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Chapter 1. Countermeasure for landslide 

1.1 Planning of the countermeasure 

 Safety factor 

Landslide countermeasures stabilize landslides by drainage groundwater that triggers landslides, 

improving slope balance by transforming the topography, or directly fixing the landslide soil mass with a 

structure. 

In planning countermeasure works, it is necessary to quantitatively evaluate the effectiveness of the 

works and the amount of works. That quantitative evaluation is assessed by an index of the safety factor. 

Here is an explanation of the concept of the safety factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  Conceptual drawing of the safety factor 

 

The safety factor is a balance ratio between the force of slipping along the slip surface and the strength of 

the slip surface resisting the slip. (See above figure) 

When the sliding force and the resistance are equal, the safety factor F = 1.00 is evaluated. Depend on 

underground water situation and slide situation safety factor always changes. Also, if landslide activity is recognized, 

it is evaluated as F < 1.00, if landslide is stopped, it is evaluated as F > 1.00. 

When the amount of groundwater increases due to rainfall, etc., the strength against slippage decreases, 

imbalance and cause sliding. In the above formula  “U” increases and the resistance decreases. Andthen, safety 

factor is reduce, it is evaluated that slope stability is reduce. 

Along the slip surface 
sliding force 

T＝W×sinθ 

θ 

W

W’＝(W-U)×cosθ 
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Slip surface strength 
to resist slip 
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T>S   Unstable (Moving) 
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W×sinθ 
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Next, we explain how to calculate the safety factor 

To calculate the factor of safety of a slope, the landslide body is divided into a number of slices as shown in 

the figure, and the sliding force and resistance strength are calculated for each slice. 

Then, the results are summed up to calculate the safety factor of the landslide. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

An example of calculation is shown on the next page. 

Ground line Pore water pressure 
 height on slip surface (U) 

d

h
1

h
2

α

h
w

l

h1：Thickness of the landslide soil mass downstream of the slice 

h2：Thickness of the landslide soil mass upstream of the slice 

d：Width of the slice 

θ：Gradient of the slip surface 

hw：pore water pressure height  

(in this case, the average value between the upstream(w1) and 

downstream(w2) sides of the slice) 

ｌ：Length of the slip surface ( in this case, slice width/cosθ) 

w2 
ｗ1 

 

Slip surface strength to resist slip 

S = C'l＋(W-U)×cosθ×tanφ 

 C’：Cohesion (kN/m2)  

  W：Weight of landslide body       (h1+h2)/2×d×γt 

γt：Unit weight of landslide soil mass 

 U：Pore water pressure           hw×d 
 φ：Internal Friction Angle of slip surface 

 
Along the slip surface sliding force 

T = W×sinθ 

 

Safety factor of landslide 
F = ΣS / ΣT 
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 Conservation target and planned safety factor 

Landslides subject to landslide countermeasure work are generally large in scale and often consist of 

multiple moving blocks, so it often takes a considerable number of years to complete the work. On the other 

hand, since many houses and public facilities are located on the landslide slope, it is essential to implement 

non-structural measures such as accurate warning and evacuation when landslide activity intensifies. 

Therefore, it is important that landslide prevention plan will be formulated with consideration given 

to the implementation of non-structural measures so that a warning and evacuation system can always be 

secured. 

The landslide prevention plan is based on the results of landslide surveys and analyses, which are 

carried out in advance, and considers the phenomenon of each landslide (topography, geology, scale, sliding 

conditions, etc.), the importance of the conservation target, the urgency of the project, the effect of the 

project, etc. The scale and contents of the plan will be determined taking into consideration the above. 

In this manual, it is discribed to focus on structural measures. 

 

（1）Conservation target 

It is identified the conservation target of the landslide prevention plan by considering the scale of the 

target landslide and its occurrence/movement mechanism. 

The types of damage covered by the landslide prevention plan are listed below. 

・Damage to human lives, houses, roads, fields, public facilities, etc. on landslide slopes 

・ Damage associated with movement of landslides to human lives, houses, roads, fields, public 

facilities, etc. located below the landslide slope 

・ Flood damage in the upstream area of the natural dam formed by depositing a landslide mass in 

stream 

・ Debris flow and flood damage downstream due to natural dam failure 

 

（2）Planned safety factor 

As a general landslide countermeasure work, assume the current safety factor to be 0.95 to 1.00 

according to the current sliding situation, and comprehensively consider the landslide occurrence/movement 

mechanism, the importance of the conservation target, and the degree of expected damage. Therefore, the 

design safety factor (P.Fs) is set to 1.10 to 1.20. 

In addition, even in the case of securing immediate safety through emergency measures, etc., the 

planned safety factor (P.Fs) shall be set at 1.05 or higher. 
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 Selection and planning of countermeasure work method 

（1）Classification of landslide countermeasure work  

Landslide countermeasure work are divided into Control work and Restraint work. 

 

Control work is a method to stop or mitigate the landslide movement by improving the balance of 

sliding force and resistance force of the landslide by changing the natural conditions such as the topography 

of the landslide site and the state of groundwater. 

Restraint work is a method of stopping part or all of the landslide activity using the resistance force of 

the artificial structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Classification of landslide countermeasure work  

The landslide prevention work should be selected in consideration of predisposing factors and triggers, 

especially the relationship between rainfall and groundwater and landslide movement, topography/geology, 

landslide size, movement pattern, movement speed, conservation target, economic efficiency (total cost 

including maintenance and management as well as construction), and priority of the work to be adopted. 

In principle, a detailed investigation should be conducted to clarify the characteristics of the target 

landslide before planning countermeasures. 

Although it is difficult to discuss planning methods for countermeasure works in a uniform manner 

because the characteristics of landslides vary from site to site, the following are points to keep in mind when 

planning prevention works, focusing on landslide triggers, reduction of sliding forces and addition of 

resistance forces, landslide activity, landslide scale, and construction locations of countermeasure works. 

Landslide 
countermeasure 
work 

Control work 

Restraint work 

b) Surface water control  
  work 

a) Groundwater control 
  work 

c) Earth removal work 

d) Buttress fill work 

Channel, Infiltration prevention 

Drain, Horizontal drainage boring 
Drainage well, Drainage tunnel 

f) Pile 

h) Large diameter cast-in-place shaft (deep foundation) 

g) Anchor 

e) Erosion prevention work using river structures, etc. 
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1) Landslide triggers (removal of triggers) 

Removing landslide triggers is generally the most effective preventive measure. It is no exaggeration 

to say that the cause of many naturally occurring landslides is the increased supply of groundwater due to 

heavy rains, long rains, and melting snow. Therefore, surface water drainage and groundwater drainage are 

important construction methods that should be considered first. On the other hand, when an artificial act is the 

trigger, an effective emergency measure is to restore the triggering event. For example, when cutting or 

embankment is the trigger, it is effective to restore it to remove its influence as much as possible. 

 

2) Reduction of sliding force, addition of resistance force 

A typical method of reducing the sliding force of a landslide (the denominator of the stability analysis 

formula) is soil removal at the head of a landslide. This type is fast-acting and effective. Care should be taken 

to ensure that there are no unstable slopes or other landslide blocks. On the other hand, typical construction 

types that add resistance (the numerator of the stability analysis formula) are buttress fill work and pile work. 

The former is one of the effective construction methods, which is carried out at the toe of the landslide. Anchor 

work is also a commonly used construction method. 

 

3) Landslide activity 

In the case of a landslide with a high moving speed, it is impossible to construct restraint work, and 

even if it is constructed, it may be destroyed. Therefore, first remove artificial factors such as cutting and 

embankment, and implement control works such as groundwater drainage such as surface water drainage and 

horizontal boring. After reducing the moving speed, deterrent work will be planned as necessary. 

 

4) Scale of landslide 

Taking groundwater drainage as an example, if the scale of the landslide is small, it is not so difficult 

to construct a horizontal boring through the slip surface from the ground surface. However, as the scale 

increases, the length of the bore also increases, so the efficiency of removing groundwater near the slip surface 

decreases. Therefore, drainage wells and sometimes drainage tunnels are efficient and economical 

construction methods. In the same way, if the scale of the landslide is large, it will be difficult to employ piling 

work even if the deterrence work is taken, and anchor and shaft will be selected. 

 

5) Construction position of countermeasure work 

Since the head of a landslide becomes a tensile zone with many cracks and gaps, it is effective to install 

groundwater control work and surface water control work. In addition, groundwater control work are often 

constructed to prevent the inflow of groundwater from outside the landslide site. In addition, soil removal 

work will be carried out at the top of the landslide. On the other hand, since the end of the landslide is a 

compression zone, it is suitable for buttress fill work and restraint works. 
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 Controls work  

Control work is a construction method that improves the balance between sliding force and resistance 

strengtge and stops or mitigates landslide movement by changing the topography of the landslide and 

groundwater conditions. When planning, consider the total cost including maintenance, and plan the 

appropriate layout by combining the following types rationally. 

 

（1）Surface water contorol work  

The surface water control works prevent the infiltration of rainfall and re-infiltration from springs, 

swamps, waterways, etc., and suppress the rise of groundwater. Surface water conrtol works include channel 

works and Infiltration prevention works, and a construction method that can be quickly constructed according 

to the landslide situation should be selected. The channel works should be planned according to the 

topography of the landslide, and large earthworks should be avoided. Also, when control surface water 

flowing into the landslide, it should be planned in the peripheral area of the stable landslide area away from 

the landslide cracks and scarps. 

Although the effect of surface water drainage works cannot be expressed quantitatively at present, it is 

desirable to implement them as a countermeasure against landslides. This method is particularly effective 

when rain fall amount and landslide movement are closely related. 

1) Channel work 

Channel works are installed to quickly collect rainfall within the landslide area and drain it outside the 

area, and to eliminate inflow water from outside the area. 

(A) Water catchment channel work 

Water catchment channel works are usually placed across slopes to quickly collect rainfall and surface 

water on the slopes. The water catchment channel works will be relatively wide and shallow, and will be 

connected to the Water drainage channel works. 

(B) Water drainage channel work 

Water drainage channel works are used to drain collected water quickly outside the landslide site, so 

their cross-sections must be determined by water flow calculations. Water drainage channel works are to be 

installed in valley topography. In principle, Water drainage channel works should be provided with band 

works at intervals of 20 to 30m. 

 

2) Infiltration prevention work 

Infiltration prevention work is a method of filling cracks with clay or cement or covering with plastic 

sheet. As measures to prevent water leakage from swamps and waterways, we plan to cover with impermeable 

materials, excavate swamps, replace and improve channels, and etc. 
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（2）Ground water contorol work  

Groundwater control works drain the groundwater that flows into or seeps into the landslide area and 

the groundwater that is distributed within the area, and decrease the pore water pressure (groundwater level) 

act at slip surface of the landslide. Groundwater control works are roughly divided into shallow groundwater 

drainage works for groundwater flowing in the stratum near the surface and deep groundwater drainage works 

for deep groundwater near the slip surface. 

The planned decreasing the groundwater level differs depending on the type of countermeasure work, 

topography of the landslide, geology, soil quality, and the condition of the presence of groundwater, depend 

on the situation, it is studied and decided.  

If it is difficult to obtain results from groundwater level analysis or similar locations, the following 

values may be used as a reference. However, the value shown here is an empirical value when the groundwater 

control works is appropriately placed in the landslide, and should be considered as the maximum expected 

drop in groundwater level. Therefore, continuous observation will be carried out after construction, and if the 

target reduction in groundwater level is not observed, the construction method will be reexamined and 

additional work will be considered. 

   Horizontal drainage boring  3.0m 

   Drainage wel             5.0m 

   Drainage tunnel           8.0m 

 

1) Shallow groundwater control work 

(A) Drain work 

Drain works are installed to remove groundwater distributed in shallow layers or to quickly remove 

infiltrate water due to rain. In particular, when removing abundant groundwater in soil layers with low 

hydraulic conductivity, plan aggressively. The groundwater depth that can be removed is about 2m from the 

ground surface. 

(B) Channel and drain combinated work 

Channel and drain combinated works are installed to prevent the inflow and infiltrate of surface water 

and to remove groundwater that has infiltrated from the surface to a shallow depth. Since shallow groundwater 

is formed by permeation of surface water, the structure will be a combination of drains and channels drainage 

in recesses and valleys on the ground surface. 

(C) Horizontal drainage boring 

Horizontal drainage borings are designed to remove groundwater from shallow layer that cannot be 

removed by channel and drain combinated works, etc., and should be planned if construction is possible from 

the topographical point of view. It is desirable to plan the diameter, length, angle, etc. of horizontal drainage 
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borings based on the results of groundwater analysis. 

2) Deep Groundwater control work 

(A) Horizontal drainage boring 

Horizontal drainage borings, planned as deep groundwater drainage, are installed to drain deep 

groundwater distributed near slip surfaces and groundwater along faults and fracture zones. After confirming 

the existence of deep groundwater in the landslide block and the groundwater level, plan to install for the 

aquifer. The tip interval of horizontal drainage boring is generally 5 to 10 m, and it is often planned to drill 5 

to 10 m through the slip surface. 

 

(B)Drainage well 

Drainage wells are installed to drain deep groundwater. In particular, it is planned when groundwater 

is to be collected intensively at a deep level or when the length of the horizontal boring is longer than about 

50m.Drainage wells do not expect water collection from the walls of the drainage well, but expect a large 

amount of water collection from underground water veins by horizontal drainage boring in the wel. 

In the case of active landslides, the depth of the catchment well is generally planned to be at least 2m 

shallower than the depth of the slip surface to ensure the stability of the well and the drainage boring. In the 

case of installing at nomoved landslide, the foundation of the drainage well may be installed on stable ground 

through the slip surface. 

The location and size of the wells will be determined by taking into consideration the effectiveness of 

water cllection, safety during construction, maintenance and management, etc. 

In particular, the arrangement and construction method will be examined so that the drainage from the 

drainage wells to the surface will be natural drainage. If it is not possible to directly drain water from the 

drainage well to the surface, a relay well should be planned. In any case, the drainage boring should not cross 

the slip surface in principle so as not to be cut by the landslide. 

Drainage wells are used in landslide areas where groundwater is stratified or pulsed and intensive 

groundwater removal is required. If the groundwater distribution is multilayered, it is necessary to collect 

groundwater in two or more horizontal drainage boring in the direction of depth. 

If the soil is soft and there is a large amount of spring water, excavation is difficult, so other methods 

are adopted. Also, in places where there is a lot of movement, an increase in lateral pressure causes distortion 

in the well, which may cause breakage. Therefore, it is desirable to avoid construction at such places as much 

as possible not only from the viewpoint of maintenance after construction but also from the viewpoint of 

disaster prevention during construction. Therefore, in determining the location of the drainage wells, it is a 

general rule to confirm the geology and bedrock by boring survey. 

When installing two or more drainage wells, the location and quantity should be determined in 
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consideration of the construction length of horizontal drainage borings in well, the area affected by the 

lowering of the groundwater level due to thedrainage wells, and the local groundwater conditions. 

(C)Drainage tunnel 

Drainage tunnels are planned when it is difficult to drain deep groundwater using drainage wells or 

horizontal drainage borings. Drainage tunnels are constructed for the purpose of drainage groundwater near 

the slip surface by drainage boring installed inside the tunnel.  

In addition, it is roughly divided into a bottom tunnel that place under the slip surface and a peripheral 

tunnel that is installed around the landslide site. As a general rule, tunnel excavation within the landslide mass 

should not be carried out. 

Drainage boring is carried out by upward or horizontal boring from the boring room in the tunnel. 

 

（3）Earth removal work 

Earth removal works are carried out to remove the body at the landslide head and reduce the sliding 

force of the landslide. When planning earth removal work, it is necessary to conduct a thorough investigation 

and study in advance so as not to induce potential landslides on the upper slope. 

If landslides are distributed on the upper slope, this construction method should be avoided. 

It is the volume of soil to be removed should be determined based on a stability calcuration based on 

an accurate understanding of the scale of the landslide and the position of the slip surface. 

After earth removal works, efforts will be made to restore the natural environment by planting trees on 

the slope surface and the site where the soil was removed.  

If the movement of the landslide is large and it is dangerous for workers to enter the landslide area and 

the slope below the landslide, or if it is dangerous to work on steep slopes, the introduction of unmanned 

construction technology should be considered. 

Earth removal works requires investment in soil transport, soil treatment, maintenance and 

management of the cut slope surface and it may take time to acquire land. On the other hand, it is a construction 

method that has few problems of function deterioration such as slime adhesion to the drainage holes after 

construction such as horizontal drainage borings and drainage wells. Therefore, if it is judged to be 

advantageous after comparing the total cost including workability, soil treatment, site, functional deterioration 

risk, maintenance, etc., it should be adopted positively. 

 

（4）Buttress fill work 

Buttress fill work is installed to embank a well-drained soil mass at the toe of landslide and increase 

the resistance strength to landslide sliding force. It was confirmed that no new landslides were induced on the 

embankment and its surrounding slopes. Since the buttress fill work is often located on the river bed of a river 
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or mountain stream, it may be necessary to replace the river water way or revetment work. 

Since buttress fill work is effective when used in combination with earth removal removal work at 

landslide top, it is often planned to combine them. In addition, considering the rise of the groundwater level 

behind the buttress fill work, it is desirable to use a groundwater control work together. 

The buttress fill volume will be decieded using a stability calcuration. The buttress fill will be greened 

to restore the natural environment and scenery. In addition, as mentioned in the earth removal work, the 

construction method should ensure the safety of the workers. 

 

（5）Erosion prevention work using river structures, etc. 

Erosion prevention works using river structures, etc. are planed to protect the river bank and stabilize 

the edge of the landslide, in case that riverbed degradation or bank erosion due to running water impairs the 

stability of the landslide mass and triggers the occurrence of a landslide.  

River structures for landslide prevention include check dams, groundsills, revetments, and water dikes. 

There are also plans to detour rivers. 

If a check dams, groundsills are installed immediately downstream of the landslide area, the 

sedimentation will prevent collapse and erosion at the end of the landslide. When installing checkdams, 

groundsills, etc., in principle, they should be installed on stable position that are not affected by landslides, 

directly downstream of the landslide area. 

 

 Restraint work  

Restraint work is a method to stop all or part of the landslide movement by adding resistance force of 

the structure. When planning, the total cost including maintenance and management should be taken into 

consideration, and the following types of structures should be planned to be placed appropriately, either 

individually or in reasonable combination. 

The following types of restraint works are available. 

/It is method that directly resist the sliding force of landslide body by shear resistance and bending 

resistance of steel pipes, reinforced concrete, etc. : "Pile" and " Large diameter cast-in-place shaft ". 

/It is method that stabilize slopes by utilizing the tensile strength of tendons (steel materials, etc.): 

"Anchor". 

 

（1）Pile work 

Pile work is a method of directly resisting the sliding force of a landslide moving mass by adding shear 

resistance and bending resistance by inserting steel pipe piles, etc., through the slip surface into the immobile 
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layer. 

Pile work is a method in which multiple steel pipe piles are generally placed in a row perpendicular to 

the direction of landslide movement to resist the sliding force of the landslide as one unit.  

Therefore, when the landslide activity is active and movement of 1mm/day or more is expected, unless 

the planned piles are installed at the same time, the piles will work individually and cannot be expected to be 

effective,  

so construction should be done after confirming that the landslide activity has generally stopped due to 

emergency measures and control work.  

Therefore, construction should be carried out after confirming that landslide activity has generally 

stopped due to emergency countermeasures and control works. 

In principle, the planned location should be below the center of the landslide  block, and the location 

should be selected where the foundation for the pile rooting area is strong and the ground reaction force can 

be expected. 

 

（2）Large diameter cast-in-place shaft work 

Large diameter cast-in-place shaft work (Hereinafter described as "shaft") is a method in which the 

shaft is filled with reinforced concrete to resist the sliding force of the landslide by the resistance force of the 

shaft. 

Shaft is planned when the slip force of the landslide is large and it is difficult to secure the specified 

planned safety factor (P-Fs) with pile work, and when the foundation ground is favorable. 

Shaft is a method in which a shaft with a diameter of 2.5 to 6.5 m is excavated up to the immovable 

layer, and the shaft is filled with reinforced concrete and converted into a pile. Shaft is used when ground 

conditions make it difficult to drill large-diameter holes by machine, or when steel piles cannot resist the 

sliding force of a landslide. It is necessary to pay attention to safety management of construction during shaft 

excavation. In addition, it is necessary to conduct sufficient investigations and studies on groundwater and 

spring water in advance to ensure that drainage treatment during excavation is sufficiently carried out. 

 

（3）Anchor work 

Anchor work is method inserting tendons (steel or other materials) from the slope surface into the 

immovable layer and stabilizing the slope using the tensile strength of the steel anchored in the immovable 

layer. 

 Anchor used as landslide countermeasures have two effects: one is to increase shear resistance by 

increasing vertical stress against the slip surface (clamping effect), and the other is to hold back the landslide 

soil mass by tensile force in the direction tangential to the slip surface when the landslide body slide(holding 
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effect).  

Anchor is a method of stabilizing landslides by anchoring high-strength steel to the immovable layer, 

transmitting the load acting on the head(ground surface) of the tension material to the anchorage 

layer(immovable layer), and integrating the reaction force structure (pressure recieving plate at ground 

surface) as a group with the landslide. This method is used when the landslide site is too steep and difficult to 

obtain sufficient ground reaction force with piles or shafts, or when the site is urgent and the effect of the 

method should be required as soon as possible. 
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1.2 Design of Countermeasure 

 Controls work 

(1) Surface water control 

1) Channel work 

The channel construction consists of a water catchment channel that is placed in a dendritic pattern in 

the depression in the landslide slope, and a water drainage channel that drains the water. The drainage channels 

are arranged as shown in Figure 3. In addition, if necessary, surface water from outside the landslide block 

should not flow into the landslide block.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3  Example of channel layout and example of channel cross section 

 The following are points to be considered when designing the channel work. 

/ The channel should be a moated channel to prevent collection of surface water from the landslide 

slope and re-infiltration of water collecting in the depression (Figure 4). The route of the channel should be 

selected to minimize excavation of the landslide slope. 

/ The width of water catchment channel and small drainage channel should be as wide and shallow as 

possible, at least 30 cm, taking maintenance and management into consideration. 

/ Channel should be bottom-lined to prevent re-infiltration of runoff, and catchment basins should be 

provided at junctions with branch lines, bends, and changes in gradient. 

/ Main drainage channel is determined the cross-section of the channel by determining the planned 

maximum flood flow rate. In many cases, the planned rain amount is set to a magnitude of about 1/50 of the 

probability of exceedance (Japanese case).  In addition, the cross-section of the channel should be designed 

with a margin of at least 20% to allow for reduction in cross-sectional area due to sediment deposition. 

/ In case that shallow ground water is distributed, channels combinated with culvert should be installed. 

/ Figure 5 shows a reference drawing of a catchment basin and a dropwork. Catchment basin or 

Band 
work 

Catchment 
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Water 
catchment 
channel 

Water 
drainage 
channel 

Landslide 
block 



16 

 

dropwork should be installed every 20 to 50 m. 

/ Concrete U-shaped channels, semi-circular hume pipes, corrugated pipes, and plastic pipes are used 

as materials for channels. If deformation of the channel is expected due to landslides or ground surface 

movement, select a material that can easily follow the movement of the ground surface, such as a material 

with bending flexibility. 

/ Periodic monitoring and maintain are necessary because joints of channel may open or be destroyed 

by uolift or subsidence of the ground caused by landslide movements, resulting in water leakage. 

 

 

 

 

 

 

 

 

Figure 4  Reference drawing of catchment basin & drop work  
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Figure 5  Case study photos of channel (In Japan)   
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2) Infiltration prevention work 

Major seepage control works include the following 

1) Filling method: Filling cracks with clay or concrete, suitable for emergency measures. 

2) Plastic sheet covering method: Covering cracks with plastic sheets, suitable for emergency measures. 

3) Leakage prevention method: If there is leakage in a swamp, the bottom is covered with impermeable 

material such as asphalt.  

 

 

 

 

 

 

 

 

 

 

 

 
Plastic sheet covering method 

 
 
 
 
 
 
 
 
 
 
 
 
 

Leakage prevention method 

Figure 6  Case study photos of channel (In Japan) 

Next, it is described the " plastic sheet covering method," which is easy to construct and has been used 

in many cases. 

The plastic sheet covering method is mainly used to cover open cracks with plastic sheet. Materials 

used include plastic sheets, anchor pins, sandbags, and ropes. The procedure is to spread the plastic sheet to 

cover the open crack. Anchor the head and sides of the blue sheet with anchor pins. The plastic sheets are laid 

one on top of the other so that there are no gaps between them. Next, place sandbags or suspend the sandbags 

to prevent the plastic sheets from being blown away by the wind. 

To prevent water collected by the plastic sheet from reinfiltrate into the landslide area, a channel should 

be installed under the plastic sheet, to flow out surface water to the out of landslide area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7  Reference drawing of plastic sheet covering method 
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(2) Ground water control 

1) Drain work  

In the design of drain works, the following points should be considered 

/The layout of drain should be determined taking into account soil and groundwater conditions. 

/ The length of each drain should be a straight line of about 20 m. Catchment basins should be provided 

to prevent clogging and re-infiltration of collected groundwater, and collected groundwater should be drained 

to surface drainage channels. 

/ Drains should be up to a depth of about 2 m and the bottom should be lined with a tarpaulin to prevent 

leakage. Suction prevention material should be laid around the drain culvert to prevent soil and sand from 

being sucked out. 

/ Filter material should be packed around culvert pipes to improve shallow groundwater collection. 

/ If surface water is also to be collected, fill the drain to the ground surface with boulder or crushed 

stones. 

/ Drain materials should be able to withstand a certain degree of ground movement and use perforated 

pipes. If the gradient is steep, fix the drain with piles, as shown in below figure. 

 

 

 

 

 

 

Figure 8  Reference drawing of drain work 

In some cases, drain and channel construction are combined. An structural drawing example of this 

case is shown below. 

 

 

 

 

 

 

 

 

 

Figure 9  Reference drawing of drain and channel work 
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2) Horizontal drainage boring  

Below drawing shows a conceptual diagram of a horizontal drainage boring. As shown in the figure, 

the location of the horiontal drainage boring should be determined the location of the groundwater layer should 

be taken into consideration. The following points should be considered in the design of horizontal drainage 

boring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10  Conceptual diagram of a horizontal drainage boring 

/ Horizontal drainage boring is generally installed in areas where shallow groundwater is concentrated, 

and is designed radially or parallel to each other with a spacing of 5 to 10 m at the top of the boring. The 

horizontal drainage boring should be designed to have 5~10m of extra drilling deeper than the slip surface. 

/Collected groundwater should be drained out of the landslide area by directing it to a catchment basin 

or channel. 

/The boring outlet should be located on stable ground, and a protection device should be installed to 

prevent collapse of the borehole mouth due to drainage. 

/The boring drilling angle should be 5 to 10 ° in elevation angle to allow the collected groundwater to 

flow down naturally. 

/ If the soil on the landslide slope is clayey and has a low hydraulic conductivity, the boring diameter 
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may be increased. 

/For the drainage pipe, a pipe with an inner diameter of 40 mm or more should be used, and a strainer 

should be processed. The strainer shall be circular or slit-shaped. An example of a circular strainer is shown 

in the figure below. 

 

 

 

 

 

Figure 11  Reference drawing of drainage pipe 

Estimation of the decline in groundwater level and calculation of safety factor of landslide is 

implemented as following 

When estimating the effect of horizontal drainage boring, the reduction in pore water pressure is 

assumed, stability calculation is performed based on the result, and the safety factor is evaluated. 

How to assume reduction in pore water pressure is shown as follow. 

Case①  Estimation by near site experience or geological characteristics. 

Case②  If it is difficult to estimate, empirically plan a reduction of about 3 m. 

    (Even if the calculated safety factor increases by 5% or more, the effect is limited to 5%) 

Case③  Height and range of reduced pore water pressure is decided by Calculation. 

In any case, it is necessary to carry out monitoring after the construction work to confirm the effect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12  Method for estimation of the decline in groundwater level 
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Figure 13  Case study photos of Horizntal drainage boring (In Campo Cielo) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14  Drawing of horizntal drainage boring (In Campo Cielo) 
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3) Drainage well  

Drainage well is a method of excavating a well for water collection, and is used when intensively 

collecting groundwater at a deep slip surface position or when the extension of horizontal boring from the 

ground is too long. 

Drainage well is installed in easy-to-construct and relatively stable ground, and the collection pipes are 

placed toward the groundwater layer. Therefore, the location of the drainage well should be determined by 

confirming the geological conditions through investigation borings. 

When two or more drainage wells are to be installed due to the presence of groundwater over a wide 

area, they should be appropriately located considering the length of the horizontal drainage boring, the extent 

to which the water table will be lowered by the collection wells, the presence of groundwater, and other factors.  

Drainage ground water in drainage well shall be through the drainage pipe (horizontal drainage boring 

in well), and drainage from the wall of the well is not expected. 

During the construction of drainage well, it is an opportunity to directly observe the geology and soil 

conditions of the landslide slope, the location of the slip surface, and the condition of the slip surface. It should 

be noted that it is also possible to collect undisturbed samples, which should be used not only for construction 

work but also for research purposes. 

Landslide soil masses are often extremely fragile due to weathering, and sufficient attention should be 

paid to safety management during excavation of drainage well and boring work in the drainage well. 

 

 

 

 

 

 

 

Figure 15  Conceptual diagram of drainage well 

(A) Depth of the drainage well 

As a general rule, the depth of a drainage well should be place at least 2m upper the slip surface on a 

moving landslide slope, and should penetrate 2~3m under the slip surface (basement rock) on a stopped 

landslide slope or off a landslide slope.  

This is because the drainage well will be destroyed near the slip surface as it moves if the bottom of 

the drainage well is allowed to penetrate below the slip surface on a moving landslide slope.  

In addition, the depth of the slip surface is generally unknown on a stopped landslide slope, and it is 

difficult to identify the aquifer that will be adversely affected. Therefore, the bottom of the drainage well is 
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made to penetrate into the base in order to increase the drainage well's water collection effect. 

In addition, if the drainage well is constructed over a long period of time on a moving landslide slope, 

changes in soil properties and increases in soil pressure may cause the drainage well to be constructed. In 

addition, if the construction of a water collection well takes a long time on a moving landslide slope, it may 

be difficult to construct the well due to changes in soil properties and increased soil pressure. Therefore, it is 

necessary to shorten the construction period as much as possible. 

 

(B) Structure of drainage well 

The standard drainage well is cylindrical in shape with an inside diameter of 3.5~4.0m. However, if 

the soil type is gravel, boulder mixed sediment, hard rock, or crushed rock, and it is difficult to drill a 

horizonntal drainage boring, the inner diameter should be increased accordingly. In either case, sufficient 

consideration should be given to safety during construction. 

In principle, the drainage well should be hollow for the maintenance of the water collection and 

drainage pipes. If the drainage well is threatened with destruction due to significant landslide movement 

after construction, the drainage well should be maintained by filling it with chestnut stones, cobble stones, 

etc. as an emergency measure. 

The bottom of the drainage well should be covered with a 50 cm-thick layer of concrete to prevent 

groundwater supply to the landslide layer or base from contributing to the landslide activity. 

Generally, steel (liner plate) and reinforced concrete are used for drainage well materials. 

The materials should be determined in consideration of the ease of delivery of materials to the construction 

site and the total cost from construction to maintenance. Generally, construction sites are located in 

mountainous areas, where it is often difficult to transport materials using large machinery, and a large 

amount of materials are rarely used at the same location. In such cases, lightweight materials with good 

workability are used. 

To prevent outsiders from entering the drainage well, the top of the well should be raised about 1 m 

above the ground surface, and a canopy and protective fence should be installed at the top of the drainage 

well. A ramp shall be installed inside the drainage well. 
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Liner plate drainage well 

 

 

 

 

 

 

 

Reinforced concrete drainage well 

Figure 16  Case study photos of drainage well (In Japan) 

(C) Design of a steel-structured (liner plate) drainage well (Japanese case study) 

Drainage wells must be structured so that they will not be destroyed by loads acting from the outer 

surface. In principle, the only load acting on the outer surface of the drainage well shall be earth pressure, 

and water pressure shall not be considered. In principle, earth pressure generated by landslide movement is 

not considered. If deformation of the drainage well is anticipated, lateral struts or vertical stiffeners are used 

to reinforce the drainage well. In addition, if uneven soil pressure is anticipated, the design should take this 

into account. 

The cross-section (thickness) of a member for safety against buckling is determined by the following 

equation using the maximum earth pressure Pmax acting on the outer surface of the drainage well. 

 

q A  : Allowable external pressure on the outer surface of the drainage well  (kN/m2) 

E  : Young's modulus (kN/m2) 

I  : Secondary moment of cross section per 1.0m depth of liner plate（m4/m) 

However, the effective cross-sectional secondary moment considering water collection holes, bolt 

holes, etc. is 0.8I0 

(I0: the cross-sectional secondary moment when there are no water collection holes, bolt holes, etc.) 

F  : Safety factor (1.5 to 2.0) 

R  : Radius of drainage well (m) 

Ptmax : Maximum earth pressure acting on the outer surface of the drainage well (kN/m2) 

 

Liner specifications are determined by selecting a safe liner thickness for maximum soil pressure or 

by adding reinforcement rings. 
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Figure 17  Example of drainage well with liner plate 

 

The maximum soil pressure acting on the outer surface of a drainage well can be calculated using 

Terzaghi's formula which takes into account the arch action (circular action) of the surrounding soil or 

Rankine's formula. In general, the following equation, which assumes that the earth pressure does not 
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increase above a depth of about 15 m and that the triangular distribution of static earth pressure is used in 

many cases. 

Ph = k・γ・h   h<15m  

Ph =15・k・γ   h≧15m 

    Ph : Soil pressure (kN/m2) 

K : Static earth pressure coefficient (0.5 regardless of sandy or clayey soil) 

γ: Unit volume weight of soil layer (kN/m3) 

h : Depth from ground surface (m) 

 

 

 

 

 

 

 

 

 

 

 

Figure 18  Earth pressure acting on the outer surface of the drainage well 

 

(D) Design of a reinforced concrete drainage well (Japanese case study) 

This drainage well is used, for example, in the following cases 

/When the geology is generally relatively homogeneous, such as sandy soil, and the drainage well 

settles easily under its own weight. 

/ When the ground is sandy soil, which is prone to boiling due to large amounts of groundwater. 

/ When the ground is soft clay that is prone to heaving (the phenomenon of the covering layer being 

pushed up by the pressurized groundwater). 

 

(E) Drainage boring 

In principle, the permanent drainage from drainage wells should be natural drainage from drainage 

boring. In case of mechanical drainage, breaking down of machinally cause fail to eliminate groundwater 

and then landslide may re-active. And also requires a large budget for normal maintenance. 

Drainage boring lengths are often up to 80 m. The standard drainage pipe is a steel pipe with an inner 
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diameter of 80 to 100 mm. If a large amount of groundwater is expected to be drained, the boring diameter 

should be increased or multiple drainage borings should be constructed, as appropriate. 

If the length of the drainage borehole is long or it is difficult to construct a drainage boring, a relay 

well should be installed at a distance of 70~80 m and connected to the drainage boring. The end of the 

drainage boring should be located inside the landslide prock and lead out of the landslide area by a channel. 

The drainage boring outlet should be protected by gabion, retaining wall, etc. 

 

(F) Horizintal drainage boring 

The standard length of a horizontal drainage boring is 50 m. However, if the boring is drilled into the 

slip surface just at the landslide top, the length may be 80 to 100 m.  

The direction, spacing, number of borings, etc. are determined based on the results of geological and 

groundwater investigations, but the direction, spacing, number of borings, etc. may be changed depending 

on the water collection conditions during construction. 

The horizontal drainage boring should be rigid PVC pipes with an inner diameter of 40 mm or more, 

and be equipped with strainers in the same manner as the pipes for horizontal drainage boring (on the 

ground). 

 

4) Drainage tunnel  

Drainage tunnels are used when the size of the landslide is large, the moving layer is thick, or the 

speed of movement is large. This is because the depth of drainage wells becomes large when the purpose is 

to remove deep groundwater, and it is also difficult to construct in the case of a landslide with a large 

movement speed. 

In principle, drainage tunnels are not installed in the landslide body, but in the stable base rock, and 

the groundwater acting on the slip surface is drainage by drainage boring in the tunnel or connecting the 

tunnel drainage well. 
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Figure 19  Drainage tunnel layout image 

(A) Drainage tunnel placement 

The distance from the top of the drainage tunnel in the base rock to the slip surface should be at least 

twice the tunnel diameter, taking into account the extent of ground loosening. The drainage tunnels should 

be placed in consideration of the distribution of groundwater layer that affect the landslide, and in particular, 

drainage from the landslide head and both sides of the landslide where groundwater tends to collect. In 

addition, drainage tunnel outlet should be located where the ground is as firm as possible. 

 

(B) Longitudinal slope of Drainage Tunnels 

The longitudinal slope of the drainage tunnel should be angled toward the tunnel mouth to allow 

natural drainage of collected groundwater. In general, the slope should be less than 15/1000. 

 

(C)Cross-section and structure of drainage tunnels 

The cross-sectional shape of drainage tunnels can be horseshoe, circular, semi-circular, trapezoidal, or 

rectangular, depending on the materials used. In principle, tunnels should be hollow for maintenance and 

management, including water collection facilities, and should be lined for durability. 

The cross section of the tunnel should be determined in consideration of the total cost from 

construction to maintenance, taking workability during maintenance, including construction, into account. 

Materials used for lining include concrete, liner plate, corrugate, etc. 
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Figure 20  Example of cross-sectional shape of drainage tunnel 

 

(D) Emergency escape access route 

When the length of drainage tunnels exceeds 1,000 m, it is necessary to provide a ramp or shaft for 

escape in case of emergency for safety management. 

 

(E) Collect of groundwater 

In principle, groundwater drainage by drainage tunnels shall be by drainage boring. Boring should be 

planned to radiate horizontally or upward from the inside of the tunnel toward the groundwater layer. The 

angle of the boring should be determined by considering the distance to the groundwater layer, the total 

length of the boring, and the length of the section that crosses the groundwater layer. 

When boring at a steep angle, a boring space with a larger cross section of the tunnel should be 

provided if necessary. For more information on the length of drainage boring and drainage pipe, please refer 

to the Horizontal drainage boring section. 

 

(F) Drainage of collected groundwater 

In principle, the bottom of the drainage tunnel should be constructed in the same structure as the 

channel construction to prevent groundwater collected by the drainage boring from seeping back into the 

ground. 

When liner plates or corrugated plates are used for lining the drainage tunnel, the bottom of the tunnel 

should be made of concrete to maintain its function as a drainage channel, since there is a large possibility of 

water leakage due to damage to joints or loosening of bolts at the bottom of the tunnel. 

 

(G) Earth pressure acting on drainage tunnels 

The amount of earth pressure acting on the drainage tunnel shall be determined by taking into 

consideration the geology, size of the tunnel cross section, construction method, type of lining, construction 

period, and the nature of the ground. 

Lining of concrete,  

asphalt, etc. Channel 

Channel 

Rockbolt 

Sprayed 

concrete 

Waterproof sheets 

NATM method 



31 

 

 

(H) Materials for Tunnel Support 

Tunnel supports can be made of wood or steel. In general, wood is used for solid bedrock or in case 

that tunnel is backfilled after short-term, while steel is used for areas subjected to earth pressure or for long 

periods of time before the next construction. Recently, the NATM method using shotcrete and rock bolts has 

been used. 

 

(3) Earth removal work 

The amount of soil to be removed, the location of the soil to be removed, the slope of the cut gradient 

and the height of the slope should be determined by slope stability analysis. 

The stability of the upper slope and the existence of potential landslides should be thoroughly 

investigated before designing the earth removal works, and sufficient consideration should be given to 

whether or not this method can be adopted to prevent the earth removal from reducing the stability of the 

slope behind and triggering landslides. The slope protection after the soil is removed will also be considered. 

 

1) Effects of earth removal on landslide stability 

It can be divided into at least 3 parts on this landslide. 

The angle of the slip surface differs depending on the part, and the slope stability properties differ. 

 

 

 

 

 

 

 

 

 

 

 

Figure 21  Stability balance for each landslide area 

 

Earth removal work help the landslide mass to remove the sliding moment 
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The effectiveness differs on each location 

Top   :  good     :  Safety factor increases,  T＞S on each slice 

Middle  :  not good  :  Safety factor is almost same,   T≒S on each slice 

End     :  bad      :  Safety factor decreases,  T＜S on each slice  

 

The effect of earth removal work depends on the location. 

As shown in the next figure, it is effective for landslide top where the slip surface slope is steep. 

On the contrary, it is not preferable at the end of landslide where the slope of the slip surface becomes gentle, 

as it reduces stability. 

 

 

 

 

 

 

 

 

 

 

Figure 22  Differences in earth removal effects for different landslide area 

 

 

2)  Cut slope 

The following figure shows a conceptual diagram of a cut slope and a cut slope. The slope and 

vertical height of the cut slope should be determined based on a preliminary investigation of the stability of 

the slope due to geological conditions and other factors. This is because the cut slope may gradually become 

unstable over time, leading to surface failure. 

In the case of soft rock, the slope of the cut slope should be about 1:0.5 to 1:1.2, and the width of a 

small step should be about l.0 to 2.0 m every 7 m. In the case of sandy soil, the slope of the cut slope should 

be about 1:0.5 to 1:1.2. 

In the case of sandy soil, the slope of the cut slope at 5 to 10 m of straight height is about 1:1.0 to 

1:1.5, and the width of the small step is about 1.0 to 2.0 m for every 5 to 10 m of straight height in most 

cases. 
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Figure 23  Earth removal work and cut slope work 

3) Investigation of Backslope Stability 

Before any earth removal, the stability of the upper slope and the presence or absence of potential 

landslides should be thoroughly investigated. This is because earth removal may degrade the stability of the 

back slope and induce further landslides. If there is a potential landslide on the upper slope, it will be 

necessary to implement countermeasure for the upper slope landslide, so a thorough study is required, 

including the feasibility of this method. 

 

 

 

 

 

 

Figure 24  Earth removal and backslope landslide 

 

4) Slope protection work 

After earth removal, the slope is generally susceptible to softening and slope failure due to rainfall 

and other factors. Therefore, we will provide surface drainage channels and small steps according to the 

topography of the area, and install drainage channels to improve drainage. 

The slope should be covered with vegetation or structures to prevent erosion and weathering. If the 

surface is not suitable for vegetation or cannot be stabilized by vegetation alone, it should be protected with 

stone pitching, concrete block pitching, or crib work. 
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(4) Buttress fill work   

The buttress fill work should be designed to add resistance to landslide sliding forces by placing 

embankment at the end of the landslide slope, and the amount and location of the embankment should be 

determined by slope stability analysis. 

In designing the embankment, the stability of the embankment base should be examined based on the 

results of the investigation of the foundation soil, and sufficient attention should be paid to the treatment of 

the groundwater behind the embankment. 

 

 

 

 

 

 

 

 

 

 

Figure 25  Image diagram of buttress fill work 

1) Embankment 

The height of fill and slope of the embankment should be determined based on the fill material and 

the soil characteristics of the embankment base soil. 

In general, the average slope of the embankment slope should be 1:1.5~1:2.0, and steps of about 

1.0~2.0m are often provided at every 5m of the embankment. A channel should be provided at each step. 

 

2) Coutermeasure for groundwater 

Since springs are generally found at the end of landslide slopes and facilities such as horizontal 

drainage boring may be installed, it is necessary to ensure that the fill does not obstruct the drainage of such 

water. 

If there is a shallow groundwater aquifer at the fill location, the groundwater outlet may be blocked 

by the fill and its load, and the slope may become unstable due to a rise in the groundwater table behind the 

slope. 

Therefore, careful attention should be paid to the groundwater treatment of the area behind the 

embankment. 

Drain works at the bottom of the embankment and drain works (drainage sheets) within the 

Buttress fill work 

Slip surface Gabion wall 
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embankment are recommended. 

3) Slope protection work 

Since the embankment surface is easily subject to collapse and erosion due to rainfall, it is necessary 

to protect the surface by means of slope protection. It is preferable to use vegetation and erosion control mat 

to protect the slope surface, and to avoid using rigid structures such as concrete lining as much as possible. 

As a general rule, a retaining wall should be installed at the edge of the embankment. 

Retaining wall structures should be able to follow deformation and have excellent water permeability. 

 

4) Consideration for lower slopes of embankment  

When Filling, it is important to care of the slope stability under the landslide. 

For Buttress filling, the safety factor is improved by filling a large amount of soil at the end of 

landslide, therefore the risk of landslide of lower slope at embankment may be increase. 

 

 

 

 

 

 

Figure 26  Buttress fill work and lowerslope landslide 

 

(5) Erosion prevention work using river structures   

Erosion control works by river structures are designed to prevent streambank failure caused by 

erosion of the landslide slope terminus by flowing water, and to prevent the activation of landslide 

movement. 

When the end of a landslide slope is eroded by running water, this can cause stream bank failure and 

increase landslide movement. For this reason, erosion prevention methods such as river structures are used 

to prevent erosion at the end of landslide slopes. 

When check dam, ground sill, revetment, etc. is constructed immediately downstream of a landslide 

slope, the sand deposited by the structure can be expected to prevent collapse and erosion at the end of the 

landslide slope, and also to provide fill. 

/ Excavation during construction should be kept to a minimum so as not to impair the stability of the 

landslide. 

/Install groundwater control work as necessary so that the groundwater level within the landslide 

slope does not rise due to the installation of facilities. 

Buttress fill work 

Progressive landslide 
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/When constructing river structures, in the landslide area during movement, they should be flexible to 

deformation and safe against the effects of running water. 

/In the case of a landslide that is actively moving, use a structure that does not require excavation, or 

install check dam at a safe position downstream, and it is expected that deposited soil effects as 

buttless fill work for landslide. 

 

 Restraint work 

(1) Pile work 

Pile work shall be designed to obtain the prescribed deterrent force considering the topography and 

geology of the target landslide site. 

In designing pile work, the stability of the piles against internal stresses when the designated deterrent 

force is acted on the piles should be considered, and passive failure in the mobile layer moving layer 

downward the piles, failure of the rooting ground, and penetration of the soil mass between the piles should 

be prevented. 

 

1) Functions and Classification of Pile work 

Landslide control piles can be classified into the following categories based on their functions. 

 <Bending piles> 

Bending piles are designed under the condition that shear force and bending stress are generated in 

the pile due to deformation of the landslide soil mass during the sliding of the landslide. There are two types 

of bending piles: "wedge piles" and "cantilever piles". 

/Wedge piles 

A wedge pile is a pile that is designed to be subjected to the shear force and bending stress generated 

when the pile moves together with the moving soil mass and bends above and below the slip surface, 

assuming that the sliding force of the landslide acts as a concentrated load at the slip surface. 

/Cantilever pile 

When the ground reaction force on the downward of the pile cannot be expected, the pile is regarded 

as a cantilever beam and designed as if the sliding force of the landslide acts on the pile in the moving layer 

as a distributed load or a concentrated load. Cantilever piles are used when piles are installed at the end or 

near the head of a landslide. 

 

< Shear pile> 

Shear piles are designed assuming that the sliding force of the landslide acts as a concentrated load on 
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the slip surface and that only shear force is considered, assuming the condition that the landslide mass is not 

deformed (no bending stress is generated in the pile) during the sliding of the landslide. 

 

2) Applicable Conditions for Pile Work 

The application conditions for pile construction should be fully considered. In the previous case, the 

thickness of the moving layer was often less than 20m. And the following conditions should be considered: 

the piles should not be used in soft ground, the moving layer should not be broken up into small landslide 

blocks by many cracks, and the piles should be installed during a period when landslide activity is dormant. 

In addition, it should be noted that the design of the piles is based on the assumption that the piles are 

elastic and that the ground reaction force around the piles can be expected at all times except for the 

cantilever piles. 

In adopting shear piles, it is necessary to carefully consider that there is no risk of bending failure of 

the piles. Shear piles have been known to tip over in case of shallow landslides. 

 

3) Deterrent force of pile work 

To obtain a given planned safety factor, the deterrent force Pr (kN/m) borne by the pile per unit width 

is determined by the following formula. 

 

 

 

 

Pr    : Deterrent force of pile per unit width (kN/m) 

P. Fs  : Planned safety factor 

W     : Weight of split pieces (kN/m) 

U     : Pore water pressure acting on the split piece (kN/m) 

l      : Length of slip surface of split piece (m) 

θ     : Inclination angle of the sliding surface at the split piece (°) 

Φ'    : Internal friction angle of the sliding surface (° ) 

C,    : Adhesive force of sliding surface (kN/m) 

When using the control works (ground water control work, earth removal work, buttless fill work) 

together, U, W, and l on the right side of the above formula are varied according to the amount of 

effectiveness of each control works method to obtain the required deterrent force for the pile works. 
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4) Pile Installation Location 

As a general rule, the location of pile installation should be in a compacted area of the landslide soil 

mass with a relatively gentle slope of the slip surface below the center of the landslide movement block, and 

the thickness of the movement block should be relatively thick so that passive failure will not occur. 

