間隔の照査

次の規定について杭間隔を照査する。

2.0 m以下mに対する杭標準間隔8.75 :地すべり層の厚さ

2.0＝D設定した杭間隔 m は上記の条件を満足するので問題ない。
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9. 常時の根入長

倍以上を確保する。1.5根入長はモーメント第一零点の

モーメント第一零点による根入長は以下の通りとする。

－βe βr 1
(( ))＋πtan-1 ・X20 ＝

＋βe βr βr 

0.6639 0.8116－1
(( ))＋πtan-1 ＝ ×

0.6639 0.8116＋0.8116

＝ m )(3.75

したがって、必要根入長は次の通りである。

X20 ≧ 1.53.751.5 ＝ ×・l r' 

＝ 5.63 )( m 

 m単位で丸める。0.5ここで、施工性を考慮し杭全長を

≒14.388.75 ＝＋したがって、杭全長は 5.63 14.50 mとなり、

mとなる。5.75＝8.75－14.50根入長は
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10.常時の変位

XY )の位置における変位量を求める。杭頭（すべり面上部 8.75 m＝

杭頭変位は以下の式で与えられる。

(0)XY )( (0)Y2 Y1 Y1 ＋＋Yt ＝

40.6 mm )＝ (

}
1111H－
)()({XY -βe XY )( e βe XY βe XY ・sin－＋・cos＋・Y1 ＝

2 βr βr βe βe βe ・4 EI

mm )(＝ -0.062×10-3 m )(-0.062＝

11H－
)(Y1 (0) ＋・＝

βr βe 2 βe ・4 EI

mm )(＝ 24.341×10-3 ＝ m )(24.341

11H
)((0)Y2 ＋・＝

2 βr βr βe ・4 EI

mm )(16.288＝×10-3 ＝ m )(16.288

ここで、

kN )(＝H 448.2

kN･m2 )(＝EI 2.860×104 

m-1 )(0.6639＝βe 

m-1 )(0.8116＝βr 

βe XY ＝ 5.809125＝8.750.6639 ×
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11.常時の杭形式の照査

前述した杭形式の区分について照査する。

移動層は、

5.8091＝8.75×0.6639＝βe l e 

不動層は、

4.6667＝5.75×0.8116＝βr l r 

したがって、この杭は下図より無限の杭として区分できる。

杭形式

βe l e 
または

βr l r 32 410

短い杭(有限の杭)

βl ＜3)(1≦
杭

長い杭(無限の杭)

βl )(3≦
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杭設計計算

－曲げくさび杭の設計計算－

地区名

Sl ice NO.10測線名

備 考

計 算 条 件 すべり面：x=0

数 値単 位記 号項 目

鋼管鋼 材 の 種 類
杭

材

570材相当品材 質

318.5mm d外 径

12.7mm t肉 厚

8.33m l t 移 動 層 の 厚 さ
設

計

条

件

8.33m l e 杭 の 有 効 長

225.0Pr必 要 抑 止 力 kN/m 

（すべり面）0.0m l H 荷 重 の 作 用 位 置 集中荷重

2.0m D杭 間 隔

° 7.3θe す べ り 面 傾 斜 角 度

0.0kN Nf1 杭 に か か る 初 期 軸 力

許
容
値

許容応力度 N/mm2 255σsa 曲 げ

)( 長期 N/mm2 145τsa せ ん 断

地

盤

Ese kN/m2 22219移 動 層
変 形 係 数

不 動 層 kN/m2 Esr 49627
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計 算 結 果 すべり面：x=0

項 目 単 位記 号 数 値

kN･m 最 大 曲 げ モ ー メ ン ト Mmax 218.81発

生

応

力

不動層 XM 発 生 位 置 m 0.84

446.4kN 最 大 せ ん 断 力 Smax

すべり面 発 生 位 置 XS 0.00m 

Y 40.5杭 頭 変 位 mm 

移動層 発 生 位 置 XY 8.33m 

248624kN/m2 σs 曲 げ 応 力 度応

力

度

73181kN/m2 τs せ ん 断 応 力 度

000kN/m2 曲 げ 応 力 度 照 査 ・・・255 OK≦248624

000kN/m2 せ ん 断 応 力 度 照 査 ・・・145 OK≦73181

5.63m l r' 必 要 根 入 長杭

長

5.67m l r 根 入 長

l p 14.00杭 全 長 m 
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1. 常時の設計条件