If the area of prevention work is limited to the upper end of the landslide movement block, the 

location of the piles may be in the tensile zone where the slope of the slip surface is relatively steep. In this 

case, it is necessary to design under the condition that the soil mass on the slope below the piles will slide 

down and ground reaction force cannot be expected (Cantilever pile). 

 

The location of the pile to be installed in the compression section should be determined by comparing 

the sliding force Ti and resisting force Ri for each segment from the end of the landslide movement block to 

find the boundary between ΣRi > ΣTi (compression section) and ΣRi < ΣTi (tension section), and selecting a 

location below this boundary where the earth pressure behind the pile is sufficient. 

 

Ti  : Sliding force for each split piece (kN/m) 

Ri  : Resisting force for each split piece (kN/m) 

Wi  : Weight of each split piece (kN/m) 

Ui  : Pore water pressure acting on the split piece (kN/m) 

li  : Slip surface length of the split (m) 

Θi  : Inclination angle of the slip surface at the split piece (°) 

Φ'  : Internal friction angle of the slip surface (°) 

C'  : Adhesive force of slip surface (kN/m) 

 

 

 

 

 

 

 

 

 

Figure 27  Compression and tension sections in a landslide cross-section 

Compression section Tension section 
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When piles are installed at the end of a landslide, it is necessary to ensure that new slide due to 

passive failure does not occur at the upward of the pile. 

For this purpose, it is necessary to satisfy P.Fs' (formula 2) ≧ P.Fs (formula 1). 

 

 

                                                        ……… (1) 

 

P. F s  : Safety factor of the subject landslide after pile installation 

Pr    : Deterrent force of pile per unit width (kN/m) 

Wab  : Weight of split piece at slip surface a b (kN/m) 

lab   : Length of the slip surface of the split piece at the slip surface ab (m) 

Uab  : Pore water pressure acting on the split piece at slip surface ab (kN/m) 

θ   : Inclination angle of the slip surface at the split piece in the slip surface ab (°) 

Φ'   : Internal friction angle of slip surface ab (°) 

c'    : Adhesive force of slip surface ab (kN/m2) 

 

 

 

 

……… (2) 

P. Fs'  : Safety factor of the assumed slip surface axy after pile installation 

Wax  : Weight of split piece at slip surface ax (kN/m) 

Wxy  : Weight of split piece at slip surface xy (kN/m) 

lax   : Length of slip surface of each split piece at slip surface ax (m) 

lxy   : Length of slip surface of each split piece at slip surface xy (m) 

Uax  : Pore water pressure acting on the split piece at slip surface ax (kN/m) 

Uxy  : Pore water pressure acting on the split piece at slip surface xy (kN/m) 

θax  : Inclination angle of the slip surface at the split piece in the slip surface ax (°) 

θxy  : Inclination angle of the slip surface at the split piece in the slip surface xy (°) 

Cax'  : Adhesive force of slip surface ax (kN/m2) 

C xy'  : Adhesive force of slip surface xy (kN/m2) 

Φ'ax  : Internal friction angle of slip surface ax (°) 

Φ'xy  : Internal friction angle of slip surface xy (°) 
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Figure 28  Passive failure at the upper part of the pile 

 

5) Design External Forces on Piles 

In designing piles, in principle, consideration shall be given to bending stress and shear stress. 

If the structure or land to be preserved for landslide prevention work is limited only to the tension part 

of the landslide movement block, the piles may be installed at a point close to the target to be preserved, 

even if it is in the tension part of the landslide block.  

In this case, the pile is not secured to have any ground reaction force of the downward of the pile, and 

the pile will be subjected to all the landslide sliding forces from the slope above the pile, so cantilever pile to 

be able to accommodate this force must be designed. 

 

6) Type and strength of pile material 

The strength of steel materials used for piles shall satisfy the design strength. Long-term allowable 

stress and short-term allowable stress should be used for the strength of the pile material depending on the 

load acting on the pile. In case of using control work, the short-term allowable stress shall be used as a 

general rule.  

The values in the table should be used as reference for design strength. (Example in Japan) 

 

 

 

 

Original slip surface 

Assumed slip surface after pile installation 
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 Short-term allowable stress (N/mm2) Long-term allowable stress (N/mm2) 

Shear stress Bending stress Shear stress Bending stress 

Tensile strength 
400N/mm2 

118 206 78 137 

Tensile strength 
490N/mm2 

162 279 108 186 

7) Pile Placement 

Piles should be placed so that they are generally right-angled to the direction of landslide movement 

and equally spaced. 

The spacing of the piles should be considered in the design conditions of the adopted piles. However, 

depending on the character of the soil masses, loosening of the ground due to drilling or separation of soil 

between piles masses may occur. Therefore, the spacing in the following table should be used as a standard, 

and should be within 8 times the diameter of the pile. 

In order to avoid damage to the foundation due to pile installation, the distance between borehole walls 

should be at least 1m. If the distance between borehole walls is less than 1 m, the pile arrangement shall be 

staggered. 

Thickness of the moving layer 

at the pile installation position 

Pile interval 

0～10m ～2.0m 

10～20m ～3.0m 

20m～ ～4.0m 

 

8) Rooting into the foundation 

The length of the rooting-in of the pile into the foundation shall be determined so as not to cause failure 

of the foundation due to loading stresses on the pile. The rooting-in length shall be considered in 

consideration of the design conditions of the adopted pile. The space between the borehole wall and the piles 

should be filled to integrate the piles with the foundation soil. Therefore, a grout pipe shall be inserted 

between the borehole wall and the pile, and mortar grouting shall be performed to fill the cracks in the 

foundation and to provide spacing between the borehole wall and the pile. 
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Grouting 

Figure 29  Pile construction situation 

(2) Large diameter cast-in-place shaft 

Large diameter cast-in-place shaft (hereafter referred to as "shaft”) be designed to obtain the prescribed 

deterrent force, taking into consideration the topography and geology of the landslide site. 

In designing the large diameter cast-in-place shafts, the stability of the shafts against internal stresses 

when the prescribed deterrent force is applied to the shafts should be checked, and the passive failure of the 

moving layer upper slope the shafts, the failure of the foundation ground, and separetion of moving layer 

between the shafts should be prevented. 

Shaft work is used under the following conditions 

/ When the landslide is large and requires significant deterrent force. 

/ When topographical constraints don’t allow piling materials or construction equipment to be carried 

in. 

/ When groundwater is drained out as a drainage well and then the shaft work is completed as a 

drainage well. 

Since the cost of shaft work is huge, it is only planned when there is an important conservation target, 

other economical control and restraint works cannot be planned, and when the target is subject to 

considerably large landslide force. 

 

1) Applicable location 

The selection of the optimum location for shaft construction is basically the same as for pile work. 

Landslide moving masses can be divided into compressive and tensile zones according to their movement 

characteristics. 

The slope of the ground surface on the pile downward side, cracks around the installation location, and 
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small collapses also affect the function of the pile. In deciding the installation location, the condition of the 

mobile layer on the pile downward side, the condition of the mobile layer on the pile upward side, the target 

of preservation, workability, etc. should be fully considered. 

The details of the examination are the same as those for pile construction. 

 

2) Functions and Classification of shaft 

The design method of shaft construction can be roughly classified into the design as rigid piles and the 

design as bent piles, and is generally determined by the following equation. 

β l ≦ 2 ・・・・・・ rigid pile 

β l >  2 ・・・・・・ bent pile 

 

 

 

K : Coefficient of horizontal subgrade reaction of the moving layer (kN/m3) 

d : Outer diameter of shaft (m) 

EI : Flexural rigidity of shaft (kN-m2) 

（The modulus of elasticity, E, can be calculated using the modulus of elasticity of concrete or by 

dividing the steel and concrete by the ratio of their cross-sectional areas. I : Moment of inertia of area 

of the shaft (m4 )) 

l : Depth of slip surface at construction location (m) 

 

3) Shaft construction standards 

Deformed reinforcing bars are generally used as the steel material for shaft. When H-shaped steel or 

steel pipes are used for steel members, treatment should be taken to ensure integrity with concrete, or the 

allowable bond stress should be reduced. 

For the allowable stress of concrete, the design standard strength shall be determined in consideration 

of the workability of casting in place. 

 

4) Structure, arrangement and spacing of shaft 

/ Structure 

The shaft shall be a cylindrical reinforced concrete structure. If the shaft is to function as a drainage 

well, it may be a hollow reinforced concrete cylinder. 

The steel bars shall be arranged in a circular arrangement with a single row, but a maximum of three 

rows of bars shall be arranged according to the required amount of steel bars. 
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/ Arrangement 

The shaft should be single row so that all the piles can bear the landslide thrust equally. Staggered 

arrangement should not be adopted because the upstream shaft is prone to rupture. The arrangement should 

be roughly right-angled to the direction of landslide movement and equally spaced. 

/ Spacing 

The spacing of shafts should be determined considering the stability against separation of soil between 

piles masses, stability of the foundation, and workability. As a rule of thumb, the center spacing should be 

2.5 to 8 times the diameter, and the spacing should be determined considering the geology of the moving 

layer and the depth of the slip surface. 

The number of shafts to be installed should be one line for each landslide block. If it is unavoidable to 

install multiple line shafts, the displacement of the landslide moving layer at the shaft installation location 

should be fully considered. 

 

 

(3) Anchor work 

Anchor work is a construction method that attempts to counter the landslide sliding force by utilizing 

the tensile strength of the steel material that has setted by grouting in the basement rock layer. 

It is a construction method in which the reaction force structure and the ground are integrated and 

stabilized by transmitting the load acting on the anchor head to the anchor body (anchorage ground) via the 

tension part. 

1) Outline of anchor work 

Anchor work are made up of three basic components 

/Anchor head (including the pressure plate) 

/Tensile section 

/Anchorage section (anchor body and anchorage ground)  
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Figure 30  Structural image of anchor work 

Anchor used for landslide countermeasures are designed to stabilize landslide by transmitting the 

load acting on the anchor head to the anchorage section through the tensile section, and by integrating the 

landslide moving layer and basement layer. 

The anchorae shall be designed to obtain the prescribed deterrent force considering the topography and 

geology of the target landslide site, to ensure the stability of the anchor tensile section, Anchorage section 

(anchor body and anchor ground) and structures (pressure receiving plate, etc.) against the tensile force. 

The location of anchor, location of anchorage ground, anchor arrangement, tilt angle of anchors 

(angle between anchoring direction and horizontal plane), and scale and structure of facilities shall be 

carefully determined in consideration of topography, geology, and movement conditions of the landslide 

site. 

Anchor have the following effects in resisting landslide force. 

Anchor work 

Anchor 
head Tensil section 

Anchorage section 
(anchor body and anchorage ground) 

Pressu
re plate 

Anchor head 

Reaction force structure (Pressure plate) 

Moving layer 

Basement layer 

Slop surfacer 

Tensile section  

Anchorage section 
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Figure 31  Function of anchor 

/ Tightening effect 

This is an effect to increase the shear resistance by increasing the vertical stress against the slip 

surface. In order to expect a clamping effect, the moving layer must not deform significantly in compression 

or consolidation when a tension force is applied. 

Therefore, it is difficult to expect a tightening effect when the moving layer is composed of clay, 

collapsed soil, or weathered rock rich in fractures. It is also difficult to expect the effect when the slip surface 

depth is deep. 

/ Retaining effect 

When a landslide mass tries to move along the slip surface, the anchor's force tangential to the slip 

surface is used to hold the landslide soil mass back. 

By making the steel material resist tensile force, anchor is used for landslides with large sliding 

forces or landslides where it is difficult to prevent by pile. 

Anchor for the purpose of preventing landslides are often installed at the landslide end with the 

expected "trapping function". In designing, the most appropriate of these functions should be selected, 

taking into consideration the tilt angle of the anchor, the gradient and depth of the slip surface, etc. In some 

cases, both of these effects are considered in the design. 

 

2) Calculation of Required Anchor force 

There are two types of anchor works used for landslide countermeasures: /those that use a tightening 

effect and / those that use a retraction effect.  

Calculation of the required anchor force in the design of anchor works is determined by the 

following equation for each function. 

 

Retaining effect 

Tightening effect 
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/Calculation of the required anchor force using the tightening effect 

 

 

 

/C alculation of of the required anchor force using the anchoring effect 

 

 

 

P. Fs : planned safety factor 

W  : Weight of split piece (kN/m) 

U  : Pore water pressure acting on the split piece (kN/m) 

P   :Required anchor force (kN/m) 

Φ'  : Internal friction angle of slip surface (°) 

c'  : Adhesion force of surip surface (kN/m) 

1  : Length of slip surface of split piece (m) 

θ : Inclination angle of the slip surface (°) (See Figure 32) 

α : Anchor placement angle (°) (See Figure 32) 

 

3) Anchor placement 

Anchor should be placed considering the stability of the pressure plate location and surround ground, 

and the anchor ground, as well as the effect on adjacent structures. The location of anchorage section and the 

direction and spacing of anchors must be assumed in advance at the beginning stage of the design phase. 

/Planned location of anchor 

When the angle of intersection between the anchor and the slip surface is close to a right angle, such 

as at the head of a landslide where the slope of the slip surface is steep, the anchor deterrent effect becomes 

small and the anchor may be sheared off.  

Careful consideration should be given to the planned location of anchors, and in principle, the head 

of the landslide should be avoided. 

 

/ Impacts on adjacent structures 

If there are underground structures, tunnels, piles, etc., in the vicinity of the anchor placement 

location, it is necessary to consider the impact of the anchor on these structures. 

 

/ Inclination angle of anchors 
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The inclination angle of anchors should not be determined solely by mechanical advantage, but 

should be determined by considering topography, geology, construction conditions, etc. However, as a 

general rule, anchor angles between -5° and +5° from the horizontal plane should be avoided due to anchor 

construction problems (residual slime and grout material breathing). 

 

/ Anchor spacing 

Anchor spacing shall be determined in consideration of anchor parameters such as anchor force, 

anchor diameter and anchor length. 

 

4) Stability Consideration of structure 

/ For anchor work, the tensile material, pressure plate, and anchor body are determined specificaition 

that can be stable against the design anchor force (tensile load). 

/ For the tensile material of the anchor construction, use a material that can reliably transmit the 

anchor force to the anchor body. The allowable tensile stress of the tensile material shall have a safety factor 

sufficient for the tensile strength and yield strength of the tensile material. 

/ The conditions for the pressure receiving plate shall be as follows 

The ground supporting the pressure plate shall be stable against settlement due to tension. 

The pressure plate is stable against bending failure and push-through shear failure. 

/ The anchor body shall have a sufficient safety factor against design anchor force (tensile load). 

/The anchor body shall be designed to allow pressure-injection grouting. The quality of the grout 

shall be sufficient to withstand the design loads. 

 

5) Ensuring durability 

In order to maintain stability over the long term, anchor structure shall be designed to provide 

sufficient corrosion protection for the tensioner and head, and shall be capable of being re-tensioned. 
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Chapter 2. Countermeasure for slope failure 

2.1 Planning of the countermeasure 

 Classification of Countermeasure work 

(1) Classification of Countermeasure work 

Slope failure is caused by erosion of the ground surface, soil layer strength loss and weight gain due 

to water content, increased pore water pressure, piping, and weathering. Slope failures can be classified into 

two major categories: control works, which mitigate these factors and avoid the risk of slope failure, and 

restraint works, which directly anchor the slope with a structure.  

Retardation works aim to stabilize slopes by changing natural conditions such as topography, 

geology, surface water, and groundwater conditions. Restraint works aim to restrain slope collapse or sliding 

by installing structures. 

In particular control works are defined as those that are constructed to reduce the effects of rainwater, 

and restraint works are those that change the balance of the slope so that collapse does not occur even if 

rainwater acts on the slope. 

The main types of countermeasures of slope failure are shown in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32  Classification of slope failure countermeasure work 

  

Slope failure 
countermeasure 
works  

Control works 

Restraint works 

Slope protection works  

Drainage works  

Cut slope works  

Surface water control works  

Groundwater control works  
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Retaining wall works  

Anchor works  

Anchor 

Rock bolt 
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(Type that trapes 
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(2) Outline of countermeasure（Control work） 

1) Drainage work (See chapter 1.1.4) 

(A) Surface water control works 

  This is the most basic method of slope stabilization. It is a method to stabilize slopes by eliminating surface 

water and groundwater that trigger slope failure. It is introduced in most construction projects and is 

inexpensive. 

Collecting surface water and draining it quickly off the slope or preventing surface water from flowing 

into the slope. 

Channel at the shoulder of slopes, channel at the step, Channels at the bottom of slopes, longitudinal 

channel at slope, seepage prevention works. 

 

 

 

 

 

 

 

 

 

 

 

Figure 33  Image diagram of surface water control work 

(B) Groundwater control works 

Groundwater control works 

Drainage groundwater from the slope, reduce pore water pressure, and stabilize the slope 

Drain, Horizontal drainage boring, drainage well is adopted. 

Details of this method are shown in P.9 “Chapter 1. Countermeasure for landslide 1.1.4（2）Ground water 

contorol work”. 

 

  

Channel at the 
shoulder of slope 

Channel at the step 

Channel at the 
bottom of slope 

preventing surface water from 
flowing into the slope. 

Collecting surface 
water in the slope 

Draining collected water 
quickly off the slope 
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2) Slope protection work  

This method is used to cover slopes and control erosion. 

There are two main types of slope protection methods: vegetated slope protection and structural slope 

protection. 

(A) Vegetation slope protection work 

This is a method of controlling erosion by covering slopes with vegetation. 

This method is used on cut slopes with no spring water, and is generally applied to slopes cut to a stable 

gradient. 

In Japan, seed dispersal, spraying of soil, spraying seed with vegetation base material and soil, vegetation 

sandbag, and turfing are being implemented. 

 

 

 

 

 

 

 

Vegetation mat work 

 

 

 

 

 

 

 

Vegetation base material spraying work 

Figure 34  Case study photos of vegetation slope protection work 

(B) Structual slope protection works 

a) Shotcrete work 

Shotcrete work is a method of spraying concrete(mortar) on natural slopes (cliffs) and slopes that are 

prone to weathering and erosion, and is constructed to protect slopes from weathering and erosion and to 

prevent small collapse and rock fall.  

Shotcrete work is a method of spraying concrete(mortar) with a thickness of 3-10 cm onto a cliff or 

slope, and generally has no deterrent, and It is a premise that the slope is self-sustaining and stable. 
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Figure 35  Case study photos of shotcrete work 

 

 

 

 

 

 

 

 

 

 

Figure 36  Image diagram of shotcrete work 

b) Pitching work 

The pitching work is used to prevent weathering and erosion of slopes 

It is used when the slope is less than 1:1.0 and the slope is less than 5m high and 7m long. This method 

is used for uncohesive soil, mudstone, soft rock, and cohesive soil. 

Methods include masonry pitching, concrete block pitching, and concrete pitching.  

Stone pitching is a method of preventing weathering and erosion of slopes with stones. The standard 

thickness is 30 to 40 cm, and the gaps between the stones are basically filled with concrete. 

Concrete block pitching is a method to prevent weathering and erosion of slopes by using flat concrete 

blocks. Concrete blocks are often reinforced by filling the back of the blocks with concrete. 

Concrete pitching is a method of placing concrete directly on slopes to prevent weathering and erosion. 

This method is used when shotocrete is difficult, such as in rock layer with many joints and cracks or 

debris. The thickness of concrete lining is 20 to 80 cm, often 50 cm. 

In general, unreinforced concrete is used for slopes as gentle as 1:1.0, while reinforced concrete is used 

for slopes as steep as 1:0.5. 

Spray 
machine Compressor 

Generator 

Belt conveyor Nozzle 

Safety rope 

Spraying 
Temporary plant 

Cliff 
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Concrete pitching 

 

 

 

 

 

 

 

 

Concrete block pitching 

Figure 37  Case study photos of pitching work 

c) Crib work 

Slopes are covered with cast-in-place concrete cribwork or precast concrete cribwork, and to cover 

inner frame by vegetation, concrete, or other materials prevent weathering and erosion of the slope. 

Some cast-in-place concrete frame construction methods have the role of restraint works, and are often 

used as restraint works. 

It is generally that beam size is generally 15 cm to 60 cm, and grid size is generally 1.2 m to 3.0 m. 

In case of using for as restraint works, the size is set according to the target collapse scale and the design 

strength of the anchors and rockbolts. 

 

Figure 38  Case study photos of crib work 
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(3) Outline of countermeasure（Restraint work） 

1) Cut Slope work  

This is a method of changing the gradient and height of a slope by cutting slope to be able to ensure 

stability of slope even when subjected to rainwater affect.  

This method is removing unstable parts and to improve the slope gradient according to the properties 

of the soil or rock that make up the slope. 

It is the most basic method of collapse control construction and one of the most effective if 

implemented safely. It is often used in combination with drainage work and slope protection work. 

Often used in combination with other restraint works (retaining walls, rock bolting, anchoring, etc.) 

when the extent of the cut is restricted due to land use. 

  

2) Retaining wall  

The retaining wall is an earth retaining structure that is continuously provided in the shape of a wall for the 

purpose of stabilizing the slope. 

Retaining walls are classified according to the main material, shape, mechanical stability mechanism, etc. 

As a measure against collapse, the size of the slope that can be supported by the retaining wall is limited, 

and it is often used to fix the slope toe. 

Classifications of retaining walls are as follows 

 

Figure 39  Classification by stability mechanism 

 

 A type that resists earth pressure due 
to the gravity of the retaining wall 
 Concrete structure is common 

 The type that resists earth pressure due to 
its own weight by leaning the retaining wall 
against a slope 

 A type that resists earth pressure due to the gravity 
of the soil upper the retaining wall and the member 
strength of the cantilever. 
 Reinforced concrete structure is common 

Leaning type 

Cantilever type 

Gravity type 
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Figure 40  Classification by material 

 

If it is not possible to directly control the collapse of the slope, there are cases that retaining wall (type that 

trapes collapsed soil) planned. 

 This type generally has a space on the back of the retaining wall to receive the collapsed soil. 

 Also, the rockfall protection wall that catches rock falls has the same shape. 

 

 

 

 

 

 

 

 

Figure 41  Image diagram of retaining wall type that trapes collapsed soil  
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 Retaining wall made of a basket braided by wire and 
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3) Anchor, Rockbolt work 

This method is used in combination with crib work, retaining walls, and concrete pitching work to 

increase the stability of slopes in order to prevent the collapse of weathered rock, cracked rock, and surface 

soil. In addition, the method prevents collapse by tensioning and connecting unstable rock (bedding, cracked, 

jointed rock) with stable bedrock at deep layer by anchor material.  

Characteristics of anchor and rock bolt construction are shown below. 

 

 

 

 

 

 

 

 

 

 

Figure 42  Image diagram of anchor work  

Anchor work is method to stabilize by changing the landslide balance by applying tensile force to the anchor 

material. 

 

 

 

 

 

 

 

 

 

 

 

Figure 43  Image diagram of rock bolt work 

Rock bolt work do not apply tensile force unlike anchors. 

It is a construction method to reinforce the slope by the three resistance forces applied to the bolt. 
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 Selection of construction method 

The basis of designing slope failure prevention works is to understand what factors and in what form the 

slope will fail. 

After the collapse form and factors are determined by the investigation, the applicability of the method for 

the entire slope should be determined by considering the environment/landscape, slope height, scale, construction 

conditions, etc., the actual construction status in the past, and the estimated construction cost, etc.  

 

After the collapse factors and forms of collapse are assumed, the slope should be planned to be stabilized by 

preventing collapse (mainly by restrainting), and next preventing surface erosion and partial collapse by weathering 

(mainly by controlling). If more than one type of collapse is anticipated, the same procedure should be followed for 

each of them. 

 

(1) Concept of countermeasure work method selection 

The typical flow of the study is as follows 

・Minimal removal of unstable soil masses: This method is used for high-risk masses such as overhangs, 

when there is no way but to remove them or when it is clearly more economical to do so. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44  Image diagram of removal of unstable soil masses 

 

・Improvement of the slope shape: The slope should be cut as gently as possible considering the stability 

gradient suited to the soil and geological conditions of the target slope. However, in many cases, there are restrictions 

when the slope length is large or the land is insufficient. 
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Figure 45  Image diagram of Improvement of the slope shape 

 

Figure 46  Image diagram of cases that the choice of construction method is restricted 
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・Install restaint work: In case that Improvement of the slope shape and removal unstable area are not able 

to stable the slope, restraint work is adopted. 

At this time, the strength of the foundation ground of structure placement position and the necessary 

deterrent force should be calculated. 

Consider the stability of the entire slope and consider appropriate deterrent facilities. 

 

Figure 47  Image diagram of cases that restaint work is installed 

・If it is known from the investigation results that the slope stability is affected by groundwater, plan facilities 

such as horizontal drainage boring. 
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Figure 48  Image diagram of cases that Horizontal drainage boring is installed 

・Consider slope protection to prevent erosion, weathering, and localized collapse due to surface water. If 

there is water flowing in from the land behind the site, drainage works should be considered. 

 

 

 

 

 

 

 

 

 

Figure 49  Image diagram of cases that surface control work is installed 
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(2) Case study of countermeasure work method selection 

1) Case that improve slope shape 

The target slope is a steep slope behind a human habitation where weathered sandstone is distributed. 

The surface layer is in a weakened condition due to severe weathering, and localized collapses occur during 

rainfall. 

The geological conditions of the subject slope are as follows 

/Layer 1: Significantly weathered sandstone, N value of around 10  

/Layer 2: Weathered sandstone, N value 20-30 

/Layer 3: Sandstone, N value 50~ 

Layer 1 is weakened, and there are some areas of loosen. Localized collapses have occurred during heavy 

rainfall. Layer 2 is exposed on a steep cliff behind a house. It is expected to be weathered and weakended by 

rainwater erosion in the future. Layer 3 is in a stable condition with little weathering. 

Under the present conditions, the weathered sandstone layer at the surface(layer1) is at risk of collapse, and 

the underlying Layer 2 is feared to be weakened by weathering progress and in transition to collapse. 

Therefore, the policy for countermeasures is as follows 

/Remove unstable soil/significantly weatherd rock 

/Reduce the impact of rainwater and weathering and weakening by drainage and slope protection works. 

/To Install restraint works (retaining wall) to prevent collapse even if rainwater impacts and weathering 

progresses. 

 

 

 

 

 

 

 

 

 

 

Figure 50  Longitudinal section of slope before countermeasures 
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Attention point of selecting a construction method is following. 

/Remove unstable soil/significantly weatherd rock 

Cutting slope work is implemented to remove the layer1 that is unstable state. 

Angle of the cutting slope should be that slope can be stable. 

The slope of the cut slope should have a small step to reduce the velocity of surface water, and a channel 

should be placed in the small step to drain surface water. 

 

/ Drainage and slope protection works 

Vegetation base material spraying work is installed on the slope to encourage the introduction of vegetation. 

The covering by vegetation is intended to reduce erosion by surface water. 

Channel is installed to drain surface water at the step. 

 

/Install retaining wall 

At bottom of the cutting slope, retaining wall is installed. 

Retaining wall is leaning type made by concrete. 

Rockfall protection fences will be installed in case that rock fall occurre doe to eroded by unexpected 

amount rainfall at the upper slopes. 

 

 

 

 

 

 

 

 

 

 

 

Figure 51  Longitudinal section of countermeasure work plan 
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2) Case that countermeasures are installed with restraint works 

The target slope is a steep slope behind a house, and there are houses on the upper part of the steep slope. 

The geological structure is weathered mudstone with dip slope structure, and it has risk to occure collapose 

regulated by this rock structure. 

The geological conditions of the subject slope are as follows 

/Layer 1: Weathered mudstone, N value 20-30  

/Layer 2: Mudstone, N value 50~ 

Weathered mudstone in the layer1 is weakened by weathering and easily separates along the bedding plane. 

The risk of collapse of the weathered rock regulated by the bedding plane in the future is very high. 

 

 

 

 

 

 

 

 

 

 

 

Figure 52  Longitudinal section of slope before countermeasures 

In order to stabilize the slope at risk of collapse, the choice is to remove or fix the unstable rock mass. 

However, removal of the unstable rock mass would be difficult because it would require a very large slope 

cut, and the cut would require the relocation of houses on the upper part of the slope. 

Therefore, it is decided to use restraint works to fix the unstable rock mass. 

 

Therefore, the policy for countermeasures is as follows 

/The collapse shown in the figure is the largest collapse that can occur on the slope. 

/However, it is highly likely that smaller-scale collapses will also occur at various locations on the slope, 

so it is necessary to construct countermeasures so that the entire slope can be stabilized. 

/It is adopted anchor work that prevent collapse by tensing and connecting unstable rock to deep, stable 

bedrock with anchoring materials. 

/The pressure receiving structure on the ground surface is the Cribwork, which also has the function of 

protecting the slope. 

Weathered rock 

(N-value 20～30) 

Rock 

(N-value 50～) 



64 

 

/Anchors are distributed on the slope to stabilize the entire slope. 

 

 

 

 

 

 

 

 

 

 

 

Figure 53  Longitudinal section of countermeasure work plan 
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2.2 Design of Countermeasure 

 Control work 

(1) Drainage work  

It used to collect surface water, drain it off-slope, and prevent it from flowing into the slope are generally 

called surface water control work, and include slope shoulder drainage channels, drainage channels at step, vertical 

drainage channels, and seepage prevention works. 

It used mainly for collecting groundwater, draining it off the slope, and preventing it from flowing into the 

slope is generally called a groundwater control work, drain works and horizontal drainage boring are mainly used 

on slope failure countermeasure. 

In planning and designing drainage works, the weather, topography, ground surface coverage, geology, soil 

type, groundwater, spring water, cross-section and condition of existing drainage facilities on and around the slope, 

and drainage system should be investigated, and the drainage system should be rationally planned and designed to 

balance the drainage system as a whole. 

Details of this method are shown in P.15 “Chapter 1. Countermeasure for landslide 1.2.1 control work”. 
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(2) Slope protection work 

1) Vegitation work 

Vegetation work is a method of protecting slopes by allowing vegetation to flourish on the slope surface. By 

covering the slope with plants, erosion of the slope by rainwater can be prevented and weathering can be controlled. 

On the other hand, vegetation work does not have the same mechanical capacity as a structure, so it should 

be conbinate with slope protection structure if there is a risk of slope collapse. 

Slope protection work by vegetation consists of vegetation work that introduces plants to the slope and 

vegetation foundation work that creates an environment for plants to grow by means of structures. When the slope 

gradient is too steep to construct the vegetation work alone, the vegetation work and the vegetation foundation work 

are combined. 

The following conditions, methods, and plants to be introduced must be met when applying vegetation work. 

/The foundation of plant growth should be stable for a period of time until the plants are fully grown. 

/The plants to be introduced should be compatible with the environmental conditions of the construction site. 

/The selection of the plants should be in accordance with the objectives of the vegitation work. 

/The construction should be carried out at a time suitable for the germination and growth of the plants. 

 

The following methods are used for vegetation work. 

(A) Vegetation base material spraying work 

This method involves spraying organic base material (containing seeds and fertilizers) 3 to 10 cm thick 

onto a wire mesh installed slope, using a shotcrete machine, depending on the vegetation target and application 

conditions. 

(B) Vegetation sheet 

This is a method of attaching a sheet of product with seeds, fertilizers, etc. to the entire slope surface and 

fixed with anchor pin. 

(C) Vegetation matting 

A net (synthetic fiber, coconut fiber, etc.) to which seeds, fertilizers, fertilizer bag are directly attached is 

attached is spread over the entire slope surface and fixed with anchor pins, pegs, etc. 

 

2) Shotcrete work 

Shotcrete work is a method of covering cliffs and slopes with mortar or concrete. It is one of the most widely 

used methods to cover deteriorated cliff surfaces due to weathering, etc., because it is very effective in blocking air, 

temperature changes, and seepage water, and it is easy to construct. 

Since this method prevents weathering and erosion, it is not effective in deterring collapse by itself, and it is 

important to determine the stability of the slope at the planning stage. 
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If there is a risk of collapse, restraint works should be used in combination. 

3) Pitching work 

The pitching work is used to prevent weathering and erosion of slopes, methods include masonry pitching, 

concrete block pitching, and concrete pitching. 

Here we introduce concrete pitching work, which is widely used in Japan. 

Concrete pitching work is a slope protection work method in which concrete is placed on rock slopes to 

prevent weathering and reinforcement of the rock slope. The thickness is generally 20 to 80 cm. The thickness is 

determined by considering the condition of the ground, slope height, slope gradient, and presence or absence of 

freezing. If the slope condition is not good, the use of a lean-to retaining wall that takes earth pressure into 

consideration or the use of rock bolts and anchors should be considered. 

A general diagram of concrete pitching work is shown below. 

 

 

 

 

 

 

 

 

 

 

 

Figure 54  General diagram of concrete pitching work 

4) Crib work 

Crib work is a method of stabilizing slopes by creating a grid of mortar and concrete on the slope. It is used 

to prevent surface collapse and as a reaction force structure for anchors and rock bolts. 

The size of the beam cross section, beam pitch, and amount of beam reinforcement bar are considered 

according to the scale of the targeted collapse and the specifications for use with rock bolts or anchors. 

 

Crib work is classified into sprayed, precast concrete, and cast-in-place concrete, and is selected according 

to construction conditions and objectives based on the following characteristics 

/Sprayed cribwork is a method of installing a formwork on the slope surface and spraying mortar, which 

can be used for construction on high or uneven surfaces. 

H-section steel 
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Channel steel 
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/Precast concrete crib work is a method of assembling factory-made framing members on the slope, which 

provides stable quality and excellent aesthetics. 

/Cast-in-place concrete crib work is a method in which formwork is placed on the slope and concrete is 

placed, and is suitable for flat, low slopes with large cross-sections. 

 

Cribwork by spraying is currently the most commonly installed method in Japan. 

Here we introduce Cribwork by spraying. 

 

A wire mesh formwork is installed on the slope, and reinforcing bars are placed inside the formwork. 

There, mortar is sprayed with a spraying machine to create a beam. The inside of the frame is treated with 

vegetation and mortar spraying. 

Beams are generally 150 x 150 mm to 600 x 600 mm in cross-section and 1.15 m to 3.0 m in pitch. 

In some cases, rock bolts or anchors are installed at the beam cross points. 

A general diagram of crib work is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 55  General diagram of crib work 
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 Restraint work 

(1) Cut slope work  

Cutting slope is the most basic and important method of countermeasure for slope failure. Cutting the 

unstable soil and rock masses that make up the slope, or cutting the slope to a stable gradient, is the most reliable 

method of preventing slope failure. 

The surface of the cut slope should be protected from erosion and weathering by means of slope protection 

works that take into account the site conditions so that erosion, rockfall, and collapse do not occur again. 

In some cases, the cutting slope scope is restricted due to site constraints or environmental and landscape 

considerations, which may require a steeper cutting than the stable gradient. In these cases, a combined (composite) 

method of cutting slope and other restraints work (ground anchors, rock bolts, etc.) is used to ensure stability. 

 

1) Cutting slope gradient 

The following table shows the standard values for cutting slope gradient according to geological and soil 

conditions and slope height (Case in Japan). However, for slopes with the properties listed below, special care should 

be taken to examine the stability and determine the slope gradient. 

 

Standard Gradients of Cut Slope (Japan standard) 

Soil classification  Cut Slope Height  
Gradient 

Vertical : Horizontal  
Hard rock      1:0.3 to 1:0.8  
Soft rock      1:0.5 to 1:1.2  

Sand Not dense, and poorly graded   1:1.5 to  

Sandy soil  

Dense 
 Less than 5m 1:0.8 to 1:1.0  
 5 to 10m  1:1.0 to 1:1.2 

Not dense  
 Less than 5m 1:1.0 to 1:1.2 
 5 to 10m  1:1.2 to 1:1.5 

Sandy soil mixed with gravel 
or rock masses  

Dense, or well graded  
 Less than 10m 1:0.8 to 1:1.0  
 10 to 15m  1:1.0 to 1:1.2 

Not dense, or poorly grade  
 Less than 10m 1:1.0 to 1:1.2 
 10 to 15m  1:1.2 to 1:1.5 

Clayey soil     0 to 15m  1:0.8 to 1:1.2 

Clayey soil mixed with rock 
masses or cobble- stone    

 Less than 5m 1:1.0 to 1:1.2 
 5 to 10m  1:1.2 to 1:1.5  
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Slopes characteristics requiring attention in determining the cutting gradient are as follows 

(A) Slopes prone to collapse such as colluvial soils, strong weathered rock slope, old landslides, and former 

collapsed sites. 

(B) Slopes composed of expansive rocks, Tertiary mudstones, serpentinites, and rocks with low resistance 

to weathering. 

(C) Slopes composed of fracture zones and rocks with many cracks 

(D) Slopes with dip slope structure 

(E) Slopes with high groundwater content 

 

2) Considering point planning cutting slope 

The following are points to be considered when planning the cutting slope according to the above-mentioned 

geological and soil characteristics. 

 

(A) Slopes prone to collapse such as colluvial soils, strong weathered rock slope, old landslides, 

and former collapsed sites. 

Talus slope, weathered rock slopes, volcanic mudflows sediment slope, and former collapsed slope are 

sometimes covered low-consolidated collapsed soils. Cutting slope at such like slope has risk to occure collapse. 

When planning cutting slope at the slope, it is nessesary to attend following contents. 

The factors that affect the stability of the slope are as follows. 

/ Whether or not the cut is deeper than the groundwater level before the cut. 

/ Cohesion of matrix of soil, grain size 

/Whether or not the bedrock distribution is dip slope structure against cuting slope direction. 

/ Whether there is a history of collapse. 

Before planning cutting slope, it should be implemented a survey and evaluated the stability of the slope due 

to the cutting slope. 

 

(B) Slopes composed of expansive rocks, Tertiary mudstones, serpentinites, and rocks with low 

resistance to weathering. 

Mudstone, shale, low-solids tuff, and serpentine of the Tertiary age are become weaken from the surface 

layer of the slope, because of stress release by excavation and followed by repeated dry/wet and freeze-thaw cycles, 

and then collapse often occure as shown in following figure. 

On such slopes, even if the slope is hard and stable at the time of excavation, it tends to become weaken as 

time passes after excavation. Therefore, the following points should be considered from the design stage. 

/ To take measures to prevent flowing surface water into the slope. 
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/ Protection works should be carried out to prevent weathering as much as possible. 

 

 

 

 

 

 

 

Figure 56  Image diagram of collapse 

 

(C) Slopes composed of fracture zones and rocks with many cracks 

In fault fracture zones and weathered bedrock areas, many fractures and weak lines develop in the ground. 

This is especially true in bedrock areas that have undergone long-term crustal deformation, such as Mesozoic and 

Paleozoic sedimentary rocks and old igneous rocks. 

When such ground is cut, the slope often collapses along the cracks and weak lines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 57  Image diagram of collapse 

 

For such slopes, it is important to investigate the distribution and structure of loosening areas and faults in 

the bedrock by borehole investigations, seismic surveys, etc., and to assume the scale of destabilization and collapse 
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that may occur as a result of cutting slope, to prepare a cutting slope plan taking into the installing of restraint works. 

 

(D) Slopes with dip slope structure 

In case that fractures develop regularly in a certain direction, such as schistosity of schist, bedding plane of 

sedimentary rock and columnar and sheet joints in igneous rocks, and the direction of inclination of these fractures 

is the same as cutting slope direction, this relationsip slope and fracture is dip slope structure. When cutting slope is 

implemented on such a slope, collapse may occur as shown in the figure below. 

 

 

 

 

 

 

 

Figure 58  Image diagram of collapse 

 

The stability of cutting slopes on dip slope strucuture is influenced by the relationship between the gradient 

of the dip slope and the gradient of the cutting slope, as shown in the figure below. 

The slope of the cut slope should be equal to or slower than the slope of the dip slope structure. 

 

 

 

 

 

 

 

Figure 59  relationship between the gradient of the dip slope and the gradient of the cutting slope 

It is important to understand the conditions of the bedrock during the planning process. Depending on the 

conditions of the fractures, the presence of weathered layers, and the distribution of groundwater, there is a risk of 

rock landslides. 

 

(E) Slopes with high groundwater content 

Groundwater is directly or indirectly responsible for most of the failures of slopes. Therefore, regardless of 

the geological conditions, when cutting in areas with many spring water or high groundwater table, the slope of the 

General dip slope structure Gentle dip slope structure Steep dip slope structure 
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slope should be made as low as possible because of the unstable nature of the slope. 

In addition, when cutting in such an area with a high groundwater table, it is necessary to first consider the 

drainage works before considering the gradient of the cutting slope. 

 

(2) Retaining wall work 

Retaining wall construction is planned for the following purposes 

/To stabilize the lower part of the slope (footing). 

/ To deter small-scale collapse in the middle of the slope. 

/ As a foundation for slope protection works such as glue frame works. 

/ To prevent damage by catching a collapse from the upper part of the slope at the lower part of the slope.  

/ When reinforcing embankment construction. 

Excavation of the foundation for a retaining wall has a great influence on the stability of the slope during 

and after construction, and should be minimized as much as possible. For the same reason, the excavation of the 

lower part of the slope should also be kept to a minimum. If the foundation ground does not have sufficient 

bearing capacity, the use of other methods, such as pile foundations, should be considered. 

When installing a retaining wall on a slope where there is a lot of spring water, sufficient attention should 

be paid to drainage so that water pressure does not build up behind the retaining wall. 

 

The retaining wall must be stable against earth pressure acting on the structure. 

Stability calculation methods for evaluating the stability of retaining wall structures are briefly described 

below (methods used in Japan) 

 

1) Calculation of earth pressure acting on retaining wall 

The calculation of earth pressure is based on the Coulomb theory, and the retaining wall is designed as if it 

is acted by active earth pressure. 

If the slope behind the retaining wall is uniform and the gradient is less than Φ (internal friction angle), the 

Coulomb formula can be used.  

If the slope behind the retaining wall is not uniform, the Trial wedge method is used to calculate the earth 

pressure. 

Following shows Coulomb formula 
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Figure 60  Calculation model of retaining wall 

 

 

 

 

 

 

 

 

 

PA : Earth pressure 

KA : Coefficient of earth pressure 

γ: Unit volume weight of back soil (kN/m3) 

H: Height of soil retaining work (m) 

φ: Internal friction angle of back soil (degree) 

α: Gradient angle of backside of soil retaining work (degree) 

(Minus when the back side is reverse gradient) 

β: Surface inclination angle (degree) 

δ: Wall surface friction angle of backside and back soil (degree) 2/3φ 

h: Height from the bottom of retaining work at the point of application of earth pressure (m) 

     h=1/3H 

PV: Vertical component force of earth pressure 

 PH: Horizontal component force of earth pressure 

  

H δ=2/3Φ 

β 

α 

PA 

1/3H 

Coulomb formula 
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Following shows Trial wedge method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 61  Calculation model of retaining wall (Trial wedge method) 

 

 

 

 

 

 

W : Weight of the erth wedge(kN/m) 

PA : Earth pressure(kN/m) 

RA : Reaction force acting on the slip surface (kN/m) 

φ: Internal friction angle of back soil (degree) 

α: Gradient angle of backside of soil retaining work (degree) 

(Minus when the back side is reverse gradient) 

δ: Wall surface friction angle of backside and back soil (degree) 2/3φ 

 

PV: Vertical component force of earth pressure 

 PH: Horizontal component force of earth pressure 
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PA 
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W 
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The calculation is performed many times while 
changing the value of the slip angle ω to obtain the 
value when the acting earth pressure is at its 
maximum 

PA =  
W・sin (ω -φ） 

cos (ω –φ–α–δ） 

Trial wedge method formula 
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2) Stability calcuration for Retaining Wall 

With respect to the stability of retainingwall, items (A), (B) and (C) should be examined but, depending 

upon the site conditions and the scale of retaining wall, items (D) -should be also examined.  

(A) Stability against sliding 

(B) Stability against overturning 

(C) Stability for bearing capacity of foundation ground 

(D) Entire Stability including backfill and foundation ground 

 

(A) Stability against sliding 

The force, which tends to slide the retaining wall along the plane below the base, is the horizontal 

component of the earth pressure and is resisted by the shear resisting force created between the foundation ground 

and base. The factor of safety against sliding should satisfy the following formula: 

 

 

 

ΣV : Total vertical load on the bottom of the base 

ΣH : Total horizontal load on the bottom of the base 

μ: Cofficientof friction between base and foundation ground 

CB : Adhesion between base and foundation ground 

B : Width of base of retaining wall (m) 

 

The safety factor shall be more than 1.50.  

The width of base should be increased for stabilization, if the safety factor Fs of formula is not able to 

satisfy. However, if this is not possible because of restrictions such as topographic conditions, the depth of 

embedment should be increased in order to consider the passive earth pressure at the front, or projection at the 

bottom of base should be applied to increase horizontal resistance. 

  

Fs =  
Resisting force against sliding 

Sliding force 

(ΣV・μ+ CB・B) 

ΣH 
 =  
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(B) Stability against Overturning 

Load due to the self weight of retaining wall, surcharge and earth pressure will act to the bottom of base of 

retaining wall. The ground reaction below the bottom will vary depending upon the location of point to which the 

resultant of these loads works. In next formula, the distance d (m) from the toe to this point can be expressed by 

 

 

 

 ΣM r : Moment of resistance at toe of base of retaining wall (kN・m/m) 

，ΣMo : Overturning moment at toe of base of retaining wall (kN・m/m) 

，ΣV  : Total vercal load at the bottom of base (kN/m) 

        W : Weight of retaining wall 

        PV: Vertical component force of earth pressure 

        PH: Horizontal component force of earth pressu 

        a : Horizontal distance from toe of retaining wall to center of gravity of retaining wall 

b : Horizontal distance from toe of retaining wall to position where earth pressure is acting 

h : Height from the bottom of retaining work at the point of acted of earth pressure 

 

The eccentricity distance "e" from the center of the retaining wall base to the point of action of the resultant 

force "R" is expressed by the next formula. 

 

 

 

As the condition of stability against 

overturning, the acting position of the 

resultant must be within B/3 of the 

center of the retaining wall base width. 

   

 

 

 

Figure 62  Method of finding the point of acting of the resultant force "R" 
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(C) Stability for Bearing Capacity of Foundation Ground 

Ground reaction can be derived from following formula. 

Following formula is case that the position of the resultant force R is within B/3 of the center of the 

retaining wall base width. 

 

 

 

 

 

 

 

 

 

Figure 63  Point of resulting force “R” and ground reaction 

 

The calculated ground reaction must be less than the allowable bearing capacity of the foundation ground. 

 

(D) Entire Stability, IncIuding Back slope (Embankment) and Foundation Ground 

In the case of a retaining wall construction on ground incorporating a soft layer, the load of the 

embankment at the back of the wall may cause failure inside the ground, consolidation settlement by the 

embankment and/or lateral flow of the ground. The stability against such failure shouId be confirmed by 

analysing the possibility of circuIar sliding and other relevant matters. 

When a retaining wall is constructed on a slope, it is necessery to analyse the stability of the entire slope, 

including the embankment at the back. Multiple retaining walls are occasionally constructed on a slope.  

In this case, it is essential to confirm the entire stability of the slope in addition to analysis of the stability of 

individual retaining walls. 

 

 

  

Width of retaining base : B 

Center of retaining base 
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(3) Anchor work 

1) Anchor work 

Anchor work is used to stabilize slopes by imparting deterrence when there are joints or cracks in the bedrock 

that may lead to collapse or collapse, or when there is a risk of collapse on soil slopes. Anchor work is used in 

combination with other methods such as crib work, concrete lining, and retaining walls. 

Details of this method are shown in P. 44“Chapter 1. Countermeasure for landslide 1.2.2 restraint work (3) 

Anchor”. 

 

2) Rockbolt work 

Rockbolt work is used to increase the stability of a slope or the entire slope by means of reinforcement 

inserted into the ground.  

It is used for relatively small-scale collapse prevention, reinforcement of steep slopes, and reinforcement of 

temporary slopes for excavation of structures, etc.  

As shown in following figure, rockbolt is used under various conditions, such as minimizing natural 

modification caused by soil cuttings, and applying the method to cut steep slopes or to temporarily construct a 

structure. 

The soil nailing method used in Honduras is considered to be similar to this method. 

 

 

 

 

 

 

 

 

 

Figure 64  Case study of rockbolt work 

 

In this section, it is explained briefly the design concept of Rockbolt as it is carried out in Japan. 

 

The design can be divided into the empirical design method, which is applied when the collapse is minor, 

and other design methods based on stability calculations.  

The empirical design method should be applied only when a shallow collapse of 2m depth or a collapse of 

loose rock is expected when the cutting is made at a standard slope as a countermeasure against collapse. 
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The empirical design parameters that omit stability calculations are shown in the table below. 

The empirical design parameters 

Factor Parameter 

Drilling diameter φ65mm～ 

Bolt diameter 19 ～ 25mm 

Bolt length 2 ～ 3m ※ 

Install pitch 1pc per 2m2 

Install angle 10 degrees downward from horizontal  

～Right angle to slope 

※2.0 m if the expected collapse depth is 1 m, 3.0 m if the expected collapse depth is 2.0 m 

The following methods are used when designing using stability calculations. 

 

 

Fsp ：Planned safety factor (Parmanent construction = 1.2, temporary construction = 1.05~1.10) 

Pr   : Deterrent force of reinforcement  (= Tm・cosβ+ Tm・sinβ・tanφ) 

Tm : Design tensile force of reinforcement  (=λ・Tpa) 

β ：Angle between reinforcement and slip surface 

φ  : Internal friction angle of the slip surface 

λ : Reduction factor of tensile force of reinforcement (= 0.7) 

Tpa : Allowable tensile strength of reinforcement (=min[Tlpa, T2pa, Tsa]) 

 

The allowable tensile strength Tpa of the reinforcement is adopted most minimum value compare that the 

allowable pullout resistance of the reinforcement from the moving layer (T1pa), the allowable pullout resistance of 

the reinforcement from the unmoving layer (T2pa), and the allowable tensile strength of the reinforcement (Tsa).    
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Figure 65  Tensile strength of reinforcement 

When scribwork is used for slope protection, T1pa may be ignored. T2pa is calculated by the following 

formula. 

 

 

L2  : Fixed length in unmoving layer (m) 

ta   : Allowable adhesion strength (=min [ tpa, tsa ]) (kN/m) 

tpa  : Allowable adhesion strength between the ground and the grouting material  

(= [τp・π・D] / Fsa) (kN/m) 

tca  : Adhesion strength between reinforcement and grouting material (= τc・π・d) (kN/m) 

τp : Skin friction resistance between the ground and the grouting material  (kN/ m2) 

D  : Diameter of drilling hole (m) 

Fsa : Safety factor of skin friction resistance (Parmanent construction = 2.0, Temporary construction = 1.5) 

τc : Allowable adhision strength of reinforcement and grouting material (kN/m2) 

d    : Diameter of reinforcement (m) 
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Slip surface 
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Chapter 3. Countermeasure for rock fall 

3.1 Planning of the countermeasure 

 Classification of Countermeasure work 

(1) Classification of Countermeasure work 

There are many types of rockfall countermeasures, and the principles of countermeasures are followings. 

/Prevent weathering and erosion that cause rockfall. 

/ To stop the generation of rockfall. 

/ Absorb the energy of rockfall 

/ Change the direction of rockfall and guide them to harmless areas  

/ Resist with impact of rockfall and stop the movement of rockfall 

Therefore, the functions, durability, workability, economy, and maintenance problems of each type of 

countermeasure must be carefully considered to select the most appropriate type and combination of 

countermeasures for the conservation target and slope conditions. 

The rockfall countermeasures include prevention works to remove, fix, and restrain works at the source, and 

protection works to prevent damage caused by falling rocks.  

 

Rockfall prevention work : This work represents countermeasures taken against the source of rockfall to 

remove or fix rocks that may fall. These countermeasures are reliable, but if there are many sources of rockfall, it is 

difficult to take such countermeasures completely. 

 

 

 

 

 

 

 

Figure 66  Image diagram of rockfall prevention work  

 

Rockfall protection work : This work is performed to capture falling stones and reduce their energy on the 

side or lower part of the mountain between the source of rockfall and the object to be protected. 

If the work is installed near the conservation target to be protected, the size of the countermeasure will be larger 

since energy of a falling stone becomes larger 

Rockfall source 

Conservation target 
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Figure 67  Image diagram of rockfall protection work  

 

(2) Outline of countermeasure（Rockfall prevention work） 

Rockfall prevention work is a source countermeasure for rockfall source (floating rocks and boulders) on 

slopes where rockfall is expected to occur, with the expectation of the following effects. 

(1) Prevent the progression of erosion and weathering caused by surface water, freezing and thawing, 

temperature change, repetitive dry and wet weather, wind force, etc. 

(3) Fixing of rockfall source 

(4) Removal of rockfall source 

(5) Prevention of rock fall associated with slope failure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 68  Types and effects of rockfall prevention works 
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Above figure shows various types of preventive works that have these effects alone or in combination. In 

selecting the method, the characteristics of each method should be considered, as well as the social conditions of 

the site, topography, geology, location of the conservation target, workability, economic efficiency, and other factors. 

In addition, trees growing on the slope have the effect of deterring falling rocks, and it should be noted that these 

trees may be cut down or may be cut down. 

 

(3) Outline of countermeasure（Rockfall protection work） 

A rockfall protection works is a catching measure to protect rockfall from slopes by installing a facility in 

the middle of the slope, at the edge of the conservation target to be protected, or on the conservation target (road). 

The types of rockfall protection works can be classified according to the location installed as follows. 

 

/Those installed in the middle zone between the source and the conservation target (in the slope) 

 rockfall protection net, rockfall protection fence, rockfall protection retaining wall, etc. 

/Those installed near the conservation target (lower part of the slope) 

 rockfall protection nets, rockfall protection fences, rockfall protection shelves,  

rockfall protection retaining walls, rock sheds, rockfall protection earth embankments, etc. 
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 Selection of Countermeasure work 

Planning of rockfall prevention measures should be based on the results of the survey and hazard assessment 

of rockfall slopes, it is also important to take into account the characteristics nature of rockfall slopes. 

It is necessary to select and plan the placement of various types of rockfall prevention and protection 

methods, recognizing that each method has its own structural limitations in preventing damage.  

In planning the countermeasures against falling rocks using facilities such as rockfall prevention and 

protection, the stability of floating rocks, the size of falling rocks, the path of falling rocks, and the form of movement 

of falling rocks should be estimated based on the results of the investigation, and the most effective construction 

method should be selected at the necessary location. 

 

Attention points of selection countermeasure are following 

/ The results of the investigation of rockfall slopes should be utilized. 

It is important to determine whether the falling rocks are caused by slope failure or by falling floating 

stone or boulders. 

/ Although the source countermeasure is the most effective, the workability should be taken into 

consideration. 

Is it possible to remove and fix stable location at the site, or is it possible to fix at current positon? 

/ Consideration should be given to the fact that each type has its own functional limitation. 

/ In many cases, a combination of each species is more effective than using each species alone. 

 

The function, durability, workability, economy, and maintenance method of each type of countermeasure 

should be carefully considered when deciding the type of countermeasure to be used 

 

The characteristics of countermeasure methods used in Japan are shown in the following table. 
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 Characteristics Effects of Countermeasure 
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work 

◎ Excellent Excellent Low Easy Excellent Inexpensive 
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um 
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Damage 
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High Difficult 
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Expensive 

R
o
ck

fa
ll 

p
re

ve
n
tio

n
 w

o
rk

 

Cutting  ◎    ◎ ○ △ ◎ ○ 

Removal work  ◎    ○ ○ △ ○ ○ 

Foot protection work  ◎    ◎ ○ ○ ◎ ○ 

Gluing work ○ ○    △ ○ ◎ △ △ 

Anchor work  ◎    ○ ◎ ○ ◎ ○ 

Wire rope setiing work  ◎    ○ ○ △ ○ ◎ 

Drainage work ◎     ○ ○ ○ ○ ◎ 

Net hurdling work ○ ○ △   ○ ○ ◎ △ ◎ 

Vegetation work ○ ○    ○ ◎ ◎ △ ◎ 

Shotcrete work ◎ ○    ○ ○ ◎ ○ ◎ 

Pitching work ◎ ◎    ◎ ◎ ○ ○ ◎ 

Cribwork ◎ ◎    ◎ ◎ ◎ ◎ ○ 

Retaining wall ◎ ◎ △   ◎ ◎ ○ ◎ ○ 

Rope Net + Rock bolt  ◎    ○ ○ ◎ ○ ◎ 

Shotcrete + Rock bolt ◎ ◎    ○ ○ ○ ◎ ◎ 

Pitching + Rock bolt ◎ ◎    ◎ ◎ ○ ◎ ○ 

Cribwork + Rock bolt ◎ ◎    ◎ ◎ ○ ◎ ◎ 

Cribwork + Anchor ◎ ◎    ◎ ◎ ○ ◎ ○ 

Retaining wall + 
Anchor 

◎ ◎    ◎ ◎ ○ ◎ △ 
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Cover type Rock fall 
Protection Net 

 ○ ○ ◎  ○ ○ ◎ ○ ◎ 

Pocket type Rockfall 
Protection Net 

  ○ ○ ○ ○ ○ ◎ ○ ◎ 

Rockfall Protection 
Fence 

  ◎ ○ △ ○ ○ ◎ ○ ◎ 

Multiple step Rockfall 
Protection fence 

 △ ◎ ◎  ○ ○ ◎ ○ ◎ 

Rockfall Protection 
shelf 

  ◎ ◎ ◎ ◎ ◎ ○ ○ ○ 

Rockfall Protection 
Retaining wall 

  ◎ ○ △ ◎ ○ ◎ ○ ◎ 

Rock shed   ◎ ◎ ◎ ◎ ◎ ○ ◎ ○ 
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Reference table for application of countermeasures for rockfall 

The following is a flowchart of the countermeasure method selection in use in Japan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 69  Flowchart of the countermeasure method selection 

Rockfall protection 
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It is important to measure the type, scale, properties, and stability of the entire slope (whether it is rockfall 

caused by rock mass collapse or sediment collapse). 

It is desirable to plan countermeasures in combination with rockfall protection works and rockfall 

prevention work effectively. 

Rockfall protection work is a method of capturing falling rocks by absorbing or catching their energy. 

Different methods can handle different amounts of energy. 

The figure below shows the corresponding energies of rockfall protection work commonly used in Japan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 70  Available rockfall energy for each type of rockfall protection work (approximate) 
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3.2 Design of the countermeasure 

 Rockfall prevention work 

Rockfall prevention works mainly remove, fix, and restrain the source of falling rocks, and are effective in 

reducing the frequency of falling rocks. 

However, if the slope is long and steep, it may be difficult to completely stop rockfalls by only one method 

of rockfall prevention work. Therefore, several rockfall prevention work should be used in combination, or 

rockfall protection works should be taken to combineted. 

This section introduces each method of rockfall prevention work and describes design considerations. 

In addition, work types that overlap with landslide countermeasures and slope failure countermeasures are 

omitted. 

(1) Cutting work and removal of unstable boulders 

Cutting slope and removal of unstable boulders are method to remove unstable boulders that may fall from 

slopes by breaking them into small pieces, or to stabilize by cutting unstable rock slopes that are at risk of rockfall 

to prevent rockfall. 

On slopes where there is a risk of rockfall due to collapse, cutting the slope to a stable gradient can 

stabilize the slope and prevent rockfall. 

This case is that Huge unstable rock masses are distributed over the slope and it is difficult to fix them in-

situ and to prevent rock fall by rock fall protective works. It is adopted method that is removed unstable rock mass 

by cutting slope. It is desirable to prevent weathering erosion by slope protection works on slopes after cutting 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 71  Case study of cutting slope work for unstable rock slope in Japan 

Before construction After construction 
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(2) Adhesion work 

This is a method of stabilizing unstable rock masses by adhering them to stable rock masses using 

adhesives. It is sometimes used to preserve scenic spots such as tourist attractions. 

It is able to be got the effects by filling, closing, or adhering cracks using adhesive agents. Since injecting 

an adhesive into the voids such as cracks, it is possible to suppress instability by preventing infiltration of 

rainwater and reducing vibration due to earthquakes and winds. 

Two types of adhesives have been developed: cement-based adhesives and resin-based adhesives. Each of 

these adhesives has its own characteristics in terms of solidification time, etc., and should be used according to the 

condition of the cracks. It is also important to clean the surface of the rock to improve adhesio 

 

 

 

 

 

 

Figure 72  Case study of adhesion work in Japan 

(3) Wire rope setiing work 

Wire rope settingwork is considered a type of foot protection work. It is a method of securing unstable 

boulder on a slope by using a latticed wire ropes or several ropes to directly secure or hang the base of the 

boulders to prevent them from sliding or falling down. 

This method is often used when unstable boulders are large or when they must be fixed on a slope as an 

emergency measure due to land constraints. The method itself is simpler than other methods, it is often used as a 

temporary structure before permanent measures are taken. 

When covering or hanging unstable boulders with ropes, etc., sufficient stability must be ensured to 

prevent them from slipping out of the ropes, etc. And, the support part of the rope must be attached to a solid base 

rock using anchor bolts, etc., so that it can sufficiently withstand the weight of the unstable boulders, etc. 

 

 

 

 

 

 

 

Figure 73  Case study of Wire rope setiing work in Japan 
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Figure 74  Reference drawing of wire rope setiing work 

 

(4) Foot protection work 

When unstable boulders are too big to be easily removed, this method is adopted. 

This method ranges from relatively small-scale methods that use concrete or masonry to solidify the base 

of the unstable boulder, to large-scale methods that use reinforced concrete or H-steel pillars to hold it in place. 

 

Foot protection work is a method of fixing large unstable boulders on a slope by consolidating the base 

and surrounding area with concrete or masonry to prevent them from moving. 

When the weight of the unstable boulders is loaded to the foundation base, it is nessesary that foot 

protection work is placed on the stable foundation base to prevent falling out foot protection work with the 

unstable boulders. Then it is necessary to shape the foundation base or to excavate into a solid ground and set 

foundation here. In this case, unstable boulder may destabilize during excavation its foot, so ropes or other means 

(temporary net setting work) should be used to keep the excavation stable. It is necessary to ensure that the 

concrete is thick enough to prevent falling out unstable boulders from the foot protection work, and that it is 

installed so that it covers not only the base of the unstable boulders but also the surrounding area. 
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The effectiveness of the root-centering work will be significantly reduced if the foundation is eroded 

scoured by surface water flowing down the slope, etc. Therefore, it is necessary to pay attention to the topography 

around the foot protection work and to the shaping of the slope surface and to prevent foundation erosion. 

 

Foot protection by masonry using is collecting small boulders afrom the surrounding slope and piled up 

and consolidate at base of unstable boulders. This method is also effective to fix small umstable boulders 

distributed on the slope. 

Since this method is less durable than concrete foot protection wopr, care must be taken to avoid erosion, 

especially by surface water flowing. 

 

 

 

 

 

 

 

 

Figure 75  Case study of foot protection work in Japan 

(5) Rope Net work 

It is method that prevent the initial startup of unstable rocks and boulders scattered on the slope and hold 

them in place, by covering a grid of wire ropes at slope. 

Vertical and horizontal rope is set intersection at 2.0m pitch and fixed by anchor at cross points. In 

addition, reinforcement ropes or high-tension nets are placed between the 2.0 m ropes. 

This method suppresses the initial startup of unstable rock masses and prevents falling rocks by the tension 

strength of the ropes, reinforcement ropes and high-tension nets and the pull-out resistance of the anchors. 

 

 

 

 

 

 

 

 

Figure 76  Case study of rope net work in Japan 
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 Rockfall protection work 

(1) Rockfall protection net work 

Rockfall protection nets use lightweight materials such as wire mesh and wire rope to cover the entire surface 

of slopes where falling rocks may occur, and are classified into the following two types according to application. 

/ Cover type Rock fall Protection Net 

/ Pocket type Rockfall Protection Net 

 

1) Cover type rockfall protection net 

The wire mesh directly covers the slope where rockfall is expected, and the purpose is to drop the falling 

rocks along the slope without causing them to jump. It also has the function of preventing small rockfalls. 

In general, since it is necessary to cover the area from the source to the edge of the conservation target, slopes 

with relatively small differences in elevation are targeted. 

The design method is to study the specifications of ropes, wire mesh, and anchors that can handle the 

expected energy of falling rocks and the weight of the net itself. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 77  Case study of cover type rockfall protecction net in Japan 
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2) Pocket type rockfall protection net work 

The structure has an opening at the top to allow rockfall from the top to enter the back of the mesh. 

The energy of the falling rock is absorbed by the wire mesh by the impact of falling rocks on the wire mesh, 

and the rockfall is captured by being dropped along the slope. 

It can be accommodated long slopes by installing at the bottom of a slope. 

Rockfall energy is absorbed by the elongation of the wire rope, deformation of the wire mesh, and the 

integrated motion of the rockfall and the net when it impacts pocket type rockfall protection net.  

It is designed the components so that the possible energy absorbed by the pocket type rockfall protection 

nets is not less than rockfall energy. 

 

 

 

 

 

 

 

 

 

 

 

Figure 78  Case study of pocket type rockfall protecction net in Japan 
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(2) Rockfall protection fence work 

It is a method to prevent rockfall by absorbing rockfall energy with wire rope, wire netting, posts, etc. It is 

installed at the middle or bottom of the slope, they are effective in preventing relatively small rockfalls. In case of 

long slopes, they may be placed in a multi-level configuration. 

The height of the fence should be higher than the jumping height of the falling rocks. The component 

specifications must be capable of capturing the expected energy of falling rocks. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 79  Case study of rockfall protecction fence in Japan 
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(3) High energy absorption type rockfall protection fence work 

High energy absorption fence work is flexibly structured rockfall protection fences consisted of supports, 

wire ropes, nets, and reaction bodies. It is a construction method that can absorb high energy by the deformation of 

the net and the braking system of the wire rope. This method is available for Large energy rockfall of 2000kj. 

  In this construction method as well, member deformation occurs when capturing rockfall, so it is 

necessary to replace members by maintenance. 

This method is avalable in Honduras      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 80  Case study of high energy absorption type rockfall protection fence work in Japan 
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(4) Rockfall protection wall work 

A method of deterring the movement of rockfall by the rigidity of the wall body. Some structures are 

equipped with sand cushions or other buffer materials to absorb and disperse the impact, making it possible to 

handle large-energy falling rocks. Installed in the middle or bottom of a slope. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 81  Case study of rockfall protection wall in Honduras (Fuerzas Unidas) 
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(5) Rock shed & Rockfall protection shelf work 

1) Rock shed 

It is a structure in which the road is covered by reinforced concrete or steel to provide direct protection from 

rockfall. 

It is used in cases following 

/There is no space for a retaining wall on the mountain side of a road directly under a steep slope, 

/Rockfall energy is huge 

/Rockfall protection fence can't capture rockfall. (because fence can't reach rockfall and rockfall jump over 

the fence.)  

/Installing rockfall preventive work is difficult. 

 

 

 

 

 

 

 

 

 

Figure 82  Case study of rock shed in Japan 

2) Rockfall protection shelf 

A steel or concrete eave-like structure to prevent rockfalls of a size that cannot be handled by rockfall 

protection fences. 

This is applicable when the rockfall trajectory is limited to a limited area of the road. More economical and 

easier to construct than rock shed, but limited in terms of rockfall height, weight, etc. 

 

 

 

 

 

 

 

 

Figure 83  Case study of rockfall protection shelf in Japan 
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(6) Rockfall protection earth dyke / ditch 

This is a method of deterring rockfalls by absorbing and dissipating the energy of rockfalls through the 

construction of banks and ditches in the area to be protected. 

The condition for adoption is that there must be a space with a gentle slope at the target area. 

 

 

 

 

 

 

 

 

Figure 84  Image diagram of rockfall protection earth dyke / ditch 
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Chapter 1. Introduction 

1.1 Purpose of the manual 

Construction supervision means the implemention management of construction work based on a 

construction methodlogy that has been developed by considering and formulating the best methods (labor, 

materials, construction methods, machinery, funds, and other means) to economically and safely construct the 

construction structure according to the design specifications and drawings within the construction period 

based on the contract requirements. 

The main contents are (1) process managemennt, (2) dimension management, (3) quality management, 

(4) safety management, and (5) cost management. 

Form dimension management means to control of dimension such as shape, size, and finish, while 

quality management means to control of quality such as strength of material by used and structures by 

constructed. 

Methods and systems of construction supervision are different in detail depending on the country and 

the ordering authority, and are basically implemented based on the standards of the country and the ordering 

authority. 

This manual summarizes the basic items of construction supervision, using the methods implemented 

in Japan as its subject matter. 

We hope that this manual will be helpful in implementing construction supervision in Honduras in the 

future. 
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Chapter 2. Outline of construction supervision 

2.1 Purpose of the supervision 

Construction supervision is classified into management methods from the standpoint of the client and 

the contractor. 

Construction supervision on the client's side is responsible for checking that the construction work is 

being performed as designed, with the required quality ensured, as per the process, and to prevent the quality 

and dimensional errors occurring and the delaying construction process before such a trouble occurring. 

In other words, supervision on the client side is the task of managing the contractor to ensure that the 

construction work is performed as designed, with the required quality, safety and within the construction 

period. 

 

Construction supervision on the contractor's side manages the construction process, required quality, 

safety, cost, structure dimension specified by drawing and technical specification to ensure that on-site 

construction proceeds smoothly. 

In other words, the constructor's side is directly management of construction for ensuring that the 

construction work is implemented safely, according to the design, and with the required quality within the 

construction period. 

 

Whether the client or the contractor is in the position of the contract, the management items and 

purposes are the same. 
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2.2 Contents of the supervision  

In order to carry out construction work, contructor should prepare a construction methodlogy that 

mensioned clearly indicating the procedures, methods, machinery, mobilized labor, processes to be used to 

carry out the work and how the work will be managed. 

The client and contractor should agree on this construction methodology, and the construction work 

will be carried out based on this construction methodology. 

 

 

 

 

 

 

 

 

 

 

Figure 1  Concept of Construction Supervision 

As described in the previous section, the items of construction supervision are (1) process managiment, 

(2) dimension managemant, (3) quality management, (4) safety management, and (5) cost management. 

A summary of each management item is described below 

 

(1) Process management  

Process management means to compare the process planned at the beginning construction with the 

process actually in progress, if difference of progress is occured, to investigate and eliminate the causes 

of any difference of progress, to improve that work proceeds according to planned procces. 

 

(2) Dimension management   

1) Dimension management by direct measurement  

Dimension management by direct measurement is to confirm that the constructed structure satisfies 

the shape and dimensions indicated in the design documents. (drawing, technical specification) 

 The shape and dimensions of the structure, reference height, centerline deviation, etc. are directly 

measured according to the construction sequence, and the results are recorded in a control chart or list of results 

each time, and the data are evaluated. 

The dimension control is investigation the cause of any errors, take necessary measures. 
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2) Dimension management by photographing and recording  

Dimension managemen by photographing and recording means to photograph and record the 

dimension based on the photographing standard, in order to confirm the form and quantity of underground 

buried structures and other parts that cannot be confirmed after construction, or to confirm the progress of 

each construction stage. 

 

(3) Quality management   

Quality management means to conduct physical and chemical tests based on "quality control 

standards" in order to build a structure that fully satisfies the quality standards indicated in the design 

documents (drawing, technical specification), and the results of these tests are then used to find problems and 

methods of improvement by using statistical methods, etc., and are controlled to ensure good quality. 

In addition, quality management, as a part of construction management, is also conducted in 

combination with process management and dimension management to ensure quality, stable process, and 

appropriate dimension, which is the required of the construction. 

 

(4) Safety management   

Safety management means ensuring the safety of construction works under appropriate construction 

periods, methods, and costs by understanding the various conditions at each site, planning and preparing a 

system and environment for safe construction, and accurately responding to and managing changes in 

conditions that occur as the process progresses. 

 

(5) Cost management   

Cost control means that the contractor compares the planned cost calculated based on the working 

budget with the actual cost already incurred, and manages the construction work so that it will proceed without 

exceeding the planned cost by appropriate cost reduction. 

 

(6) Relationship with each management   

Process management, workmanship management, quality control, cost management, and safety 

management, though, should be managed accordingly, 

These management contents are not independent, but are interrelated. 

In construction work, it is known that quality, process, and cost have the following characteristics. 

 

The relationship between process and cost is that as the process is speeded up and the construction 

quantity is increased, the cost per unit quantity becomes lower, but if the process is speeded up further 



5 

 

and rush work is performed, the cost becomes higher. 

The relationship between cost and quality is that poor quality items can generally be made at a lower 

cost, but good quality items cost become higher. 

The relationship between quality and process is that good quality generally takes long time and slows 

down the process, if the process is speeded up and rush work is performed, the quality becomes lower. 

 

As described above, quality, process, and cost are closely related.  

The purpose of construction supervision is to coordinate these characteristics, plan the construction to 

keep quality and construction period, and reduce cost as much as possible, and to construct the project as 

planned. 
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Chapter 3. Construction methodlogy 

3.1 Contents of construction methodology 

Unless otherwise specified in the contract documents, the contractor shall determine all the means to 

complete the construction objectives at its own risk, and the contractor shall submit a construction plan on the 

procedures and methods necessary to complete the construction objectives before the commencement of 

construction. 

In the preparation of the construction plan, the items specified in the contract and the design documents shall 

be included, except for minor items. 

In the event of any significant changes to the construction plan, a revised construction plan shall be prepared 

and submitted prior to the commencement of work. 

 

The Contractor shall describe the following in accordance with the following table of contents 

1) Outline of construction works 

2) Construction schedule 

3) Organization chart 

4) Machinery and equipment 

5) Materials 

6) Construction method (including main machinery, temporary facilities plan, construction site, etc.) 

7) Construction management plan 

8) Safety management 

9) Emergency arrangements and response 

10) Traffic management 

11) Environmental measures 

12) Improvement of working environment 

13) Progress meetings 

14) Progress reports 

15) Others 
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3.2 Outline of construction works 

As a minimum, the following items should be included in the construction summary 

Contract name: 

Construction site:  location, address 

Construction period:  date of commencement and completion 

Contract amount:  

Client:  name, address and telephone number 

Contractor:  name, address and telephone number 

Scope of work: 

Table 1  [Example] Scope of work  

Construction 

classification 

Type of work Type Particulars Unit Quantity Remark 

Road 

improvement 

Road 

earthworks 

Excavators Excavation m3 100.0  

 Retaining wall 

construction 

Ready-made pile 

construction 

Steel Pipe Piles PC 25  

       

 

3.3 Construction Schedule 

The planned construction schedule shall be prepared in the form of a network or a bar chart, etc., 

showing the beginning and end of the work for each type. In preparing the construction schedule, past data on 

weather conditions, especially rainfall and temperature, should be thoroughly studied and reflected in the 

progress plan. 

(Notes) 

1) In addition to being bound into the construction methodlogy, one copy of the planned construction 

schedule shall be prepared for progress control and maintained on site. 

2) For construction types where weather, particularly rainfall and temperature, can have a significant 

impact on construction, the use of past data etc. must be fully investigated and reflected in the progress plan. 

3) It must be consistent with the construction schedule attached to the contract. 

4) It shall be ascertained whether the construction period for each type of work has been set appropriately, 

taking into account the volume and timing of construction. 
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Table 2  [Example] Scope of work  

Name of contract:  

Date of contract: 

Construction period:  from  XX/XX/XXXX  to  XX/XX/XXXX 

Item Unit Quantity August September Remark 

Type of work Type 10 20 30 10 20 30  

Retaining 

wall 

Excavation m3 

 

100.0        

 Ready-made 

pile construction 

PC 25.0        

 

3.4 Organization Chart 

The site organization chart shall show the organization and chain of command and the division of 

work at the site, and for works where a specialist engineer is appointed, it shall be stated. The duties to be 

performed and the person in charge at the site shall be clearly indicated. It must be resubmitted if there are 

any changes to the organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  (Example) Organization Chart on Site 

（Administration）  

Administration Name 

Material Name 

Labor Name 

（Technical）  

Labor safety control Name 

Heavy machinery Name 

Tools and equipment Name 

Traffic safety control Name 

Survey Name 

Safety supervision Name 

Quality management Name 

Dimension management Name 

Progress management Name 

Representative 

Name 

Telephone number 

Email address 

Chief engineer 

Name 

Telephone number 

Email address 
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3.5 Machinery and Equipment 

The names, capacities and numbers of the main machineries to be used in the works shall be 

described. The items to be used of the machine should be clearly indicated in the list. 

Table 3  (Example) Main machineries usage plan 

Name Standards Unit Quantity Items to be used 

Excavter 0.45m3 unit 1 Excavation 

Drilling 

machine 

3000Ps unit 1 Piling 

     

 

3.6 Material 

The main materials to be used in the construction work shall be described in terms of quantity, 

method of quality certification and timing of material confirmation. The timing of the delivery of materials 

shall be consistent with the planned schedule. 

This section describes the specified materials and main materials to be used in the construction work, 

the method of quality confirmation (material testing method, quality certificate, etc.) and the time of material 

confirmation. 

It shall be ensured that there is no discrepancy between the timing of material deliveries and 

construction schedule. 

Table 4  (Example) Main materials plan 

Product 

name 

Standard Planned 

quantity 

Manufacturers Quality 

certification 

Time of delivery Summary 

(Date of confirmation, 

etc.) 

Y M D 

Deformed 

steel bars 

D13 800 kg Iron and steel Mill sheet 2023 9 5  
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3.7 Construction Methods 

 Work flow for the main works  

Describe the work flow for each type of work and describe the following at each stage of work. 

It is better that explanations of each process is mentioned along the work flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3  (Example) Work flow - (Horizontal drainage boring)  

 Notes on construction implementation and construction methods   

Describe the working environment of the construction site (e.g. surrounding land use, natural 

environment, proximity to the site, etc.) and the timing of the construction of the main works (e.g. rainfall 

period, rainfall-drought period, etc.). 

This is followed by a description of the main points to be kept in mind when carrying out the work, 

the main points of the construction method, the constraints (time of year, working hours, traffic restrictions, 

nature conservation, etc.) and the coordination with the relevant authorities. 

It also describes the protection methods for reference points, underground installations and above-

ground obstacles used in preparatory works 

Start-up survey 
 /Set a staking 

Temporary work 

Machine setting 

Drilling 

Insertion drainage pipe 

Treatment of drainage outlet 

Quality inspection 

End 

Machine setting 

Drilling 

Cleaning in the hole 

Rod extubation 
(Inner rod) 

Insertion of drainage pipe 

Casing extubation 
(outer tube) 

Machine 
relocation 

Each drainage boring 
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(Example) Notes on construction implementation and construction methods 

 

1) The plan for the tranceportion method of construction equipment, the plan for temporary 

transportation routes, the plan for scaffolding, and the plan for the placement of materials and equipment, 

etc. are described.  

When planning the temporary transportation route, avoid slope shape changes as much as possible (since 

the site is a landslide area and it has risk of slope instability due to topographic changes) 

 

2) Clearly describe the installation method of the drillng machine (drilling location, direction, and height) 

3) Clearly describe the installation method of the drillng machine (drilling location, direction, and 

height). 

4) Clearly describe drilling procedures and drainage pipe insertion procedures. 

5) Describe the method of drainage treatment after drilling and drainage pipe installation (Period of 

time untilinstall of catchment basin).. 

 

 Temporary works 

The structure and layout plan of temporary facilities common to the entire construction work should 

be described in detail using location drawings, schematic drawings, etc. In addition, structural calculations 

and other methods to confirm safety should be included where possible. Other temporary facilities such as 

temporary buildings, temporary storage areas for materials and machinery, machinery and equipment for 

plants, transport routes, temporary drainage and temporary facilities for safety management should be 

described. 

•Temporary buildings such as site offices, workers' quarters and warehouses 

•Temporary storage or yards of materials, machinery etc. 

•Plant and other machinery and equipment necessary for construction work 

•Transportation routes (temporary roads, temporary bridges, repair of existing roads, etc.) 

•Temporary drainage 

•Construction sign boards, safety signs, traffic barriers, temporary facilities for safety control 
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3.8 Construction Management Plan 

 Process Management 

Describe what management methods are used to manage the network, bar charts etc. 

Explanation of Process Management is described in Chapter 4. 

 

 Quality management 

Describe the quality control plan based on the quality control standard indicated in the technical 

specifications. 

Explanation of Quality Management is described in Chapter 5. 

 

 Dimension management 

Describe the dimension control plan based on the dimension control standard indicated in the 

technical specifications. 

Explanation of Dimension Management is described in Chapter 6 

 

 Safety management 

Describe the persons responsible for health and safety management and the policy for health and 

safety management activities. In the event of an accident, the method of contacting the relevant authorities, 

the affected person's home, etc., and emergency hospitals, etc., should also be described. The following 

items need to be described 

(1) Construction safety management measures 

Describe the person(s) responsible for health and safety management and the action plan for health and 

safety management. 

(Example) Items to be included 

1. Basic policy 

1) Safety targets and priority management items 

2) Safe construction system 

3) Basic safety measures 

2. Health and safety management system 

1) Health and Safety Committee 
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2) Safety patrols 

3) Safe working instructions 

4) Safety management organisation 

Each of these should be listed according to the person responsible as defined by Law in each country. 

Safety and health 
manager 

(Safety and health 
committee chair) 

Name 

 

 

 

 

 

 

 

 

 

 

Figure 4  (Example) Safety organization chart 

(2) Safety management measures for the third parties’ facilities 

This section describes measures to be taken when works are carried out in close proximity to third party 

facilities such as houses, shops, roads, railways, gas, electricity, telephone and water supply. 

 

(3) Action plan on construction safety education and training 

Describe the monthly safety education and training provided. In the safety management organisation, 

specify the system of site patrols and security personnel. Describe the requirements of relevant laws and 

regulations. 

Table 5  (Example) Safety Management Action Plan 

Name Location Who will attend Frequency 

Education for newcomers Field office Field operatives On new entry 

Morning assembly On site Field operatives Every day before work 

Hazard prediction activities On site Field operatives Every day before work 

Meeting the next day Field office head of staff Every afternoon 

Safety patrols On site Safety patrolman Every day at any time 

Safety training Field office Field operatives Once a month 

Committee member for 

Safety 

Name 

Committee member for 

machinery and electric 

Name 

Committee member for 

civil works 

Name 

Explosive material 

consuming manager  

Name 

Explosive material 

book manager  

Name 

Traffic safety manager Name 

Safety manager Name 

Heath manager Name 

Safety supervisor Name 

Deputy safety and health 

committee chair 

Name 

Safety and heath committee 



14 

 

Safety Patrols On site Health and safety officer at 

the contractor's head office 

Once a month 

Health and Safety Council Field office Health and safety officers and 

foremen at contractors' 

headquarters 

Once a month 

 

(4) Excerpts from relevant laws, regulations, guidelines and other necessary and 

helpful information 

Describe extracts from relevant laws and regulations of importance regarding health and safety. 

 

(5) Emergency arrangements and response 

Describe the organisational structure and communication system in the event of abnormal weather 

conditions such as heavy rain, strong winds, earthquakes, water quality accidents, construction accidents, 

etc. 

In the event of abnormal weather conditions such as heavy rain, strong winds, etc., and the threat of a 

disaster, patrols of the site will be carried out as necessary to ensure vigilance. 

 

1) Specify extreme weather requirements to be patrolled 

(Example) 

• Heavy rain: when the hourly rainfall reaches 50 mm and the continuous rainfall 250 mm. 

• High winds: when the average wind speed over a 10-minute period reaches 10 m/sec. 

• Earthquake: when the seismic intensity of 4 or higher occurs in the area including the site 

2) Specify how to obtain weather information and what to do when requirements are reached  

Table 6  (Example) Action Plan for Extreme Weather Events 

Item Heavy rain High wind Earthquake 

Means to collect 

information 

TV, radio, weather report, 

watching rivers/ stream, rain 

gauge, 

TV, radio, weather report, TV, radio 

Action to be taken as 

per information 

   

Place of evacuation    

3) Specify the number of people and equipment that can be mobilised in the event of a 

disaster. 
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4) Clearly state the location and method of evacuation 

5) Description of the communication system 

Daytime and evening contact details for the following sections 

• Client relations (office, project director, chief engineer, etc.) 

• Contractor relations (head office, site representative, safety engineers, etc.) 

• Relevant authorities (police station, fire station, emergency hospital, etc.) 

• Others (e.g. electricity companies, telecommunication companies) 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5  (Example) Communication system diagram 

 

 Traffic management  

Describe the traffic treatment and traffic control measures associated with the works. 

Where a diversion route is provided, a plan of the diversion route and the layout of safety facilities, 

guide signs and traffic control personnel should be described. 

Specific plans for the layout of security facilities, measures for public roads and entrances/exits, 

routes for carrying in and out the main materials, measures to prevent overloading, etc. are to be described. 

 

 

 

 

Police Station 

Telephone number 
Contractor's Site 

office 
Name of 

representative 
Telephone number 

Client (UFRMP) 
Name of representative 

Telephone number 

Uttarakhand Forest Department (UKFD) 

Telephone number 

Contractor's Head Office 

Name of representative 

Telephone number 

Hospital 

Telephone number 

Fire Station 

Telephone number 

Public Road Authority 

Telephone number 

Water Works 

Department 

Telephone number 

Power Supply Company 

Telephone number 

Telecommunication 

Company 

Telephone number 
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 Environmental measures  

For the purpose of preserving the living environment of the construction site area and ensuring 

smooth construction work, the following countermeasure plans are to be described in accordance with the 

relevant laws and regulations regarding environmental preservation measures. 

1) Noise and vibration control 

2) Water Pollution 

3) Disposal of rubbish and dust 

4) How to dispose of waste 

5) Other 

 Progress meeting and report  

With regard to the regular progress meetings with the client, the following items should be described 

1) Date of the event 

2) Attendees 

3) Agenda 

4) Minutes 

5) Others 

In relation to the preparation and submission of progress reports, please describe the following 

1) Frequency and date of submission 

2) Number of copies submitted 

3) Items to be included (construction progress, stock of labour, materials and machinery, process 

management, health and safety management, environmental management, quality 

management, workmanship management, photographs, workmanship claims and payment 

management, etc.) 

4) Others 

 Others  

Describe other important matters as necessary. 

1) Procedures with the public authorities (police, municipalities, road administrators) 

2) Informing the local community 

3) Holidays 
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Chapter 4. Process manegement 

4.1 Purpose of process management 

The purpose of process manegement is to manage the planning and implementation of the process 

within a specified construction period.  

Since the quality and cost of construction are greatly affected by the speed of the process, process 

management is one of the most important items in construction management. 

 

For the client side, process manegement is the management of the construction process to ensure that 

the work progresses appropriately and with sufficient quality and precision within the construction period. 

 

On the contractor's side, adding a cost management factor to process control, the construction work is 

to be managed to maximize production at minimum cost with sufficient quality and precision. 

 

The contractor controls the process for its own actions, while the client supervises the actions of the 

contractor. 

4.2 Process Management Procedures 

Process management is broadly classified into the control function in the "planning and 

implementation" stage and the improvement function in the "review and action" stage. 

The process control procedure is t divided into the following steps: planning, do, check, and action 

(P→D→C→A).  

The construction work is carried out based on the process chart. And the actual construction progress 

is recorded in the process chart on a daily, weekly, and monthly basis. And a comparison is made between the 

planned process and the actual process.  

The actual progress is compared with the planned process, then the actual construction progress is 

managed to progress as much as possible in accordance with the plan. 

 However, if there is a large difference between the planned process and the actual progress (±10% of 

the plan), it indicates that there is a problem with the plan or the implementation system. Therefore, it is 

necessary to review the plan and take necessary measures. 

Then, based on the re-planned process chart, each step of implementation(do), review(check), and 

action should be implemented again.  

It is general process management procedure. 
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(1) Planning stage (P) 

In order to make a process plan, based on the basic policy of construction methods and sequence of 

construction, etc., appropriate to the site, schedule plan and work procedures for each unit of work should be 

determined and a process chart should be prepared and a process chart should be prepared. 

In this case, the use plan for labor, materials, machinery, and equipment must be fully considered. When 

preparing process plan, in addition overall process chart, it is also necessary to prepare a partial process chart 

for particularly important parts of the overall process for ensuring smooth progress of the overall process. 

The general procedure for preparing a process plan is described below. 

(1) Based on the construction category, determine the construction procedures for the construction items. 

(2) Determine the appropriate construction period for each construction item. 

(3) Coordinate the processes of each construction type with each other so that all construction work can 

be completed within the construction period. 

(4) Coordinate the mobilization of labor, materials, and machinery throughout the entire construction 

period to avoid overly concentrated work and waiting time. 

(5) Prepare process charts. 

 

(2) Implemantaion stage (D) 

Arranges labor, materials, machinery and equipment, etc., in according to the schedule plan and work 

procedures in the process schedule, and directs and supervises the construction work. 

 

(3) Review(check) stage (C) 

The progress of the construction process is monitored, and construction progress is managed by 

comparing the planned process with the actual process. 

The contractor shall report the progress of the construction process to the cliant side superviser as 

necessary. 

 

(4) Action stage (A) 

If the actual progress of the construction differs from the planned schedule or is not stable, corrective 

actions should be taken, such as improving work methods to speed up the process. 

In some cases, the process plan is reviewed again, for example, by rearranging the process chart. 
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Figure 6  Process Management Flowchart  

 

 

 

Start 

Plan 
・Prepare schedule chart. 
・Prepare an overall process chart and a 
partial process chart of major work items. 

Implemention(Do) 
Directs and supervises the construction work. 

Review(Check) 
Monitoring progress and managing progress. 

Progress 

Action 
Implement corrective actions such as work improvement 

Replan and review the process plan as necessary. 

Replan the process plan 

Construction Completed 

End. 

No 

Yes 

Good 

No good 

Necessary 

Not necessary 
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4.3 Types and Characteristics of Process Charts 

Currently, there are four types of process management methods in general use: bar chart type, coordinate 

type, curve type, and network type. The advantages and disadvantages of each are shown in following table. 

Table 7  Types of Process Charts 

Item Advantage Disadvantage 

Bar chart type ・Easy to handle 
 

・Progress is directly visible 
 

・Easy to revise 

・Interrelationships between works are 

unclear. 
  

・When parts of the work are changed, 

it is difficult to understand the effect on 

the overall work. 
  

・ Unclear factors are likely to be 

included. 
  

・The schedule is rough estimate. 
 

Coordinate type ・When progress is indicated only by 

distance, as in the case of tunnel 

construction, all types of work can be 

indicated within the schedule chart. 
 

・The construction sequence, schedule 

gaps, etc., can be visually indicated. 
 

・The progress status of the construction 

position and process can be visually 

indicated. 

・Interrelationships between works are 

unclear. 
 

・When parts of the work are changed, 

it is difficult to understand the effect on 

the overall work. 
 

・ Unclear factors are likely to be 

included. 
 

・The schedule is rough estimate. 
 

(When used in combination with bar 

charts, these disadvantages can be 

avoided to some extent.) 
 

Curve type ・Management is based on amount of 

work(amount of money) completed, so it is 

easy to understand the progress of the 

work. 

・Work procedures are unclear 
 

・Difficult to understand the required 

days for the work and the work that will 

affect the construction period. 
 

(When used in combination with bar 

charts, these disadvantages can be 

avoided to some extent.) 
 

Network type ・Interrelationships between each work are 

clear. 
 

・When there is a partial change, the 

impact on the overall project can be 

understood quantitatively. 
 

・It is suitable for overall management of 

complex projects. 
 

・Capable of focused management 
 

・Takes a lot of time to create 
 

・ It takes time to understand the 

method 
 

・Difficult to assemble a network 
 

・Relatively difficult to revise 
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A process chart may be divided into an overall process chart and a partial process chart (detailed process 

chart). 

The overall process chart is prepared to indicate the overall construction schedule by classifying each 

major process and combining the construction sequence, and is used to determine the progress of the overall 

construction project or the critical path in the overall process. 

The partial process chart is used to select only the critical processes in the overall process, prepare a 

detailed schedule for that process, and perform focused management to ensure that the overall process 

progresses smoothly as planned. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7   (Example) Process chart：Bar chart type 

 

Preparation 

Shoring 
assembly 

Rebar 
processing 

Formwork 
production 

Formwork 
assembly 

Concrete 
casting 

Concrete 
curing 

Cleanup 

Items 

Date

Plan 

Progress 
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Figure 8   (Example) Process chart：Coordinate type  

 

Figure 9   (Example) Process chart：Curve type  

Upper allowable limit line 

Lower allowable limit line 

Actual Progress Curve 

Planned Progress Curve 

Date 

Ratio of amount of work 
(amount of money) 
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Figure 10   (Example) Process chart：Network type 

  

A～J：Work items 

5Day：Work required time 

(5)：Earliest work start date 

15：Latest Work Completion Date 

【4】：Total float 

〈6〉：Free float 

     ；critical processes 
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Chapter 5. Quality management 

5.1 Purpose of quality management 

Quality management is performed in combination with process management and dimension 

management as part of construction management, and statistical methods are used to identify problems and 

improvement methods to secure the desired quality, stable process, and proper dimensioning of the work. 

 

5.2 Quality management procedures 

 Items required to implement quality management 

Determine the quality characteristics to be managed and the values of those characteristics. 

(1) Quality characteristics 

Determine the quality characteristics to be managed and the values of those characteristics. 

1) Selection condition  

・The characteristic that totally indicate the state of the process 

・The characteristic that have an important effect on the quality of the product. 

・Substitute characteristics (characteristics that are closely related to the true characteristics to be 

required and used in place of the true characteristics) 

・The characteristic should be easy to measure 

・The characteristic should be easy to take action against the process. 

2) Examples of quality characteristics  

Compressive strength of concrete σck = 18 KN/mm2 

 

(2) Quality standard 

The quality standard should be achievable and of a character indicated by the average of the quality 

and the range of variation. It should also match the standard specified in the design documents. 

1) Determination of quality standard 

・Target value of quality to be achieved 

・Target value of quality with a margin to allow for "variation" in quality 

・Setting an initial rough standard based on existing data, etc., and revising the standard according to 

the construction process. 

2) Example of quality standard 

 Concrete slump (8 cm) 8 cm ± 2.5 cm 
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(3) Work standards (work methods) 

In order to secure the quality standard, standards, etc. concerning work methods, work sequence, 

cautions for equipment used, etc., shall be determined as work standards. 

1) How to decide the work standards 

・Work standards shall be determined based on past performance, experience, etc.  

・Procedures are to be determined so that management can be carried out throughout the overall 

process. 

・Determine procedures to secure stable processes even when abnormalities occur in the processes. 

・The standards are documented and shared. 

2) Examples of work standards 

Concrete shall be compacted using a high-frequency vibrator for approximately ○○ seconds at ○○ 

m intervals, and compacted carefully to integrate with the previously placed concrete 

 

(4) Testing and inspection methods 

Testing and inspection methods shall be determined. 

As described above, in order to secure quality standards, work, inspection, and testing must be 

performed in accordance with the established methods. 

 

 Quality management procedures 

The Quality management procedures is as follows, and a workflow is shown in the figure below. 

1) Determine "quality characteristics" to manage the process. 

(Example) Compressive strength σck = 18 N/mm2 

2) Determine "quality standards. 

The "quality standard" shall be in accordance with the standard specified in the design documents, and 

shall be indicated in the average of the quality and the range of variation. 

3) Determine "work standard" in order to ensure the quality standard . (To be described in the 

construction methodology.)  

4) Conduct construction work according to the work standards and collect data. 

5) Judge whether each data satisfies the quality standard with sufficient margin by using 

"histogram", etc.  

6) If each data satisfies the quality standard, the stable state of the process is judged by using 

"control chart". 

7) If the quality standard is not satisfied or an abnormality occurs in the process, the cause is 
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investigated and measures are taken to prevent recurrence. 

8) If the process is in a stable state, then the management limit is kept and the work is continued. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11   Work flow of quality management 

  

7 Measures to be taken 

8 Work is continued 

1 Determine quality characteristics 

2 Determine quality standards 

3 Determine work standard 

4 Testing and measuring 

5 Check quality 

6 Check process 

No 

No 

OK 
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Chapter 6. Dimension management 

6.1 Purpose of the dimension management 

It is necessary to examine how the objects structures are constructed against the required conditions 

(Various dimensions and positions, including size, position, thickness and depth, etc.) shown by contract 

doqument and drawings, and if any unsatisfactory conditions are found, to pursue the causes and make 

improvements. This action is called dimention management. 

 

6.2 Method of the dimension management 

(1) Dimension management by direct measurement 

Dimension management by direct measurement is to confirm that the constructed structure satisfies 

the shape and dimensions indicated in the design documents. (drawing, technical specification) 

 The shape and dimensions of the structure, reference height, centerline deviation, etc. are directly 

measured according to the construction sequence, and the results are recorded in a control chart or list of results 

each time, and the data are evaluated. 

The dimension control is investigation the cause of any errors, take necessary measures. 

 

(2) Dimension management by photographing and recording 

Dimension managemen by photographing and recording means to photograph and record the 

dimension based on the photographing standard, in order to confirm the form and quantity of underground 

buried structures and other parts that cannot be confirmed after construction, or to confirm the progress of 

each construction stage. 

 

6.3 Dimension management plan 

Dimension management should be carried out based on a management plan prepared in advance that 

specifically defines the control measuring points, dimensioning positions, photographic positions, number of 

times, and types of control charts.  

It is also important to prepare a check system and to check whether the work is progressing according 

to the management plan. 

Points to be noted in preparing the plan are as follows. 
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(i) Measurements should be taken at the locations and by the methods specified in the technical specifications. 

(ii) Photographs should be taken at the same locations as the dimension management points. 

(iii) Management charts and other charts should be prepared in accordance with their purpose. 

For example, mainly used to confirm the quantity of workpiece should be shown on a development plan, etc. 

In while requiring allowance in standards should be shown on a as build drawng, workpiece chart, process capability chart, histogram, etc. 

(iv) An example of a management plan table is shown as following. 