1.1 荷重に関する条件

荷重条件は以下の通りである。

曲げくさび杭杭の解析種別

集中荷重荷重の作用状態

kN/m ＝Pr必要抑止力 ( )225.0

° 7.3 )(θe ＝すべり面傾斜角度

・cosθe PrHu ＝単位幅当たりの水平負担力

＝ 225.0 7.3 )(cos×

223.2＝ )( kN/m 

・sinθe PrVu ＝単位幅当たりの鉛直負担力

＝ 225.0 7.3 )(sin×

28.6＝ )( kN/m 

2.0 )( m D ＝杭の間隔

Hu・DH ＝杭一本当りの水平負担力

＝ 2.0223.2 ×

446.4＝ )( kN/本 

Vu・DV ＝杭一本当りの鉛直負担力

＝ 2.028.6 ×

57.2＝ )( kN/本 

8.33 )( m l t ＝移動層の厚さ

8.33 )( m l e ＝杭の有効長
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1.2 杭材に関する条件

1.2.1 設計強度

当地区の杭は打設位置及び移動土塊の特性上、常時設計外力が作用する杭と判断

できる。従って長期強度を用いて設計する。

570材相当品杭の材質

)( N/mm2 255 )(＝σsa 長期許容曲げ応力度

)( N/mm2 145 )(＝τsa 長期許容せん断応力度

1.2.2 設計に用いる杭の諸元

設計に用いる鋼管杭の諸元は以下のとおりである。

mm ＝d外径 ( )318.5

mm ＝t肉厚 ( )12.7

m2 ＝A断面積 ( )1.220×10-2 

m4 ＝I断面二次モーメント ( )1.430×10-4 

m3 ＝Z断面係数 ( )8.970×10-4 

kN/m2 )(2.0×108 E ＝杭の弾性係数

I杭の曲げ剛性 E・＝EI

1.430×10-4 ×2.0×108 ＝

kN･m2 )(2.860×104 ＝
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1.3 地盤に関する条件

＜移動層＞

d・Khe ＝Ese 地盤の変形係数

＝ 0.3185×69762

＝ )( kN/m2 22219

ここで、

Khe 横方向地盤反力係数( 値による方法で算出すN)は道路橋示方書下部構造編の

ると次のようになる。

Ne 2800 32/29 )(・・ d -9/29 ・ )-3/29 EI(4横方向地盤反力係数 0.324/29 ＝Khe 
0.3

×)-3/29 0.324/29 -9/29 0.31852.860×104 ×(4×＝

14×2800 32/29 )(×
0.3

69762 )( kN/m3 ＝

)( kN･m2 ：EI 杭の曲げ剛性

d 杭の外径 )( m ：

：Ne 標準貫入試験におけるN値
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＜不動層＞

d・Khr ＝Esr 地盤の変形係数

＝ 0.3185×155814

＝ 49627 )( kN/m2 

ここで、

Khr 横方向地盤反力係数( 値による方法で算出すN)は道路橋示方書下部構造編の

ると次のようになる。

Nr 2800 32/29 )(・・・ d -9/29 )-3/29 EI(40.324/29 横方向地盤反力係数 ＝Khr 
0.3

)-3/29 ×(4×0.324/29 -9/29 0.3185×2.860×104 ＝

×2800 29 32/29 )(×
0.3

155814 )( kN/m3 ＝

)( kN･m2 ：EI 杭の曲げ剛性

d 杭の外径 )( m ：

Nr ：標準貫入試験におけるN値

1.4 杭の特性値の算定

＜移動層＞

22219Ese 44 ＝＝βe 
2.860×104 4×EI4

)( m-1 )( )( )(＝ 0.6639

＜不動層＞

49627Esr 44 ＝＝βr 
2.860×104 4×EI4

)( m-1 )( )( )(＝ 0.8116
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1.5 杭形式の区分

設計における杭形式の区分は次によるのを原則とする。

杭形式

βe l e 
または

βr l r 32 410

(有限の杭)短い杭

βl ＜3)(1≦
杭

長い杭(無限の杭)

βl )(3≦

：ここに、 l e 杭の有効長

杭の根入長：l r 

杭の移動層での特性値：βe 

杭の不動層での特性値：βr 

  一般的に用いられている各杭の設計上の区分について規定したがこれらは必

ずしも明確に区分されるものではないため、その境界値近傍の杭形式によって

は他の杭形式の検討が必要となる場合がある。

  地すべり防止対策杭の設計において長い杭とはすべり面より上、下それぞれ

≧3となるものをいい、短い杭とはすべり面の上下で何βr l r またはβe l e で

となるものをいう。＜3l e βe または βr l r れか一方が、あるいは両方が1≦

※　「地すべり鋼管杭設計要領 2003年6月版  P61」より引用加筆
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2. 常時の設計式