 

Table 8  (Example) Dimension management plan table 

 

Management 

Category 

Scope of as-built dimension control management by the Contractor Method of 

supervision 

by the Engineer Category Item Measureing item tolerance Measuring interval Archive Measuring position 

Concrete 

channel 

Cast in 

place 

Formation level ±30mm Every 40m completed 

length. If total length is 

not more than 40m,  

2 points shall be 

measured. 

 

 

Keeping record with 

photo in the file for 

inspection 

 Inspection for 

measurement by 

the Contractor 

Thickness: t1, t2 -20mm 

Width: w1,w2 -30mm 

Height: h1, h2 -30mm 

Length -200mm 
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6.4 Procedures of dimension management by direct measurement 

(1) Selection of measuring points to be controlled 

Management points are generally selected based on a 'Dimension management plan'. In this case, control 

points shall be selected taking into account the topography and structural change points. 

 

(2) Management reference values and standard values 

The management reference values are reference values set at the construction control stage to ensure that 

the values fall within the range of the 'standard values'. 

The standard values are the limits of the difference between the design values and the workmanship. 

In cases where company management standard values are separately established to ensure higher quality, it 

is to be checked whether they are managed using the company's management standard values. 

 

(3) Management method 

Dimension management is carried out for two purposes: to provide " allowance" against the standard 

values and to confirm the quantity of workmanship, and is necessary as data for handing over the construction 

work to the client after completion of the construction work. 

Management methods include the following 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12   （Example）Management charts 

No. 

Date 

(mm) 

Management reference values：Planed elevation ±40mm 

Standard values：±40mm 
Note 
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Table 9  (Example) Dimension management result list 

Items Elevation 1 Elevation 2 Thickness 

Standard 

value 
-40 ～ +40 -40 ～ +40 -25 ～ 

Company 

management 

standard 

values 

-20 ～ +20 -20 ～ +20 -13 ～ 

Position 
Design 

value 

Measured 

value 
Difference 

Design 

value 
Measured 

value 
Difference 

Design 

value 
Measured 

value 
Difference 

No.1 100.000 99.990 -0.010 100.000 99.990 -0.010 20 21 +1 

No.2 110.000 110.020 +0.020 110.000 110.020 +0.020 20 22 +2 

No.3 120.000 120.035 +0.035 120.000 120.035 +0.035 20 24 +4 

No.4 130.000 129.965 -0.035 130.000 129.965 -0.035 20 32 +12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13   （Example）Description on structural drawings 

  

Black: Design values 

Red: Measured values 

Blue: Difference 
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6.5 Procedures of Dimension management by photographing and recording 

(1) Selection of measuring points to be managed 

The number of points to be photographed shall be in accordance with the 'management plan', but as a rule, 

the selection of photographing locations shall be the same as in the case of dimension management by direct 

measurement. 

When taking photographs, it is necessary to take photographs in such a way that the information to be 

obtained is clear, based on a thorough understanding of the management plan and the site situation. 

 

(2) Basic components of photo management 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14   Basic components of photo management 

 

(3) Organisation of photographs 

1) General organisation 

Photographs should be classified by construction type and measuring points, and organised according to 

the sequence of construction, with titles and supplementary drawings attached to clarify what was photographed 

and where. 

For contents related with the management chart, the measuring positions on the management chart and the 

photographic positions, as well as the dimensions of the management chart and the dimensions of the 

photographs, should be consistent. 

 

 

Dimension management 

by photographing 

Construction status 

Material inspection and 

receipt 

Dimension 

Others 

Process photographs (including pre-construction and completion photographs) 

Construction status photographs (construction status) 

Photographs of mismatch with drawings and site 

Quality management 

Material inspection and receipt status 

Confirmation of Dimension in positions that cannot be checked after completion 

of construction 

Photographs of temporary works 

Photographs of safety facilities 

Others (photographs of accidents, disasters, compensation, etc.) 
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2) Editing sequence  

The sequence of editing varies slightly depending on the size, type and volume of construction work, but 

in general the sequence is as follows. 

(i) Situation photographs 

   (a) Photographs of the process (including pre-construction and completion) 

   (b) Status photographs of construction work ............ construction sequence 

   (c) Photographs of discrepancies between drawings and site 

   (d) Quality control ........................ per test item 

(ii) Material acceptance inspection photos ..................... by inspection date and order or by material 

(iii) Photographs of confirmation of dimension .................. organise the workmanship dimensions by construction 

type and measuring points in the order of construction. 

(iv) Other photographs 

   (a) Temporary construction status photos .................. by type 

   (b) Safety facility photographs .................. by facility 

   (c) Others .................. Organise the details of factors that may change the contract conditions  

(e.g. changes in geology, emergence of groundwater, etc.) 
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Chapter 7. Safety management  

7.1 Purpose of the safety management 

The purpose of safety management is taking measures to prevent accidents on construction sites where 

hazards are present. Safety measures are important not only for the workers on the construction site, but also for 

third parties. 

 

Safety management means ensuring the safety of construction works under appropriate construction periods, 

methods, and costs by understanding the various conditions at each site, planning and preparing a system and 

environment for safe construction, and accurately responding to and managing changes in conditions that occur as 

the process progresses. 

7.2 Contents of the safety management 

This section presents guidelines for safety management as implemented in Japan. Reference should be made 

according to the size of the works and the contracting and execution system in Honduras. 

 

(1)  Prime contractor's responsibility 

Depending on the size of the construction project, it is often carried out by a corporate entity consisting of a 

prime contractor and subcontractors. 

The prime contractor is responsible for setting up a management and implementation system for safety 

measures, while the subcontractors follow this safety management system and carry out safe construction work. 

Safety management to be carried out by the prime contractor is shown below. 

1) Prepare a health and safety management plan 

Prepare a health and safety management plan that includes basic policies for health and safety management 

at construction sites, health and safety objectives and priority items for work accident prevention measures. 

2) Subcontracting contracts with appropriate work content 

Subcontracting according to the quality of the subcontractor 

3) Clarify who implements measures to prevent work accidents and who is responsible for the 

costs of such measures in the contract 

Clarify the burden of costs to safety measures and clarify the responsibilities of subcontractors and prime 

contructor by specifying safety measure items and amounts in the contract. 

4) Understand information (workers, equipment, etc.) of subcontractors by the prime contractor 

In order to carry out health and safety guidance to subcontractors appropriately, the prime contractor shall 
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have the following items etc. notified by the subcontractor to the prime contractor and understand them. 

(i) The name of the subcontractor, the details of the contract and the name of the person responsible for safety 

and health, 

(ii) A list of workers, whether or not they have obtained a work licence for health and safety and whether or 

not they have attended safety education, etc. 

(iii) Information on the safety and health manager of the subcontractor (whether or not on-site at the 

construction site). 

(iv) Machinery and equipment to be brought to the construction site 

5) Preparation of work procedure manuals 

The prime contractor shall instruct subcontractors to prepare work procedure manuals that takes into account 

the prevention of work accidents. 

And the prime contractor has the subcontractors work in accordance with the Work procedure manuals. 

6) Setting up and operating safety councils 

The prime contractor, together with all subcontractors, sets up a safety council to raise awareness of safety 

measures. 

7) Patrols of the work area 

The safety manager of the prime contractor carries out daily patrols of all work 

8) Training of new assigned workers 

Give instructions and support to subcontractors to carry out sufficient training for newly assigned workers. 

9) Health and safety meetings before work starts 

The prime contractor shall instruct the subcontractor to gather its workers every day and hold a health and 

safety meeting before work starts. 

  

(2)  Specific safety measure items. 

1) Checking the health of workers 

Checking the health of workers is an important part of safety management on construction sites. 

2) Regularly inspect equipment 

Regular equipment inspections are important for safety management on construction sites. Inspections 

should be carried out regularly to check for any changes in the performance or structure of the equipment and 

machinery used. 

In addition, it is a desirable practice to inspect equipment before the start of work and at the end of each 

workday. In the event of a storm or earthquake, it is also a desirable practice to check for any abnormalities in 

machinery and equipment when work is restarted. 

3) Preventing accidents under suspended loads  
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To prevent accidents under suspended loads, it is important to strictly prohibit access to the vicinity of the 

suspended load. 

4) Be careful when working at the same time in the upper and lower positions 

Special care should be taken when working at the same time in the upper and lower positions due to the risk 

of falling objects. 

When working at the same time in the upper and lower positions, install a protection facility to catch falling 

objects and prepare a work procedure manual to ensure that the rules for working at the same time in the upper and 

lower positions are strictly enforced and safety measures are taken. 

5) Carrying out work in accordance with the work procedure manual 

All workers must carry out the work in accordance with the work procedure manual prepared in 

consideration of safety measures. It is important to check and inform the workers about the work procedures before 

the work is carried out. 

6) Preventing falls  

Preventing falls is an important safety practice on construction sites. On construction sites, make sure that 

there are safe passageways to avoid tripping and slipping. 

It is important to ensure that work areas are organised and kept clean in order to prevent falls 

7) Take season-specific safety measures 

It is very important to take season-specific safety precautions. Each season requires different precautions, so 

it is necessary to be aware of them and manage safety accordingly. The physical condition of workers also requires 

different attention in different seasons. 

・Bad weather conditions 

Firstly, in bad weather, the site can become slippery due to rain. Furthermore, in the case of strong winds 

such as hurricanes, there is a high risk of workers falling over and materials and equipment being blown away. 

If the site is close to a river or bay, attention should be paid to material spills and flooding.  

・Summer heat protection 

Heat stroke prevention should be particularly careful. 

First of all, it is necessary to have an environment in which people can replenish water and salt frequently. 

Site supervisors should be aware of the physical condition of their workers. 

8) Measures for working at height 

It is very important to install safety belts for working at height. 

If the work area is at a height of 2 m or more, protective fences or other equipment must be installed to 

prevent falling. If the height or depth exceeds 1.5 m, facilities must also be installed to enable workers to safely 

climb up and down. 

  



36 

 

Chapter 8. Case study of construction supervision (Horizontal 

drainage boring)  

Horizontal drainage boring is an effective method of landslide prevention work in Honduras, and it is hoped 

that it will be established in the future. 

This chapter describes points to be considered in the construction supervision of Horizontal drainage boring. 

8.1 Outline of Horizontal drainage boring 

Horizontal drainage boring is a method for draining groundwater that triggers landslide activity and lulling 

landslide activity. 

As shown in the diagram, this is a simple method of drilling a hole 5-10° upwards with a drilling machine 

and inserting a drainage pipe. 

The collected groundwater is then drained out of the landslide site via a channel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15   Reference drawing of Horizontal drainage boring 

Underground water layer  
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Drilling situation                          Drainage pipe installation 

 

 

 

 

 

 

 

 

 

              Completion status               Drainage situation 

Figure 16   Horizontal drainage boring in Campo Cielo 
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8.2 Points to note in process management 

(1) Time of process management 

As explained in the previous chapter, the purpose of process manegement is to manage the planning and 

implementation of the process within a specified construction period. 

Process management should not be conducted only during construction, but should also be 

considered during the design and order preparation stages. 

 

It is necessary to select the drilling method (selection of drilling machine) according to the site construction 

conditions at the design stage. 

It is difficult to install large machines when the construction yard is small, and it may also be difficult to 

install multiple machines and simultaneously construct multiple types of work. 

It is essential to consider construction procedures, selection of machines to be used, and 

temporary construction methods at the design stage, and this planning has a significant impact on 

process management during construction. 

 

At the order preparation stage, it is necessary to estimate construction costs and set the 

construction period according to the construction method, construction machinery, and temporary 

construction method considered at the design stage. 

 

If the construction schedule is set without regard to the construction method and procedures, it will place a 

heavy burden on process management during construction, and have a significant impact not only on process 

management, but also on safety management, quality management, and dimension management. 
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(2) Selection of drilling machine 

The most important factor in process management of horizontal drainage boring is the selection of the 

drilling machine. 

Drilling machines can be classified into the following two major types 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17   Drilling machine for Horizontal drainage boring 

 

○Rotary Drilling Machine  

   Drilling by rotation. Drilling speed is slower. 

   Work space required is smaller. 

   Drilling speed can be speeded by installing an air hammer. 

   No suitable for drilling hard rock. 

 ○Rotary Percussion Drilling Machine 

   Drilling by rotation and blow. Drilling speed is faster. 

   Work space required is larger. 

   Suitable for drilling hard rock. 

It should be selected type of drilling machine base on the geological condition and situation of work space. 

Rotary Drilling Machine 

Small type For horizontal drilling 

Crawler type Skid type 

Rotary Percussion Drilling Machine 
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If the process is delayed, it should be considered changing the drilling machine and adding a machine. 

8.3 Points to note in dimension management 

Dimension control items for horizontal drainage boring are as follows 

  ・ Location, direction, and height of drilling point 

  ・ Drilling angle  

  ・ Length of drilling hole 

  ・ Length of installed pipe 

The following is an explanation of how to manage these control items in the construction process. 

 

(1) Management for Location, direction, and height of drilling point  

Before construction, the location of the drilling point should be clearly indicated on site by start-up survey. 

(See the figure below). 

The contractor shall specify the location, direction, and height of drilling point for each horizontal drainage 

boring. The supervisor on the client side confirms that there is no difference from the position, direction, and height 

indicated in the design documents. 

After approval by the supervisor on the client side, the construction work is started. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18   Case study of start-up survey for indicating drilling point 

 

In the construction stage, the drilling machine is set in accordance with the location, direction, and height of 

drilling point indicated in the start-up survey, and excavation is started. 

When the machine is set, the supervisor on the side of the client checks that the set position is correct. 
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Figure 19   Case study of machine setting 

 

(2) Management for Drilling angle 

After setting the drilling machine based on the start-up survey, the drilling angle (elevation angle) is set. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20   Case study of drilling angle setting 
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(3) Management for Drilling length 

Drilling length is managed by the number of casing pipes. (See figure below). 

 

 

 

 

 

 

 

 

 

 

 

Figure 21   Case study of drilling lemgth management 

 

(4) Management for Length of installed drainage pipe 

Drainage pipe length is managed by the number of drainage pipes. (See figure below). 

Drainage pipes are inserted by connecting pipes that have been divided into approximately 3 m lengths. 

Before inserting a pipe, check the length and number of pipes to be inserted. At the same time, check the 

diameter of the pipe, the diameter of the drainage hole, and the spacing between them. 

During insertion, make sure that all the pipes are inserted. 

Insertion length is checked from the number of pipes inserted and the length of the ground surface as well 

as excavation length management. 

Casing pipe 

Length of ground part 

Measuring length of ground part 

Casing tube = 1.5m×8pc=12.0m 

Length of ground part = 1.0m 

Drilling length = 11.0m 
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Figure 22   Case study of drainage pipe lemgth management 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23   Case study of drainage pipe installing lemgth management 

 

Dimension management requires visual confirmation by the supervisor as well as photo recording. 

 

Inspection of hole interval 

Inspection of drainage hole diameter 

Inspection of drainage pipe 
 (length, number, diameter) 

Insertion of drainage pipe 

Tip of drainage pipe 

Connection point of drainage pipe 

Complete of insertion 

Checking number 

of inserting pipes 

Checking ground part 

length of pipe 

Example 

Length of pipe = 4.0m×3pc=12.0m 

Length of ground part = 1.0m 

Underground length = 11.0m 

Measuring by measure rod 
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8.4 Points to note in quarity management 

Quality control items in horizontal drainage boring correspond to quality control of materials used. 

The applicable materials are as follows 

 PVC pipe: Using material approved by supervisor (client) 

                      Mill Test Report of products 

 Concrete for basin: strength, materials, and mixtures etc. 
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8.5 Points to note in safety management 

The most common accidents in boring construction are as follows 

・Caught in machines, (rotating parts such as rods and casings) 

・Pinching accidents, (at joints of rods and casings, guide rails, etc.) 

・Falling accidents from scaffolds 

・Falling accident of suspended load during loading/unloading 

The following is contents of measures to be taken to avoid each accident. 

 

(1) Satfey Management for being caught in machines 

There have been confirmed cases of people getting caught in the casing rod as a result of accidents during 

drilling. 

To avoid accidents, the following points should be considered 

・Stay away from the rotating parts of the drilling machine when it is spinning. 

・Keep the work floor tidy (to prevent contact with the rotating parts due to tripping and falling). 

・Don't wear nylon rain gear (wet nylon rain gear tends to stick to the rod, and caught accidents have 

occurred). 

 

 

 

 

 

 

 

 

 

Figure 24   Case study of accident by caught in a spinning rod 

 

(2) Satfey Management for pinching accidents 

An accident that hand is pinched in the connection part or the rail has occurred, when connecting the rod 

and the casing. 

To avoid accidents, the following points should be considered 

・Observe the work procedure and confirm the signal with operator and worker. 

・Keep your hand away from the connection part and the gap between the rail and the casing. 

 

Caught in a spinning rod 
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Figure 25   Case study of pinching accidents 

 

(3) Satfey Management for falling accidents from scaffolds 

Accident that workers falling from scaffolds and and falling materials from scaffolds have resulted in human 

and property damage. 

To avoid accidents, the following points should be considered 

・Scaffolding should be safe for the weight of the boring machine. 

・Install handrail and baseboard as shown in the figure on the right to prevent falling. 

・Do not make any openings in the floor. 

 

An accident that hand is pinched in the connection part or the rail 

has occurred, when connecting the rod and the casing. 
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Figure 26   Case study of safety measure for falling accidents from scaffolds 

 

(4) Satfey Management for Falling accident of suspended load during loading/unloading  

Falling of suspended loads is often caused by the following 

 ・Cutting of sling wire 

 ・Misconnection of the sling wire 

 ・Suspension of a load over the rated load 

To avoid accidents, the following points should be considered 

○Cutting of sling wire 

 ・Suspension of a load with less than the rated load of the wire. 

 ・Check the wire and do not use defective wire. 

○Misconnection of the sling wire 

 ・Check the center of gravity of the load, suspending of load at good balance. 

 ・Make sure that the wire attached to the load does not slip and come off. 

 ・Suspension of a load with less than the rated load of the wire. 

 ・Do not get close to the bottom of the suspension of load. 

○Suspension of a load over the rated load of crane 

Handrail height 0.9m～ 

幅木 10cm地山 

Middle handrail height 0.35m～

Baseboard height 0.1m～ 
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・Suspending a load should be less than the rated load of the crane 

・Install the outrigger on firm ground 

・Stay away from under the suspended load 

・Check the signal of the operator and the worker, and work according to the signal 

・Do not work in strong winds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27   Crane load ratings and crane installation conditions 
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Chapter 1. Introduction 

1.1 Purpose of the manual 

Slope stabilization facilities (countermeasure works) are facilities that contribute to slope stability, and if the function 

of the facilities decrease, it will not be possible to ensure slope stability. 

It is important to maintain the facilities in order to maintain slope stability. 

In maintaining the facility, it is important not only to confirm the condition of the facility and make repairs, but to 

check the condition of the target slope. 

This manual describes the contents regarding to the confirmation of facility's condition (monitoring of facility) and 

maintenance of facility, as well as the confirmation of slope condition (monitoring slope), and describes the 

monitoring and maintenance methods that effectively link these two targets (facility and slope). 

 

1.2 Monitoring concept 

Slope stability can be kept by the health functioning of the installed facilities. 

Likewise, the facilities of countermeasure that have been installed will gradually deteriorate and functions of 

countermeasure will gradually become reduce. 

If a change in the slope condition occurs, it is necessary to determine whether the cause is due to a reduce in the 

function of the installed countermeasures or a change in the slope conditions, and to investigate and take action to 

the cause. 

Especially in the case of landslide countermeasures, it is important to conduct monitoring of slope condition and 

facility functions in parallel in order to confirm each condition. 

For monitoring of slope condition, the monitoring (groundwater level, tilt meter in borehole, etc.) and visual 

inspection is periodically conducted. (This monitoring method is shown in the investigation manual in Output 1.) 

This manual describes the monitoring and maintenance methods for the installed facilities of countermeasure. 

It also explains how to verify the result of slope condition monitoring and the monitoring results of the facility, and 

the maintenance to be implemented based on the results. 
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Chapter 2. Outline of facility monitoring  

2.1 Facility monitoring procedure 

Facility monitoring procedure is shown as following 

It is important to conduct monitoring of slope condition and facility functions in parallel in order to confirm and 

verify each condition. 

Then base on the result of verify, it should be implement repair (countermeasure) and continue to monitoring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  Facility monitoring procedure 
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2.2 Facility ledger  

In order to implement monitoring and maintenance, it is should to select the target facilities. 

In order to select facilities, it is essential to prepare a ledger of facilities that have been constructed in the past and to 

understand that what kind of facilities and where are located and their structures, etc. 

 

The following points should be described and organized in the ledger 

・General conditions of the target area  

(location, extent, landowner information, project process, disaster record, etc.) 

・Location of installed facilities  

(plan view, longitudinal section, etc.) 

・Information on each facility  

(construction type, size, construction year, structural drawings, photographs, etc.) 

It is useful to organize this information using GIS in order to manage this ledger. 

 

In addition, it is important to manage a ledger with the following information for maintenance 

・Monitoring results : timing, results, and evaluation 

・Repair plan based on the monitoring : repair, maintenance, renewal, etc. 

・Repair results 

 

It is important that this information be consolidated and used and updated in monitoring and maintenance execution. 

 

Japanese case studies of facility ledger in Landslide prevention project are shown as following pages. 

 

In Japan, when implementing landslide countermeasures, it is necessary to designate as landslide prevention zone 

by law the landslide block, the surrounding area where damage is expected, and the location where countermeasure 

works are to be constructed. 

Therefore, it is necessary to organize the information on the designated landslide prevention zone in a ledger. 

Following information are recorded in the ledger. 

・General information of landslide  

・Information of countermeasure works  

・Information of lands set in the landslide control area and their landowners  

・Information of sales/leases of lands that is provided for the implementation of countermeasure works. 
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Table 1  Case study of landslide prevention zone ledger (General contents) 
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Table 2  Case study of landslide prevention zone ledger (Facilities list) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition, a plan view and longitudinal section showing the countermeasure works and landslide 

profile (block, slip surface, etc.), a structural drawing of each countermeasure work, and a photograph of 

the completed work should be attached to the ledger.  
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Table 3  Case study of landslide prevention zone ledger (Construction History) 
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Table 4  Case study of landslide prevention zone ledger (Land for facility use list) 
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Table 5  Case study of landslide prevention zone ledger (Prevention zone list) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It should be attached cadastral map of the area designated as a landslide prevention zone 
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2.3 Outline of monitoring  

 Monitoring type and timing 

The types of monitoring is classified into four categories 

 

< Daily monitoring > 

During the daily management of landslide prevention facilities (patrols), it is conducted to check whether 

deformation of the facilities or not (due to aging, slope deformation, or other factors) is checked visually.  

It is effective to conduct this monitoring during landslide observation (groundwater level, inclinometer in borehole, 

etc.) 

 

Monitoring should be conducted during daily patrols and landslide monitoring 

 
 

< Periodic monitoring > 

It is conducted to check each facilities by visually inspect whether is deformation, aging, etc or not, and level of 

deformations. 

It is confirmed and judged future risks that may be caused by deformation, etc. 

Checking items are set based on the characteristics and purpose of the structure. 

 

Monitoring is conducted once every 5 to 10 years. However, for facilities that are judged to be need observation or 

countermeasures in the soundness level evaluation of facilities, monitoring should be conducted at intervals of 5 years 

or less. 

 
 

< Emergency monitoring > 

After abnormal rainfall or earthquakes, it is conducted to check whether is deformation, aging, etc or not, and level 

of deformations. 

Check contents is same as periodic monitoring 

 
 

< Detailed monitoring > 

It is conducted to confirm in more detail the level and causes of deformations confirmed in periodic and emergency 

monitoring. (In case that it is judged neccesarry to detailed monitoring in periodic and emergency monitoring) 

Based on the monitoring results, it is judged whether or not to repair or renew the facilities. 
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 Way of monitoring  (Periodic and emergency monitoring) 

For periodic and emergency monitoring, the appearance of the facility and the conditions surrounding the facility 

shall be checked and recorded on the monitoring form. 

If any abnormality is found in the facility (except for minor ones), it shall be checked by method such as 

measurement, hammering test, observation, etc., adapted to the situation, if necessary. (Refer to chapter 3: Facility 

monitoring method) 

 

During monitoring, the following points should be taken into consideration 

1. In principle, it is checked for any problems in the facility and recorded them. 

2. Photographs should be taken from the same angle and within the same range, etc., in order to grasp changes 

with the situation compared to the previous survey. 

3. When taking photographs of deformation, it is better to use a measuring tape, pole, etc. to determine the extent 

of the deformation. 

4. It is better to use a hammer or other simple instrument to check the situation, depending on the abnormality 

situation (hammer test etc.). 

 

Hammer test is method of checking internal problems by hitting a structure with a hammer and determining 

the difference in sound. 

It is used to check the internal problems of reinforced concrete, etc. 

Examples of hammer test judgments are shown below 

Table 6  Examples of hammer test judgments 

Result of hammering sound Assumed condition of concrete structure 

High-pitched, clear sound is sounded 

during hammering (clear sound) 

Sound (No abnormality) 

Dull sound such as thumping, 

thudding, etc. （Dull sound) 

Deteriorated, hollow near the surface. 

Sounds of thinness (peel off) 

Commonly observed in Shotcrete 

deformations 

Sound of separation (floating). 
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5. It is recorded the situation of the found abnormality, including its location, on the monitoring sheet. and 

photographs should also be attached to the monitoring sheet. 

6. It is better to mark or rivet the measurement points where an abnormality is found in order to observe progress 

of abnormality. In monitoring, it is better to be measured of abnormal positions (change in distance between 

points of marking or rivet) and understood progress of abnormality quantitatively. 

 

 

 

 

 

 

 

 

 

 

 

7. During the monitoring, it is better to carry as build drawing and the previous monitoring sheets to confirm the 

situation of abnormality and their progress. 

 

The detail way of monitoring is described Chapter 3, taking into account the characteristics of each facility. 
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 Monitoring items 

Monitoring items for landslide protection works are as shown below. (It is focused on work items installed on the 

project in Honduras) 

Details of monitoring items for each construction item and examples of deformities will be explained later. 

Table 7  Monitoring items list 

Work 
items 

Part of facility 
Damage (deformation) 

to be focused on 
Considerations when monitoring 

Horizontal 

drainage 

boring 

Drainage pipe 

 

 

Deterioration / corrosion, 

Damage / deformation 

・It is checked the status of corrosion (steel) 

and deterioration (plastic) of drainage pipes 

due to aging. 

・It is checked the status of damage and 

deformation of water drainage pipes due to 

landslide activity, etc. 

Pipe blockage ・It is checked for blockages (iron, bacteria, 

mud, algae) on the drainage pipe. 

Catchment basin Deterioration / corrosion, 

Damage / deformation 

・ It is monitored visually whether is any 

deformation or not. 

・It is better to measure and record the 

drainage amount from the drainage pipes. 

・It is checked the status of corrosion of steel 

materials and deterioration of concrete and 

other materials due to aging. 

・It is checked the status of damage and 

deformation of drainage pipe protection 

works and catchment basins due to 

landslide activity, etc. 

Deposit of sediment ・It is checked for deposits of sediment, 

etc. in the catch basin. 

Drainage 

well 

Main body Deterioration / corrosion, 

Damage / deformation 

 

・It is checked and record the location, size, 

and direction of any damage or deformation 

by going inside drainage well. 

・ During entry into drainage well for 

monitoring, it should be implement 

monitoring after securing safety for risk of 

oxygen deficiency, toxic gases, falls, etc. 

・If not entry the interior, it is checked visually 

the main body for damage, rupture, or tilting, 

for waterlogging, and condition of the 

drainage pipe outlet clogging. 

・It is better to measure and record the 

drainage amount of  the drainage pipe 

(horizontal drainage boring in the well). 

・ It is recorded the location, scale, and 

direction of deformation and damage in the 

main body. In particular, the location and the 

direction of crack and deformation should be 
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recorded, since they are important 

information for estimating how force is acted. 

・It is recorded the location and scale of 

corrosion (steel material) and deterioration 

(concrete material) in the main body due to 

aging. 

Drainage pipe 

(Horizontal 

drainage boring) 

Deterioration / corrosion, 

Damage / deformation 

・It is checked the status of corrosion (steel) 

and deterioration (plastic) of drainage pipes 

due to aging. 

・It is checked the status of damage and 

deformation of drainage pipes to well due to 

landslide activity, etc. 

Pipe blockage ・It is checked for blockages (iron bacteria, 

mud, algae) on the drainage pipe. 

Drainage pipe 

from well 

Deterioration / corrosion, 

Damage / deformation 

・It is checked the status of corrosion (steel) 

and deterioration (plastic) of drainage pipes 

due to aging. 

・It is checked the status of damage and 

deformation of drainage pipes from well due 

to landslide activity, etc. 

・It is checked waterlogging of well due to 

blockage of drainage pipe from well. 

・The presence or absence of water leakage 

from the drainage pipe can be confirmed by 

comparing the amount of water at the inlet 

and outlet of the drainage pipe. 

Pipe blockage ・It is checked for blockages (iron, bacteria, 

mud, algae) on the drainage pipe from well. 

Safety facilities  

(Ladder, canopy,   

fence, doors, etc.) 

Deterioration / corrosion, 

Damage / deformation 

・It is checked the situation of corrosion, 

deterioration, damage, deformation, etc. of 

the facility. 

Channel Channel, 

catchment basin, 

drop work 

Deterioration / corrosion, 

Damage / deformation 

・It is checked visually for deformation. 

・It is checked for corrosion of steel materials 

and deterioration of concrete and other 

materials due to aging. 

・It is checked for damage and deformation 

of channel, catchment basin, and drop 

work due to landslide activity, etc. 

Deposit of sediment ・It is checked the condition of deposits of 

sediment (include trash, fallen tree, leaves, 

etc.) in channels, catchment basins, and 

drop works.  

(Confirm for sediments are not obstructing 

water flow or causing overflow.) 

Retaining wall Deformation, collapse, 

erosion, etc. 

It is checked cracks / damage / deformation 

of structure and settlement / spring water / 

erosion at the foundation. 

Slope protection work Shotcrete Deformation, collapse, cavity, etc. 

Slope condition 
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 Soundness assessment procedure base on the monitoring result 

Following figure shows the sequence of events from the implementation of monitoring to the determination of the 

soundness of the facility. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Work flow of monitoring 

This flow shows the following work flow. 

・Determine the level of deformation of each part of the facility based on various monitoring results. 

・Base on the evaluation of deformation level, determine the soundness of the facility considering conditions around 

the facility and future risk of the target slope and landslide monitoring result. 

The following is a guideline for the level of deformation and soundness. 

Table 8  Judgment index of deformation level (subject part of facility) 

Deformation 

level 
Deformation condition 

a 
No damage or minor damage has occurred in the subject part, but there is no 

loss of performance due to the damage, and no countermeasures are required. 

b 

Damage has occurred in the subject part, but no significant deterioration in 

performance has occurred. Although there is currently no need to take 

immediate countermeasures, it is necessary to monitor the progress of the 

damage through periodic monitoring and emergency monitoring. 

c 
Due to damage has occurred to the subject part, there is loss of performance, or 

there is concern that the decrease of performance and strength. 

Periodic and emergency monitoring 

(Monitoring of the facility and conditions around the facility) 

Daily monitoring 

and maintenance 

Deformation level per part of facility 

Deformation level 

a 
Deformation level 

b 

Deformation level 

c 

Soundness level of facility 

Soundness level 

A 

No action required 

Soundness level 

B 

Observation 

Soundness level 

C 

Require measures 

Detailed monitoring 

 if necessary 

Consideration of conditions 

around the facility  

(Include landslide monitoring 

result) 
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Table 9  Judgment index of Soundness level 

Soundness 

level 
Deformation condition 

A 

No action 

required 

No damage has occurred to the facility, or minor damage has occurred but 

there is no loss of function or performance of the facility due to the damage, 

and no countermeasures are required. 

B 

Observation 

Although damage has occurred to the facility, there has been no loss of function 

or performance that would be a problem. 

Although there is no need to take measures at present immediately, there is a 

possibility that measures may be required in the future, so the progress of 

damage should be monitored through periodic or occasional monitoring, or 

measures should be taken from the viewpoint of preventive maintenance. 

C 

Required 

measures 

Due to damage of each part, performance and strength of facility is loss or 

decrease. 

The functional decline is determined by considering the results of landslide monitoring (groundwater level, etc.), 

the deformation of the surrounding slopes, and structural stability. 

 

 

 

  



16 

 

Chapter 3. Facility monitoring method  

3.1 Horizontal drainage boring  

 Structure of horizontal drainage boring 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3  Case study in Honduras (Campo Cielo) 

Table 10  Structure of horizontal drainage boring 

Item Explanation 

Drainage pipe ・Drilling into a landslide body and inserting a pipe with a diameter of 40 to 

100 mm to drain groundwater. 

・PVC pipes with strainers are often used. 

Outlet pipe ・To led collected groundwater to the catch basin. 

・PVC pipes are often used. 

Retaining wall for 

outlet protection 

・Retaining wall to protect the outlet of the drainpipe 

・Generally used in concrete or gabion construction. 

Catchment basin ・A facility for water drainaged from drainage pipes and leading it to 

channels and pipes. 

・Generally this is attached with retaining wall for protection of outlets. 

Channel, pipe ・Facilities that connect to main water channels, etc., in order to lead the 

water collected in the catchment basin out of the landslide area. 

Drainage pipe 

Retaining wall 
For outlet protection 
(Gabion, concrete etc.) 

Catchment  
basin 

Outlet of 
drainage 
pipe 

Retaining wall 
For outlet protection 
(Gabion, concrete etc.) 

Drainage pipe 

Outlet pipe 

Channel or pipe 
flow collected water to 
outside of landslide 

Catchment  
basin 

Catchment  
basin 

Outlet pipe 
Retaining wall 
For outlet protection 
(Concrete) 

Retaining wall 
For outlet protection 
(Gabion) 

Outlet pipe 

Pipe connecting 
to channel 
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 Decline in the function of horizontal drainage boring and its causes 

The items that cause a decline in function and their impact on landslides are shown below. 

Table 11  Decline in the function of horizontal drainage boring and its causes 
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Figure 4  The impaction to landslide stability by decrease in functionality of facility.

Ground water level increasing 

behind retaining wall cause to 

be unstable retaining wall and 

behind slope 

The blockage of the outlet causes 

the groundwater level behind the 

retaining wall to increase. 

Leakage from damaged parts of 

the catchment basin 

Drainage water is re-infiltration 

Drainage water is re-infiltration 

The blockage of the drainage 

pipe causes the groundwater 

is re-infiltration. 

Clogging of drain hole at 

drainage pipe cause to 

decrease of drainage capacity 

Causing the groundwater 

level to increase 

Re-infiltration of drainage water 

causes the groundwater level 

to increase 

To be unstable retaining wall and behind 

slope cause decrease in function of 

horizontal drainage boring facility. 
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 Evaluation criteria for deformation level (Periodic and emergency monitoring) 

The items that cause a decline in function and their impact on landslides are shown below. 

Table 12  Evaluation criteria for deformation level (Horizontal drainage boring) 

 



20 

 

Table 13  Monitoring Case Studiy (Outlet drainage pipe) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no damage 

・No blockages 

 

・Small amount of blockage at 

the oultet of drainage pipe 

 

・Groundwater drainage has 

been confirmed 

 

 

 

 

 

 

b    

There is damage,  

but it has not resulted 

in  decline in function 

・ Blockage in most of the 

drainage pipes (generally less 

than 25% of outlet area of each 

drainage pipe) 

 

・Groundwater drainage has 

been confirmed 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・Largr amount blockage in 

most of the drainage pipes 

(generally more than 25% of 

outlet area of each drainage 

pipe) 

 

・It seems that groundwater 

drainage stopped due to 

blockage 
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Table 14  Monitoring Case Studiy (Catchment basin) 

Deformation level Points to note for monitoring Situation phot 

a    

Minor or no damage 

No sedimentation 

 
 

 

 

 

 

 

b    

There is damage,  

but it has not resulted 

in  decline in function 

Some sedimentation, no 

overflow 
 

 

 

 

 

 

c   

There is decrease 

infunction 

Overflow due to sedimentation  
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 Evaluation criteria for soundness level (Periodic and emergency monitoring) 

Table 15  Evaluation criteria for soundness level  (Periodic and emergency monitoring) 

Soundness 

level 
Deformation condition Countermeasure 

A 

No action 

required 

No damage  ・Continue to monitor 

B 

Observation 

In case that although more than one case 

level b deformation is observed in the 

drainage pipe, retaining wall, catchment 

basin, or surrounding slope, but there is no 

relationship between the each deformations 

or progressive and it is judged that there is 

no functional decrease at present. 

・During periodic monitoring, it is 

monitored the progress of any 

deformations. 

・In some cases, it is considered 

the frequency and timing of 

periodic monitoring. 

C 

Required 

measures 

・Deformation level is c. 

・There are multiple deformation level b and 

these deformations are caused by the same 

factor or these deformation is progressing. 

Necessary detailed monitoring is 

conducted, and repair work and 

emergency measures are 

considered and implemented. 

 

During judgment of soundness, it is important to consider result of landslide monitoring (groundwater level, 

rainfall amount, inclinometer, drainage water amount etc.) 
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 Table 16  Case study of monitoring sheet (Periodic and emergency monitoring) 
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 Detail monitoring 

Items that can be checked during periodic monitoring (described in the section 3.1.3) are limited to those 

that can be seen with the visual range of the ground surface. 

The purpose of the detailed monitoring of the horizontal drainage boring is to check for any deformation 

(blockage, clogging, breaking, etc.) in the drainage pipe. 

This content introduce the methods of detailed surveys conducting in Japan. 

 

The following methods are used for monitoring. 

Visual inspection : Checking the stuation of blockage at the drainage pipe outlet. (Same as periodic and 

emergency monitoring) 

 

Measuring by measurement rod : Inserting a measuring rod into the drainage pipe to check for blockage 

or rupture and the depth of any blockage or rupture. 

 

Borehole camera survey : A small CCD camera is inserted into the pipe to take photographs of the inside 

to check for blockages and breaks. 

 

Drainage rate measurement : The drainage rate of groundwater drainaged through the drainage pipe is 

checked. When cleaning inside of pipe is to be carried out, this data is used to compare the amount of 

wastewater before and after cleaning.  

 

In general, if it becomes necessary to check the internal condition of the pipe in more detail as a result of 

measuring by measuring rod, a borehole camera survey is carried out. 

 

Here, it is explained measuring by measurement rod and borehole camera survey. 
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（1）Measuring by measurement rod 

Measuring by measurement rod is a method of inserting a measurement rod into the drainage pipe and 

checking whether it can be inserted to the planned depth. 

It is also used to check the depth at which insertion becomes difficult or impossible due to blockage 

 

In Japan, measurement rods are prepared for borehole surveys, and monitoring is generally carried out using 

these rods. 

 

Measurement rod prepared in Japan is shown following. 

  

 

 

 

 

 

 

 

 

Measurement rod (storage)              Scale at the rod  

Figure 5  Measurement rod prepared in Japan 

 

Measurement rods are made of glass fiber and are around 6mm in diameter 

The standard length is 100m (maximum 200m), and as shown in the photo above, it has a scale marked in 

50cm increments, so it is possible to measure the depth of insertion of the rod 

When stored, it can be coiled as shown in the photo, making it easy to transport. 

 

The monitoring method is inserting a measurement rod into the drainage pipe to check the depth to which it 

can be inserted 

Before insertion, it is necessary to know the length of each drainage pipe 

If it is not possible to insert the rod to the planned depth, it is judged that there is a problem due to blockage 

or breaking of the pipe. 

If it is felt friction when inserting due to a blockage of slime, record the depth. 
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Figure 6  Monitoring situation (Case study of horizontal dranage boring in drainage wel) 

 

・If there is no deformation in the drainage pipe and it can be inserted to the planned depth 

 

 

 

 

・If it is blocked by slime, it may be difficult to insert or impossible to insert. 

Record the depth at which it is impossible to insert or difficult to insert. 

If it is difficult to insert, try to insert to the planned depth if possible. 

 

 

 

 

 

・If it breaks, it will clearly be impossible to insert (the feeling when inserting is different from slime 

blockage) 

 

 

 

 

 

 

Outlet of drainage pipe 

Measurement road 

Outlet of drainage pipe 

Measurement road 

Outlet of drainage pipe 

Blockage by slime 

Measurement road 

Pipe is broken by landslide activity 
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（2）Evaluation of the results of the detailed monitoring 

During detailed monitoring, monitoring of the drainage pipe outlet (blockage, damage) and monitoring 

inside the drainage pipe will be carried out. 

Evalution of monitoring result is shown the following tables. 

 

〇Outlet of drainage pipe (Visual inspection) 

Table 17  Deformation evalution of each drainage pipe (Outlet) 

Deformation level Situation of deformations 

Blockage at 

outlet of 

drainage pipe 

Level 1 No blockage 

Level 2 Small amount slime at outlet of drainage pipe. 

Level 3 Blockage of the drainage pipes (less than 25% area of outlet 

of drainage pipe) 

Level 4 Blockage of the drainage pipes (25～50% area at outlet of 

drainage pipe) 

Level 5 Blockage of the drainage pipes (50% or more area at outlet of 

drainage pipe) 

Deformation at 

outlet of 

drainage pipe 

Level 1 No damage 

Level 2 Minor damage 

Level 3 Significant damage 

 

Table 18 Deformation evalution of each drainage pipe group (Outlet) 

Deformation level Evalution of deformations 

Blockage at 

outlet of 

drainage pipe 

a If the deformation of all the pipe outlets in the group is Level 1 

to 3 

b If the number of deformation level 4 or 5 pipe outlets are less 

than 50% of the total number in the group. 

c 

 

If the number of deformation level 4 or 5 pipe outlets are 50% 

or more of the total number in the group. 

Deformation at 

outlet of 

drainage pipe 

a If the deformation of all the pipe outlets in the group is Level 1 

to 2 

b If the number of deformation level 3 pipe outlets are less than 

50% of the total number in the group. 

c 

 

If the number of deformation level 3 pipe outlets are 50% or 

more of the total number in the group. 
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〇Drainage pipe (Measuring by measurement rod) 

Table 19  Deformation evalution of each drainage pipe (Inner of pipe) 

Deformation level Situation of deformations 

Blockage at 

inner of 

drainage pipe 

Level 1 If there is no deformation in the drainage pipe and it can be 

inserted to the planned depth 

Level 2 It can be inserted to the planned depth, but it is felt friction 

when inserting due to a blockage of slime. 

Level 3 If it is not possible to insert the rod to the planned depth 

 

Table 20 Deformation evalution of each drainage pipe group (Inner of pipe) 

Deformation level Evalution of deformations 

Blockage at 

inner of 

drainage pipe 

a If the deformation of all the pipe outlets in the group is Level 1 

or 2 

b If the number of deformation level 3 pipes are less than 50% 

of the total number in the group. 

c 

 

If the number of deformation level 3 pipes are 50% or more of 

the total number in the group. 

 

If pipes with Level 2 or 3 evaluations are confirmed, it is desirable to conduct monitoring using borehole 

camera survey. 
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（3）Momitoring by borehole camera 

The borehole camera survey directly confirms the blockage and breakage conditions inside the drainage 

pipe using images from the borehole camera. 

It is sometimes carried out before and after the drainage pipe cleaning work to check the effectiveness of 

the cleaning work. 

 

The following are examples of deformation monitoring using an borehole camera in Japan. 

 

 

 

 

 

 

 

 

Figure 7  CCD camera for borehole monitoring 

A CCD camera with a scale on the cable or CCD camera with measuring system attached cable drum is 

inserted into the drainage pipe to check and record any deformation (slime deposits, blockages, breakages, 

etc.) in the pipe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8  Monitoring result 

Breakage of pipe Blockage of pipe 

Slime deposits in the pipe 
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〇Evaluation of monitoring result by borehole camera 

Table 21  Deformation evalution of each drainage pipe (Borehole camera) 

Deformation level Situation of deformations 

Level 1 No deformation or minor deformation 

Level 2 Slime deposits and pipe blockages caused by slime have been confirmed, 

but it is expected that the function can be restored by cleaning. 

Level 3 Blockage by plant roots is observed, but there is no damage to the pipe. 

Sediment inflow from the drainage hole of pipe is significant, and functional 

restore by cleaning cannot be expected for a long period of time. 

Level 4 Blockage or damage due to corrosion of the pipe, etc. is confirmed. 

Damage to the pipe due to plant roots, etc. is confirmed. 

Level 5 The pipe is broken due to landslide activity. 

 

Table 22  Deformation evalution of each drainage pipe group (Borehole camera) 

Deformation level Situation of deformations 

a Only level 1 

b If the number of deformation level 2,3 pipes are less than 50% of the total 

number in the group. 

If the number of deformation level 4,5 pipes are less than 20% of the total 

number in the group. 

c If the number of deformation level 2,3 pipes are 50% or more of the total 

number in the group. 

If the number of deformation level 4,5 pipes are 20% or more of the total 

number in the group. 
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（4）Overall evaluation 

Table 23  Overall evaluation and measure in monitoring of horizontal drainage boring. 

Deformation level Overall evaluation Measures 

A In case that all evaluation is level a Continue periodic monitoring 

B In case that evaluation level is b or a <Follow-up observation> 

Increase the frequency of 

periodic monitoring. Conduct 

detailed inspections during 

periodic monitoring to check 

for any progression of 

deformations. 

C In case that evaluation level c is include <Take measures> 

Consider and implement 

repair work and emergency 

measures. 

Judgment of implememtain of repair or reinstallation (include cleaning) should to be considered with 

monitoring result pf landslide activity (groundwater level, rain amount, borehole inclinometer, etc.) 

Refer to chapter.4  

 

Case study of the detailed monitoring results and evaluation table for horizontal drainage boring is shown at 

next page. 
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Table 24  Case study of monitoring sheet (Detailed monitoring) 
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3.2 Drainage well 

 Structure of drainage well 

The structure of the facility is explained below.  

Table 25  Structure of Drainage well 

Items Material Explanation 

M
a
in

b
o
d
y 

o
f 
w

e
l 

Well body Steel Steel sheet earth retaining plate (liner plate) 

assembled in a cylindrical shape.  

Liner plate is that thin steel sheet is processed into a 

corrugated shape. 

Reinforcement ring Steel Circular H-shaped steel that is installed along the 

inner wall (liner plate) of the well as a reinforcing 

material. 

Vertical stiffener Steel H-shaped steel that is installed vertically inside the 

well as a reinforcing material. 

Lateral strut Steel H-shaped steel that is installed horizontally inside the 

well as a reinforcing material. 

Base concrete Concrete A concrete catchment basin at the bottom of the 

drainage well. 

It is to prevent weathering of well basement and to 

prevent leakage. 

Fixed concrete (ground surface) Concrete Concrete is placed on the surface to fix the well top 

and to prevent surface water from flowing into the 

behind well wall. 

Horozontal drainage borring PVCpipe A facility for drainage groundwater by drilling into the 

ground radially from within a well and inserting a 

drainage pipe.  

PVC pipes with strainers are widely used. 

Drainage borring Steel It is facility that drain groundwater collected from the 

well wall and horizontal drainage borings to outside of 

drainage well. 

Steel pipes are mainly used.. 

O
th

e
rs

 

Roof canopy Steel It is made of circularly-shaped steel plates or 

expanded metal. 

It has hatch for maintenance (hatch for entering and 

exiting). 

Ladder Steel It is installed along the well wall to the bottom of the 

drainage well for maintenance purposes. 

Fence Steel A fence to secure safety is set up around the 

drainage well to prevent outsiders from entering. 
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Figure 9  Image drawing of drainage well. 
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Figure 10  Case study photo of drainage well. 
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 Decline in the function of drainage wel and its causes 

The items that cause a decline in function and their impact on landslides are shown below. 

Table 26  Decline in the function of drainage well and its causes 
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Figure 11  The impaction to landslide stability by decrease in functionality of facility 

 

 

 

 

 

Due to blockage of drainage 
boring, drainage capacity is 
decrease. 
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Overflow 
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Due to blockage or breakage 
of drainage pipe, collecting 
water capacity is decrease. 
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The blockage of the drainage pipe 
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Clogging of drain hole at drainage pipe 
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Due to breakage of drainage boring, 
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  Evaluation criteria for deformation level  (Periodic and emergency monitoring) 

The items that cause a decline in function and their impact on landslides are shown below. 

Table 27  Evaluation criteria for deformation level (Drainage well) 
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Table 28  Evaluation criteria for deformation level (Drainage well) 
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Table 29  Monitoring Case Studiy (Well main body) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no damage 

・No or minor damage  

 

 

 

 

 

 

b    

There is damage,  

but it has not resulted 

in  decline in function 

・Some parts of the main body 

are damaged due to corrosion 

or deterioration. 

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・Most of the main body is 

damaged due to corrosion, 

deterioration, damage or 

deformation 
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Table 30  Monitoring Case Studiy (Well main body) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no damage 

・No or minor damage  

 

 

 

 

 

 

b    

There is damage,  

but it has not resulted 

in  dec line in function 

・ There is damage or 

deformation due to shearing, 

etc. 

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・Most of the main body is 

damaged due to corrosion, 

deterioration, damage or 

deformation 

・The main body is broken due 

to damage or deformation 

such as shearing 

・The main body is tilted 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Well wall joint is shifted 
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Table 31  Monitoring Case Studiy (Horizontal drainage boring) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no d amage 

・No blockages 

・Small amount of blockage at 

the oultet of drainage pipe 

・Groundwater drainage has 

been confirmed 

 

 

 

 

 

 

 

b    

There is damage,  

but it has not resulted 

in  dec line in func tion 

・ Blockage in most of the 

installed drainage pipes  

(generally less than 25% of 

outlet area of each drainage 

pipe) 

 

・Groundwater drainage has 

been confirmed 

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・Large amount blockage in 

most of the installed  

drainage pipes (generally 

more than 25% of outlet area 

of each drainage pipe)  

 

・It seems that groundwater 

drainage stopped due to 

blockage 
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Table 32  Monitoring Case Studiy (Drainage boring) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no d amage 

・No blockages 

・Small amount of blockage at 

the oultet of drainage pipe 

・Collected water drainage is 

confirmed 

 

 

 

 

 

 

 

b    

There is damage,  

but it has not resulted 

in  dec line in func tion 

・ Blockage in the installed 

drainage pipe  

(generally less than 25% of 

outlet area of drainage pipe) 

・Collected water drainage is 

confirmed 

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・Large amount blockage in  

the installed drainage pipe  

(generally more than 25% of 

outlet area of drainage pipe) 

 

・Due to blockage of drainage 

pipe, collected water is 

overflowed from basin at 

bottom of well and leakage 

from well wall. 
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Table 33  Monitoring Case Studiy (Safety facilities) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no d amage 

・No or minor damage. 

・ There are corroded, 

deteriorated, damaged, 

deformed, but they are usable. 

 

 

 

 

 

 

 

b    

There is damage,  

but it has not resulted 

in  dec line in func tion 

   

 

 

 

 

 

 

c   

There is decrease 

infunction 

・ Due to corrodion, 

deterioration, damage, 

deformtion, they are not 

functioning and usable. 
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 Evaluation criteria for soundness level (Periodic and emergency monitoring) 

Table 34  Evaluation criteria for soundness level  (Periodic and emergency monitoring) 

Soundness 

level 
Deformation condition Countermeasure 

A 

No action 

required 

No damage  ・Continue to monitor 

B 

Observation 

In case that although more than one case 

level b deformation is observed in the well 

main body, drainage pipe (Horizontal 

drainage boring & drainage boring), safety 

facilities or surrounding slope, but there is 

no relationship between the each 

deformations and progressive and it is 

judged that there is no functional decrease 

at present. 

・During periodic monitoring, it is 

monitored the progress of any 

deformations. 

・In some cases, it is considered 

the frequency and timing of 

periodic monitoring. 

C 

Required 

measures 

・Deformation level is c. 

・There are multiple deformation level b and 

these deformations are caused by the same 

factor or these deformation is progressing. 

Necessary detailed monitoring is 

conducted, and repair work and 

emergency measures are 

considered and implemented. 

 

During judgment of soundness, it is important to consider result of landslide monitoring (groundwater level, 

rainfall amount, inclinometer, drainage water amount etc.) 
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Table 35  Case study of monitoring sheet (Periodic and emergency monitoring) 
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 Detailed monitoring 

The detailed monitoring is conducted to check the condition of the facilities in detail, and is carried out 

when deterioration or damage is confirmed during periodic monitorings. 

The items subject to detail monitoring are as follows 

〇Well body 

The condition of deterioration and damage is determined by directly observing and measuring the 

deformation of the well wall. The items to be checked are as follows 

Damage and deformation of the wall material (include reinforcement ring, vertical stiffener, lateral strut) :  

Check for the existence and degree of cracks, breaks, bulging, bending, displacement, and tilting, etc. 

Deterioration and corrosion of the wall material(include reinforcement ring, vertical stiffener, lateral strut) :  

Check for the existence and degree of rust, thickness, and perforations. 

 

〇Horizontal drainage boring 

Check the same items as for horizontal drainage boring on the ground. (Breakage, blockage of drainage 

pipes) 

 

〇Drainage boring 

The purpose of this monitoring is to check that the drainage pipe is draining the collected water properly. 

At first, it should be checked that the basin at the bottom of the well is not overflowing. 

If it is overflowing, there is a possibility that the drainage pipe is not functioning, so check for blockages 

and breakages in the same way as for the horizontal drainage boring. 

 

〇Base concrete 

The purpose is to check that the basin store the collected water and the water is drained by drainage pipe 

properly.  

It should be checked for the presence and degree cracks, tilting, deterioration of basin and sedimentation in 

the basin. 

 

〇Safety facilities 

It should be checked for corrosion, deterioration, deformation, and breakage of the roof canopy and ladder. 
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（1）Points to note for safety when monitoring 

When entering the well, it is necessary to take sufficient measures to prevent oxygen deficiency, toxic 

gases, and falls, and to be careful about safety. 

 

〇Countermeasures against oxygen deficiency and toxic gases 

In order to carry out safe work in a well, it is necessary to prepare an environment with an oxygen 

concentration of more than 18% and hydrogen sulfide of less than 1ppm. 

When working, it is necessary to constantly measure the oxygen and gas concentration with a meter to 

check that the environment is being maintained as specified. 

In order to maintain the specified environment (oxygen more than 18%, hydrogen sulfide less than 1 

ppm), it is essential to ventilate the well at all times using a air blower, as shown in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12  Case study of countermeasures against oxygen deficiency and toxic gases 
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〇Measures against falling 

As the work will be carried out at a height, it is essential to take measures to prevent falls. 

Basically, the work will be carried out using a ladder, but there is case that the ladder itself will deteriorate 

and it will be difficult to ensure safety during the work. 

So it is necessary to use a safety harness and safety rope to ensure the safety of the workers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13  Case study of measures against falling 
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（2）Detail monitoring of well body 

The main monitoring items are as follows 

・Check of the well wall condition (prepare layout drawing of monitoring result) 

・Hammer test of the well wall 

・Measurement of the thickness of well wall material (liner plate) 

・Measurement of the plumb bob 

 

〇Check of the well wall condition (prepare layout drawing of monitoring result) 

Check items include the distribution of rust & corrosion, the distribution of slime adhesion, the location, 

extent and degree of deformation, water flow traces, the distribution of plant growth, etc. 

The position of water trace (spring water position), and the area around the horizontal drainage boring are 

carefully checked because rust and corrosion tend to progress easily in these areas. 

The results of the investigation of the well wall conditions are organized as a layout drawing. 

 

It is possible to understand objectively situation inside the drainage well by taking photo of well wall and 

organizing layout photo and contrasting with layout drawing. 

 

The following is an example of a layout drawing and layout photo. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14  Case study of layout photo 
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Figure 15  Case study of layout drawing 

If deformation or breakage of the wall is confirmed, the location, extent and degree of damage should be 

noted. In addition, detailed photographs and sketches should be attached. 
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〇Hammer test of the well wall 

As explained on page 10, the hammer test is a method for estimating the internal conditions of a structure 

by listening to the differences in the sound of the hammer hitting the structure. 

 It is generally used for concrete structures, but it is also used to determine the deterioration of Linerplate 

(steel). 

However, the sound changes depending on the condition of the back of the wall (whether it is hollow, 

whether it is filled, and whether it is in contact with the ground).  

In addition, since corrosion and deterioration start in a small area, it is difficult to judge accurately based on 

the sound of hammering alone. 

Table 36  Comparison of hammer test sound and deterioration (rough guide) 

Result of hammering sound Assumed condition of concrete structure 

High-pitched metallic sound Sound (No abnormality) 

Somewhat low metallic sound Suspected of beginning to deteriorate 

Dull metallic sound Suspected of deteriorating 

 

〇Measurement of the thickness of well wall material (liner plate) 

This measurement is carried out to check whether the wall material (liner plate) is reduced in cross-

sectional thickness due to deterioration such as rust. 

・The thickness of the liner plate is measured at position of the drainage hole. 

・In principle, one measurement is taken at a depth of 1m. 

・Since accretion (rust, scale, slime) adhere to the surface of the liner plate, that is polished to the extent 

that it does not affect the remaining thickness of liner plate. 

・In order to calculate the amount of corrosion, it is necessary to collect data on the design material(liner 

plate) thickness. 

 

 

 

 

 

 

 

 

 

Figure 16  Measuring situation of remaining thickness of materials 
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〇Measurement of the plumb bob 

This is a measurement to check the deformation of the well body. 

 The plumb bob is suspended from the top of the well, and the distance of the plumb bob from the wall is 

measured at each depth to measure the tilting and bending of the well body. 

The image of the measurement is as shown in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17  Image drawing of the plumb bob measurement 
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〇Case study of detail monitoring (well body) 

The following are examples of the results of well body detail monitoring. 

The deformation levels a, b, and c are corresponds from top to down in each table. 

 

Table 37  Case study of detail monitoring (well body) 

Hammer  

test 
Liner plate Reinforcement ring 

High-

pitched 

metallic 

sound 

No damage 

or only minor 

spot rust, 

including 

localized 

brownish-red 

discoloration. 

 

 

 

 

 

 

 

 

No damage or 

only minor 

spot rust, 

including 

localized 

brownish-red 

discoloration. 

 

Somewhat 

low 

metallic 

sound 

 

It is a 

sharp 

metallic 

sound, but 

it is slightly 

muddy 

sound (it 

includes 

the peeling 

sound of 

rust on the 

surface). 

Minor surface 

expansion 

due to rust. 

 

The surface is 

rough overall, 

with some 

peeling. 

 

 

 

 

 

 

Minor surface 

expansion 

due to rust. 

 

The surface is 

rough overall, 

with some 

peeling. 

 

Dull 

metallic 

sound 

 

Muffled 

sound and 

a metallic 

sound are 

mixed 

together. 

Surface 

expansion 

and thinning 

due to rusting. 

 

Decreased 

strength. 

Easily peels 

off from the 

surface layer. 

 

Defects and 

damage. 

 

 

 

 

 

 

 

 

Surface 

expansion 

and thinning 

due to rusting. 

 

Decreased 

strength. 

Easily peels 

off from the 

surface layer. 

 

Defects and 

damage. 
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Table 38  Case study of detail monitoring (well body) 

Hammer  

test 

Vertical stiffener 

Lateral strut 
Bolt and Nut 

High-

pitched 

metallic 

sound 

No damage 

or only minor 

spot rust, 

including 

localized 

brownish-red 

discoloration. 

 

 

 

 

 

 

 

 

No damage or 

only minor 

spot rust, 

including 

localized 

brownish-red 

discoloration. 

 

Somewhat 

low 

metallic 

sound 

 

It is a 

sharp 

metallic 

sound, but 

it is slightly 

muddy 

sound (it 

includes 

the peeling 

sound of 

rust on the 

surface). 

Minor surface 

expansion 

due to rust. 

 

The surface is 

rough overall, 

with some 

peeling. 

 

 

 

 

 

 

Minor surface 

expansion 

due to rust. 

 

The surface is 

rough overall, 

with some 

peeling. 

 

Wrench 

tightening is 

possible. 

 

Dull 

metallic 

sound 

 

Muffled 

sound and 

a metallic 

sound are 

mixed 

together. 

Surface 

expansion 

and thinning 

due to rusting. 

 

Decreased 

strength. 

Easily peels 

off from the 

surface layer. 

 

Defects and 

damage. 

 

 

 

 

 

 

 

 

Surface 

expansion 

and thinning 

due to rusting. 

 

Decreased 

strength. 

Easily peels 

off from the 

surface layer. 

 

Defects and 

damage. 

 

Wrench 

tightening is 

impossible. 

 

 

  



56 

 

（3）Horizontal drainage boring 

Check the same items as for horizontal drainage boring on the ground. (Breakage, blockage of drainage 

pipes)   

See page 24 for details about how to monitor. 

 

（4）Drainage boring 

At first, it should be checked that the basin at the bottom of the well is not overflowing. 

If the water level is higher than the drainpipe opening, there is a high possibility that there is a blockage or 

other problem with the drainpipe. 

If the amount of water draining from the outlet is less than the amount draining from the inlet, it is possible 

that there is a leak from the drainpipe. 

It is also possible that the amount of groundwater drained from the horizontal drainage boring or the well 

body has exceeded the capacity of the drainage boring (which is set based on the borehole diameter and 

gradient). In this case, it is necessary to consider adding more drainage boring 

Check the same items as for horizontal drainage boring on the ground. (Breakage, blockage of drainage 

pipes)   

See page 31 for details about how to monitor. 

 

（5）Base concrete 

Check the sedimentation of soil in the basin, cracks in the concrete, and tilting. 

Measure and record the location, depth, width, and length of cracks. 

In some cases, drain the water in the basin using a pump, etc., and inspect it. 
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（6）Safety facilities 

It should be checked for corrosion, deterioration, deformation, and breakage of the roof canopy and ladder. 

The following are examples of the results of safety facilitiesdetail monitoring. 

The deformation levels a, b, and c are corresponds from top to down in the table. 

Table 39  Case study of detail monitoring (safety facilities) 

Roof canopy Ladder 

No damage or 

only minor spot 

rust, including 

localized 

brownish-red 

discoloration. 

 

 

 

 

 

 

 

No damage or only 

minor spot rust, 

including localized 

brownish-red 

discoloration. 

 

Minor surface 

expansion due to 

rust. 

 

Rough surface 

overall, with some 

peeling. 

 

 

 

 

 

 

Minor surface 

expansion due to 

rust. 

 

Rough surface 

overall, with some 

peeling. 

 

 

 

 

 

Partial loss of 

parts or thinning 

has occurred, 

there is part that 

is not secured 

functioning 

properly. 

 

 

 

 

 

 

 

 

Partial loss of 

parts or thinning 

has occurred, there 

is part that is not 

secured functioning 

properly. 

 

 

 

 

 

 

 

 

 

 

 

. 
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（7）Evaluation of the results of the detailed monitoring 

It is shown the evaluation of the level of deformation for each part of the drainage well as followings. 

〇Mainbody 

Table 40 Deformation evalution of mainbody 

Deformation level Evalution of deformations 

Deformation a ・No or minor damage 

b ・There is damage and deformation such as shearing etc, 

but it does not affect the stability of the main body as a whole. 

c 

 

・The majority of the main body is damaged or deformed. 

・The main body is broken due to shear or other damage or 

deformation. 

・The main body is deformed by tilting. 

・The damage or deformation is minor, but monitoring has 

confirmed clear cumulative displacement. 

Corrosion, 

deterioration 

a ・No or only minor corrosion, deterioration 

b ・Medium-level deterioration/corrosion is observed in less 

than 70% of the main body. 

・Significant deterioration/corrosion is observed in less than 

10% of the main body. 

・Although some deterioration and corrosion are confirmed, 

the steel material is not expanded on the surface or 

decreased in thickness. 

c 

 

・Medium-level deterioration/corrosion is observed in more 

than 70% of the main body. 

・Significant deterioration/corrosion is observed in more than 

10% of the main body. 

・Causing by deterioration and corrosion, the steel material is 

expanded on the surface or decreased in thickness and 

breakage of the parts is confirmed. 
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〇Baseconcete 

Table 41  Deformation evalution of Baseconcrete 

Deformation level Evalution of deformations 

Deformation a ・No or minor damage 

b ・Although some damage is confirmed, there is no loss of 

water storage function. 

c 

 

・There is damage such as cracks to cause water leakage at 

the bottom. 

・The basin is tilted and deformed. The majority of the main 

body is damaged or deformed. 

Sedimentation a ・No or only minor sedimentation 

b ・Sedimentation of less than 50% of the basin volume, and 

the inlet of the drainage pipe is not blocked by sedimentation 

c 

 

・Sedimentation of more than 50% of the basin volume,  

・The inlet of the drainage pipe is blocked by sedimentation 

 

〇Safety facilities 

Table 42  Deformation evalution of Safety facilities 

Deformation level Evalution of deformations 

Deformation a ・No or minor damage 

b ・There are some deformed or damaged parts at roof canopy 

and ladder, however no functional loss is confirmed. 

c 

 

・There are some deformed or damaged parts at roof canopy 

and ladder, then functional loss and risk of function loss is 

confirmed. 

Corrosion, 

deterioration 

a ・No or only minor corrosion, deterioration 

b ・It is comfirmed minor surface expansion due to rust, rough 

surface overall and with some peeling, at the each facilities. 

c 

 

・Partial loss of parts or thinning has occurred by rust and 

corrosion, there is part that is not secured functioning properly. 
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〇Horizontal drainage boring 

Evalute the same items as for horizontal drainage boring on the ground. (Breakage, blockage of drainage 

pipes) 

See page 31 for details about how to evalute. 

 

〇Drainage boring 

Evalute the same items as for horizontal drainage boring on the ground. (Breakage, blockage of drainage 

pipes) 

Table 43  Deformation evalution of drainage boring 

Deformation level Evalution of deformations 

Deformation, 

corrosion, 

deterioration 

and blockage 

(inlet and outlet) 

a ・No or minor damage 

b ・There are some deformed or damaged parts at roof canopy 

and ladder, however no functional loss is confirmed. 

c 

 

・There are some deformed or damaged parts at roof canopy 

and ladder, then functional loss and risk of function loss is 

confirmed. 

Measuring by 

measurement 

rod 

a If there is no deformation in the drainage pipe and it can be 

inserted to the planned depth 

b It can be inserted to the planned depth, but it is felt friction 

when inserting due to a blockage of slime. 

c If it is not possible to insert the rod to the planned depth 

Monitoring by 

Borehole 

camera 

a No deformation or minor deformation 

b There is a deposition of slime in the pipe, but it is not blocking 

the pipe. 

c ・Due to deposition of slime in the pipe, it is blocking the pipe. 

・The pipe is damaged due to stress caused by landslide 

activity, corrosion and deterioration. 

If the basin is overflowing in spite of that above mentioned problems are not present, it is possible that the 

drainage pipe capacity is insufficient (drainage pipe bore, installation gradient). 

In cace that, taking into account the drainage amount from the horizontal drainage boring, the drainage 

amount from the well wall, and the drainage amount from the continuous well upstream, it should be 

checked the drainage capacity of the current drainage pipe and considered to install additional drainage 

boring. 
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〇Overall evaluation 

Table 44  Overall evaluation and measure in monitoring of drainage well. 

Deformation level Overall evaluation Measures 

A If there is case of level a Continue periodic monitoring 

B If there is case of level b <Follow-up observation> 

Increase the frequency of 

periodic monitoring. Conduct 

detailed inspections during 

periodic monitoring to check 

for any progression of 

deformations. 

C If there is case of level c <Take measures> 

Consider and implement 

repair work and emergency 

measures. 

 

Judgment of implememtain of repair or reinstallation (include cleaning) should to be considered with 

monitoring result pf landslide activity (groundwater level, rain amount, borehole inclinometer, etc.) 

Refer to chapter.4  

 

Case study of the detailed monitoring results and evaluation table for drainage well is shown at next page. 
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Table 45  Case study of monitoring sheet (Detailed monitoring) 
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Table 46  Case study of monitoring sheet (Detailed monitoring) 
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3.3 Channel 

 Structure of channel 

（1）Surface water control work (channel work) 

The structure of the facility is explained below. 

Table 47  Structure of surface water control work (channel work) 

Items Material Explanation 

Channel work 

Concrete 
This facility collects surface water such as spring 

water and rainwater, and drainage water from 

horizontal drainage boring.  

This facility removes the water that causes 

landslides out of the landslide area.。 

Steel 

PVC 

Ancillary 

facility 

Catchment basin 

Concrete 

It works as a channel connection, earth retaining, 

hydraulic jump prevention, and drop work. It also 

catches groundwater collected by drain work. 

They are installed at the junction, bends, and 

slope change points of channels. 
Steel 

Drop work Concrete 

It is installed at steps or steep slopes in channels. 

By it is installed to reduce the gradient of the 

channel, it makes to reduce waterflow speed or to 

secure stabilty of channel. 

Terminal facility 

Concrete A structure installed at the end of channel to 

prevent slope collapse and erosion at end of 

channel. 
Boulder 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18  Image drawing of surface water control work 

Catchment basin 

Drop work 

Steel channel 

 

 

Catchment basin 

Drop work 

Foundation 

Foundation 

Channel work 

Channel  

Channel work 

Channel work 

Connection point 
catchment basin 

Terminal  
treatment 

Landslide slope 
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（2）Shallow ground water control work 

Table 48  Structure of shallow ground water control work 

 

 

 

 

 

 

 

Items Material Explanation 

Drain 

work 

Drain 

part 

Drainage pipe PVC, PE, etc. A facility for drainage shallow 

groundwater. Highly permeable material 

is continuously installed in areas with high 

groundwater level. 

Boulder 
Boulder with 

steel wire 

C
h
a
n
n
e
l a

n
d
 d

ra
in

 c
o
m

b
in

e
d
 

w
o
rk

 D
ra

in
 p

a
rt
 Drainage pipe PVC, PE, etc. 

Drain work is placed under the channel, 

and form a channel and drain combined 

structure.  

Generally, the drainage pipe is covered 

with crushed stone.  

It also has the function of preventing 

erosion of the channel bottom. 

Boulder 
Boulder with 

steel wire 

Channel part 

Concrete This facility collects surface water such as 

spring water and rainwater, and drainage 

water from drain work. 

And it drains to outside of landslide area. 

Steel 

PVC 

A
n
ci

lla
ry

 f
a
ci

lit
y Catchment basin 

Concrete 

It works as a channel connection, earth 

retaining, hydraulic jump prevention, and 

drop work. It also catches groundwater 

collected by drain work. They are installed 

at the junction, bends, and slope change 

points of channels. 

Steel 

Drop work Concrete 

It is installed at steps or steep slopes in 

channels. By it is installed to reduce the 

gradient of the channel, it makes to 

reduce waterflow speed or to secure 

stabilty of channel. 
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Channel and drain combined work 

 

Figure 19  Image drawing of shallow ground water control work 

 

 

 

 

  

  

Surface water control work (Channel work) 
Shallow ground water control work  

(Drain work) 

Channel work 

Boulder, drainage 
pipe, etc. 

Waterproof sheet 

Gravel etc. 

Asphalt, concrete etc. 

Geotextile 

Sand 

Catchment basin 

Drop work 

Steel channel 

Surface water 

Shallow ground water Landslide slope 

Channel and drain combined work 

Drain work 

Channel work 

Catchment basin  

Drop work  
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 Decline in the function of channel work and its causes 

The items that cause a decline in function and their impact on landslides are shown below. 

Table 49  Decline in the function of surface water and shallow ground water control work 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



68 

 

  

 

 

 

 

 

 

 

 

Function decline of surface water control work 

 

Function decline of shallow ground water control work (drain work) 

 

Figure 20  The impaction to landslide stability by decrease in functionality of channel works 

Blockage of the drain work 
outlet due to mud, plants, iron 
bacteria, etc. 

Blockage of the undercut drain outlet 
results in an insufficient cross section 
area, leading to poor drainage. 

Inflow of surface water 
into the landslide area 

Leakage from water  
drainage channel work 

Damage due to flooding 

Re-infiltration into the 
landslide area 

The decline in the function 
of the channel works causes 
surface water and shallow 
ground water to re-infiltrate 
landslides area.  
And ground water level will 

raise. 
 As a result, the landslide 
becomes unstable. 

Blockage by collapsed 
sediment 

Corrosion 

Leakage from 
corrosion part 

Blockage by collapsed sediment 

Leakage from cracks 

Drop work foundation 
overturned due to 
scouring 

Deposition of sediment in 
catchment basin 

Cross section 

 Leakage from  
blocked part 

Foundation lost due 
to scouring 

Leakage due to 
blockage 

Leakage due to 
corrosion 

Leakage due to 
deformation 

Causing the ground 
water level to increase 

Channel work facilities 

Slip surface of landslide 
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 Evaluation criteria for deformation level (Periodic and emergency monitoring) 

Points of focus in monitoring are shown as following 

①Mainbody of channel work (channel, catchment basin, drop work) 

・Breakage 

Missing, cracks, abrasion 

  

Crack in channel Cracks and missing in drop work 

 

・Deformation 

Shift between joints, subsidence, tilting, inversion of channel gradient 

  

Subsidence and tilting in channel Tilting in catchment basin 

  

Crack 

Missing 

Crack 
Crack 

Tilting 
Tilting 
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・Corrosion 

Rust (Steel channel can cause leakage) 

  

Rust in steel channel 

 

・Blockage, burial 

Accumulation of sediment and fallen leaves etc., plant invasion 

  

Blockage and burial because of sediment etc. Overflow due to blockage 

  

Channel 

Sediment in the 
catchment basin is 

blocking flow into the 
channel 

Overflow to 
outside channel 
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②Drain work 

・Blockage 

Blockage of drainage pipe due to slime, Burial due to sediment accumulation around outlet 

  

Blockage of drainage pipe outlet due to slime 

 

③Surrounding conditions 

 Impact on channels due to collapse of surrounding slopes and movement of landslide mass etc. 

  

Channel deformation due to movement of 

landslide mass 
Slope collapse under channel 

  

Channel Movement of 
landslide mass 

Collapsed 
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The items that cause a decline in function and their impact on landslides are shown below. 

Table 50  Evaluation criteria for deformation level (Channel) 
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Table 51  Monitoring Case Study (Corrosion and deterioration in channel work) 

Deformation level Points to note for monitoring Situation phots 

a    

Minor or no damage 

・No or minor damage 

 

b    

There is damage,  

but it has not resulted 

in decline in function 

・Some parts are damaged 

due to corrosion or 

deterioration 

・No leakage has occurred 

 

c   

There is decrease in 

function 

・Leakage has occurred due 

to corrosion and deterioration 

 

  

Missing due to 
corrosion 
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Table 52  Monitoring Case Study (Breakage and deformation in channel work) 

Deformation level Points to note for monitoring Situation phots 

a    

Minor or no damage 

・No or minor damage 

 

b    

There is damage,  

but it has not resulted 

in decline in function 

・Some parts are damaged 

and deformed 

・No leakage has occurred 

 

c   

There is decrease in 

function 

・Leakage has occurred due 

to damage and deformation 

 

  

Cracks 

Shift between 
Joints 
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Table 53  Monitoring Case Study (Blockage in channel work) 

Deformation level Points to note for monitoring Situation phots 

a    

Minor or no damage 

・No or minor sedimentation 

 

b    

There is damage,  

but it has not resulted 

in decline in function 

・Sediment are accumulated 

in some parts 

・No overflow has occurred 

 

c   

There is decrease in 

function 

・Overflow has occurred due 

to sedimentation 

 

  

Sediment 

Channel 

Sediment 
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Table 54  Monitoring Case Study (Catchment basin) 

Deformation level Points to note for monitoring Situation phots 

a 

Minor or no damage 

・No or minor sedimentation 

 

b 

There is damage,  

but it has not resulted 

in decline in function 

・Some parts are damaged 

and deformed 

・No leakage has occurred 

 

c 

There is decrease in 

function 

・Leakage has occurred due 

to damage and deformation 

 

・Overflow has occurred due 

to blockage of catchment 

basin 

 

  

Tilting Tilting 

Sediment in the 
catchment basin is 

blocking flow into the 
channel 

Overflow to 
outside channel 
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Table 55  Monitoring Case Study (Drian work) 

Deformation level Points to note for monitoring Situation phots 

a    

Minor or no damage 

・No blockages 

・Small amount of blockage at 

the outlet of drainage pipe 

・Groundwater drainage has 

been confirmed. 

 

b    

There is damage,  

but it has not resulted 

in decline in function 

・Blockage in the drainage 

pipe (generally less than 30% 

of outlet area of drainage pipe) 

・Water drainage has been 

confirmed. 

 

c   

There is decrease in 

function 

・Large amount blockage in 

the drainage pipe (generally 

more than 30% of outlet area 

of drainage pipe) 

・It seems that water drainage 

stopped due to blockage. 
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 Evaluation criteria for soundness level (Periodic and emergency monitoring) 

Table 56  Evaluation criteria for soundness level (Periodic and emergency monitoring) 

Soundness 

level 
Deformation condition Countermeasure 

A 

No action 

required 

No damage ・Continue to monitor 

B 

Observation 

In case that although more than one case 

level b deformation is observed in the 

channel main body, drop work, catchment 

basin, or surrounding slope, but there is no 

relationship between each deformation or 

progressive and it is judged that there is no 

functional decrease at present. 

・During periodic monitoring, it is 

monitored the progress of any 

deformations. 

・In some cases, it is considered 

the frequency and timing of 

periodic monitoring. 

C 

Required 

measures 

・Deformation level is c. 

・There are multiple deformation level b and 

these deformations are caused by the same 

factor or these deformation is progressing. 

Conduct continuous monitoring, 

and repair work and emergency 

measures are considered and 

implemented. 
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Table 57  Case study of monitoring sheet (Periodic and emergency monitoring) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Campo Ciero Landslide Block L-1

2002 Structure No. No.1

Channel and drain

combined work
Report No. 1

75.0m Monitoring date 2024/11/11

Concrete Organization conducting monitoring JET

Name of person conducting monitoring Hotaka Aoki

Deformation

level

Breakage a

Deformation a

Corrosion -

Blockage a

Breakage a

Deformation a

Corrosion -

Blockage b

Breakage a

Deformation a

Corrosion -

Blockage a

a

a

No blockage

Drawing & Photo

Catchment basin

No damege

No damege

-

Accumulation of sediment is comfirmed in the basin. Leakage has not occurred.

Drop work

No damege

No damege

-

Drain work No damege

Surrounding conditions No deformation

Comment

Judgement

A : No action required
・There are no deformationws in the channel work, drain work and surround.

B : Observation

C : Reruired measures

Item Comment

Channel

No damege

No damege

-

No blockage

Site

Construction year

Structure

specifications

Channel work type

Length

Material
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3.4 Retaining wall 

 Structure of Retaining wall 

The retaining wall is an earth retaining structure that is continuously provided in the shape of a wall for the 

purpose of stabilizing the slope. 

Retaining walls are classified according to the main material, shape, mechanical stability mechanism, etc. 

Classifications of retaining walls are as follows 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21  Classifications of retaining wall 

 

 

 

 

 A type that resists earth pressure due 
to the gravity of the retaining wall 
 Concrete structure is common 

 The type that resists earth pressure due to 
its own weight by leaning the retaining wall 
against a slope 

 A type that resists earth pressure due to the gravity 
of the soil upper the retaining wall and the member 
strength of the cantilever. 
 Reinforced concrete structure is common 

Leaning type 

Cantilever type 

Gravity type 

 Retaining wall made of a basket braided by wire 
and filled with stones. 
 It's made in various parts of the world because of 
its simple structure, easy to construct and easy to 
obtain material. 

It is a retaining wall type made by stacking concrete 
blocks. 
A leaning type retaining wall is common. 

Soil retaining structure that constructs a vertical or 
near-vertical wall surface by laying reinforcements 
in the embankment. 

Gabion wall 

Concrete block masonry 
wall 
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Concrete retaining wall (Gravity type)              Gabion retaining wall (Leaning type)  

 

 

 

 

 

 

Concrete block masonry wall (Leaning type)       Stone wet masonry wall  (Gravity type) 

 

 Decline in the function of retaining wall and its causes 

The items that cause a decline in function and their impact on landslides are shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22  Image drawing of cause a decline in function and their impact on landslides   

Retaining wall 

Foundation 

Earth pressure 
adding water pressure 

・Increase in external forces due to factors 

such as rising groundwater levels.  

・ Deformation of the foundation such as 

erosion, subsidence. 

Earth pressure 
adding water pressure 

・ Instability: overturning, sliding of structure, 

destruction of the foundation ground 

・Deterioration: damage to the structure itself, 

deterioration of materials, etc. 

Behind Retaining wall 

Landslide 

・There is a risk of collapse at the botttom of the 

landslide due to the collapse of the retaining wall. 

・And then due to collapse at bottom of landslide, the 

mainbody of landslide will become unstable. 
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Table 58  Decline in the function of retaining wall and its causes 
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 Evaluation criteria for deformation level (Periodic and emergency monitoring) 

Points of focus in monitoring are shown as following 

①Mainbody of retainingwall 

・Breakage  

Lost structure, collapse, falling of blocks (boulders in the frame), lost of filling material(boulder in the 

frame), etc. Situation that function is lost 

 

 

 

 

 

 

 

 

Collapsed concrete block masonry wall         Collapsed gabion 

 

・Deformation  

Subsidence, tilting, shift between joints, deformation, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Retaining wall shift between joints by landslide activitiy 
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Retaining wall is broken and tilted by landslide activitiy. 

・Damage  

Cracks, missing parts, rust (corrosion), etc. 

 

 

 

 

 

 

 

 

Cracks                       Rusted gabion frame 

・Spring water  

There is water seeping out or flowing out from cracks, etc. 

In case of gabion, it has a drainage function, so the fact that flowing out water was found is not a 

problem. (drainage pipe of concrete wall also) 

 

 

 

 

 

 

 

 

 

Large amount of spring water 
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・Gaps at the rear of structures (gaps due to erosion or suction of the ground at the rear, etc.)  

The wall body is not fit with rear ground by suction of rear ground soil, etc. 

 

 

 

 

 

 

 

 

 

It’s deformed due to erosion of the foundation and suction out of soil behind the retaining wall. 

 

②Foundation ground 

・Subsidence, uplift 

The foundation ground is subsided by acting the structure's weight exceeding bering capacity of 

foundation, or is uplifted due to the impact of landslide, etc. 

・Erosion  

The foundation ground is eroded by surface water, etc. 

 

 

 

 

 

 

 

 

 

Foundation ground is uplifted         Foundation ground is eroded 

 

 

 

 

 

Impact of landslide 

Uplifted 
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③Surrounding conditions 

At ,the surround slope of the structure, in case that following phenomena are clearly comfirmed.  

Suction of soil, subsidence, erosion, spring water, collapse, deformation, cracks, etc. 

 

 

 

 

 

 

 

 

 

 

  

Subsidence 

Crack 

Tilted 
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Table 59  Monitoring Case Studiy (Conrete retaining wall) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no 

damage 

・No damage  

 
 

 

 

 

 

 

 

 

b    

There is damage,  

but it has not 

resulted in  dec 

line in func tion 

・Some cracks are occured, 

the cracks are not opened. 

・The retaining wall is not tilted. 

 

 

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・Cracks are opened, and then 

retaining wall is tilted. 

・It is lost function of retaining 

wall, has risk of collopose. 
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Table 60  Monitoring Case Studiy (Conrete block masonry wall) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no 

damage 

・No damage  

 
 

 

 

 

 

 

b    

There is damage, 

 

However,  

It is not decline 

in function 

・Some cracks are occured, the 

cracks are not opened. 

・Some joint is shifted. 

・A part of block is lost. 

 

Although, some minor 

deformations are occured, 

・Retaining wall is not tilted. 

・It  is kept function of retaining 

wall 

 

 

 

 

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・A part of wall is collosed 

・Cracks are opened, and then 

retaining wall is tilted. 

・It is lost function of retaining wall, 

has risk of collopose.  
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Table 61  Monitoring Case Studiy (Gabion wall) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no 

damage 

・No damage  

 
 

 

 

 

 

 

b    

There is damage, 

 

However,  

It is not decline 

in function 

・ Some deformations are 

occured. 

・Frame is not broken. 

・Filling material is kept in frame. 

・It  is kept function of retaining 

wall.  

 

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・The filling material has been lost 

due to deformation of wall body or 

broken frame, etc. 

・The stability of the facility has 

been lost due to significant tilting, 

etc. 

・The wall body is collopsed.  
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Table 62  Monitoring Case Studiy (Gabion frame) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no 

damage 

・No damage  

 
 

 

 

 

 

 

b    

There is damage, 

 

However,  

It is not decline 

in function 

・Corrosion covering the entire 

frame wire. (the surface of wire is 

rough all over) 

・The corrosion has not caused 

the frame steel to break, and it has 

been no lost of the filling material. 

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・ Corrosion and other factors 

have caused deformations, 

breaking frame wire and lost filling 

material. 

・Due to that, wall is deformated, 

delined stability. 
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 Evaluation criteria for soundness level (Periodic and emergency monitoring) 

Table 63  Evaluation criteria for soundness level  (Periodic and emergency monitoring) 

Soundness 

level 
Deformation condition Countermeasure 

A 

No action 

required 

No damage  ・Continue to monitor 

B 

Observation 

Level b deformation is observed, but there 

is no  progressive and it is judged that 

there is no functional decrease at present. 

・During periodic monitoring, it is 

monitored the progress of any 

deformations. 

・In some cases, it is considered 

the frequency and timing of 

periodic monitoring. 

C 

Required 

measures 

・Deformation level is c. 

・There are multiple deformation level b and 

these deformations are caused by the same 

factor or these deformation is progressing. 

Repair work and emergency 

measures are considered and 

implemented. 
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Table 64  Case study of monitoring sheet (Periodic and emergency monitoring) 
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3.5 Shotcrete 

 Structure of Shotcrete 

Shotcrete work is slope stabilization method that spray mortar or concrete onto slopes using compressed 

air to coat the slope with mortar or concrete. 

It can be used for slope stabilization work of any slope shape, length or height, and is adopted in many 

case. 

The target ground includes weathered bedrock, crushed bedrock, bedrock with developed cracks, and 

bedrock that is easy to weaken due to rainwater infiltration. 

It is also a precondition that no soil pressure acts on the structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23  Image drawing and case study photo of shotcrete 

Sub anchor pin 

φ9mm L=200mm 

Anchor pin 

φ16mm L=400mm 

Wire mesh 

φ2.6mm 50×50mm mesh 

Drain pipe 

PVC pipe φ50mm 

Sprayed mortar (concrete) 

Mortar : 50～100mm 

Concrete : 100～200mm 
Wire mesh 

Sprayed mortar (concrete) 

Drain pipe 

Anchor pin 

Sub anchor pin 

Front view 

Cross section view 
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 Decline in the function of shotcrete and its causes 

Table 65  Shotcrete deterioration and damage, and their causes and characteristics 

Items Type of 

deformations 

Deformation 

characteristics 
Causes 

Parts Material 

Spraied 

mortar & 

concrete 

Mortar 

Concrete 

Damage 

Deformation 

Cracks  

Joints shifting  

Peeling  

Bulging  

Tilting  

End shifting  

Buckling  

Lifting  

Sliding  

Falling  

Wear  

Cavities behind shotcrete 

Mortar deterioration 

Decrease in adhesion to 

the ground  

Deterioration of the 

behind ground  

Slope deformation  

Soil pressure  

Drying and swelling 

Plant root growth 

Surface water 

Soil runoff 

behind the 

shotcrete 

Cavities behind shotcrete 

Spring water 

Deterioration of the 

behind ground 

Flow water behind 

shotcrete 

Deterioration 

Corrosion 

Cavities behind shotcrete 

Peeling  

Crack  

Free lime 

Deterioration of surface 

Corrosion 

Mortar deterioration 

Decrease in adhesion to 

the ground  

Deterioration of the 

behind ground 

Drying and swelling 

Steel materal corrosion 

Chemical reaction 

Drainage 

pipe 
PVCpipe PVC pipe 

Blockage Suction of soil behind 

shotcrete 

Vegetation growth 

Surround ground 
Damage 

Deformation 

Collapse  

Crack  

Spring water  

Erosion  

Uplift  

Subsidence 

Slope deformation 

(landslide etc.) 

Earthquake 

Surface water 

 

It is shown case studies of deformation occured in shotcrete as followings. 
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（1）Peeling 

Peeling occurs following proceed. 

・Layered structure inside the Shotcrete caused by quality of the construction work is appeared 

・Cracks caused by intrusion of plant roots is appeared,  

・Rain water penetlate into crack, void and layer,  

・Thin layer is weakened, due to repeated wetting and drying .  

・Peeling occurs 

 

 

 

 

 

 

 

 

 

 

 

Figure 24  Image drawing and case study photo of peeling 

（2）Crack 

In general, cracks occur due to the deterioration of shotcrete over time and repeated wet and dry cycles. 

The deterioration progresses due to rainwater penetrating these cracks, and this can cause the structure to 

collapse. 

There are also cracks that occur due to the deformation of the ground behind the shotcrete, which will be 

explained later, so it is important to check the conditions of the ground behind the shotcrete. 

 

 

 

 

 

 

 

 

Figure 25  Case study photo of crack 

Peeling 
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（3）Sliding 

The shotcrete adheres to the ground and is integrated with the slope due to its adhesion. 

In case that bedrock behind the shotcrete weak to weathering, it may be weak and in some cases the 

adhesion may decrease. 

If the adhesion with the shotcrete and slope decreases, the shotcrete itself may not be able to support its 

own weight and the shotcrete may slide and fall. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26  Image drawing and case study photo of sliding 

 

（4）Soil runoff behind the Shotcrete  

As the ground behind the shotcrete weathers, it becomes sediment, and due to the effects of seeping water 

and the repeated cycles of dry and wet, becoming to sediment is progress and sediment moves downward or 

is sucked out through the drainage holes. This causes a cavity to form behind the shotcrete. 

The cavity cause decrease integration with shotcrete and ground, and shotcrete becomes unable to stand on 

its own. The earth pressure of the displaced soil acts on the shotcrete.  

Bedrock weak to weathering 

Adhesion decrease 
by weathering 

Shotcrete can't support its 
own weight 

Shotcrete slide 
and fall 

Cavities caused by sliding Cracks caused by sliding 
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If the weight of the shotcrete and the earth pressure of the earth behind it exceeds the strength of the 

shotcrete, it will break. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27  Image drawing and case study photo of soil runoff behind the shotcrete 

Suction of soil behind 
shotcrete through the 
drainage pipe. 

Soil moves 
downward. 

Cavity formed. 

Weight of the shotcrete and the 
earth pressure of the soil behind 
it act to shotcrete 

Shotcrete is 
broken and fallen 

Cavity 

Baserock 

Soil layer 

Sprated mortar 
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（5）Deformation caused by slope actibity (Tiliting, collapse, buckling etc.)   

As the ground weathered, it become more fragile and loose. And then soil pressure begin to act on the 

shotcrete. The shotcrete can't resist the soil pressure, so deformation occurs in the structure. 

The form of the deformation can be various, such as cracks, steps, sliding, buckling, end shifting, joint 

shifting, and tilting. If these conditions progress, there is a very high risk of collapse. 

Even if the slope behind shotcrete is a hard bedrock, there are many cases that loosening occurs due to 

geological structures such as joints and bedding planes, leading to collapse. When this type of displacement 

occurs, cracks and other deformations are often occured on the surrounding slopes as well. 

It is shown deformation caused by slope actibity and procese to collapse occuring as following. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bedding plate 

Joint Shotcrete 

・The slope is developed with geological structures 

such as joints and bedding planes. 

 

・Shotcrete is installed in order to control erosion 

and weathering. 

Crack & step on the ground 

Crack  

Crack  

Crack  

Buckling 

Tilting  

Uplift  

Sliding  

fragile and sedimentary 

・As the ground weathered, it became more fragile 

and sedimentary, and the soil pressure began to act 

on the shotcrete. 

 

・And bedrocks are separated with geological 

structures such as joints and bedding planes, 

became to fragile. 

 

・The shotcrete can't resist the soil pressure, so 

deformation occurs in the structure. 

 

・The deformation such as cracks, steps, sliding, 

buckling, end shifting, joint shifting, and tilting 

occured. 
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Collapse occure  ・These deformations are progressed, and then 

it leads to collapse. 

Tiliting 

Buckling 

Crack Crack 
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Figure 28  Image drawing and case study photo of facility deformation caused by slope actibity 

 

 

  

impact of landslide 

Uplifted 

Uplift at the bottom of the slope Sliding 

Crack at the surround slope 
Crack at the surround slope 

Crack and step 
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 Evaluation criteria for deformation level  (Periodic and emergency monitoring) 

Table 66  Evaluation criteria for deformation level (Shotcrete) 
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Table 67  Monitoring Case Studiy (Shotcrete：Deformations of main body) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no 

damage 

・No damage  

 
 

 

 

 

 

 

b    

There is damage, 

 

However,  

It is not decline 

in function 

・Some cracks are occured. 

・Cracks are not opened. 

・No spring water at the crack. 

・ Other deformations are not 

occured. 

・It  is kept function of shotcrete. 

  

 

 

 

 

 

 

c   

There is decrease 

infunction 

・Deformations such as opened 

cracks, sliding, buckling, cavity 

behind shotocrete are occures. 

・Shotocrete is not integrated with 

the ground and already collapsed 

or moved. 

・Shotcrete don't keep function of 

structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sliding 

Buckling 
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Table 68  Monitoring Case Studiy (Spring water at the Shotcrete) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no 

damage 

・No spring water  

 
 

 

 

 

 

 

b    

There is damage, 

 

However,  

It is not decline 

in function 

・Some cracks are occured. 

・Cracks are not opened. 

・Trace of springwater at the crack 

is confirmed. 

・ Other deformations are not 

occured. 

・It  is kept function of shotcrete. 

  

 

 

 

 

 

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・ Big amount spring water is 

appreared, despite no rainfall. 

・In addition, deformations such 

as opened cracks, sliding, 

buckling, cavity behind shotocrete 

etc. are occures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



104 

 

Table 69  Monitoring Case Studiy (Surround slope of the Shotcrete) 

Deformation level Points to note formonitoring Situation phot 

a    

Minor or no 

damage 

・No damage  

 
 

 

 

 

 

 

b    

There is damage, 

 

However,  

It is not decline 

in function 

・ Some cracks are occured 

upward slope of shotcrete. 

・Cracks are not continuous. 

・Deformations are not occurred 

at shotcrete.. 

・It should be observed change of 

these crack. 

  

 

 

 

 

 

 

 

c   

There is decrease 

infunction 

・ Some cracks are occured 

upward slope of shotcrete. 

・These cracks are continuous 

and encircle shotocrete. 

・Retaining wall at the bottom of 

shotcrete is shifted by slope 

activity. 

・In addition, deformations such 

as opened cracks, sliding, 

buckling, cavity behind shotocrete 

etc. are occures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Retaining wall at the bottom 
of shotcrete is shifted 

Retaining wall at the bottom 
of shotcrete is shifted 
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 Evaluation criteria for soundness level (Periodic and emergency monitoring) 

Table 70  Evaluation criteria for soundness level  (Periodic and emergency monitoring) 

Soundness 

level 
Deformation condition Countermeasure 

A 

No action 

required 

No damage  ・Continue to monitor 

B 

Observation 

Level b deformation is observed, but there 

is no  progressive and it is judged that 

there is no functional decrease at present. 

・During periodic monitoring, it is 

monitored the progress of any 

deformations. 

・In some cases, it is considered 

the frequency and timing of 

regular inspections. 

C 

Required 

measures 

・Deformation level is c. 

・There are multiple deformation level b and 

these deformations are caused by the same 

factor or these deformation is progressing. 

Necessary detailed monitoring is 

conducted, and repair work and 

emergency measures are 

considered and implemented. 
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Table 71  Case study of monitoring sheet (Periodic and emergency monitoring) 

〇 Case study A : In cases of slope destabilization 
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Table 72  Case study of monitoring sheet (Periodic and emergency monitoring) 

〇 Case study B : In case of structure deformation (slope is not destabilization) 
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 Detailed monitoring 

The reduction in the function of shotcrete is closely related to the geological conditions of the slope in the 

target area, and the deterioration of the facility itself and the conditions of the slope behind it have a mutual 

influence on each other. 

Shotocrete is a method of covering the surface of a slope with sprayed mortar (concrete) to prevent erosion 

and weathering of the surface layer 

This method itself does not have the strength to resist soil pressure, and only has the function of controlling 

erosion and weathering by integrating with the ground. 

 

The following factors cause Shotcrete to deteriorate in function. 

・Deterioration of the facility itself. 

・Decrease in integration with the ground. 

・Instability of the slope. 

 

The following items are included in the detailed survey 

・Detailed survey of the location and condition of any deformation in the facility. 

・Hammer test (to check for facility deterioration and cavity behind shotcrete) 

・Core drilling survey. 

・Crack monitoring. 

・Slope condition survey (geological survey, landslide monitoring, analisys). 
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（1）Detailed survey of the location and condition of deformation and Hammer test 

Check and record all positions of facilities deformated 

Check and record the condition of each positions of deformations. 

Check for deterioration and cavities behind shotcrete by performing hammer tests 

The survey will be more effective if the target slope is divided into small blocks and the survey is carried 

out in this way 

 

〇Check and record all positions of facilities deformated and condition of each positions. 

As shown in the diagram below, divide the target facility into small blocks and investigate and record the 

location, shape and condition of the deformation. 

At this time, pay attention to the following points 

・Clarify the type of deformation. (cracks, buckling, peeling, etc.) 

・Investigate and record the scale and condition of each deformation. 

 (crack width, presence or absence of openings, peeling thickness, blockage of water drainage pipes, etc.) 

・Take photographs of each deformation and organize them 

 

In addition, the condition of the surrounding slopes should also be investigated. 

(Slope cracks, collapses, spring water, etc.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29  Example of survey summary divided into blocks 
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〇Hanmer test 

The hammer test judges the condition of the facility and its rear by hitting the surface of the shotcrete with 

a hammer and listening to the sounds it makes. 

 

If the sound of the hammering has a clear, high tone, the mortar and concrete have not deteriorated, and the 

cavity behind the shotcrete has not progressed. 