2.1 基本式

x1 

移動層

θ y2 y1 

不動層

x2 

計算モデル

地盤の反力が杭のタワミに比例すると仮定したChangの式を用いる。

y4 d
Es・y＋ 0EI・ ＝

4 dx

ここで、

x :任意の深さ(すべり面を0とする)

y :深さxにおける杭の変位

EI :杭の曲げ剛性

Es :地盤の変形係数

上記の微分方程式を解いて一般解を得る。

・・・・ )(C)( βx βxβx sincos-βx esinβxcos D＋＋B＋βx e Ay ＝

ここで、

A,B,C,D : 積分定数
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2.2 連立方程式

i を求める。S、せん断力M、曲げモーメント一般解を逐次微分して杭のタワミ角

{ ・・ )＝ βx βxsin－βx(cose Aβiたわみ角: [

・＋ ])βxsinβx(cosB ＋

・＋ [ βxβx-βx e )sin(cosC ＋－

}・＋ )( rad]βxβx )sin(cosD －

・ ・EI ・・- －[ )βxβx(2 cosB＋sinβx e Aβ2 M ＝モーメント:

・ ・ ] )( kN･m＋ ( )－ βxβx Dsin cos-βx e C

{ ・EI ・・β3 - βx(cos－2 )βx βxsine A ＋[＝せん断力: S
・＋ ])βxsinβx(cosB －

・＋ [ βxβx-βx e )sin－(cosC

}・ )( kN＋ ]βxβx )sin(cosD ＋

ここで、上下に無限な杭の境界条件は次のように表される。

0 のとき＝x2 ＝x1 

i2 ＝i1 

0＋ M2 ＝M1 

－－ H＝S2 H＝S1 

∞ のとき＝x1 

0＝y1 

∞ のとき＝x2 

0＝y2 
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＝＝BA 0 となり、次の4元連立方程式が得られる。前述の式と境界条件により

0 -- βr βr βe βe C1 

0 2 2 --βe 0 0 D1 βr 

＝ ・
-H

1 1 C2 00
3 βe ・EI2

-H
00 1 D2 1

3 βr ・EI2

ここから、変位、曲げモーメント、せん断力の式は次のようになる。

≦x ] 】【 移動層(すべり面～杭頭) [ 0≦ 8.33

( })({ )
1111H－ x-βe 

e・ x・・＝ βe x sin－＋βe cos＋y1 
・ βr βe 2 βr βe βe EI4

( })({ )
1111H x-βe x・ βe sinxβe ・e・＝ ＋－cos－M1 

βr βe βr βe 2

)(
11x-βe 

x・ βe sinxβe ・ －cose・＝ ・βe HS1 
βr βe 

≦x ] 】【 不動層(すべり面～杭下端) [ 0≦ 5.63

( })({ )
1111H x-βr 

・sin xβr ・ xβr cose・＝ －－＋y2 
βr βe 2 βr βe ・βr EI4

( })({ )
1111H－ x-βr 

・ xβr cos ・sin xβr e・＝ ＋＋－M2 
βr βe βr βe 2

)(
11x-βr 

・sin xβr ・ xβr cos －e・－＝ ・βr HS2 
βe βr 
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変位－曲げモーメント－せん断力図3. 常時の

変位－曲げモーメント－せん断力を計算した結果を以下の図に示す。

  最大変位 42.0 (mm)   最大曲げモーメント 218.81 (kN･m)  最大せん断力 446.4 (kN)

    － 変位図 －     － 曲げモーメント図 －    － せん断力図 －

-0.0-400.0 0.0 400.0-0.0-100.0-200.0 0.0 100.0 200.0

 ←X20 = 3.75 (m)