If the sprayed mortar (concrete) has deteriorated or there is a cavity behind shotocrete, it will sound muddy 

and low. (Refer to P.10) 

 

（2）Core drilling survey 

The core drilling survey is drilling the shotcrete, taking core, and directly observing the depth of the cracks 

and the state of deterioration in the sprayed mortar (concrete), as well as checking for the presence of 

cavities behind shotcrete. 

In addition, the strength of the core is tested to check the state of deterioration and strength. 

 

The items to check are as follows 

Table 73  Evaluation items for core drilling survey 

Investigation items Observation items 

Sprayed mortar thickness Check against the design thickness 

Cavity Presence or absence of cavities behind shotcrete 

Condition of the ground 

behind the shotcrete 

Check for weathering, cracks, and spring water 

Core condition Check for cracks, discoloration, etc. 

Compressive strength Comparison with design strength (checking for deterioration) 

Cabonation thickness Covering thickness of rebar, corrosion status of rebar 

 

（3）Crack monitoring 

This is method that marking or riveting the measurement points where crack occured, observing progress 

of crack expansion.  

In monitoring, it is measured of distance between marking or rivet of crack positions and grasped progress 

of crack expantion quantitatively. （See below photo） 

If cracks occur on the upper slope of shotcrete, it is also effective to install a profile and measure it them. 

(See below photo） 
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Figure 30  Crack monitoring (Mesuring markings or rivets) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 31  Crack monitoring (Measuring profile) 

Crack 

Landslide moving 

Profile 
Measuring the amount 
of displacement 
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Crack 

Moving 
direction 

Profile 

Crack 
Crack 

Measuring the distance 
between points 

Deformation progress 

The measured values difference is 
amount of displacement 
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（4）Slope condition survey (geological survey, landslide monitoring, analisys) 

If the target slope is unstable and moving, shotcrete cannot be used to stabilize it. 

Therefore, it is necessary to take countermeasures suitable for the slope activity type. 

Investigation, analysis and design are required for the implement of countermeasures. 
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（5）Evaluation of the results of the detailed monitoring 

The following are the criteria for evaluating the level of deformation for individual deformations. 

 

Table 74  Evaluation of deformation survey and hammer test. (damage, breakage, deformation) 

Deformations 

level 
Evalution of deformations 

1 ・No damage and deformation 

・The hammer test sounds a clear sound. 

・Minor crack, peeling occure 

2 ・There are deformations(demages, peelings or cracks etc) continuouly or 

within a certain area. 

・The opening and gap in the joints can be clearly confirmed. 

・Cavities behind of the shotcrete is suspected (based on the results of the 

hammer test) 

・Muddy sound in the hammer test 

3 ・There is a tilting, bulging, shifting at the end, and opened crack. 

・There is a large displacement with a step. 

・Cavity is confirmed. 

・Muddy sound in the hammer test 

Table 75  Evaluation of deformation survey and hammer test. (Corrosion, deterioration) 

Deformations 

level 
Evalution of deformations 

1 ・No or minor deterioration and corrosion 

・The hammer test sounds a clear sound. 

2 ・Free lime, peeling and cracks by deteriorations are confirmed. 

・The compressive strength of the sprayed mortar is below the design value. 

・Cavities behind of the shotcrete is suspected (based on the results of the 

hammer test) 

・Muddy sound in the hammer test 

3 ・The sprayed mortar has peeled off, exposing the steel bars and wirenet 

・The mortar has lifted and peeled off due to corrosion of the steel bars and 

wirenet.. 

・Cavity is confirmed. 

・Muddy sound in the hammer test 

 

It should to be judged based on a single item, but to be considered each item and be made a judgment. 

If there is a possibility of cavities forming behind of the shotcrete or if there is concern about deterioration 

of the interior of the sprayed mortar, core drilling should be carried out. 
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Table 76  Deformation level by detailed survey of the location and condition of deformation and Hammer test 

Item 
Deformation 

level 
Comment 

Damage 

Deformation 

a ・All areas are Level 1 

・Distribution area of Level 2 areas is less than 10% of the total area. 

b ・Distribution area of Level 2 areas is 10～30% of the total area. 

・Level 3 position is more than one, and it's distributed area is less 

than 10% of the total area. 

c ・Distributed area of Level 3 is more than 10% of the total area. 

・Distributed area of Level 2 is more than 30% of the total area. 

・There is a risk of it falling cause by floating or peeling off of 

shotcrete or large displacement with a step. 

Corrosion,  

Deterioration 

a ・All areas are Level 1 

・Distribution area of Level 2 areas is less than 10% of the total area. 

b ・Distribution area of Level 2 areas is 10～30% of the total area. 

・Level 3 position is more than one, and it's distributed area is less 

than 10% of the total area. 

c ・Distributed area of Level 3 is more than 10% of the total area. 

・Distributed area of Level 2 is more than 30% of the total area. 

・Cavity behind shotcrete is developed at concentrated in a specific 

place with widely area. (Not scattered) 

〇Case study 

The target slope (30 x 50 = 1500 m2) was divided into 5 x 5 = 25 m2 squares, and the deformation in each 

mesh was investigated 

Deformation level 3: 12 meshes = 300 m2, 20% range 

Deformation level 2: 6 meshes = 150 m2, 10% range  

The deformation level of the facility is judged to be c. 

 

 

 

 

 

 

 

  



115 

 

Table 77  Evaluation of detailed survey of the location and condition of deformation (Drainage pipe) 

Deformations 

level 
Evalution of deformations 

1 ・The blockage is slight and the drainage function is maintained. 

2 ・The blockage is moderate and the drainage function is reduced. 

3 ・The blockage is significant and the drainage function is reduced or lost. 

 

Table 78  Deformation level by detailed survey of the location and condition of deformation (Drainage pipe) 

Item 
Deformation 

level 
Comment 

Drainage 

pipe 

a ・All areas are Level 1 

・Amount of Level 2 pipes is less than 10% of the total. 

b ・Amount of Level 2 pipes is 10～30% of the total.. 

・Level 3 position is more than one, and it's amount is less than 10% 

of the total. 

c ・Amount of Level 3 pipes is more than 10% of the total. 

・Amount of Level 2 pipes is more than 30% of the total. 
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（6）Overall evaluation 

The following are the evaluation criteria for facility soundness base on the deformation level 

 

Table 79  Overall evaluation and measure in monitoring of shotcrete. 

Deformation level Overall evaluation Measures 

A In the case of Level a for all items 

(Damage, Deformation, Corrosion, 

Deterioration, Drainage Pipe) 

Continue periodic monitoring 

B In the case of Level b for any item  

(no items judged as Level c). 

<Follow-up observation> 

Increase the frequency of 

periodic monitoring. Conduct 

detailed inspections during 

periodic monitoring to check 

for any progression of 

deformations. 

C In the case of Level c for any item. 

 

 

 

 

In case that slope deformation is 

confirmed and it is difficult to take 

measures for deformation by only 

shotcrete, and additional 

countermeasures are required. 

<Take measures> 

Consider and implement 

repair work and emergency 

measures. 

 

Additional slope stability 

countermeasures should be 

implemented as necessary 

(based on the slope survey 

and analysis results). 
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Table 80  Case study of monitoring sheet (Detailed monitoring) 
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Chapter 4. Landslide activity monitoring and facility monitoring.  

4.1 Concept 

Slope stability can be kept by the health functioning of the installed facilities. 

However, the facilities of countermeasure will gradually deteriorate and functions of countermeasure will 

gradually become reduce. 

If a change in the slope condition occurs, it is necessary to determine whether the cause is due to a reduce in the 

function of the installed countermeasures or unexpected change in the slope conditions, and to investigate and take 

action to the cause. 

Especially in the case of landslide countermeasures, it is important to conduct monitoring of slope condition and 

facility functions in parallel in order to confirm each condition. 

 

In the previous chapter, it is explained the monitoring method for evaluation the soundness of facilities. 

In this chapter, it is focused on landslide countermeasures, in particular, groundwater control work (horizontal 

drainage boring), and explained the relationship between slope monitoring and facility monitoring and maintenance. 
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4.2 Landslide activity monitoring results and facility monitoring  

 The stability of a landslide is affected by the pore water pressure of the groundwater acting on the slip surface. 

If the pore water pressure increases, the slope becomes unstable, and if it decreases, it becomes stable. 

Groundwater control work prevents the pore water pressure from increasing by removing the groundwater that 

acts on the sliding surface, and stabilizes the landslide. 

If the horizontal drainage boring is functioning soundly, it is possible to prevent the pore water pressure increasing 

and stabilize the landslide. However, if its function decrease, the pore water pressure increases and the landslide 

becomes unstable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32  Image drawing of pore water pressure and landslide activity  
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In order to understand the soundness of the countermeasure function, it is effective to check the results of the landslide activity monitoring. 

The following is a case study that compares the results of the landslide activity monitoring with the results of the facility monitoring.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33  Compare the results of the landslide activity monitoring with the results of the facility monitoring 
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As shown in the Figure, the following points can be confirmed in the Landslide activity monitoring results 

・Before the horizontal drainage boring was constructed, the groundwater level (pore water pressure) increase 

in response to rainfall, landslide become unstable and slide. 

・After the horizontal drainage boring was constructed, groundwater level (pore water pressure) decreased, and 

even though it is rainfall of the same order as before the countermeasures, the groundwater level (pore water 

pressure) increase is controlled and landslide activity is also controlled. 

・This is effect of countermeasure work. 

 

・Drainage function of horizontal drainage boring will be decrease over time due to factors such as drainage 

pipe clogging. 

・As the result, drainage amount is decrease, groundwater level (pore water pressure) is increase and landslide 

become unstable. 

・If this situation is continued, decrease of horizontal drainage boring's function will progress and landslide 

become unstable more. 

・As the result, it has risk that landslide will slide again and installed countermeasure is broken. 

 

 

 

 

 

 

 

 

Figure 34  Flow from the aging of facilities to the re-sliding of landslides 

 

The relationship between the deterioration of facilities and maintenance is shown on the next page. 

The function of facilities deteriorates over time, and finally they are destroyed. 

When facilities are destroyed, various problems occur (in this case, landslides re-slide), and there is a risk of 

landslide damage occurring again and countermeasures being introduced again. 

It is effective from the perspective of reducing landslide damage and saving costs to extend the period of use of 

facilities by implementing periodic monitoring and maintenance. 

 

 

  

Clogging of 

drain pipe  

due to slime 
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water 

drainage 

function 
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drainage effect 

of groundwater 
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Pore water 
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drainage 

boring 
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It is important to prevent functional deterioration and to extend service period of 

the facility by periodic monitoring and maintenance (cleaning inside holes). 
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Figure 35  Maintenance and facility lifespan 
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Chapter 5. Maintenance of facilities 

5.1 Horizontal drainage boring 

The maintenance items for horizontal drainage boring are as follows 

・Removal of blockages in the drainage pipe (cleaning work) 

・Repair of ancillary facilities (catchment basin, retaining wall, etc.) 

・Reinstallation of facilities 

It is explained each method of maintenance as followings. 

 Removal of blockages in the drainage pipe (cleaning work) 

This method is cleaning the drainage pipe with high-pressure water to remove any clogged material using high 

pressure hose with special nozzle. 

It is introduced the cleaning methods used in Japan. 

The image figure is shown as following (case of horizontal drainage boring in well). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36  Image figure of cleaning work (case of horizontal drainage boring in well) 

The list of machines used is shown below. (Japanese generally case study)   

High pressure  
hose 

Generator 
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Table 81  List of machines for cleaning work 

Item Specification Remark 

High-pressure cleaner Discharge pressure 10-30 MPa, 

Discharge volume 35-80 L/min 

Diesel-powered or electric 

Generator Depending on the capacity of the 

equipment used. 

For high-pressure cleaner and 

other equipments 

Pump Depending on the pumping height of 

the pump installation location 

For supplying cleaning water 

Motor winch Depending on the bucket size For transporting the slime 

discharged during cleaning 

Brower  For ventilating the well 

High pressure hose Normal pressure 35 MPA  

Cleaning hose Normal pressure 35 MPA  

Special nozzle 4 type  

Scaffolding material  For working space in well 

 

The workflow of cleaning work is shown as following. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37  The workflow of cleaning work 
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The drainage pipe is cleaned using 4 different nozzles attached to a high-pressure hose in 4 stages. 

The cleaning process is shown as following. 

1st stage  2nd stage 

Discharge pressure 15-30 MPa Discharge pressure 10-30 MPa 

Discharge volume 40 L/min Discharge volume 70 L/min 

Discharge situation Cleaning water is sprayed by 1 straght direction jet hole and 

10 jet holes 30 degrees to the rear direction. 

Discharge situation Cleaning water is sprayed by 1 straght direction jet hole and 12 jet 

holes 45 degrees to the rear direction. 

Cleaning focus Initial cleaning and understanding the situation inside the pipe Cleaning focus Remove and clean the sediment inside the pipe 

Discharge situation of 

cleaning water 

 

 

 

 

 

 

 

Discharge situation of 

clean i ng water 

 

 

3rd stage  4th stage 

Discharge pressure 15-20 MPa  Discharge pressure 10-20 MPa 

Discharge volume 60～80 L/min Discharge volume 60～80 L/min 

Discharge situation Cleaning water is sprayed by 12 jet holes 45 degrees to the 

rear direction. 

Discharge situation Cleaning water is sprayed by 8 right angle direction jet holes and 12 

jet holes 45 degrees to the rear direction. 

Cleaning focus Remove and clean the sediment inside of the strainer Cleaning focus Clean by spraying directly into the strainer 

Discharge situation of 

cleaning water 

 

 

 

 

 

 

 

Discharge situation of 

clea ning water 

 

 

 

 

 

 

 

Figure 38  Cleaning process 

Insert the cleaning hose while sending pressurized water through the drainage pipe, and then pull it out when it reaches the back of the drainage pipe (this is one stage of the process). 

Replace the nozzle and repeat the cleaning process for each stage until the returned water is clear finaly. 

The sediment that is discharged should be caught in a colander and removed. 
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It is confirmed the effectiveness of the cleaning, the length of the pipe and the amount of drainage water is 

measured before and after cleaning. (pipe length measuring is used measuring rod. Refer to Capter 3.1.5（1）） 

The amount of drainage water after cleaning is measured after the effect of the cleaning water has ended off. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 39  Cleaning situation (Case of horizontal drainage boring in well) 

 

After carrying out the cleaning work, it is essential to confirm a decrease in the groundwater level and 

increase in the drainage water amount by landslide activity monitoring. 

 

 Repair of ancillary facilities (catchment basin, retaining wall, etc.) 

If the catchment basin, retaining wall or outlet channel is damaged, the groundwater drained by horizontal 

drainage boring seep back into the landslide body. 

Therefore, repairs need to be carried out according to the type of damage. 

Please refer to the following chapters for information on repairing channels and retaining walls. 

 Reinstallation of facilities 

Horizontal drainage boring should be reinstalled in the following cases. 

・If the drainage pipe is broken due to landslide movement. 

・If the function (increase in drainage volume, decrease in groundwater level) does not recover even after 

cleaning. There is a possibility that the groundwater environment on the slope is changing, so additional 

horizontal drainage boring is required. 
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5.2 Drainage well 

The maintenance and repair of drainage wells can be classified into the following three categories. 

・Maintenance and repair of well main body. 

・Maintenance and repair of horizontal drainage boring. 

・Maintenance and repair of safety facilities. 

This section describes the maintenance and repair of the well main body and safety facilities. 

For information on the maintenance and repair of the horizontal drainage boring, please refer to the previous 

section 5.1. 

 Maintenance and repair of well main body 

Steel materials used in drainage wells often occure corrosion by rust, which can reduce the structural function of 

the drainage well. 

In addition, there are cases where vegetation grows in the water collection holes at liner plate and on the  

reinforcement rings, and the fallen leaves from this vegetation can cause clogging of the drainage pipe at bottom 

of well. 

 

 

 

 

 

 

 

Corrosion of liner plate                      Corrosion of Vertical Stiffener 

 

 

 

 

 

 

 

Corrosion of bolt                                Vegetation growth 

Figure 40  Case study photos of deformation 
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Maintenance and repair is categorized into the following three categories. 

・Repair : replacement of components, painting of steel components, concrete crack seal, cutting down of 

vegetation, etc. 

・Reinforcement : internal reinforcement, addition of components (lateral struts, etc.) 

・Renewal: new construction 

 

(1) Repair 

This method is only possible if it is safe to work inside the drainage well. If the deterioration of the wall material 

is so bad and it is difficult to work safety in well, this method cannot be adopted. 

Examples of countermeasures are as follows 

 

・Replacement of some components (bolts, nuts, etc.) 

If these materials are replaced one by one, it is possible to implement the work without affecting the soil 

pressure on the wall material. 

 

When the liner plate or reinforcement ring is replaced, there is a risk that the backsoil of the wall push out when 

the wall material is removed, and that the wall material is destroyed or deformed due to the earth pressure. 

If wall material need to be replaced, safety measures is required taking sufficient measures to deal with the earth 

pressure such as grouting the backyard of the wall and install reinforcement material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41  Case study of liner plate replace 
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Replace liner plate 
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・Clearing vegetation 

Remove vegetation that grows in the water collection holes at liner plate and on the reinforcement rings 

 

・Crack sealing of the bottom plate concrete and catchment basin 

Repair cracks that have occurred in the basin installed in the well bottom plate to prevent water leakage. 

 

・Steel material coating 

This is a method that can be implemented when the rust on the wall material is light and there is no decrease in 

section dimention. There are cases that has been implemented as a measure against acidic soil and water. 

After cleaning and scraping (removing rust) the surface of the wall material, apply the coating. 

 

 

 

 

 

 

 

Removal of vegetation and sediment    Creaning surface of wall material 

 

 

 

 

 

 

 

Situation of surface after creaning      Sandblasting (Removal of rust) 

 

 

 

 

 

 

 

Primer coat                Top coat 

Figure 42  Case study of coating 
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(2) Reinforcement 

This method is only possible to implament if it is safe to work inside the drainage well as same as repair. 

An example of a reinforcement method is internal reinforcement. 

This is method that build a cylindrical structure (such as a liner plate) with a smaller diameter than the existing 

drainage well into the inside of the exist drainage well. 

This method is used when the wall material has deteriorated overall and it is difficult to replace the wall 

material.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 43  Process of internal reinforcement method 
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diameter 2.5m) than the existing one is installed 

inside the existing well (standard diameter 3.5m) 

・Crushed stone is filled in behind the installed 

liner plate 

Third stage 
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Thickening concrete of catchment basin                      Install inner liner plate 

 

 

 

 

 

 

 

 

 

Filling crashed stone behind inner liner plate            Extend pipe of horizontal drainage boring  

Figure 44  Case study photo of internal reinforcement method 
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(3) Renewal 

If it is not possible to work safety inside drainage well, it is adopted. 

1) Backfilling with crushed stone inside well (in this case, maintenance will not be possible after that) 

2) Backfilling with crushed stone inside well + installation a new drainage well at the close position 

3) After backfilling inside well once, installation new well at same position. New well diameter is same or 

bigger than exist well. (In this case that due to construction site restrictions it had to be adopted to construct at the 

same location.) 

In case 2),3), it is required to install horizontal drainage boring and drainage boring again. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 45  Process of renewal of well 

 

Before reinforcement 

The liner plate has deteriorated significantly, 

and it is difficult to work safety inside of well. 

First stage 

・Backfilling soil inside of well 

Second stage 

Re-digging and re-installation of new well with 

bigger diameter than exist well. 

Third stage 

After install renewal well, Catchment basin, 

Horizontal drainage boring and drainage boring is 

re-installed. 
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 Maintenance and repair of safety facilities 

Safety facilities are necessary to prevent third-party damage (such as fall into well) , and if any damage, 

corrosion or deformation is found, it is necessary to take immediate measures. 

The following are the items for maintenance of safety facilities. 

 

・Safety fence & locks：repair or replace 

This facility is to control access by third parties. 

If access to well is possible due to damage, it should be repaired or replaced the damaged parts immediately. 

 

 

 

 

 

 

 

 

Deformation of safety fence 

 

・Canopy : reinforce or replace. 

This facility is installed to prevent people from falling into the well, and if corrosion or deformation occurs, 

there is a risk of inspectors or third parties falling into the well. 

If damege is found, it should be repaired or replaced the damaged parts immediately. 

 

 

 

 

 

 

 

 

 

 

 

Deformation of canopy 

Broken 
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・Ladder in the well : reinforce or replace 

This facility is used by inspectors to climb up and down when monitoring the well. If corrosion or deformation 

occurs, there is a risk of inspectors falling. 

If corrosion or deformation is found, reinforcement or replacement is required as soon as possible. 

 

 

 

 

 

 

 

 

Deterioration due to rust (ladder) 

 

・Subsidence at the ground surface of well 

At the behind well wall, suction out of the soil is occures, causing a cavity to form, and then the loosening of the 

upper part of the cavity, and then it causes subsidence the ground surface. 

If left as is, the suction out of the soil and subsidence of the ground surface will progress.  

This will cause sediment to deposit in the well, resulting in a decline in function of well, and also cause the 

subsidence around the well to expand.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 46  Process of subsidence 

Soil is sucked 

Cavity is formed 

The loosening 

will expand,  

as the suction 

progresses. 

Subsidence 

Sucked sediment deposit 

The well body may tilt. 
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Subsidence of surface ground and deformaton of safety fence 

The following are examples of repair methods 

・Fill the cavity behind the wellwall with mortar 

・Fill the surface area with soil 

・Remove the sediment from the catchment basin 

 

 

 

 

 

 

 

 

 

 

 

Figure 47  Repair method for subsidence 

 

 

  

Subsidence 

Fill with Mortar  

Backfilling 

Remove sediment 
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5.3 Channel 

 Cause of deformation and policy for maintenance 

The following is shown the causes of deterioration and deformation of channels and the policy for maintenance. 

 

〇 In cases caused by slope movement 

Charactor of deformations Policy for maintenance 

Deformation and damage of channel due 

to landslide activity. 

Sinking and rising of channel (Deformation 

in longitudinal alignment) 

After the landslide is stabilized by other 

countermeasure, channel should be repaired or 

renewed. 

 

 

〇 In cases caused by external factors 

Charactor of deformations Policy for maintenance 

Blockage of channels due to sediment 

inflow, fallen leaves and branches 

accumulating in the channels. 

Erosion control at channel side. 

Control of leaf litter and fallen branches in the 

channel (e.g. by cutting down trees). 

Deformation and damage of channel due 

to scouring of the foundation and collapse 

of surrounding slopes. 

Measures to prevent erosion and repair and renew 

channel. 

Measures to prevent the collapse of surrounding 

slopes and repair and renew channels. 
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 Maintenance method 

(1) Maintenance for blockage 

1) Removal sediment, fallen leaf & branch and trash 

If the blockage of channels by sediment, fallen leaves is left unmaintained, water overflow will occur, causing 

flowing water infiltration and channel scouring. 

It should be remove sediment , fallen leaves & branch, trash in the channel. 

 

2) Control supply source of sediment and fallen leaves 

In case that there are source of sediment inflow at channel side, it should be implement erosion control. 

It is shown case study of maintenance. 

<Case.1> 

By install channel and vegetation work, it is prevent sediment flow. 

 

 

 

 

 

 

 

 

 

Current situation                      Maintenance 

 

<Case.2> 

Measures taken by trimming and cutting down trees 

 

 

 

 

 

 

 

Current situation                   Maintenance 

Figure 48  Image drawing of control source of sediment and fallen leaves 

Natural water way 

 (without channel) 

Only during rain, water flow. 

Erosion and sediment flow  

is occurred 
Channel  

is blockage 

Existing channel  

Install channel to control 

surface water way 

Vegetation work to 

control erosion. 

Existing channel  

・Blockage of channel is occurred by fallen 

leaves and branches. 

・There is a risk of blockage of channels by 

fallen tree. 

・Timbering tree 
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(2) Maintenance for scouring 

1) Scouring by surface water 

<Case.1> 

Pitching concrete at channel side. In case that scouring is occurred at channel side, backfilling at scouring 

position and pitching concrete is implemented. 

 

 

 

 

 

Current situation                 Maintenance 

<Case.2> 

Install additional channel 

 

 

 

 

 

 

 

 

Current situation                 Maintenance 

Figure 49  Image drawing of control scouring by surface water 

 

2) Scouring by surface water and shallow groundwater 

Changes to the structure of channels. In addition to countermeasures to prevent channel scouring by surface 

water, install drains to control shallow groundwater. 

 

 

 

 

 

Current situation                 Maintenance 

Figure 50  Image drawing of control scouring by surface water and shallow groundwater 

Scouring by 

surface water 

Channel 

Pitching concrete 

Backfilling 

Existing channel  

Natural water way 

 (without channel) 

Only during rain, water flow. 

Scouring is occurred 

Install channel to control 

surface water way 

Backfilling 

Pitching concrete 

Existing channel  

Channel 

Scouring by surface water 

and shallow groundwater  Pitching concrete 

Drain for shallow 

groundwater 
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(3) Maintenance for deformation or damege (channel, catchment basin, other facilities) 

1) Facilities broken by collapse 

In case that facilities broken by slope failuer, at once install countermeasure and repair or renew facilities. And in 

some cases, the alignment is changed. It is shown case study following. 

 

 

 

 

 

 

Current situation                 Maintenance 

Figure 51  Image drawing of shifting channel alignment 

 

2) Facilities broken or Significant cracks (leakage is a concern) 

Basically, it should be taken countermeasure for cause of deformation and facilities should be renewed. 

(Collapse. Sink. Slide at steep slope etc.) 

 

3) Repair for crack (minor crack) 

Minor cracks that do not risk leakage will be treated by crack repair. 

However, it is necessary to investigate the cause of the crack, and monitoring is necessary after repair. 

If cracks reoccur after repair, it is possible that they are affected by ground subsidence or slope movement, and 

measures are required to take measure for the cause of the deformation. 

 

Crack repair has already been carried out in Honduras. Here, it introduces the method of crack repair that is 

generally carried out in Japan. Please refer to it. 

By sealing the cracks formed in the concrete, this method is prevented deterioration factors (such as chloride 

ions, carbon dioxide, and water) from entering the concrete through the cracks. 

There are three types of crack repair methods 

・Surface coating method 

・Crack injection method 

・Filling method 

 

The following is a brief overview of each method 

Channel alignment shift 

Retaining wall 

Collapse occurs 

Channel 
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〇Surface coating method 

This method is that improves waterproofing and durability by coating over fine cracks (width of approx 0.2 mm 

or less). The coating only covers the cracks. 

 

 

 

 

 

 

Figure 52  Image drawing of surface coating method 

 

〇Crack injection method 

This method is that improves waterproofing and durability by injecting resin-(Epoxy resin) or cement-based 

injection materials into cracks 0.2mm or wider. 

 

 

 

 

 

 

 

Figure 53  Image drawing of surface coating method 

 

〇Filling method 

This method is suitable for repairing relatively large cracks 0.5mm or wider. This is method that cut concrete in 

a U-shape along the crack and filling the cut with repair material. 

Filling materials can include elastic sealing materials, flexible epoxy resins, or polymer cement mortars. 

 

 

 

 

 

 

 

Figure 54  Image drawing of fillling method  

Crack 

Coating material 

Crack 

Injection pipe 
Sealing material 

Sealing material 

(For preventing injection 

material leaking) 

Injection material & equipment 

Crack 

Filling 

material 

Primary coating 
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5.4 Retaining wall 

 Cause of deformation and policy for maintenance  

The causes of facility deformation are classified into two factors. 

・Deformations due to deterioration of facilities 

・Deformation due to external factors 

It is shown cause of deformation and policy for maintenance following. 

 

〇Deformations due to deterioration of facilities 

Charactor of deformations Policy for maintenance 

In the case of gabion, corrosion 

of the frame will progress, then  

frame will deform and break due 

to the earth pressure. 

Basically, facility is renewed. 

When study renewal of facility, considering long life of facility, it 

is better to be adopted plating with a high anti-corrosion effect 

and thick components that take into account the amount of rust. 

Deformations occur, due to 

deterioration or a decrease in the 

strength of the concrete. 

 If crack is minor, it is adopted crack repair. 

if crack is signcificully, consider to renew or reinforcement wall 

etc.   

When studying method, it should be to consider not only facility condition but surround slope condition. 

If it is adopted renewal of facility, it should to be studied slope stability during removal retaining wall. 

 

〇Deformation due to external factors 

Charactor of deformations Policy for maintenance 

Deformation caused by 

condition change of the slope 

behind the retaining wall 

Base on the investigation and analysis result of slope, it 

should be studied the method. 

Due to the decreace of drainage 

functions or change groundwater 

condition, water pressure act to 

the retaining wall and 

deformation occure. 

 It should be studied to install or repair drainage facilities. 

 

Due to change condition of 

foundation ground, deformation is 

occure. 

 

Base on the investigation and analysis result of foundation 

ground slope, it should be studied the method. 
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 Maintenance method 

(1) Maintenance for deteriorated facilities 

1）Gabion 

The most common cause of deformation in this facility is due to the deterioration of the frame wire. 

This member deteriorates due to rust, leading to rupture, the outflow of boulders, and destruction of the 

structure. 

Since it is difficult to replace only the frame wire, it is common to renew the facility. 

When study renewal of facility, considering long life of facility, it is better to be adopted plating with a high anti-

corrosion effect and thick components that take into account the amount of rust. 

 

2）Concrete retaining wall 

Concrete retaining wall (include wet masonry wall) is deformed due to deterioration or decrease in the strength 

of the concrete. (Crack is occured) 

If crack is minor, it is adopted crack repair. if crack is signcificully, consider to renew or reinforcement wall etc. 

Regarding crack repair, please refer to previous section. (P.139) 

 

Case study of reinforcement is shown following. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 55  Image drawing of pitching concrete method 

 

When studying method, it should be to consider not only facility condition but surround slope condition. 

If it is adopted renewal of facility, it should to be studied slope stability during removal retaining wall. 

 

Pitching concrete work 

Crack 

Drainage pipe 

Extend 

drainage pipe 

Rebar 

Place concrete 



143 

 

(2) Maintenance for facilities deformed due to external factors 

It is shown that is case study of maintenance work of retaining walls deformed due to external factors. 

 

1) Deformation caused by condition change of the slope behind the retaining wall 

 

Retaining walls are usually 

designed with a shape that can 

resist the soil pressure behind the 

wall. 

 

 

Landslide occurred.  

The retaining wall is acted greater 

than expected soil pressure. 

The retaining wall is tilted. 

 

 

 

Fixing retainingwall by ground 

anchor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 56  Case study of Anchor at retaining wall 

Tilted by landslide 

Landslide occur 

Ground anchor 
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2) Decreace of drainage functions or change groundwater condition 

The drainage pipes installed in the retaining wall are intended to drain the water behind the wall and reduce the 

water pressure acting on the wall. 

In some cases, the drainage pipe may become blocked and drainage may become impossible (in the past, 

drainage was possible). 

There is a risk that the back of the wall may become water-bearing due to the loss to drain, and the water 

pressure may act on the wall, causing it to deform. 

In case that, it should be cleaned drainage pipe. 

 

 

 

 

 

 

 

 

 

 

Figure 57  Clogging situation of drainage pipe. 

In some cases, as shown in the photo below, there is a large amount of spring water distributed. 

It is not possible to drain the water using only the drainage pipes in the retaining wall, and it is possibility to 

become water-bearing behind the retaining wall. 

In cases like this case, it is also effective to install horizontal drainage boring on the behind slope of the wall to 

drain the groundwater. 

 

 

 

 

 

 

 

 

 

 Figure 58  Large amount of spring water 
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3) Deformation due to change condition of foundation ground  

If foundation ground condition of retaining wall is changed, retaining wall may be tilted. 

If tilting is progress, stability of retaining wall is loss. 

 

<Case.1> Scouring foundation of retaining wall 

The foundation ground of the retaining wall is 

scoured by river water flow. 

Retaining wall lossed foundation makes tilting and 

unstable structure. 

 

 

 

Concrete is placed to foundation of retaining wall. 

(more1.0m under the riverbed) 

In front of foot protection concrete, gabion is 

installed due to control scour of concrete foundation. 

 

Figure 59 Image drawing of foot protection work 

 

<Case.2> Foundation ground is deformed at the steep slope 

The foundation ground of the retaining wall at 

steep slope become loose. 

Progress of loose makes foundation ground shift 

to downward and then, retaining wall is tilted and 

become unstable. 

 

It is fixed loosen slope by ground anchor, prevent 

to become unstable of retaining wall 

 

 

 

 

 

Figure 60   Image drawing of fixing foundation slope  

Scouring foundation 
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Foot protection work 
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Foot protection work 
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Bedrock 

Debris 

Ground anchor 
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5.5 Shotcrete 

 Classified and policy for maintenance 

The methods for maintaining of shotcrete are classified into the following categories, taking into account the 

conditions and causes of deformation. 

(1) Maintenance for the deterioration of facilities 

・ Demolition and reconstruction of existing facilities 

・ Surface covering work 

・ Crack repair work 

・ Cavity filling work 

(2) Maintenance considering slope stabilization 

・ Maintenance combinated reinforcement of slope 

・ Slope stabilization method 

 

Maintenance method Policy for maintenance 

Demolition and reconstruction. This is a method that has been commonly adopted. 

Demolition and reconstruction of existing facility. 

Issues include safety during demolition, demolition costs, and 

disposal of large amounts of waste. 

Surface covering work Spraying thin layers of mortar or polymer cement onto the 

surface existing shotcrete. 

In case that only surface peeling of shotcrete occured, it is 

adopted. (it has not be occured decrease of adhesion, cavity, 

weathering and destabilization of slope ) 

Crack repair work Repair the crack on the shotcrete to prevent seeking water 

and deterioration. 

Cavity filling work Filling Cement milk or mortal into cavity behind shotcrete 

Maintenance combination 

reinforcement of slope 

 Reinforcement of slope behind the shotcrete and increase the 

thickness of the shotcrete itself.（include cavity filling work) 

it is adopted based on the results of the survey of the condition 

of slope behind shotcrete 

Slope stabilization method  In case that facility is deformed by slope destabilization, it is 

adopted slope stability countermeasure.  

(Anchor, Horizontal drainage boring, cutting slope etc.) 

 



147 

 

 Maintenance method 

(1) Demolition and reconstruction 

It is adopted method in case that facility is damaged significantly and difficult to repair. 

This is a method that has been commonly adopted. 

However, this method has many issues, such as safety measures for the area below the construction site when 

demolishing the existing mortar, increased demolition costs and construction time due to manual demolition 

work, and the large amount of industrial waste. 

 

 

 

 

 

 

 

 

 

Figure 61  Manual demolition situation 

In case that damage is significantly, slope condition is not good (progress of weathering, loose rock or sediment 

is distributed)  

In that case, if same method as existing facility is adopted, it has risk to be damaged again. 

Depend on slope condition, it should be study the method. 

 

(2) Surface covering work  

Surface covering work is adopted when decrease in adhesion to the bedrock behind the shotcrete and the 

weathering of the bedrock don't progressed, and only the peeling of the shotcrete surface occurs. 

It is method that thin layer (a few millimeters) of mortar or polymer cement is spraied onto the surface of 

deteriorated shotcrete due to protect the surface. (Polymer cement mortar is a mortar made by mixing cement and 

fine aggregate with polymer resin. Compared to cement mortar, it has improved adhesive properties, 

waterproofing, drying shrinkage, chemical resistance, abrasion resistance, and impact resistance.) 

If some cracks are occured, it is combinated crack repair work. 

 

(3) Crack repair work 

Regarding crack repair, please refer to previous section. (P.139) 
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(4) Cavity filling work 

Cavity filling work is method that is filled mortar or cement milk into the cavities on the back of shotcrete 

If cracks occur in the shotcrete and there is a possibility that the filling material will leak out, it should be 

caulked to prevent leakage. 

 

 

 

 

 

 

 

 

 

Figure 62  Image drawing of Cavity filling work 

 

(5) Maintenance combination reinforcement of slope. 

It is the case that is assumed condition changing of slope behind shotcrete by loosening due to weathering etc. 

The slope behind shotcrete is reinforced and the deteriorated shotcrete is repaired and reinforced. 

Reinforcement of slope behind the shotcrete and increase the thickness of the shotcrete itself.（include cavity 

fill work)  It is adopted based on the results of the survey of the condition of slope behind shotcrete. 

Case studies in Japan are shown in the figure on 

the right. 

・Rockbolt : Used to reinforce loose layer on the 

behind slope of shotcrete. 

・Shotcrete thickening : Used to reinforce 

existing shotcrete that has deteriorated 

significantly. 

・Drainage pipe : Used to drain surface water 

from the back of the shotcrete. 

・Filling material: Used to fill cavities in the 

back of the shotcrete. 

・Coupling bolt: Used to join existing shotcrete 

and thickened shotcrete together. 

         Figure 63  Image drawing of maintenance combination reinforcement of slope 
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(6) Slope stabilization method 

In case that facility is deformed by slope destabilization, it is adopted slope stability countermeasure. 

(Anchor, Horizontal drainage boring, cutting slope etc.) 

First, it should be investigated and analyzed the target slope deformation to understand the deformation 

mechanism. 

Next, it should be studied and designed countermeasures based on the results of the investigation and analysis. 

And then, it should be constructed countermeasure. 

Case studies in Japan are shown in the following figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 64  Case study drawing of slope stability countermeasure 
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Chapter 6. Conclusion 

The aging of slope stability countermeasure facilities is an unavoidable problem in future. 

In addition, the condition of slopes also changes over time. 

If the function of countermeasures deteriorates due to the aging of the facilities and the slope condition changes, 

the slope may become unstable again and there is a risk of slope disasters occurring again. 

 

Renewal aging facilities requires a huge amount of time and cost, it is difficult to renew all facilities in same time. 

In order to ensure the safety of citizens' lives considering the limited budget and time available, it is important to 

periodically monitor slopes and facilities and carry out periodic repairs based on the results of these monitorings, 

and to extend the lifespan of facilities. 

 

This manual introduces monitoring and maintenance methods for slope stabilization measures based on case 

studies of Japan. 

We hope that you will use this manual as a reference to establish and implement monitoring and maintenance 

methods that are suited to the situation in Honduras. 
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Preface 

This manual is a slope hazard map/risk map creation manual for Output 3 of the “Project for Control and 

Mitigation of Slope Disasters in the Central District in Republic of Honduras”.  

From the start of the project, including the period during which we were unable to carry out local activities 

due to the COVID-19 crisis, we have four years of activity experience from 2019 to 2023. Finally, the counterpart's 

Output 3 Working Group has the following members (Table 1)． 

Table 1 Counterpart's Output 3 Working Group members (JET) 

No NAME C/P 

R
e
s
u
l
t
a
d
p
3 

1 Silvia Becerra AMDC-UMGIR 

2 Hugo Daniel Medina Mejia AMDC-GER 

3 Lorena Maria Lazo Polanco AMDC-UMGIR 

4 Nidia Luque AMDC-CODEM 

5 Amircar Pavón AMDC-CODEM 

6 Roberto Elías Grandos Chahín AMDC-UMGIR 

7 Dorian Fiallos AMDC-C&S 

8 Renan Eduardo Rivera García AMDC-C&S 

9 Mariela Suazo Sibaja AMDC-UMGIR 

10 Mayuri Sanchez AMDC-GCC 

11 Ricardo Emesto Aguilar Mira AMDC-Civil works 

12 José Luis Martinez Reyes AMDC-UMGIR 

13 Carlos Gustavo Chavez AMDC-UMGIR 

14 Brandon Anthony Dubon Servilla AMDC-GER 

15 Liver Fino AMDC-GER 

16 Laura Marcela Salgado Valladas UNAH-ENG 

17 Elías Leonardo García Urquía UNAH-ENG 

18 Maynor Alberto Ruiz UNAH-IHCIT 

19 Alex Javier Cardona UNAH-IHCIT 

20 Felix Enrique Rodriquez UNAH-IHCIT 

21 Lidia Torres Bernahard UNAH-IHCIT 

22 Jermain Enrique Zeron Izaguirre COPECO DGP 

23 Jorge Miguel Aguilar Medina COPECO DGP 

 

[AMDC] Silvia Becerra (UMGIR), Hugo Daniel Medina Mejia (GER), Lorena Maria Lazo Polanco (UMGIR), 

Nidia Luque (CODEM), Amircar Pavón (CODEM), Roberto Elías Grandos Chahín (UMGIR), Dorian Fiallos 

(C&S), Renan Eduardo Rivera García (C&S), Mariela Suazo Sibaja (UMGIR), Mayuri Sanchez (GCC), Ricardo 

Emesto Aguilar Mira (Civil works), José Luis Martinez Reyes (UMGIR), Carlos Gustavo Chavez (UMGIR), 

Brandon Anthony Dubon Servilla (GER), Liver Fino (GER). 

[COPECO] Jermain Enrique Zeron Izaguirre (DGP), Jorge Miguel Aguilar Medina (DGP) 

[UNAH] Laura Marcela Salgado Valladas (ENG), Elías Leonardo García Urquía (ENG), Maynor Alberto Ruiz 

(IHCIT), Alex Javier Cardona (IHCIT), Felix Enrique Rodriquez (IHCIT), Lidia Torres Bernahard (IHCIT).  

 



2 

 

------------------------------------------------------------------------------------------------------------------------------------- 

In addition to them, we would like to add the names and affiliations of the members who have been active 

so far to reward their efforts. The affiliations in parentheses are those at that time. 

[AMDC] Sincy Rosa Lozano (UMGIR), Karen Cubas Triminio (GER), Ruben Álvarez Lardizabal (CODEM), 

Ferid Gabrie (CODEM), Olman Joel Manueles (UMGIR), Oscar Jose Díaz (Civil works).  

[COPECO] Lenin Díaz (DGP), Heymy Barahona (DGP), Miguel Alejandro López Rivera (DGP).  

[UNAH] Ana Gabriela Nuñez Palma (ENG), Elisabeth Espinoza (IHCIT), Javier García Reynaud (IHCIT), 

Nelson Manrique Sevilla (IHCIT).  
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HASEGAWA, Koichi 

ASSISTANTS 

Vilma Marina Mejia 

Alejandro Jose Flores 

PROJECT LEADER 

KUWANO, Takeshi 

 

31 july, 2023 
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Chapter 1. Introduction 

1.1 Purpose and scope of this manual 

The purpose of this manual is to allow the elaboration of the slope hazard map and the slope risk map for 

the slopes of Tegucigalpa. Furthermore, when applying the manual to other regions, the relevant parties, here 

AMDC, COPECO and UNAH, are considered to create or revise the manual. The scope of Output 3 of the project 

extends from El Eden to Nueva Santa Rosa in the east and includes El Hatillo, which is involved in Output 4 

(Figure 1). 

 

Figure 1 Target area for creating slope hazard maps and risk maps (JET) 

 

The types of slope disasters covered in this manual are “landslide” and “slope failure/rockfall.”(Table 2 and 

Figure 2). 

According to Varnes' classification, these slope disaster types are related in Table 2 (enclosed part). 
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Table 2 Comparative Table for Landslide classification  

 

 

Landslides can be compared to "Slide" and "Lateral spreading" in the Varnes movement classification, and 

hillslides and rockfalls can be compared to "Rockfall" and "Toppling". 

For reference, three examples of slope disasters covered by the Sediment- related Disaster Prevention Act  

in Japan are as follows (Table 3). These are classification methods that take measures into account and are 

stipulated by the Act. Debris flows are excluded from the survey targets in this project because there are extremely 

few similar disasters in the Tegucigalpa Basin.  

This is regarded as one form of slope failure, as rock falls rarely occur in the study area. In two example, 

lanndslide and slope failure, the special danger zone on the slope is divided into the red zone, and the danger zone 

is divided into the yellow zone (Figure 42 in Section 3.3). These categories are used in determining the extent of 

risk in the map. 
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Figure 2 Three types of slope disaster in the Sediment-related Disaster Prevention Act in Japan. (Public works 

Research Institute, 2004) 

 

Table 3 Classification of Sediment-related Disaster (Public works Research Institute, 2004) 

Debris flow This is a phenomenon in which soil and rock on the hillside or in the riverbed are carried 
downward at a dash under the influence of a continuous rain or a torrential rain. Although 
the flow velocity differs by the scale of debris flow, it sometimes reaches 20-40 km-hr, 
thereby destroying houses and farmland in an instant. 

Slope failure In this phenomenon, a slope abruptly collapses when the soil that has already been 
weakened by moisture in the ground loses its self-retainability under the influence of a rain 
or an earthquake. Because of sudden collapse, many people fail to escape from it if it occurs 
near a residential area, thus leading to a higher rate of fatalities.  

Landslide This is a phenomenon in which part of or all of the soil on a slope moves downward slowly 
under the influence of groundwater and gravity. Since a large amount of soil mass usually 
moves, a serious damage can occur. If a slide has been started, it is extremely difficult to 
stop it. 

 

 

 

 

  

Debris flow Slope failure Landslide 
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1.2 Definition of Hazard Map and Risk Map 

The definitions of the hazard map and risk map are as follows: 

➢ Landslide hazard maps：Landslide hazard maps indicate the possibility of landslides occurring throughout 

a given area. An ideal landslide hazard map shows not only the chances that a landslide might form at a 

particular place, but also the chance that it might travel downslope a given distance. -USGS* 

*USGS: United States Geological Survey 

➢ Landslide risk maps：Landslide risk maps show landslide potential along with the expected losses to life 

and property, should a landslide occur. Risk maps combine the probability information from a landslide 

hazard map with an analysis of all possible consequences (property damage, casualties, and loss of service).–

USGS 

Table 4 Definitions of several kinds of maps used to depict danger from landslides 

 (adapted from “What is a landslide hazard map?” by the U.S. Department of the Interior (USGS)) 

Landslide inventory 
maps 

Landslide 
susceptibility maps 

Landslide hazard maps Landslide risk maps 

Landslide inventory 
maps show landslide 
locations and might show 
the dimensions and 
geographical extent of 
each landslide. One clue 
to the location of future 
landsliding is the 
distribution of past 
movement, so maps that 
show the location and 
size of landslides are 
helpful in predicting the 
hazard for an area.  

Landslide susceptibility 
maps describe the 
relative likelihood of 
future landsliding based 
solely on the intrinsic 
properties of a locale or 
site. Some organizations 
use the term “landslide 
potential map” for maps 
of this kind. Prior failure 
(from a landslide 
inventory), rock or soil 
strength, and steepness 
of slope are three of the 
more important site 
factors that determine 
susceptibility. 

Landslide hazard maps 
indicate the possibility of 
landslides occurring 
throughout a given area. 
An ideal landslide hazard 
map shows not only the 
chances that a landslide 
might form at a particular 
place, but also the 
chance that it might travel 
downslope a given 
distance. 

Landslide risk maps 
show landslide potential 
along with the expected 
losses to life and 
property, should a 
landslide occur. Risk 
maps combine the 
probability information 
from a landslide hazard 
map with an analysis of 
all possible 
consequences (property 
damage, casualties, and 
loss of service). 

 
U.S. Landslide Inventory 
(arcgis.com) 

 
of06-1139sh1_test.eps 
(usgs.gov) 

 
hazmap2.pdf (usgs.gov) 

No example 

  

https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=ae120962f459434b8c904b456c82669d
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=ae120962f459434b8c904b456c82669d
https://pubs.usgs.gov/of/2006/1139/pdf/of06-1139sh1.pdf
https://pubs.usgs.gov/of/2006/1139/pdf/of06-1139sh1.pdf
https://pubs.usgs.gov/of/2005/1405/pdf/hazmap2.pdf
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Chapter 2. Slope survey 

2.1 Target slope selection 

2.1.１ Landslide 

(1) Terminology of Landslide 

Confirm the name of each part of the landslide before the field survey (Figure 3). 

➢ Outer part: Original ground surface, Crown, Crown cracks, Right flank 

➢ Related Body: Main scarp, Minor scarp, Right flank, Head, Foot, Toe, Transverse cracks, Transverse ridges, 

Surface of rupture, Toe of surface of rupture, Surface of separation. 

 

Figure 3 Landslide diagram and their terms (modified USGS) 

 

(2) Photo interpretation 

Before site inspection, topographical interpretation shall be carried out using aerial photograph, satellite 

image or topographical map. 

Landslide extraction method by photo interpretation 

When selecting a landslide site, the results of interpreting the landslide landform basically using a 

topographic map and aerial photographs are placed on the map. 

Normally, aerial photographs taken by airplanes are flat, but two adjacent aerial photographs are taken so 

that 60% of the shooting range overlaps. By“stereoscopic viewing”two adjacent photos, you can see them three-

dimensionally as if it could be done looking at a diorama. By juxtaposing two slightly different images, it could 
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be seen a two-dimensional image three-dimensionally. When a human sees an object three-dimensionally, the 

brain synthesizes slightly different images seen by the right and left eyes to obtain a three-dimensional effect. 

Stereograms apply this principle to make a flat image appear three-dimensional. In the same way, it could be 

observed the ground surface three-dimensionally by arranging different left and right photographs side by side for 

stereoscopic aerial photography. 

First, the landslide topography interpreted by stereoscopic vision is drawn on the photograph with a 

dermatograph, and then expressed on the map. 

 

Figure 4 Photo interpretation (modified by JET) 

 

When the aerial photograph interpretation is completed, the landslide topography is entered in the survey 

area and preparations for the field survey are prepared (Figure 5). 

Figure 5 Compile Landslide maps (on aerial photographs, Left: El Edén, Right: Nueva Santa Rosa, JET) 
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Topographical factor 

The topographical factor shall be evaluated by the following two processes. One is photo interpretation, the 

other is topographic analysis. Before starting the field survey, or in parallel with the field survey, landslide 

topography is sought through internal work such as aerial photo interpretation and topographic analysis, and a 

landslide inventory map is created (Figure 6 ). 

 

Figure 6 Landslide inventory map in Tegucigalpa (JICA, 2014) 

 

Landslide inventory map of the project (Figure 7) was prepared by using the Figure 6 as the basic material. 
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Figure 7 Landslide inventry map of the Project (compiled by JET) 

 

Topographic maps with contour lines are used for topographic analysis. The area surrounded by a square 

on this map is the area for creating the hazard map and risk map (Figure 8). 

Linear topography (lineaments) can be seen in the NE-SW, NNE-SSW, and NE-SE directions. There is a 

high possibility that these are faults, and there is a possibility that the ground around the straight topography is 

weakened. 

  

Figure 8 Topographic map with countor line (JET) 

 

 In addition, a small mountain can be seen in the central part of the drawing, but a disturbance in elevation 
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is recognized in the southern part, presenting a relatively large landslide topography. A similar topography can be 

seen on the left side of the drawing. 

 

(3) Site reconnaissance 

Surface anomalies shall be evaluated by site reconnaissance.  

➢ The above two methods (photo interpretation and site reconnaissance) shall be evaluated based on the specific 

landslide features as shown below. Generally, the area which is located next to landslide area shall be potential 

landslide area. 

➢ Slope surface shows undulation (disarray of contour line on topographical map); steep slope, gentle slope and 

steep slope again from the top to bottom part of slope. Unevenly sloping ground which are disordered with 

respect to the general dip and strike of the regional geological structure. Toe part of natural slope shows steep 

angle or bulging up (Figure 9). 

 

Figure 9 Typical Landslide Topographical Feature (after Fujiwara, 1979, abridgment) 

 

➢ Top part of the natural slope shows horse-shape or rectangular shape scarp, and middle part of the slope shows 

flat gentle slope (Figure 10). There may be other terrains such as: Depression zone, cracks and swath of 

depression zone on the slope or mountain ridge. And Swamp and pond are regularly arranged on the area. 

 

Figure 10 Change of Side ridge of Landslide Block (after Watari and Kohashi, 1987) 

Top part 

Bottom part 

Steep slope 

Steep slope 

Gentle slope 

Slip surface 

  

Landslide 
block 
  

Slip surface 
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(Valley shape, crack) 
  

Bulge up 
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➢ Valley shape or cracks are found on slide ridge of landslide body (Figure 11). A depression often exists near 

the mountain ridge behind the landslide body. 

 

Figure 11 Figure of Mountain Ridge behind Landslide (after Watari and Kohashi, 1987) 

 

➢ Drainage system on the slope changes direction suddenly, or drainage system is terminated middle part of the 

slope (Figure 12) 

 

Figure 12 Abnormality of Drainage System (after Watari and Kohashi, 1987) 

 

➢ River line curves and scouring causes slope instability (Figure 13). Abnormal changing of river line, the part of 

changing of river width to narrower. Abnormal growing/tilting of trees. 
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Figure 13 Curve Part of River Line (after Watari and Kohashi, 1987) 

 

１）Geological Condition 

Geological Structure 

The inspector shall check condition of the target cut/natural slope regarding to the following items to 

evaluate the predisposing factor of occurrence of landslide. 

Fault, Fracture zone:  

Fault or fault fracture zones which is considered to affect directly the landslide stability shall be targeted. The 

fault/fracture zone can be recognized by geological map or outcrops on site. General condition between 

fault/fault fracture zone and slip surface of landslide is shown on Figure 14. The following relations between 

fault/fracture zone and occurrence of landslide exist. Part of fault plane make a slip surface, or it impose 

restrictions on area of landslide. Fault plane or fracture zone becomes channel of groundwater, or since it can 

become impermeable layer because of fault clay (gouge), the fault controls channel of groundwater. Those 

conditions can be cause of landslide. 
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Figure 14 Cases of Dip Slope (after Road Management Techinical Centrer, 2007) 

 

Dip slope:  

Dip natural slope is prone to landslide especially of flow type and rock sliding type (Figure 14). There are two 

(2) cases of dip slope such as case-(a) and case-(b) in Figure 15. Case-(a) is bedding, joint, schistosity etc, that 

shows steeper angle than slope angle and case-(b) is bedding, joint, schistosity etc. that shows gentler angle 

than slope angle. Case-(b) is prone to landslide more than case-(a), but case-(a) also shall be taken a note at 

head part of the slope.  

In the case of a non-dip slope (Figure 15), small to medium scale landslides may occasionally occur. 

 

Figure 15 Dip slope and Undip Slope (after Road Management Technical Center, 2007) 
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Hydrological feature 

Groundwater is important factor of trigger of landslide. Groundwater which is inflow or percolated water 

from upper slope of landslide area or landslide slope can be found around slip surface at toe part of landslide. 

Spring water is prone to focus on both side of landslide body (Figure 16).   

Figure 16 Groundwater flow direction in landslide bocy (after Watari and Kohashi, 1987) 

 

2.1.２ Slope failure/ Rock fall 

(1) Types of "Slope Failure/Rockfall" (in cross section) 

 

Figure 17 Section profile of Slopes (modified from SABO-Net) 

 

➢ A: Soil slope containing gravel（ex: terrace, pyroclastic) 

➢ B: The top is a soil/sand slope (ex: break line of the top of the natural slope, near the shoulder of the cut slope) 

➢ C: The foot part is a soil/sand slope (as a talus in the foot part of a natural slope) 

➢ D: The topsoil is soil/sand up to a steep eroded rock slope (natural slope in between, etc.) 

➢ E: Slope with discontinuity as concordance of slope surface. 

➢ F: Slope with discontinuity inclined for mountain. 

➢ G: Slope with a discontinuous surface at high angles. 

➢ H: Rock slope without discontinuity. 
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(2) Screening Process 

➢ Preparation: Prepare existing landslide inventory maps, topographic maps and aerial photographs. Prepare DEM 

(Desital Elevation Model) data. 

Action： 

1) Creation of geologic map, creation of undulation maps, preparation for creation of slope classification maps. 

Conduct a field survey. 

2) Create a slope inclination map. The divisions in Figure 18 are 0≦SI<30m 30≦SI<45, 45≦SI<60, 60≦

SI<90 (SI: slope inclination, unit is [°]). 

3) Create a relief energy map. The divisions in Figure 19 are 0≦RE<5, 5≦RE<10, 10≦RE<15, 15≦RE<20 

(RE: Relief energy, unit is [m]). 

4) Create a geologic map. Since the previous geologic maps were created separately from El Edén and Nueva 

Santa Rosa, a series of geological maps of the project area would be created (Figure 20). 

5) Create a diagram that overlaps the relief energy map and the slope incline classification map (Figure 21). 

Consideration would be made based on the results of the field survey. 

6) In the survey area, the slope of Ignimbrite is relatively stable, and it is judged that the impact of falling rocks 

from the ridge is very small. 

7) The area where the Igninbrite distribution range (Figure 21) is excluded from the area of the superimposed 

figure created in Action 5 and the area for creating the hazard map and risk map of "slope failure/rockfall". 

  
Figure 18 Slope inclination map (JET) Figure 19 Relief energy map (JET) 

 

Geologic map of the previous project (Figure 20 a) and Geologic map of this project (Figure 20 b) are 

shown. 
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Figure 20 Geologic map (a: El Edén and Nueva Santa Rosa, b: The Project area, JET) 

 

 

Figure 21 Left: Composite map with Slope inclination (30°more) and Relief energy (5m more). Right: 

Composite map to select “Slope failure/Rockfall” sites by GIS (relief energy, slope inclination, and geology, JET) 

 

(3) Inspection 

a. Topography 

Generally specific topographical features which are created as the result of the activity of rockfall/slope 

failures can be found at slope failure/rockfall prone area. The topographical feature which has those factors of 

collapse is as follows (Table 5). 

Inspector shall check how much the collapsed factor can be matched to the target slope. 

 

 

b a 
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Table 5 Topographical Factor (after Road Management Technical Center, 2007) 

Talus slope 

 

It is a natural slope which is shown sudden gentle 
angle at the lower part of the slope. Talus slope is 
created by sedimentation of fallen debris from 
upper part of the slope. Talus part, generally 
consist of gravely soil and is loose condition.  

Clear convex break 
of slope (Knick line) 

 

It is a line connecting the point which is changed 
suddenly from gentle angle to steep angle of slope 
in view from top of the natural slope. Generally, 
occurrence of erosion and collapse is significant in 
case that the line is shown clearly. In case that 
there are a number of knick lines, it shall be 
focused on the clearest line. 

Eroded toe of slope 

 

Generally, the part of the slope which faces curved 
river line is eroded by river flow. Those parts show 
rock exposure or bare land. 

Overhang 

 

Overhang can be found on the undulated rock or 
soil slope surface. Overhang part shows more 
than 90 degree of slope angle.  

Water catchment 
slope 

 

Water catchment slope shows a basin-shape 
valley and the flow down area is narrow. It is 
notable that debris can flow down from small scale 
of water catchment slope and mountain stream.  

 

b. Geological Condition 

Soil, rock and geological structures which are prone for a collapse to occur shall be evaluated based on the 

following standard. When it is difficult to observe those factors on the target slope, it can be evaluated from 

neighbor slope condition or existing data if it is available. In case that the condition of slope is not uniquely; it shall 

be evaluated based on the most unstable condition on that slope.  

b.1 Soil 

The inspector shall check whether condition of the most parts of the target cut/natural slope conform to the 

following soil material, and evaluate as “marked”, “a little marked” and “none” according to the actual condition. 

➢ Soil which is “susceptible to erosion”: Volcanic ash, highly weathered rock, terrace gravel and sand, sandy 

soil, etc 

➢ Soil which has “less strength with water”: The soil is prone to reduce the strength when it is water bearing. 

Loam, silty sand, sandy silt, silty cohesive soil, fine grain soil, etc.  
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b.2 Rock 

The inspector shall check whether condition of the most parts of the target cut/natural slope conform to the 

following rock condition, and evaluate as same as b.1 case above. 

➢ Rock which has “high density of cracks and a weak layer”: The rock has crack or weak layer (joint, fault, 

weak bedding plane, schistosity, intrusion plane, etc.) developing within 20cm to 30cm interval, and shows 

its fragment in the form of plate, column or cubic.  

➢ Rock which is “susceptible to erosion”: The rock is soft rock. The rock can be broken by hammer easily. 

The rock slope is prone to small scale surface collapse frequently. 

➢ Rock which is “fast weathering”: It is expansive rock and rock which is prone to slaking (serpentinite, 

mudstone, shale, tuffaceous sedimentary rock, weathered schist, etc.). These rocks contain expansive cohesive 

mineral, and is prone to be fragmented or be muddy condition as part of weathering, even though the rocks 

look hard. 

b.3 Geological Structure 

The inspector shall check whether condition of the most parts of the target cut/natural slope conform to the 

following geological structures condition, and evaluate as same as b.1 case above. 

➢ Structure which shows “dip slope of bedding plane”: Check the target slope condition based on the 

following figures (Figure 22) 

 

Figure 22 Example of Dip Slope (In case of the inspection, (a) and (c) shall be adapted as dip slope, after Road 

Management Technical Center, 2007). 

 

➢ Debris on impermeable bedrock: Check the target slope condition based on the following figures (Figure 

23). 

(a) Dip slope 
(b) Combine many types of 

dip joints on the slope 
(c) Steeper dip slope more than 

slope angle 
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Figure 23 Example of Debris on Impermeable bedrock (after Road Management Technical Center, 2007) 

 

➢ Upper part is hard / the toe of slope is weak: This condition is as the following figure (Figure 24). This 

geological structure can be known as the Cap rock structure. The inspector checks not only the structure but 

deformation of soft rock layer at lower part of the slope and vertical cracks of hard rock layer at upper part of 

the slope also. 

  

Figure 24 Example of Cap Rock Structure (after Road Management Technical Center, 2007) 

 

c. Surface condition 

c.1 Topsoil, detached rock and unsteady rock 

Since it is an important factor to evaluate stability of cut/natural slope, it requires careful observation and 

evaluation. Stability of topsoil, detached rock and unsteady rock is evaluated in reference from Table 6. 

In case of evaluation of instability, it is evaluated based on recent rock slope failure, unsteady rock, bedrock 

condition around detached rock, and bearing condition of fallen rocks (Figure 25), as well as soil and vegetation 

conditions.  
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Table 6 Criteria of Stability of Topsoil, Detached Rock and Unsteady Rock (after Road Management Technical 

Center, 2007) 

Category of factor Topsoil Detached rock and Unsteady rock 

Instability 

- Thick topsoil layer 
(more than 50cm) , 

- Erosion 
- Trace of movement 

A number of the rocks with the following condition are 
found 
- 2/3 part of the fallen/ detached rock exposes from 

ground 
- Detached completely or estimated to be moved even 

by a human power 

A little unstable 

- No eroded and trace 
of movement even if 
topsoil layer is thick. 

- Topsoil layer is thin 
but it is eroded or has 
trace of movement 

The above condition rocks are found but are not so many. 
- Grade of exposure of rocks is less than 2/3 
- Detached slightly, and it is estimated to be hard to 

move by human power 

Stability 

- There is no or thin 
topsoil layer, and is 
not trace of 
movement 

- No detached and unsteady rock 
- Detached/ fallen rocks are under stable condition 

 

 

Figure 25 Insufficient Bearing Condition of Detached/Fallen Rocks (after Road Management Technical Center, 

2007). 

 

c.2 Spring water 

Even though number of water spring points and amount of water flow will be changed between after 

rainfall and before rainfall, it shall be evaluated following three (3) stage approach.  

➢ Notable spring water: More than one point of spring water can be found. The spring water has amount of 

water which can be recognized as water flow or affect the deterioration of soil strength. Artificial water flow 

from top part of natural slope shall be included. 

➢ Seepage: It is the wet condition on cut/natural slope, or spring water which is less amount water volume than 

the condition of “Notable spring water”. 

➢ None 
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c.3 Surface Condition 

It shall be selected from the following three conditions. 

➢ Bare land with minor vegetation: The slope consists of rock and gravel or soil mainly and/or the natural 

slope with grass plant which has weak binding force for covered soil 

➢ Intermediate (bare, grass, tree): Slope surface condition is non-uniform. The slope is covered with mixed 

condition with bare land, planting part and tree part.  

➢ Mainly structure/mainly tree: It is the slope which is covered with artificial structure or trees. 

 

d. Figure 

The inspector shall measure a height (H) and a dip (i) of the target slope in reference with the following 

figures (Figure 26).  

 

Figure 26 Methodology of Measurement of Slope Height and Dip (after Road Management Technical Center, 

2007). 

 

e. Anomaly 

Anomalies on cut/natural slope are indication to evaluate a stability of the target slope. Anomalies which 

are related with slope stability are as follows (Figure 27).  

Surface collapse, small fallen rock (more than a few cm diameter), gully, erosion, piping hole (more than a 

few cm diameter), subsidence (more than 10cm width), heaving (more than 10cm width), bending of tree root, 

fallen tree, crack, open cracks, anomaly on existing countermeasure. 

 

Figure 27  Anomalies on the slope (after Road Management Technical Center, 2007).  
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2.2 Basic information required 

2.2.１ Information related to the internal causes of slope disasters (topography 

and geology) 

(1) Topography  

Aerial photography 

Aerial photographs of Tegucigalpa were taken in the following years, but they are poorly preserved and 

provide insufficient information about changes in topography over time (Figure 28). On the other hand, there are 

455 aerial photographs taken in 2013 by the JICA project “Hazard geology focusing on the landslides in 

Tegucigalpa” (Figure 29). In 2013, based on this photo, aerial photo interpretation was performed and a landslide 

distribution map was created. It is an effective material for interpreting topography in Tegucigalpa city. 

 

Figure 28 Aerial photographs archived at IGN (Instituto Geografico Nacional) 
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Figure 29 Aerial photography route map (Left: Location on Tegucigalpa Google image, Right: Route map, taken 

by JICA 2013) 

 

The smallest scale topographic map is the 1:1,200 urban topographic map (4 sheets) published by 

Tegucigalpa. Figure 30 specifically reflects the scope of this project.Figure 56 overlays the contours computed by 

ArcMap on a map of the city covering this area. 

Figure 30 Urban Map of Tegucigalpa (added a part of one of 4sheets, from TEGUCIGALPA, HONDURAS 

1:12,000 E952 EDITION 2-NIMA, Hoja 2) 
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(2) Geology 

 

Figure 31 Map of Tegucigalpa (part) (modified from Rogers et al., 1990) 

 

Focusing on the geology of Tegucigalpa, rhyolitic tuff and pumice tuff are found on top of the sandstone 

and ignimbrite that forms the hill called El Picacho, along the northern margins of the basin. The sandstone of the 

Valle de Ángeles Group is characterized by a fine-grained reddish sandstone, in which the strata present facies that 

partially transform into siltstones. 

 

Figure 32 Geologic map in the project area 
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2.2.２ Information related to external causes of slope disasters (hydrology) 

(1) Precipitation 

Get precipitation data during a disaster. 

Collect precipitation data related to landslide disasters and use it to issue future warnings and advisories. 

Here are track and precipitation data for Hurricane Mitch, which devastarted Honduras in 1998 (Figure 33). 

 

Figure 33 Path of Hurricane Mitch and satellite image of the hurricane (after WIKIPEDIA) 

 

(2) Rainfall data and meteorological observatories in the Tegucigalpa Basin 

 

Figure 34 Rainfall data in Toncontín area during the Hurricaine Mitch (JICA, 2002) 

 

 

 

 

 



27 

 

Table 7 Condition and damages caused by the Hurricaine Mitch (JET) 

Date Time Condition and Damage 

October 30 22:45 Los Laureles dam spillway exceeded 

October 30 23:00 Pescado lagoon collapsed 

October 30 22:00-24:00 Violent erosion and landslide occurred on the El País bridge 

October 30-31 23:00-6:00 Outflow at the peak of La Concepción dam 

October 30 24:00 Río Chiquito reaches its maximum level 

October 30-31 24:00-1:00 Landslides occurred in many places 

October 31 1:00 Flow to the Chile Bridge reached its peak 

October 31 Morning Landslide occurred in Berrinche 

Source: ”Recognition of responses on the Hurricane MItch in Honduras in 1998” by USGS 

 

Based on the precipitation data (Table 8), when Hurricane Mitch hit, the precipitation for the previous half 

year reached 1,000mm. When considering rainfall and slope disasters, knowing the amount of continuous rainfall 

for 72 hours that affects slope disasters and the cumulative rainfall amount going back half a year may be used to 

identify vulnerable slopes. Precipitation data should be saved together with disaster history. 
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Table 8  Observed precipitation at the Toncontín airport when Hurricane Mitch struck (UNITE: mm) 

DATE JAN. FEB. MAR. APR. MAY. JUN. JUL AUG SEPT. OCT. NOV. DEC. 
SUMA 
TOTAL 

AVERAGE 

1 0.8 0.0 0.0 0.0 4.4 30.6 9.0 0.3 0.0 1.8 2.0 0.0 48.9 4.1 

2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 27.2 2.3 2.4 0.0 31.9 2.7 

3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.0 0.3 0.0 11.7 1.0 

4 0.0 0.0 0.0 0.0 0.0 9.6 0.0 0.0 1.6 0.0 1.5 0.0 12.7 1.1 

5 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.0 16.6 8.6 0.0 0.0 27.6 2.3 

6 0.0 0.0 0.0 0.0 0.0 0.0 21.0 3.8 14.6 0.2 0.2 0.0 39.8 3.3 

7 0.0 0.0 0.0 0.0 0.0 0.0 9.9 13.4 0.1 8.9 0.0 0.1 32.4 2.7 

8 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.7 9.9 0.0 0.0 11.0 0.9 

9 0.0 0.0 0.0 0.0 0.0 1.5 38.0 0.0 0.0 0.6 1.2 0.1 41.4 3.5 

10 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.7 0.1 0.0 1.0 0.1 

11 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0 10.1 1.2 0.0 12.9 1.1 

12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.5 0.0 0.0 7.5 0.6 

13 0.0 0.0 0.0 0.0 0.0 0.0 6.4 1.1 4.0 25.4 0.0 0.1 37.0 3.1 

14 0.0 0.0 0.0 0.0 0.0 0.0 4.9 0.0 15.7 17.4 0.0 0.0 38.0 3.2 

15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3 16.7 0.0 0.0 19.0 1.6 

16 0.0 0.0 0.0 0.0 0.0 39.8 0.0 0.2 5.4 18.2 0.1 0.0 63.7 5.3 

17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.3 3.6 4.9 0.0 10.5 0.9 

18 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.7 7.0 0.0 8.0 0.7 

19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 10.3 5.1 0.9 0.0 18.7 1.6 

20 0.0 0.0 4.9 0.0 0.0 4.5 0.0 26.1 0.1 0.1 2.9 1.4 40.0 3.3 

21 0.0 0.0 0.8 0.5 0.0 3.5 0.0 0.3 0.0 0.5 2.9 0.0 8.5 0.7 

22 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 21.9 0.5 0.0 23.6 2.0 

23 0.0 0.0 0.0 0.0 2.9 4.8 0.7 0.0 40.5 17.8 0.3 0.1 67.1 5.6 

24 0.0 0.0 0.0 0.0 28.4 18.5 5.7 16.1 7.4 7.5 0.1 0.0 83.7 7.0 

25 0.0 0.0 0.0 0.0 0.0 6.3 8.8 34.2 6.6 2.0 0.0 0.0 57.9 4.8 

26 0.0 0.0 0.0 0.0 0.0 0.0 2.5 9.2 7.4 8.9 0.6 0.0 28.6 2.4 

27 0.0 0.0 0.0 0.0 0.0 0.0 14.7 0.0 1.8 17.2 0.0 0.0 33.7 2.8 

28 0.0 0.0 0.0 4.0 29.3 0.0 0.0 31.1 0.4 13.7 0.0 0.0 78.5 6.5 

29 0.0  0.0 0.0 45.9 0.0 1.3 7.6 0.0 33.4 0.1 0.0 88.3 8.0 

30 0.0  15.5 4.7 31.7 2.6 0.0 4.8 0.0 129.3 0.0 0.0 188.6 17.1 

31 0.0  0.0  6.6  0.0 0.0  89.7 
 

0.0 96.3 13.8 
               

SUMA 
TOTAL 

1.2 0.0 21.2 10.8 149.2 122.2 126.9 152.3 163.0 490.7 29.2 1.8 1268.5 113.5 

AVERAGE 0.0 0.0 0.7 0.4 4.8 4.1 4.1 4.9 5.4 15.8 1.0 0.1 40.9 3.7 

 

 

Mitch 
985.3mm 
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The rainfall observatories in Tegucigalpa are as Figure 35. 

 

Figure 35 Rainfall observatories and specifications in the catchment area affecting Tegucigalpa (from Roberto 

Granados data) 
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2.3 In situ assessment of slope vulnerability 

2.3.１ Creating survey sheets 

There are two types of survey sheets, one for Landslides and another for slope failure/rockfall. All of them 

have common items, and create a sheet by the following procedure. 

However, it is necessary to re-evaluate the evaluation items based on the points assigned to the survey items 

in the check sheet as an evaluation sheet after completing the entire survey (or even if it is in the middle procedure). 

This is because even a stable slope may be classified as a high hazard classification, and even a low hazard 

classification may be recognized as an unstable slope in a field survey. 

 

1) Decide what to investigate: As major items of the two types of survey sheets, “topographical elements”, 

“geological elements”, and “elements affected by hydrology” are established. “Elements affected by 

hydrology” are elements involved in topographical deformation caused by surface water and groundwater, 

but they are related to precipitation, so they are referred to as “topographical elements”. In terms of “social 

factors”, they are focused mainly on the site situation, such as land modification, and evaluate the soundness 

of artifacts, the locations of alterations, the presence or absence of countermeasures, and the effects. 

2) Allotted Points: The total number of points allotted for the elements listed in the survey sheet shall be 100 

points. 

3) The points for the “Landslide” survey sheet are as follows: (Figure 36). “Geological elements” - 20 points, 

“Topographical elements” - 40 points, “Hydrological factors” - 20 points, Deformation - 20 points, expected 

“Countermeasure work” effect - 50 minus points. 
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Figure 36 Survey sheet showing the division of points at “Landslide” (added to field survey example, JET) 

 

4) The points for the “Slope failure/Rockfall” survey sheet are (Figure 37): “Geological elements” - 30 points, 

“Topographical elements” - 30 points, “Hydrological factors” - 20 points, “Deformation seen in 

microtopography” - 20 points. 

As for “Slope failure/Rockfall”, there is no decrease due to the effect of countermeasures such as the survey 

sheet for “Landslide”. It is a matter of scale to deal with, and it is because there is no idea to treat countermeasures 

such as control work to slow down long-term deformation like landslide phenomenon. 
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Figure 37 Survey sheet showing the division of points at “Slope failure/ Rockfall” (added to field survey example, 

JET) 

 

5) Remarks column of the survey sheet: new deformations of microtopography affected by rainfall, minor 

artificial alterations, deformations caused by earthquakes, etc. are described in the remarks column. 

6) The date of the survey, the surveyor, and the location of the survey (GPS data, etc.) should be written on the 

survey sheet, and any new deformations should be photographed. 

 

Overall Judgment: exapple of Slope failure/ Rockfall 

The risk of Slope failure/Rockfall is judged from the above-mentioned causes, the countermeasures and 

the history. Inspection engineers decide future response for the potential Slope failure/ Rockfall as follows: 

1) The countermeasure work is necessary.  

2) Though the urgent countermeasure is not necessary, regular inspections are needed. 

3) The countermeasure work is not necessary. 

Some of the terms used in the field survey sheet are common in the evaluation tables for “landslide” and 

“Slope failure/Rockfall”, so the term “Slope failure/Rockfall” is given here. 

The slope evaluation table needs to be suitable for the land, so when creating the survey sheet, the selection 

of elements that match the target slope/site is confirmed through field surveys. Including general geological and 

topographical conditions, it is necessary to examine the geological conditions that are suitable for the research site. 
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ROCKS TYPE 

Colluvia, Weathered Rock, Moderate Soils, Solid Rock 

FRACTURED ROCKS 

High fracture density, moderately fractured, Low fracture density 

CORRESPONDENCES 

Crown Cracks, Secondary Scarps, Inclined Rocks, Rolled Boulders 

FORM 

Concave, Convex, Flat 

EVIDENCE OF EROSION 

Flows of natural water, Gullys, Artificial ditches, Flows of residual water 

WATER PRESENCE 

Watersprings at the foot of the slope, water seepage at the foot of the slope, Seepage from broken pipes, Residual 

water on the landslide 

SURFACE CONDITIONS 

Bare land with minor vegetation, Intermediate (bare, trees, grass), Structures (buildings) and trees 

 

2.3.２ Data compilation and re-evaluation 

(1) Evaluation for slopes 

Evaluation is performed using the check sheet as follows: 

1) Conduct a field survey using the check sheet for all target slopes. 

2) Examine the adequacy of hazard classification. 

3) Site resurvey for sites at the boundaries of the classification (high, medium, and low hazard classification 

boundaries). 

4) After confirmation, if there is any re-correction, proceed to hazard map creation according to the evaluation 

after re-evaluation. 

 

(2) Arrangement after field survey and consideration of validity of classification evaluation 

Set three categories: high hazard (Category 1), medium hazard (Category 2), and low hazard (Category 3) 

as follows (Figure 36 and Figure 37, ver.3.2 survey has the evaluation category values ) : 

1) Find the average and median of the aggregated values 

2) If two values are similar, use the average value as a reference for the boundary classification value between 

Category 2 and 3.  
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3) If the values are different, confirm the properties of the slope corresponding to the median value and the 

average value on site and adopt an appropriate value. 

4) If the appropriate value is selected, place the value on the borderline between medium hazard (Category 2) 

and low hazard (Category 3). 

5) Evaluate the limits of high danger (Category 1) and medium danger (Category 2) after evaluating the 

properties of the slope in each range of 10 points. In this case, slopes that are clearly collapsing or prone to 

collapse are high hazard (Category 1). 

6) Each classification value is not always the same for “Landslide” and “Slope failure/Rockfall”. 

 

(3) Implementation 

The total score evaluation categories for “Landslides” in the survey results using the check sheet are 

Category 1: ST ≥ 70, Category 2: 50 ≤ ST < 70, Category 3: ST < 50. Data from El Edén (n=23, mean 57, median 

50) and data from Nueva Santa Rosa (n=38, mean 50, median 50) show that the mean is slightly higher in El Edén. 

(57), but the median values are both 50, which is on the border between Category 2 and Category 3, which is a 

reasonable category considering the stability of the local situation. 

On the other hand, the total score evaluation categories for “Slope failure/Rockfall” are Category 1: ST≧

70, Category 2: 60≦ST<70, Category 3: ST<60. Based on the data from El Edén (n=11, mean 59, median 59) 

and from Nueva Santa Rosa (n=23, mean 59, median 59), both the mean and median are 59. This is the boundary 

between Category 2 and Category 3, and is a reasonable category considering the stability of the local situation. 

 
Figure 38 “Landslides” Rank Classification (From the left, El Edén and Nueva Santa Rosa are collectively 

displayed, n=62, JET) 
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Figure 39 “Slope Failure/Rockfall” Rank Classification (from the left, El Edén and Nueva Santa Rosa, n=35, 

JET) 
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Chapter 3. Slope related hazard and risk assessment 

3.1 Slope evaluation procedure appearance 

The flow from hazard map creation to risk map creation is as follows (Figure 40). 

 

Figure 40 Diagrama de flujo para crear un mapa de riesgos (JET) 
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3.2 Slope hazard assessment 

(1) Confirmation of evaluation by on-site survey after classification of hazards in survey sheet 

Using the evaluation points for each slope obtained using the survey table, the slopes on the boundaries of 

the evaluation categories are extracted. After that, a field survey will be conducted to confirm the relevant slopes 

and examine the validity of the hazard assessment categories. 

Before going to the site, the score range is summarized in 10-point increments and shown on a graph, and 

the sites on the division boundaries are extracted. There are 10 divisions in 10-point increments: 1 to 10, 11 to 20, 

21 to 30, 31 to 40, 41 to 50, 51 to 60, 61 to 70, 71 to 80, 81 to 90, 91 to 100 (Figure 41). 

 

(2) Target slopes are slopes/sites in the hazard boundary division: 

1) Landslide: 

Sites with 70 points: EDN6, EDN11, EDN27, NSR19, NSR27 (5 sites) 

Sites with 50 points: EDN7, EDN9, EDN30, EDN31, NSR11, NSR13, NSR21, NSR30 (9 sites). 

2) Slope failure/ Rockfall 

Sites with 70 points: None 

Sites with 60 points: NSR46, NSR55B, NSR55 (3 sites) 

As a result of the field survey of the site in the boundary numerical value, it is the same as the previous 

survey division designated area. 

 

Figure 41 Rating chart and list (left: for Landslide, right: for Slope failure/ Rock fall, JET) 
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3.3 Slope risk assessment 

3.3.１ Setting risk area 

Set the risk area for creating a risk map by referring to Sediment-related disaster special warning areas (red 

zone) and Sediment-related disaster warning areas (yellow zone) in the “Sediment-related Disaster Prevention 

Act” of Japan (Figure 42). 

 

Figure 42 Types of slope disasters (Landslides, Slope failure/ Rockfall, modified by JET) 

 

Next, as a step before creating a risk map, determine the range that the hazard range (polygon) will affect. 

➢ Area: Use polygons for hazard assessment. 

The area A where a polygon and the polygon itself have been moved is B + C (Figure 43). 

The distance is taken in the direction of the slip and the length of the same distance as the length of the slip 

polygon (L) is added. 

However, if L(L') ≤ 250 m and L is greater than 250 m, then L' is 250 m. 
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Figure 43 Slope risk Target area (Landslide, JET) 

 

➢ Area: Use polygons for hazard assessment. 

The target slope is shown in a cross section (Figure 44, right). Move 10m up from the top of the "Slope 

Failure/Rockfall" polygon in the hazard category, and move down from the bottom to twice the height of the 

slope (A) (2A). The area is the same. However, the maximum area of influence of 2A is 50 m. 

 

Figure 44 Slope risk Target area (Slope failure/ Rockfall, JET) 

 

3.3.２ Risk matrix diagram and evaluation 

A risk map for slopes is created after performing a risk assessment. When surveying houses within the risk 

area on site, use the risk affected map created tentatively on the desk (Figure 45, Table 9). 
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Figure 45 Risk assumption and building survey in the risk zone (JET) 

 

Table 9 Example of the Building survey list (JET) 

Buildings 

Nº 

Atribute Current Use 

Public 
Private 

(residential) 
Not Clear 

Daily 
(houses/ 

work) 

Temporary 
(rituals, 
events) 

Not clear/ 
abandoned 

1 1    1  

2  1  1   

3  1  1   

4  1   1  

5 1    1  

6 1   1   

7  1   1  

8   1    

total 3 4 1    

 

In the risk assessment matrix diagram ( Figure 46), the vertical axis is the number of buildings (Table 10) 

and the horizontal axis is the hazard category (Table 11). 

Table 10 Estimated damage classification table (JET) 

Degree of damage: according to number of houses 

Level 
Elements to evaluate 

Qualitative expression Number of houses 

3 Sector Many 100～ 

2 Neighborhood Medium 10～99 

1 Scattered Few 1～9 

 

Numbering 
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Table 11 Comparison between Hazard classification of survey sheet and classification of Risk matrix diagram 

(Hazard classification and level classification use opposite numbers, JET) 

Hazard level: follow the hazard assessment category according to the investigation sheets. 

Level Qualitative expression Landslide Scoring Slope failure/ Rock fall Scoring 

III high h 1 ST≧70 1 ST≧70 

II medium m 2 50≦ST<70 2 60≦ST<70 

I low l 3 ST<50 3 ST<60 

ST: suma total (total amount) 

 

 

 Figure 46 Risk assessment matrix diagram (JET) 

 

[Note] 

1) It is basic to put "Frequency of occurrence" on the vertical axis of the matrix. 

2) "Precipitation" is thought as "Frequency of occurrence", but there is no precipitation data related to Disasters 

in Tegucigalpa. 

3) For this reason, the vertical axis has been selected as "Degree of damage" in the number of houses 

4) Even if "Slope Fault/Rockfall" is less than 5m high, it is level 3 if it has collapsed. 

5) Level 3 if there are main roads in the area of influence. 
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Chapter 4. GIS-based Hazard and Risk mapping and support 

4.1 Spatial Analysis for slope failure / rockfall survey and geological map 

4.1.１ Concept of Screening 

GIS can operate any kind of maps, but if the map is not georeferenced, it should be georeferenced. In this 

project, geological map is one of the basic map information for screening a hazardous Slope failure/Rockfall area 

or site. Digital Elevation Models (DEM, DTM) also provide some important features of topography. Slope is most 

famous topographic feature generated from DEM. Relief energy can show a grid cells including steep slopes. The 

following figure shows a concept of screening for finding field survey sites of Slope failure/Rockfall. 

 

Figure 47 Concept of Screening for Slope failure / rockfall (JET) 

 

4.1.２ Preparation of Geological Map for Screening 

(1) Georeference Existing Geological Map in Honduras 

If it needs to refer to hard copies of old geologic maps or scanned images of them, it is necessary to 

georeference the maps correctly using the GIS traditional coordinate system. The following explanation procedure 

and figure shows an example to georeference the old geological map in Tegucigalpa.  

Explanation 

➢ One of the most useful tools, since there is a lot of information generated in the NAD27 coordinate system 
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which is one of the popular Datum in north and central US continent, is Georeferencing maps.  

➢ In the course the georeferencing of an old geological map was practiced with the use of the Georeferencing 

tool. To perform georeferencing, control points must be defined and assigned with the georeferencing tool. 

➢ Most important part in georeferencing tool is how to handle in the case of overlaying layers with different 

Datum. Please imagine that vector layers are based on WGS84 in the map window, but the georeferenced 

geological map is based on NAD27. GIS usually has parameters for “geographic transformation” to convert 

NAD27 to WGS84. In ArcGIS, it is defined as “NAD_1983 To_WGS_1984”. It is important work to reduce 

such gap of geographic errors by parameter settings, not edit or shift geographic data itself. 

 

Figure 48 Georeferrencing procedure in Arc Map (JET) 

 

(2) Overlay of the previous JICA project Geological Map on the Existing Geological Map 

After georeferencing work, the next step is to superimpose the old geologic maps with the latest project-

based geologic maps (eg materials of previous JICA project). The following figure show an example of overlay 

of two geologica maps. It may be noticed that there is a difference in scale.The bottom (existing geologic map) is 

1:50,000, on the other hand, the upper one is detailed. 

Table of control points 
(Result of input values) 

Control Point (It could be found the 
coordinates of the corners) 

1. Open the map image. 
2. Input X, Y coordinate 

value. 
3. Correct geographic 

coordinate system is 
selected to the map 
image. 

Registration of Existing Geologic map 
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Figure 49 Image of georeferrencing two types of geological map (existing 1:50,000 scale one and detailed one) 
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(3) Compiling and Digitizing the Detailed Geological Map using GIS 

 

Figure 50 Compiling work based on the existing geologic map (JET) 

 

(4) Latest Coordinate system in Honduras 

In recent years, the geographic coordinate system of Honduras is to use UTM Zone 16 North. Therefore, when 

digitizing in GIS, start the geographic coordinate system.  

 

Figure 51 Example of Coordinate System in Arc Map (JET) 
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4.1.３ Preparation of Topographic Maps for Screening 

Before a geological expert conducts a slope survey on-site, GIS identifies areas where there are likely to be 

dangerous spots. This process is called screening. The following maps are basically used for such screening work.  

(1) Slope Inclination Map 

It is a very basic information of topography. It is usual to purchase a raster data of elevation, called DEM. 

In this project 1-meter grid cell data was purchased. The following shows actual procedure in ArcMap.  

Explanation of how to calculate  

1) Launch ArcMap. 

2) Load DEM.  

3) Execute ArcMap – ArcToolbox - Spatial Analyst Tools – Surface – Slope.  

4) The following Dialogbox is displayed. Select the data and output filename, and then press “OK”.  

 

Figure 52 Dialogbox of Slope calculation by Arc Map (JET) 
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Figure 53 Slope Inclination Map calculated by Arc Map (JET) 

 

(2) Relief Energy Map 

Relief Energy means the result of calculating the difference in elevation on a certain grid cell map. This 

map show a trend of topographic feature. To calculate relief energy, 10-meter grid cell polygon layer is prepared.  

Explanation of how to calculate 

1) Launch ArcMap.  

2) Create 10-meter square polygon.  

3) Load DEM. 

4) Calculate Z_Max and Z_Min as maximum and minimum elevation in each square polygon using Add 

Surface Information of 3D Analyst Tools - Functional Surface as following.  

5) In the attribute table of 10-meter square polygons, absolute value of (Z_Max – Z_Min) is Relief Energy.  
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Figure 54 Dialogbox of getting elevation maximum and minimum value by Arc Map (JET) 

 

(3) Topographic Contour Map 

 

Figure 55 Relief Energy Map calculated by Arc Map (JET) 
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Contour lines are created from DEM. This is one of the basic calculation of topography using DEM. Arc 

Map has a tool to create contour line layer from DEM.  

 

Figure 56 Contour Map calculated by Arc Map (JET) 

 

Explanation of how to calculate:  

1) Launch ArcMap.  

2) Load DEM. 

3) Execute Arc Toolbox – 3D Analyst Tools – Raster Surface – Contour. (see the following dialogbox) 

4) At the dialogbox, set up Raster DEM, output file name, contour interval and push OK. 
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Figure 57 Dialogbox of Contour in ArcMap (JET) 
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4.2 GIS-based Digitizing Influence Area of Hazard for Risk assessment 

4.2.１ Topographic Hazardous area of Landslide and Slope Failure / rockfall  

The original hazard map of landslide and slope failure / rockfall is, in principle, carried out by geological 

experts. As specific technical methods are described in detail in Chapter 2, it is prefarable to refer to the geological 

explanation for better understanding. This section describes GIS actual procedure of “Editing new feature” and 

shows the outputs of these works by GIS.  

Actual work in ArcMap is digitizing. After field survey, shape of hazardous area is drawn on a map by 

refering contour map, detailed geological map, etc. Next, editing a layer in ArcMap starts by right click at the layer 

name. Procedure of ArcMap is as following,  

1) Launch ArcMap.  

2) Prepare a new shape file layer using Catalog of ArcMap.  

3) Click “Start Edit” by right click sub menu at the layer name.  

4) Find the “Editor” toolbar. Then Click “Create Features” button to start editing polygon features. 

5) Select the layer name at the Create Features Dialogbox. And select Polygon in the Construction Tools. 

Refer to the following figure for actual editing work in ArcMap.  

 

Figure 58 Procedure of Editing a new Polygon shapefile in ArcMap (JET) 

After digitizing, in the attribute table of the polygon layers hazard rank which is surveyed on site and 

summarized in Excel sheet is input. Refer Chapter 3 for details of field survey, record the result as scores and 

finally ranking. The following figures shows the thematic maps with hazard rank, High, Medium and Low.  

 

Create a New Shapefile 
in Catalog. 

Start Editing at Edit Feature of 
sub menu of a layer. 

Editor Toolbar appears. 

Click Create Features button 
Choose “Polygon” in Construction Tools 
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(1) Landslide 

 

Figure 59 Landslide shape Hazard Map (JET) 

 

(2) Slope Failure / Rockfall 

 

Figure 60 Slope Failure / Rockfall shape Hazard Map (JET) 
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4.2.２ Digitizing Influence Area 

Basic idea to expand influence area from original hazardous shape polygons of landslide and slope failure 

/ rockfall comes from the Japanese method “Sediment-related Disaster Prevention Act”. Please refer Chapter 3 for 

the basic method.  

After identifying original hazardous shape polygons in GIS, influence area to the polygons are detected 

according to the Japanese basic method. The following explanation describes an actual procedure of digitizing 

influence area to landslide in ArcMap.  

1) Launch ArcMap.  

2) Prepare new shape file layers for “arrow direction line”, “dummy polygon” and “landslide influence area” 

using Calaog of ArcMap.  

3) Add a contour line layer in ArcMap.  

4) Click “Start Edit” by right click sub menu at the layer “arrow direction line”.  

5) Draw a line on a target polygon with the length of 2xL, where L means the length of the landslide. The arrow 

direction lines extend downward in a direction generally perpendicular to the contour. 

6) Make sure that the length of 2L does not exceed 250 meters. (That is, the maximum value of 2L is 250 meters.) 

7) Save Edit and Stop Edit at the Edit toolbar.  

8) Start Edit at “dummy polygon” layer.  

9) Copy and paste the target polygon of landslide into “dummy polygon”.  

10) Shift the target dummy polygon according to the direction arrow line.  

11) Save Edit and Stop Edit at the Edit toolbar.  

12) Then start tracing the perimeter of the target influence area.  

13) Start Edit at the “landslide influence area”.  

14) You find the “Editor” toolbar. Then Click “Create Features” button to start editing polygon features. 

15) Select the layer name at the Create Features Dialogbox. And select Polygon in the Construction Tools. 

16) Digitize the polygon by tracing the perimeter of the whole area including original landslide polygon and 

dummy polygon.  

17) Save Edit and Stop Edit at the Edit toolbar.  

 

The following tigure also shows the output of digitizing influence area of landslide.  
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Figure 61 Landslide Influence Area Map (JET) 

 

In the same way, influence area for slope failure / rockfall polygons can also be digitized in ArcMap. 

Difference is to use “10 meters buffer” layer as perimeter of top of the target polygon. The following figure shows 

a case study to detect the influence area to the target slope failure / rockfall polygon. Make sure that the length of 

2L does not exceed 50 meters. (That is, the maximum value of 2L is 50 meters.) 
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Figure 62 Case study of digitizing the Influence Area to the target slope failure / rockfall polygon (JET) 

 

The following figure shows the output of digitizing influence area of slope failure / rockfall.  

 

Figure 63 Slope failure / Rockfall Influence Area Map (JET) 

  

10-meter buffer polygon 

Target slope failure / rockfall polygon 

Arrow direction line: 2L (less than 50 meters) 

L 

Digitized influence area polygon 
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4.3 GIS Mapping of Hazard and Risk Evaluation 

4.3.１ Concept of Overlaying Layers 

A hazard map for landslides and slope failures/rockfalls is completed by assigning hazard ranks to the 

attribute table of area of influence polygons. Regarding risk evaluation method, see Chapter 3. Using the Risk 

Matrix, risk rank is evaluated and input to each polygon.   

Note that High, Medium, and Low are extracted by SQL search and each is made into a separate layer. And 

by overlaying those layers in order from the top, the layer with the higher hazard rank can be stacked on top. The 

following figure shows an example of SQL in ArcMap to create layers of each hazard level.  

 

Figure 64 Definition Query of Layer Properties to a Hazard Layer in ArcMap (JET) 
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Attribute Table 

Name Hazard Risk 

NSR77 High A1 

EDN88 Medium B2 

EDN99 Low C 

Figure 65 Setting the order of overlaying the ranked hazard/risk layers (JET) 

 

4.3.２ Hazard and Risk Maps 

The following figure shows the Hazard and Risk Maps of Landslide and Slope Failure / Rockfall. Concept 

of hazard and risk to the polygons are shown in the following figure.  

 

Figure 66 Concept of Hazard / Risk to the hazardous polygons (JET) 

 

Low 

Medium 

High 

Set the layer with the 

higher hazard rank to the 

top (hazard layer 

example). 

Hazardous slope shape: 
It is natural phenomenon. 
Shape is digitized as a 
polygon after surveys. 

Slope failure Hazard:  
It is a prototype hazard with 
hazard rank according to 
survey sheet. Hazard rank is 
evaluated and input in the 
attribute table of the polygon 
layer.  

Influence area:  
It is digitized according to the 
Japanese method.  
It is only the shape and does 
not include hazard rank.  

Process of hazard mapping 

Hazard Map 

Risk Map 

Hazard rank is added 

Risk rank is added 

Influence Area 
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Figure 67 Hazard Map of Landslide and Slope Failure / Rockfall (JET) 
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Figure 68 Risk Map of Landslide and Slope Failure / Rockfall (JET) 
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4.4 Land use Regulation Map for Output 4 

4.4.１ Procedure 

As Output 4 prepared a classification of zones according to the land use regulation category, hazard rank 

defined by Output 3 is applied to the classification of zones. The following figure shows the two types of regulation 

category. Note that each zone division corresponds to a hazard rank, not a risk rank. 

➢ Zones with more than one building: Zone A to C corresponds to Hazard rank High, Medium and Low.  

➢ Zones without any buildings: Zone D corresponds to Hazard rank High or Medium, Zone E is Low.  

 

Figure 69 Slope failure / Rockfall Influence Area Map (JET) 

 

4.4.２ Land use Regulation Map 

 

Figure 70 Case Study of Landuse Regulation Map (JET) 

 

  

In the Pilot Area including El Hatillo only has cases of “Zones with more than one building”. 

Case study Map is presented in the 
next figure for “Zones with more than 
one building”. 
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Chapter 5. Data Update and Maintenance 

5.1 Data Upload and Management in SIMET 

5.1.１ What is SIMET? 

SIMET is the AMDC’s web GIS service for the people. The layers includes hazardous area of landslide, 

slope failure and flood. You can see the following list of existing layers.  

➢ SIMET: Sistema de Informacion Municipal sobre Estudios Territoriales 

SIMET is a system that integrates the theme of risk management, climate change and land use planning, 

which involves a series of tools based on geographic information systems, software and hardware, which together 

provide information to the population, decision makers, academy, and civil organizations so that it is used in a 

timely manner for the development of its functions. The system is made up of 3 modules: Information 

Management, Territorial Management and Monitoring and Evaluation. 

SIMET structure goes beyond a program and/or computer applications; this includes: hardware equipment, 

programs, applications, web portal, models, geographic information systems, databases, specialized human 

resources, policies and procedures. 

SIMET is also prepared to be used for AMDC DOT / GER staff to judge whether a construction site is 

inside hazardous area or not.  
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Figure 71 Existing GIS Layers in SIMET (Part 1, JET) 
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Table 12 Existing GIS Layers in SIMET (Part 2, JET) 

NAME OF DATA -YEAR (ENGLISH) DESCRIPTION 

UNIDADES GEOGRAFICAS ADMINISTRATIVAS. 

Límites de barrios y colonias – 2018 
(Neighborhood boundaries – 2018) 

Polygons with boundaries of 
neighborhoods and colonies, name of 
neighborhoods and colonies, City, 
Sector. 

Límites de predios- 2018 
(Property boundaries – 2018)   

Official data - political-administrative 
division at urban level. 