0.040.0 -0.0 -40.0

  0.0

  2.0

  4.0

  6.0

  8.0

 10.0

 12.0
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4. 常時の最大曲げモーメント

0X ＝ とすると次の位置で発生する。杭1本当たりの最大曲げモーメントは、すべり面を

＜移動層＞

0.81161βr 1
)()( ×tan-1 ＝tan-1 ・XM1 ＝

0.66390.6639βe βe 

1.33 m )＝ (

移動層における最大曲げモーメントは以下のとおりである。

H 1111
}{ )(XM1 -βe )(・ )βe XM1 ＋XM1 βe ・sin－・cos－eMmax1 ＝

βe βr βe βr 2

kN･m-179.23 )(＝

＜不動層＞

0.66391βe 1
)()(・ ×tan-1 ＝XM2 tan-1 ＝

0.81160.8116βr βr 

0.84 m )＝ (

不動層における最大曲げモーメントは以下のとおりである。

-H 1111
}{ )(XM2 -βr )(・ )βr XM2 ＋XM2 βr ・sin＋・cos－eMmax2 ＝

βe βr βe βr 2

kN･m-218.81 )(＝

ここで、

kN H 446.4 )(＝

0.6639 m-1 )(＝βe 

m-1 0.8116 )(＝βr 

XM1 βe 0.882987＝1.33×0.6639＝

XM2 βr 0.681744＝0.84×0.8116＝

よって、最大曲げモーメントは以下のとおりである。

m )(XM ＝ 0.84

kN･m218.81 )(＝Mmax
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5. 常時の最大せん断力

杭1本当たりの最大せん断力は、すべり面で発生する。

m )XS ＝ (0.0

したがって、最大せん断力は以下の式で与えられる。

HSmax ＝

kN (446.4 )＝



14

6. 常時の軸力の計算

Nfとしては以下のものがある。軸力

杭1本当たりに作用する地すべり力の鉛直成分

＝V )( kN ＝ 57.2Nf2 

は、Nfしたがって、杭1本にかかる軸力

Nf2 ＝Nf

)( kN 57.2＝

7. 常時の断面強度の照査

σs を照査する。杭に生じる曲げ応力度

Nf 57.2218.81Mmax
＋＋σs ＝ ＝

1.220×10-2 AZ 8.970×10-4 

000≦ )( kN/m2 255＝＝ σsa 248624 )( kN/m2 ・・・・・OK

τs を照査する。杭に生じるせん断応力度

446.4Smax
2.000 ×・α0 τs ＝ ＝

A 1.220×10-2 

000≦ )( kN/m2 145＝＝ τsa 73181 )( kN/m2 ・・・・・OK

＝ 2.000: せん断応力補正係数α0 

上記より、当該杭は設計条件に対して安全である。

8. 常時の杭間隔の照査

次の規定について杭間隔を照査する。

2.0 m以下mに対する杭標準間隔8.33 :地すべり層の厚さ

2.0＝D設定した杭間隔 m は上記の条件を満足するので問題ない。



15

9. 常時の根入長

倍以上を確保する。1.5根入長はモーメント第一零点の

モーメント第一零点による根入長は以下の通りとする。

－βe βr 1
(( ))＋πtan-1 ・X20 ＝

＋βe βr βr 

0.6639 0.8116－1
(( ))＋πtan-1 ＝ ×

0.6639 0.8116＋0.8116

＝ m )(3.75

したがって、必要根入長は次の通りである。

X20 ≧ 1.53.751.5 ＝ ×・l r' 

＝ 5.63 )( m 

 m単位で丸める。0.5ここで、施工性を考慮し杭全長を

≒13.968.33 ＝＋したがって、杭全長は 5.63 14.00 mとなり、

mとなる。5.67＝8.33－14.00根入長は
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10.常時の変位

XY )の位置における変位量を求める。杭頭（すべり面上部 8.33 m＝

杭頭変位は以下の式で与えられる。

(0)XY )( (0)Y2 Y1 Y1 ＋＋Yt ＝

40.5 mm )＝ (

}
1111H－
)()({XY -βe XY )( e βe XY βe XY ・sin－＋・cos＋・Y1 ＝

2 βr βr βe βe βe ・4 EI

mm )(＝ -0.064×10-3 m )(-0.064＝

11H－
)(Y1 (0) ＋・＝

βr βe 2 βe ・4 EI

mm )(＝ 24.243×10-3 ＝ m )(24.243

11H
)((0)Y2 ＋・＝

2 βr βr βe ・4 EI

mm )(16.222＝×10-3 ＝ m )(16.222

ここで、

kN )(＝H 446.4

kN･m2 )(＝EI 2.860×104 

m-1 )(0.6639＝βe 

m-1 )(0.8116＝βr 

βe XY ＝ 5.530287＝8.330.6639 ×
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11.常時の杭形式の照査

前述した杭形式の区分について照査する。

移動層は、

5.5303＝8.33×0.6639＝βe l e 

不動層は、

4.6018＝5.67×0.8116＝βr l r 

したがって、この杭は下図より無限の杭として区分できる。

杭形式

βe l e 
または

βr l r 32 410

短い杭(有限の杭)

βl ＜3)(1≦
杭

長い杭(無限の杭)

βl )(3≦
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