Límites Municipal -2001 
(Municipal Boundaries -2001) 

Official data - political-administrative 
division at the municipal level. 

Límites de Aldeas-2001  
(Village Boundary-2001) 

Official data - political-administrative 
division at the municipal level. 

Límites de perímetros urbanos – 2010 
(Urban perimeter boundaries – 2010)  

Official data - political-administrative 
division at urban level. 

Límites de sectores- 2010 
(Sector boundaries – 2010)  

Official data - political-administrative 
division at urban level. 

Límites de barrios y colonias – 2010 
(Neighborhood boundaries – 2010) 

Official data - political-administrative 
division at urban level. 

Límites de predios- 2010  
(Property boundaries – 2010)  

Official data - political-administrative 
division at urban level. 

Urbanizaciones en construcción -suelos vacantes- 2016 
(Housing developments under construction - vacant land- 2016)  

Official data - political-administrative 
division at urban level. 

ORTHOPHOTOGRAPHY -TOPOGRAPHY. 

Imágenes satelitales 1993, 2003, 2014 - – IDOM IH Cantabria. 
(Satellite images 1993, 2003, 2014 - - IDOM IH Cantabria) 

Official data - topographical 
information. 

Orthophotos 2014 - JICA. 
(Orthophotos 2014 - JICA.) 

Official data - topographic information. 

Hojas cartográficas – IGN – Honduras. 1982 
(Cartographic sheets - IGN - Honduras. 1982) 

Official data - topographic information. 

Curvas de nivel – elevación 2010 
(Contour lines - elevation 2010)   

Official data - topographic information. 

Red Hídrica – 2010 
(Water Network – 2010)   

Official data - topographic information. 

PHYSIOGRAPHY AND NATURAL RESOURCES 

Áreas Protegidas – ICF 2010 
(Protected Areas - ICF 2010) 

Official data - Physiography and 
Natural Resources. 

Formaciones vegetales y uso del suelo – 1993 
(Plant formations and land use – 1993) 

Official data - Physiography and 
Natural Resources. 

Formaciones vegetales y uso del suelo – 2003 
(Plant formations and land use – 2003) 

Official data - Physiography and 
Natural Resources. 

Formaciones vegetales y uso del suelo – 2014 
(Plant formations and land use – 2014) 

Official data - Physiography and 
Natural Resources. 

Unidades morfológicas – 2014 
(Morphological units – 2014) 

Official data - Physiography and 
Natural Resources. 

Subcuencas declaradas ICF/SANAA 2010 
(Sub-basins declared ICF/SANAA 2010) 

Official data - Physiography and 
Natural Resources. 

Formaciones geológicas – 1987 
(Geological formations – 1987) 

Official data - Physiography and 
Natural Resources. 

Fallas geológicas – 1987 
(Geological faults – 1987) 

Official data - Physiography and 
Natural Resources. 

Grietas - geología – 1987 
(Cracks - geology – 1987) 

Official data - Physiography and 
Natural Resources. 

Localización de embalses ICF/SANAA 2010 Official data - Physiography and 
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NAME OF DATA -YEAR (ENGLISH) DESCRIPTION 

(Location of reservoirs ICF/SANAA 2010) Natural Resources. 

Microcuencas declaradas 2018 
(Micro-basins declared 2018) 

Layer managed through the 
Environmental Management Unit of 
the AMDC. 

Áreas protegidas del Distrito Central 2018 
(Central District Protected Areas 2018) 

Layer managed through the 
Environmental Management Unit of 
the AMDC. 

CLIMATE 

Pluviómetro 2017 (Rain gauge 2017) Official information used by CODEM 

Bocinas Instaladas 2017 (Horns Installed 2017) Official information used by CODEM 

Marcaje Limnimétrico 2017 (Limnimetric Marking 2017) Official information used by CODEM 

SOCIAL ASPECTS 

CODEL 2017 (CODEL 2017) 
Information on the existence of Local 
Emergency Committees in 
neighborhoods and barrios of the CD. 

Juntas Administradoras de Agua del DC 2017  
(DC Water Boards 2017) 

Information on the existence of water 
boards in neighborhoods and 
neighborhoods of the DC. 

Patronatos 2017 (Patronage 2017) 
Information on the existence of boards 
of trustees in neighborhoods and 
barrios of the CD. 

Albergues 2017 (Lodges 2017) Official information used by CODEM 

Información del observatorio violencia 2017 
(Information from the violence observatory 2017) 

Information provided by the 
Directorate of Community 
Management and Human 
Development of the Violence 
Observatory. 

Intervención territorial total -2014 
(Total territorial intervention -2014) 

Official data - Social aspects - 
municipal level. 

Intervención territorial urbana -2014 
(Urban territorial intervention -2014) 

Official data - Social aspects - 
municipal level. 

Intervención territorial predial urbana -2014 
(Urban real estate territorial intervention -2014) 

Official data - Social aspects - 
municipal level. 

Sin Intervención territorial predial urbana -2014 
(No territorial intervention urban real estate -2014) 

Official data - Social aspects - 
municipal level. 

Patrimonio cultural (Cultural heritage)  

Instalaciones referenciales Publicas y Privadas -2014 
(Public and Private Reference Facilities -2014) 

Official data - Social aspects - 
municipal level. 

ECONOMIC ASPECTS 

Concesiones mineras – 2014 
(Mining concessions – 2014) 

Official data - Economic aspects - 
municipal level 

VULNERABILITY AND RISKS 

Amenaza a deslizamientos -2015 (Landslide Hazard -2015) 
Official data - Vulnerability and Risks - 
municipal level. 

Amenaza a inundación – 2002 (Flood hazard - 2002) 
Information obtained from the JICA 
master plan 2002. 

Mapa multiamenazas 2011(Multi-hazard map 2011) 
High and medium landslide hazard 
information, high, medium and low 
landslide susceptibility. 

Amenazas DC (Geologia y Pendientes) -2014 
(DC Hazards (Geology and Slopes) -2014) 

High and medium landslide hazard 
information, high, medium and low 
landslide susceptibility. 

Amenaza a inundaciones -2015 (Flood Hazard -2015) 
Official data - Vulnerability and Risks - 
municipal level. 
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NAME OF DATA -YEAR (ENGLISH) DESCRIPTION 

Amenaza a deslizamientos -2015 
(Landslide Hazard -2015) 

Official data - Vulnerability and Risks - 
municipal level. 

Susceptibilidad a deslizamientos -2015 
(Susceptibility to landslides -2015) 

Official data - Vulnerability and Risks - 
municipal level. 

Exposición urbana frente a susceptibilidad a  deslizamientos -2015 
(Urban exposure to landslide susceptibility -2015) 

Official data - Vulnerability and Risks - 
municipal level. 

Riesgo urbano – edificaciones que colapsan frente a inundaciones – 
Tr 10 años 
(Urban risk - buildings collapsing in the event of flooding - Tr 10 years) 

Official data - Vulnerability and Risks - 
municipal level. 

Riesgo urbano – edificaciones que colapsan frente a inundaciones – 
Tr 20 años 
(Urban risk - buildings collapsing in the face of floods - Tr 20 years) 

Official data - Vulnerability and Risks - 
municipal level. 

Riesgo urbano – edificaciones que colapsan frente a inundaciones – 
Tr 50 años 
(Urban risk - buildings collapsing in the face of floods - Tr 50 years) 

Official data - Vulnerability and Risks - 
municipal level. 

Riesgo urbano – edificaciones que colapsan frente a inundaciones – 
Tr 100 años 
Urban risk - buildings collapsing in the face of floods - Tr 100 years 

Official data - Vulnerability and Risks - 
municipal level. 

Riesgo urbano – edificaciones que colapsan frente a inundaciones – 
Tr 500 años 
Urban risk - buildings collapsing in the face of floods - Tr 500 years 

Official data - Vulnerability and Risks - 
municipal level. 

LAND USE PLANNING. 

Copia de ZONIFICACION DEL DISTRITO CENTRAL-2018 
(Copy of ZONIFICATION OF THE CENTRAL DISTRICT-2018) 

Zoning information of neighborhoods 
and districts of the Central District. 

Escenario óptimo de intervención social y económico- 2015  
(Optimal scenario of social and economic intervention- 2015) 

Official data - land use planning. 

Escenario óptimo – zonas de intervención social y económico- 2015  
(Optimal scenario - social and economic intervention zones – 2015) 

Official data - land use planning. 

Escenario óptimo zonas de intervención ambiental y riesgos- 2015   
(Optimal scenario environmental intervention zones and risks- 2015) 

Official data - land use planning. 

Escenario óptimo – propuesta de zonificación - 2015   
(Optimal scenario - zoning proposal – 2015) 

Official data - land use planning. 

Escenario tendencial zonas de intervención ambiental y riesgos- 
2015   
(Trend scenario environmental intervention zones and risks- 2015) 

Official data - land use planning. 

Escenario tendencial – propuesta de zonificación - 2015   
(Trend scenario - zoning proposal – 2015) 

Official data - land use planning. 

Escenario tendencial – propuesta de zonificación periurbana – 2015 
(Trend scenario - proposed peri-urban zoning – 2015)  

Official data - land use planning. 

Propuesta de viabilidad – 2015 
(Feasibility proposal – 2015)   

Official data - land use planning. 

Propuesta de mejoramiento de drenaje – 2015 
(Drainage improvement proposal – 2015) 

Official data - land use planning. 

Propuesta de densificación vertical – 2015 
(Vertical densification proposal – 2015) 

Official data - land use planning. 

Zonas de producción hídrica.- 2014 
(Water production zones – 2014) 

Official data - land use planning. 

Ubicación de Semáforos 2018 
(Traffic Light Locations 2018) 

Official data provided by management 

Estaciones de taxis 2018 (Taxi stands 2018) Official data provided by management 

Iconos Comayagüela 2019 (Comayagüela Icons 2019) 
Official data from the Tourism 
Management 

Iconos Tegucigalpa 2019 (Tegucigalpa Icons 2019) 
Official data from the Tourism 
Management 
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NAME OF DATA -YEAR (ENGLISH) DESCRIPTION 

Distribuidores/Calles liberadas 2018 
(Distributors/Streets released 2018) 

Official data from the Construction 
Control Department 

 

There is currently a development on the amdc.giscloud.com portal that contains the official information of 

the AMDC that has been worked with COMUDE since 2017. The last official information was dated in November 

2021 and since then it has not been updated again. Parallel to this development, another application of the AMDC 

has been set up through a GEONODE installed on the servers that have been purchased for the development of 

SIMET thanks to the GOAL/USAID and GIZ Resilient Neighborhood program. Within this development, the 

last official COMUDE database, which was that of November 2021, has been integrated and there are other 

applications that are integrated such as the hazard of landslides, hazard of floods, monitoring of precipitation and 

river levels, and forecast of flooding, as well as hydrological and hydraulic modeling platforms, a bulletin platform 

on hydrometeorological conditions, and a real-time monitoring platform for rain conditions. 

The following figures show the entrance screens to the two developments that are within the AMDC for 

the management of geographic information, SIMET (mapas.simet.amdc.hn/mapstore, amdc.giscloud.com).  
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Figure 72 SIMET screenshot in mapas.simet.amdc.hn/mapstore/#(AMDC) 

(https://mapas.simet.amdc.hn/mapstore/#/viewer/openlayers/14) 
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Figure 73 SIMET screenshot in amdc.giscloud.com (https://amdc.giscloud.com/) 

 

5.1.２ Management System in AMDC 

(1) Procedure to update SIMET data 

Landslide and Slope failure / rockfall data may be updated basically once a year. Procedure is as following, 

JET complete a layer and submit it to UMGIR. After UMGIR receive the data, submision of letter to COMUDE 

committee start. After UMGIR receive approve from COMUDE, actual GIS data upload to SIMET is conducted 

by the Administrator of UMGIR IT Section. The procedure usually takes one to three months for updating existing 

data.  

First, the information that is entered as a risk update is submitted by UMGIR to COMUDE for analysis by 

its Permanent Technical Committee (CTP-COMUDE), after being analyzed by the CTP, it is submitted to the 

COMUDE plenary meeting so that be officialized. After becoming official, the risk information representative 

(UMGIR) uploads it using their credentials to any of the two platforms, either in GISCLOUD or GEONODE. 
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***The AMDC is looking for the GISCLOUD information to be migrated to GEONODE (SIMET) 

 

Figure 74 Procedure of update data in SIMET (JET) 

 

(2) Section name in charge of updating SIMET data 

➢ Managing office of SIMET in AMDC: IT Section, UMGIR  

➢ Person in charge: (Chief) Adminitrator of SIMET (UMGIR, IT section), (Assistant) Staff for Information 

and Systems Management 

At this time, the two AMDC Units that have credentials for full access to SIMET are UMGIR and the 

Information and Systems Management (GIS). In the coming months, efforts will be made to empower other 

AMDC units so that they can be the creators of their own maps. 

 

Remarks:  

➢ SIMET: Sistema de Información Municipal sobre Estudios Territoriales  

(Municipal Information System on Territorial Studies) 

➢ SAT: Sistema de Alerta Temprana (Early Warning System) 

 

  

JICA 

(JET) 
UMGIR COMUDE 

CODEM 

SIMET for SAT 

(GEONODE) 

SIMET 

(GISCLOUD) 
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5.2 GIS-based Data Management 

5.2.１ Hyperlink tool in ArcMap 

In Ouput 3 activity of the project, many survey sheets are stored after field activity. One Excel file was 

prepared to each survey site. Sometimes, it is difficult to search one excel file in a project folder.  

ArcMap has a useful tool “Hyperlink” to link such survey related data sheet to GIS features. Preparation 

for this tool is to store path of the data file in the attribute fable. For example, the following figure shows a part of 

the attribute table of landslide hazard polygon layer. It is one good idea to use Hyperlink tool for management of 

survey data sheet in ArcMap.  

 

Figure 75 Image of Hyper Link tool and actual attribute table (JET) 

 

Procedure to set up Hyperlink is as following,  

1) Launch ArcMap 

2) Add a vector layer to set up Hyperlink.  

3) Input path of the data file in the attribute table. (In the previous figure, the field name is “Path”.)  

4) Right click of the target layer, and then open Layer Properties. Then click the Display tab.  

Relative path is stored at “Path” field Of the 
attribute table of Slope Failure / rockfall. 
Setting the properties of the MXD (map 
document) allows relative paths to be used. 
See the next figure for your reference.  
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5) The Hyperlink setting in the middle of the dialogbox is found. (See A in the following figure) 

6) Check on “Support Hyperlinks using field;”, and then choose Path for the target field.  

7) Click Edit button and make sure the HyperLink Script (See B the following figure).  

8) Before saving MXD file, make sure Map Document Property and check on Pathnames: “Store relative 

pathnames to data sources” if you want to use relative path system. (See C in the figure) 

 

 

Figure 76 Important settings for Hyper Link tool (JET) 

 

5.2.２ How to manage old and new data 

Let UNGIR decide how to manage the old and new data. There is a method of archiving and preserving 

old data. 

  

A 

B 

C 
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5.3 Disaster history storage 

5.3.１ Media Damage History 

Articles in newspapers, magazines, etc. indicate the source, and in some cases permission may be required 

(Figure 77 and Figure 78).   

 

Figure 77 Guillén disaster (La Tribuna, June 7, 2023) 

 

 

Figure 78 La Colonia Izaguirre (EL HERALDO, November 12, 2013) 
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5.3.２ Observational data 

If observation data including monitoring data is updated on SIMET, indicate the location, date and time, 

and observation period. 

 

5.3.３ Field survey data 

The results of the field survey should be completed as much as possible. If field personnelwrite articles 

during the survey, make sure that the date and location are known (ex. GPS data).  

 

Reference:  

Fujiwara A. (1979): Analysis and Prevent-Plan of Landslides, Rikoh Publish Co., Tokyo. (in Japanese)  

JICA (2002) The study on flood control and landslide prevention in Tegucigalpa metropolitan area of the republic 

of Honduras (official document). Final Report in English version. 

JICA (2012): Final Report, The Project for Developig Countermeasures against Landslides in the Abay River 

Gorge.  

Ministry of Land, Infrastructure and Transport Infrastructure Development Institute-Japan (2004): Guidelines for 

Construction Technology Transport: Development of warning and Evacuation System Against Sediment 

Disasters in Developing Countries. 

Road Management Technical Center (2007): Guideline for inspection on road slope disaster in Japan (in Japanese).  

Rodgers, R. D. and O’Conner, E. A. (1990): Geologic map of the Tegucigalpa quadrangle, Honduras (scale 1: 

50,000), Instituto Geográfico Nacional. 

Tefera M., Chernet T. and Haro W. (1996): Geological map of Ethiopia 1:2,000,000, Second edition, Geological 

Survey of Ethiopia.  

Varnes D.J. (1978): Slope movement 43. types and processes, in Schuster, R.L., and Krizek, R.J., eds., 

Landslides—Analysis and control: Transportation Research Board Special Report 176, National Research 

Council, Washington, D.C., p. 11–23.  

Watari M. and Kohashi S. (1987): Prediction and countermeasures for landslides and slope failures, Sankaido 

Publish Co., Tokyo. (in Japanese). 
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Appendix 

Ap. 1. Examples of Assessment Sheet Format (Landslides, Slope Failure/Rockfall) 

Ap. 2. Example of Data Record of Field Survey Results (Building Survey) 

Ap. 3. Example of how to organize the selection of survey sheet elements  
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Appendix 1  Examples of Assessment Sheet Format (Landslides, Slope Failure/Rockfall) 
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Appendix 2. Example of Data Record of Field Survey Results (Building Survey) 

If the risk assessment examines buildings (public facilities) in and around the risk polygon, consider the 

following example. 

 

Building Investigation Sheet (NSR 24) 
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Buildings list by survey (NSR 24) 

 

  

Publico
Privado

(Residencia)
No Claro

Diarias

(Viviendo /

Trabajo)

Temporal

(Rituales,

Eventos)

No Claro

(Abandonado)

1 Iglesia Bautista Iglesia

2 Iglesia Bautista Iglesia

3 Esc. Enmanuel Escuela

4

5

6

7

Total 3 0 0 1 2 0

Estado de UsoAtributo

No



3 

 

Appendix 3 Example of how to organize the selection of survey sheet elements 

When selecting the elements and facros of the survey sheet, it is helpful to understand the site by following the 

steps below to prepare materials.  

This is for the elements of the presentation, but the same is true for the way of making a material (see below 

fifure). 

 

➢ Name 

➢ Title of Presentation 

➢ Location of the Site (UTM Coordinates Zone 16 N): East, North, and Elevation 

➢ Photographs 

➢ Considerations of the Observed Phenomenon and Conclusions 

➢ Comment (by Experts) 
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Here is a good example of slope observation results. 

 

Slope evaluated by WG investigator (partially edited) 

 

Slope failure/Rockfall survey sheet by investigator (red boxe is observation element items) 

Summary of points raised by presenter and comments from JET 
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Chapter 1. Introduction, Background to Regulation.  

1.1 Purpose of the Manual and Its Goal.  

Purpose 

Under the framework of the Project for Control and Mitigation of Slope Disasters in the Central District in 

Republic of Honduras(hereinafter referred as “the Project”), the Japanese International Cooperation Agency 

(hereinafter referred as “JICA”), has collaborated with the Municipality of the Central District (hereinafter referred 

as “AMDC”), in strengthening the capacity to regulate land use planning in areas at risk of Slope disasters in the 

Municipality, over which it is required to exercise strict control in the execution of various works and/or or 

activities that could be allowed on such zones, in order to reduce the risk of slope disasters.  

Under the project activity, JICA Expert Team (hereinafter referred as “JET”) and AMDC has created a draft 

of the “REGULATION FOR THE TERRITORIAL PLANNING FOR HAZARD ZONES FOR SLOPE 

DISASTERS” (hereinafter referred as “the Regulation for slope disaster”) which has been submitted to the 

Municipal Corporate. 

As part of the correct interpretation and implementation of the Regulation for slope disaster, the manual is 

prepared so that the members of the AMDC and residents in regulated areas correctly understand the regulation.  

The detailed explanations on each Article of the Regulation for slope disaster are also summarized in the ANNEX 

1. 

This manual was prepared by the Counterpart members belonging to the Working Team on Output 4 

(hereinafter referred as “WG4”) and JET. It summarizes the AMDC’s actions to be conducted in order to apply 

the Regulation for slope disaster smoothly. It includes also the process diagram to issue work license for the 

construction activity to be conducted in the regulated zones and clarifies the responsible department of each 

activity.  

During the preparation of the Regulation for slope disaster, workshops, meetings, as well as technical transfer 

seminars were held in order for the WG4 to understand the procedures for the approval of the Regulation for slope 

disaster in AMDC, formats and explanatory materials to be prepared, types of slope disasters, hazard evaluation, 

types of land use that can be implemented in each regulated zone and structural restriction.  

Within this manual, the protocol for disseminating the Regulation for slope disaster, the flow of application 

and formats for work license, and the possible questions and answers of AMDC staff and the taxpayer face 

regarding the implementation of the manual are explained. 

Objective 

This manual facilitates AMDC’s implementation and understanding of the Regulation for slope disaster, 

when construction, amplification, remodeling or any type of land use in slope disaster areas is carried out.  
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1.2 Reason why the land use regulation is necessary 

One of the keys to land use planning and risk management is to regulate land uses in the specific areas 

appropriately. If land use distribution or structure of buildings are not regulated, that would cause the urban growth 

that can increase risk exposure and violate the quality of citizens life. 

In the Central District, it is said that at least 1 in 3 of the population live in conditions of risk for slope disasters. 

Despite the efforts of the central and local government, it has not been possible to reduce exposure to risk. A 

significant part of the budgets and investment plans are oriented towards climate action and risk reduction for 

natural disasters, however, they are insufficient to reverse the municipality's vulnerability indices. Meanwhile, it 

takes an enormous amount of time and budget to implement countermeasure works to all the zones where slope 

disasters occur. Therefore, in addition to the countermeasure works, a regulation to limit the new development 

activities and to require existing residents to relocate from such zones as a non-structural measure. 

The Regulation for slope disaster, of which the WG4 prepared its draft, provides a wider range of 

opportunities to regulate construction works carried out in the zones facing the risk for slope disasters. On the 

other hand, it clarifies the scope of what can be built and a series of actions in slope disaster areas where settlement 

is not possible. 
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1.3 Examples of Slope Disasters from Past Events in DC 

1.3.１ El Berrinche landslide 

The El Berrinche landslide in Tegucigalpa was the largest of the landslides caused by Hurricane Mitch in 

Honduras in 1998. It destroyed a portion of the city centre known as Colonia Soto and dammed the Choluteca 

River, creating a sewage lagoon upstream of the dam formed by the landslide. This complex landslide had a 

volume of approximately 6 million cubic metres. Due to the slow initial movement of the landslide during the 

hurricane-induced rains, it was possible to evacuate residents living in the landslide block before the landslide 

began to move rapidly and culminated in the damming of the river. 

In the figure, several letters can be seen where "T", denotes the toe of the landslide, "L", denotes the lagoon 

dammed by the toe of the landslide. "DT" denotes the very deformed tip of the landslide, which is where the centre 

of the Colonia Soto was located, "SB" denotes the upper block of the subsidence. 

 
Figure 1 Aerial view of the El Berrinche landslide where the arrow indicates the direction of displacement (AMDC) 

 

The El Berrinche landslide has remained stable, except for the localised subsidence at the lower end of the 

landslide tip, where the excavation of the channel has resulted in steeper slopes. 
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Figure 2 View of the badly deformed toe area of the El Berrinche landslide (AMDC) 

 

1.3.２ EI Reparto Landslide 

This landslide occurred in the mid-morning of 31 October 1998 and lasted for several hours. The final 

movement of the landslide caused the formation of a debris flow, which formed from the excessively steep toe of 

the landslide and demolished the houses. Since the initial movement of the landslide was slow, it was possible to 

evacuate all the inhabitants of these houses. 

In July 2000, several observation points were set up on the landslide block. At these observation points, 

regular monitoring activities were made to detect any further movement. This activity was carried out as there are 

houses that are still occupied and located next to the landslide and slope below it. 

 
Figure 3 El Reparto landslide (AMDC) 
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1.3.３ Other slope disasters occured in the past years 

Other deep-seated landslides also caused damage to inhabitants and property in the Municipality of 

Tegucigalpa. Two landslide caused by the undercutting of the riverbanks destroyed houses in Barrio Mira-Mesi, 

along the Rio Choluteca and in Nueva Esperanza, along the Rio Guacerique. The landslide in Barrio Mira-Mesi 

originated as a relatively small landslide. The landslide destroyed or damaged several houses due to sliding and 

subsidence caused by the erosive undercutting of the river on the embankment. The front crack of this landslide 

remained unstable even during the dry seasons of 1999 and 2000. 

 
Figure 4 Landslide in the Mira Mesi neighbourhood, adjacent to the Choluteca River (AMDC) 

 

The Nueva Esperanza landslide, caused by the Guacerique River undermining and eroding the slope, which 

reached its peak during the passage of Hurricane Mitch, destroyed more than 20 houses perched on top of the 

steep slopes of the river bank. 

 
Figure 5 Landslide along the Guacerique River (AMDC) 
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Chapter 2. Technical basis for the Regulation for slope disaster  

2.1 Type of slope disaster 

The type of slope disaster that the Regulation for slope disaster focuses on as the target is landslide and slope 

failure. So, hereafter, the term “slope disaster” means landslide and slope failure in this manual. Detailed definition 

is explained in the Manual for the Creation of Hazard Map/ Risk Map of Slopes (Output 3).  

Landslide:  

A landslide is a phenomenon in which a gentle 

slope slides down over a wide area. This phenomenon 

takes place slowly, taking some time. When a landslide 

occurs, the damage is enormous over a wide area, 

including houses, agricultural fields and roads. 

It should be mentioned that landslides are 

characterised by their tendency to occur repeatedly on 

the same slope. 

  

Slope failure:  

The collapse of a steep slope is called a "slope 

failure". The main cause is rainwater that seeps down the 

slope in enormous proportions. This type of failure is 

characterised as sudden with rapid movement without 

prior indication, usually as a result of damage, structural 

weakness or lack of support. 

  

Figure 6 Image of landslide 
(NPO Sediment Disaster Prevention Publicity Center) 

Figure 7 Image of slope failure 
(NPO Sediment Disaster Prevention Publicity Center) 
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2.2 Regulated Zones 

2.2.１ Type of zones where the Regulation for slope disaster is applied 

In order to mitigate the damages to existing residents in the zones where buildings already exist, and to 

prevent future damages for future residents and buildings in the non-urbanized zones, the zones where the 

Regulation would be applied were divided into 2 categories: urbanized zones (Inhabited zones with more than one 

building) and non-urbanized zones (Vacant zones without any building).  

Table 1 Type of regulated zones (JET) 

 

  

Land type 
Urbanized zones:  

Zones with more than one building 
Non-urbanized zones: 

Zones without any building 

Concept 
of 

regulation 

Regulation to limit construction works and 
to share information in order to reduce the 
possible damage in case of slope disaster. 

Regulation to limit new construction works 
in order to prevent the possible damage in 
the future events. 

Category Category A, B, C Category D, E 

 

2.2.２ Activities to be regulated by the Regulation for slope disaster 

The type of development activities to be regulated is defined as “new construction”, “amplification” and 

“remodeling”. The Regulation for slope disaster defines each term as shown below based on the Regulations on 

zoning, works, and land uses in the Central District (hereinafter referred as “GCC Regulation”): 

✓ New construction: Work to be built without using parts or elements of any pre-existing construction on the 

property. 

✓ Amplification: It is defined as the set of works to be carried out on an existing structure, building or 

installation, increasing its surface area and/or volume. 

✓ Remodeling: Interior or exterior modification of an existing building to adapt to new conditions of use 

without the addition of structural elements, retaining the substantial aspects or the facades of the original 

building, provided that it does not extend the useful or complementary areas of a building. 
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In the urbanized zones, it is decided to regulate new construction of buildings as well as amplifications and 

remodeling of existing buildings in order to reduce the future population at risk from slope disasters. With the aim 

of preventing the future damage by slope disasters, new construction activity is also prohibited in non-urbanized 

zones.  

 

2.3 Methodology to designate the regulation category and regulated zones. 

2.3.１ Regulation Category  

The Regulation for slope disaster defines 5 (five) categories of the zones where construction activities are 

restricted, three of which are for the urbanized zones and two of which are for non-urbanized.  

The regulation category corresponds to the hazard level of the slope in the zone. Zone evaluated by the 

Hazard evaluation sheet1 and classified as high, middle or low hazard, are regarded as “regulated zone”. 

✓ Category A (Inhabited zone of high hazard for slope disaster): Urbanized zones evaluated as high hazard, 

✓ Category B (Inhabited zone of middle hazard for slope disaster): Urbanized zones evaluated as middle 

hazard,  

✓ Category C (Inhabited zone of low hazard for slope disaster): Urbanized zones evaluated as low hazard, 

✓ Category D (Vacant zone of high and middle hazard for slope disaster): Non-urbanized zones classified 

as high or middle hazard, and 

✓ Category E (Vacant zone of low hazard for slope disaster): Non-urbanized zones classified as low hazard 

The regulation contents to be applied in each zone are explained later. 

In order to select the appropriate regulation category to be applied in zones with hazard for slope disaster 

zone, the hazard level will be used. 

 

2.3.２ Hazard evaluation 

For the zones where the slope disasters could occur, the evaluation of the slope condition shall be carried out 

through field visits. Each zones to be damaged in case of slope disasters is evaluated as High hazard, Middle 

hazard or Low hazard. The detailed methodology on hazard evaluation is explained in the Manual for the Creation 

of Hazard Map/ Risk Map of Slopes.  

The following shows the responses required for each hazard level. 

✓ Hazard level 1 (High hazard): Currently the sings of slope disasters occur and the countermeasure works 

is required. Efforts are needed to promote the reduction of population suffering from slope disasters.  

 

 
1 Detailed methodology are explained in the Manual for the Creation of Hazard Map/ Risk Map of Slopes which is prepared by the 

Working Group on Output 3 of the Project. 
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✓ Hazard level 2 (Middle hazard): No countermeasure works are required at the moment. However it is 

probable to be transferred to Level 1 due to heavy rain or other factor. The efforts such as limitation of 

population growth in the zone are necessary.  

✓ Hazard level 3 (Low hazard): No countermeasure works are needed and construction activities are allowed. 

But, non-structural measures such as regulating land use or providing information on slope disasters are 

necessary since the hazard exists in the zones of this category.  

Table 2 Relation between hazard level and regulation category (JET) 

Hazard level of Output 3 Regulation category of Output 4 

Level Explanation Urbanized zones Non-urbanized zones 

1. High 
Countermeasure works must 

be implemented. 

Inhabited zone of high 
hazard 

(Zone A) 
Vacant zone of high and 

middle hazard 
(Zone D) 

2. Middle 
Countermeasure works are not 
needed urgently but monitoring 

of the site is necessary. 

Inhabited zone of middle 
hazard 

(Zone B) 

3. Low 
No countermeasure works are 

necessary. 

Inhabited zone of low 
hazard 

(Zone C) 

Vacant zone of high and 
low hazard 
(Zone E) 

 

For regulations in urbanized zones, the three categories are defined such as inhabited zone of high hazard 

(Zone A), inhabited zone of middle hazard (Zone B), and inhabited zone of low hazard (Zone C) according to the 

3 hazard level categories. 

For regulations in non-urbanized zones, 2 categories are set up. The zones classified as hazard level 1 or 

hazard level 2 are designated as vacant zone of high and middle hazard (Zone D). The zones classified as hazard 

level 3 as vacant zone of low hazard (Zone E). 

 

2.3.３ Enter to the private and public land for evaluation 

The Regulation for slope disaster is applied according the hazard level. In case that residents in the slope 

disaster zones refuse the evaluation, the evaluation can not be implemented, which means the regulation is not 

able to be applied. In order to avoid such situation, the Regulation for slope disaster includes an article that 

mentions the right to enter to the slope disaster zones for the purpose of the hazard evaluation.  

When AMDC enters to public and private properties for the purpose of the hazard evaluation, the owner of 

properties and current residents shall be informed of activities to be conducted by AMDC in advance. The land 

owner and current residents may not refuse AMDC to enter without specific reason. 

In order to ensure the appropriateness of the regulation-related activities, AMDC may enter the subject land 

and inspect the condition of the land or construction in question when it is necessary to conduct the activities under 

the the following purpose. 
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✓ To conduct a hazard evaluation for the purpose of determining regulation categories to be applied in the 

subject zone 

✓ To conduct another hazard evaluation because the regulation categories in the subject zone need to be 

changed due to changes in the environment surrounding the slope caused by natural phenomena or man-

made activities, etc. 

✓ To confirm whether technical standards (building type, number of stories, etc.) defined by the Regulation for 

slope disaster are properly respected. 

In addition, persons who enter the lands occupied by others for the purpose of hazard evaluation shall carry 

identification and show it upon request of the person concerned. 

The owner of property and current residents are able to refuse AMDC’s entering to their lands for the hazard 

evaluation in case of the following situation: 

✓ AMDC’s evaluation team comes without any explanation to owner of property or current residents in 

advance. 

✓ Person who obviously has nothing to do with the evaluation accompanies with AMDC’s evaluation team. 

✓ Person from AMDC’s evaluation team does not show their ID or identification that prove they are in charge 

of the evaluation. 

✓ AMDC’s evaluation team comes to the evaluation at times that infringe on the private lives of current 

residents (for example before sunrise and after sunset).  
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2.4 Regulation map 

Once the hazard level of slope disaster is defined, AMDC shall immediately announce the regulated zones 

defined according to the hazard evaluation. In order for the residents to easily understand and respect the regulation, 

AMDC establishes and distributes a regulation map that shows range of regulated zones and regulation category.  

 

2.4.１ Step to make regulation map 

It is made through the Application such as ArcGIS. Basic flow to make the regulation map is as shown 

below:  

✓ STEP 1: Implementing the hazard evaluation and defining hazard level  

✓ STEP 2: Defining whether the evaluated zone corresponds to urbanized zone or non-urbanized zone 

✓ STEP 3: Defining the regulation category based on the hazard level and type of zones the Regulation for 

slope disaster is applied 

The details on operation of GIS related application is explained in the Manual for the Creation of Hazard 

Map/ Risk Map of Slopes. It is important to note that the risk evaluation is conducted at the affected zones but its 

result does not have any relation with regulation map. As the regulation category is decided only based on the 

hazard level. 

Table 3 Steps to make regulation map (JET) 

STEPs Explanation 

STEP 1: Implementing the 
hazard evaluation and 
defining hazard level 

 
- The hazard evaluation is carried out at the slope disaster zones by 
using the evaluation sheet. 

- The evaluation result is used to decide the regulation category.  
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STEP 2: Defining whether 
the evaluated zone 
corresponds to urbanized 
zone or non-urbanized zone 

 
- On the ArcGIS application, the number of existing buildings are 
calculated. If there is more than 1 house in the evaluated zone, the 
zone is classified as Zones A, B, or C. If not, Zones D, or E. 

STEP 3: Defining the 
regulation category based 
on the hazard level and type 
of zones the Regulation for 
slope disaster is applied 

 
- Regulation category is decided based on the hazard level and 
existence of house in the zone.  

N.B.: Sample images are not correspond to the actual hazard level nor regulation category. 

 

As the hazard map and risk map are produced for each disaster type, the regulation map also should be 

prepared for each type of disaster. AMDC prepares 2 map for one place. Following table shows an example. 
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Figure 8 Regulation map for Landslide prepared on GIS application (JET) 

 

 
Figure 9 Slope failure/rockfall prepared on GIS application (JET) 
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2.4.２ Demonstration on ArcGIS 

Attribute table  

A “Field” that represent the regulation category should be made in the attribute table of the regulation map. 

The attribute information to be entered to the field is one of the regulation category such as A, B, C, D or E. The 

type of attribute information to be entered shall be TEXT. 

 

Figure 10 Creation of the new field for regulation category (JET) 

 

 

Figure 11 New field for regulation category (JET) 

  

Color of the regulated zone on the regulation map  

The colors which have never been used in the past maps will be used for the Regulation map to describe the 

regulated zones, so that people in the Central District will easily understand the regulation category. Following 

table shows the color coding in RGB for each regulated zone. 
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Table 4 Colors to be used in the regulation map (RGB) (JET) 

ZONE A: Purple(197, 0, 255) 
ZONE D: Pink (255, 115, 223) 

ZONE B:  Orange (255, 211, 127) 

ZONE C: Light green (209, 255, 155) ZONE E: Brown (168, 112, 0) 

 

When two or more overlapping polygons of affected 

zones exist, the regulation category with the higher hazard 

level shall be applied to the land in question. Following figure 

shows the case study that the regulation category for zones B 

and C are overlapping. 

For this reason, when AMDC prepares the regulation 

map with GIS application, the layers of the regulation map are 

superimposed on each other so that zones with a higher 

hazard of slope disasters are more clearly indicated on the 

regulation map. 

 

 

AMDC prepares the regulation map with OpenStreetMap© as base map and the one with aerial photograph. 

Each maps should be distinguished by following purpose: 

✓ OpenStreetMap©: Map for socialization activity and distribution to the residents 

✓ Aerial photo: AMDC’s internal use to count the number of houses in the regulated zone 

 

2.4.３ Regulation map for socialization  

AMDC is responsibility to conduct the socialization activities on slope disasters. In order for the residents to 

understand the Regulation for slope disaster properly, the regulation map should be distributed to residents that 

might be damages in case of slope disasters or be posted around the regulated zones.  

Since the residents are not experts on the slope disasters, the regulation map shall describe the information 

In order to represent the layers with the 
highest hazard level from the top, the 
layers are represented from top to bottom 
as Zones A, B, D, C and E. 

Figure 13 Example of overlapping layers on regulation map (JET) 

The regulation 
category for zone B 
shall be applied in 
the sub-zone 
highlighted in red. 

Figure 12 Case study that zones B and C are 
overlapping (JET) 
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that helps them to understand the meaning of the map such as following:  

✓ AMDC’s logo and title of the regulation map 

✓ Type of slope disaster  

✓ Regulated zones with legends 

✓ Regulation contents to be applied in each category 

The regulation maps should be drawn to a scale that helps residents to identify their houses, evacuation routes, 

etc. It is also advisable to prepare a regulation map for each Colonia or Barrio, or for each unit in which AMDC 

conducts awareness-raising activities related to the Regulation. 

The following is a draft regulatory map as prepared in Barrio El Eden. As it is explained above, the regulation 

map shall be prepared for each type of disaster: landslide and slope failure/rockfall. 

 
Figure 14 Regulation map for landslide to be distributed to resident (JET) 
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Figure 15 Regulation map for slope failure/rockfall to be distributed to residents (JET) 
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Chapter 3. Regulated zones and regulatory content. 

3.1 Description and Scope of the zones 

Article 10 provides definitions for each regulation category. The contents of the Regulation for slope disaster 

contents are composed from 2 categories: i) regulations for urbanized zones and ii) regulations for non-urbanized 

zones. 

Regulations for urbanized zones aim to reduce possible future damage to residents through restricting 

construction activities and providing information on slope disasters. Regulation categories for urbanized zones are 

divided into 3 categories according to hazard level: high hazard zones (Zone A), medium hazard zones (Zone B) 

and low hazard zones (Zone C). 

✓ Inhabited zone of high risk for slope disasters (Zone A): this is a zone where countermeasure works are 

required. Until the countermeasure works are implemented, the zones will be classified as uninhabitable, and 

construction activities (new construction, amplification and remodeling works) will be prohibited. The zone 

will also become a zone where existing residents will be advised to relocate after being informed of the risk 

of slope disasters. 

✓ Inhabited zone of middle hazard for slope disasters (Zone B): this zone are considered a zone where no 

urgent countermeasure works are required, but continuous monitoring is necessary. The zone has the 

potential to move to high hazard (level 1) in case that the slope conditions of the zone change, new 

construction and amplifications are not allowed, as action that may affect the slope condition. AMDC 

conducts effort to decrease the future population in the zones. Remodeling works are permitted as long as 

they comply with the structural restriction specified by AMDC. The structural restrictions are based on the 

condition that the dwelling is not more than two stories in height, taking into account the floor-area ratio and 

other factors. 

✓ Inhabited zone of low hazard for slope disasters (Zone C): the zone is considered a zone where no 

countermeasure works are required, and new construction and amplification are permitted in Zone C. 

However, due to the presence of hazards, new construction and amplifications are only permitted in the zone 

for buildings up to two stories in height. 

In all regulation category, regulation maps will be distributed to residents within the regulated zone and to 

residents in the vicinity, and awareness-raising or socialization activities will be conducted on slope disasters. 

Regulations for non-urbanized zones aim to prevent possible future slope disaster by applying restrictions 

on new construction activities in zones where there is no existing land use. The regulations for non-urbanized 

zones consist of two categories: high and medium hazard zones (Zone D) and low hazard zones (Zone E). 
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✓ Vacant zone of high and middle hazard for slope disasters (Zone D): this is the zones considered as high 

hazard (level 1) and medium hazard (level 2). These zones are not suitable for land use until countermeasure 

works are implemented. Therefore new construction is prohibited. 

✓ Vacant zone of low hazard for slope disasters (Zone E): it is classified as a zone where no countermeasure 

works are required and new construction is permitted as long as it complies with the structural restrictions 

set by the AMDC. 

Although there are no existing residents in Zones D and E, it is necessary to inform the people living around 

the zones about the dangers of slope disasters. Socialization activities will be carried out for the residents living in 

the vicinity of these districts. 

Table 5 Regulation contents (JET) 

 

 
Zones with more than one building 

 
Zones without any building 

Hazard level Regulation category 

High 

ZONE A 
- Prohibition of new construction, 

amplification and remodeling 
- Relocation recommendation 
- Awareness activities 
- Distribution of regulation map 

ZONE D 
- Prohibition of new construction 

Middle 

ZONE B 
- New construction and amplification are 

not allowed. Remodeling is allowed. 
- Awareness activities 
- Distribution of Regulation map 

Low 

ZONE C 
- New construction, amplification, 

remodeling works are allowed. 
- Awareness activities 
- Distribution of regulation map 

ZONE E 
- New construction works are allowed. 
- Awareness activities to people around 

the zone 
- Distribution of regulation map 

   

The Article 13 defines that AMDC is able to recommend local residents living in high hazard zones (Zone 

A) to relocate from the land currently they occupy as the slope disasters are supposed to occur and the land is not 

suitable for settlement. The recommendation on relocation is understood as the method that request local residents 

to carry out their voluntary actions to reduce the risk on slope disaster, which means it is residents has definitive 

decision if they relocate or not.  
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Since the decision to keep living in high hazard zone does not increase the risk of slope disaster to other 

people, the restriction of private rights must be kept to a minimum. It is not appropriate to force relocation, but 

only to encourage voluntary actions. 

AMDC shall promote effectiveness of relocation program by implementing measures to support the 

voluntary relocation based on recommendation (e.g., mediation for acquisition of new land).  

 

3.2 Type of land use that can be implemented in each regulated zone 

Articles 15, 16, 17, and 18 provide for the classification of land uses that are considered implementable 

within the regulated zones as permitted uses and land uses that are considered non-permissible as non-permitted 

uses. In the regulated zones, only the activities classified as “permitted use” can be carried out and any activities 

classified as “not permitted use” are not allowed.  

The permitted use and not-permitted use are listed in the regulation. Simplified list is as shown below:  

Table 6 Permitted use and not-permitted use in Category A, B and C (JET) 

 Category A Category B Category C 

GENERAL USE 
NEW 

CONSTRUCTION 
NEW 

CONSTRUCTION 
AMPLIFICATION REMODELING 

NEW 
CONSTRUCTION 

AMPLIFICATION REMODELING 

STRUCTURAL AND 
NON-STRUCTURAL 

MITIGATION 
WORKS 

P P - - P P P 

HABITATIONALS/ 
UNIFAMILIAR 

LIVING 
NP NP NP P P P P 

EQUIPMENT NP NP NP P P P P 
GENERAL BASICS NP NP NP P P P P 

 

Table 7 Permitted use and not-permitted use in Category D and E (JET) 

 Category D Category E 

GENERAL USE 
NEW 

CONSTRUCTION 
NEW 

CONSTRUCTION 

STRUCTURAL AND 
NON-STRUCTURAL 

MITIGATION 
WORKS 

P P 

HABITATIONALS/ 
UNIFAMILIAR 

LIVING 
NP P 

EQUIPMENT NP P 
GENERAL BASICS NP P 

 

Regarding the land use which as not listed above, in high and middle hazard zones such as Category A, B 

and D, any type of land use is not allowed. In low hazard zones, any type of land use is permitted even though it 

is not mentioned in the list.  

In addition, the land use classified in “DE SERVICIO”, “PRODUCTOS”, COMERCIO” and any other type 

of land use not listed is considered as non-permitted use in the zones A, B and D. The work license is not issued 
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for any type of land use classified in these categories.  

In medium and low hazard zones, even when land uses that are considered permitted uses are implemented, 

hazards still exist and rapid evacuation is required if necessary. Therefore, the number of stories for building 

structures is restricted and buildings must be no more than two stories high. 
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Chapter 4. Dissemination Activities Protocol 

4.1 Identification of actors 

Dissemination and awareness process is essential in the execution of any programs or projects, in order to 

ensure the involvement of the interested parties, as well as to ensure the successful execution and subsequent 

environmental and social sustainability of the projects or programs.  

The key actors in terms of the dissemination activities of the regulation are listed in the following table. 

AMDC conducts the dissemination activities with not only collaborating the listed actors but also other necessary 

actors.  
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Table 8 Classification of actors (JET) 

ACTOR CHARACTERISTICS AND ITS ROLE POSSIBLE PARTICIPATION IN TERMS OF DISSEMINTION OF THE REGULATION  

INHABITANTS Local: All natural and legal persons who live in the Central District 
- Integration of CODEL, and interested in the development of their community. 
- Interlocutors with the AMDC for the choice of the most appropriate interventions. 
- Collaborators of the AMDC for the convening of meetings, councils, etc. 

LOCAL EMERGENCY COMMITTEE 
CODEL 

Local:  It is the legal structure protected by the Law of the National System of Risk 
Management (SINAGER), coordinates and responds to the Municipal Emergency 
Committee (CODEM). It is the grass-roots community organization, which is organized 
and trained to assist its community in preventing, mitigating and rehabilitating 
emergencies or disasters, whether natural or man-made. 

- Coordination of the dissemination activities with AMDC and residents 
- It supports and provides strategic information to AMDC in identifying landslide area. 
- It participates in socialization/implementation of measures 
- It develops and implements community-based risk management plans (PCGR). 

GUÍAS DE FAMILIA 

Local: groups of five persons responsible for identifying, supporting and training families 
living in poverty, extreme poverty, vulnerability and social risk and integrating them into 
the various programs of care, prevention, social assistance, social security and 
protection services. 

- It supports for AMDC to collect the baseline information in the community  
- It supports local residents to participate in the dissemination and socialization activities. 

MUNICIPAL UNIT FOR INTEGRAL 
RISK MANAGEMENT UMGIR 

Municipal: General Coordinator of the dissemination activities. It shall ensure the 
proper implementation and fulfilment of its objectives and components by coordinating 
the participation of each and every one of the main actors and others involved in the 
implementation of the regulation. 

- It coordinates the dissemination activities with COPECO and Mi Ambiente if necessary. 
- It provides to UGA, DOT, CODEM, DGCDH and IDEM with information on high hazard zones and any 

preliminary information that may be used for the implementation of the dissemination.  
- It is responsible for ensuring that improvements suggested by the community are implemented. 

CIVIL WORKS MANAGEMENT GOC 
Municipal: It carries out the specific technical supports.  It coordinates with the 
Cadastral Management of the Directorate of Territorial Planning. 

- It issues the cadastral reports of each site where the dissemination activities are carried out. 
- It submits periodic reports to UMGIR and special reports when requested by UMGIR 

COMMUNITY MANAGEMENT AND 
HUMAN DEVELOPMENT 

DIRECTORATE 
DGCDH 

Municipal: It is in charge of coordinating the social aspects of the dissemination and 
implementation of the regulation. 

- It is responsible for the dissemination and awareness of the regulation. 
- It will be accompanied by IDEM and CODEM when the dissemination is to be done. 

ENVIRONMENTAL MANAGEMENT 
UNIT 
UGA 

Municipal: It is responsible for overseeing all environmental matters  

- It gives the explanations on environmental assessments to the location where the structural measures will 
be implemented. 

- It gives the explanation on licensing processes or environmental certificates that are required for the 
execution of some construction activities. 

 
DIRECTORATE FOR FINANCE AND 

ADMINISTRATION 
DAyF 

Municipal: It is responsible for the coordination and regular preparation of budget 
projections for investments, and procurement. 

- It is responsible for Budget management and request for disbursements. 

MUNICIPAL MANAGEMENT 
PLANNING AND EVALUATION UNIT 

UMPEG 

Municipal: It is responsible for managing the progress of public works projects 
implemented by AMDC and issue instructions to each agency to ensure that there are 
no discrepancies between plans and actual results. 

- It is responsible for monitoring and follow up of the implementation of the projects or programmes related 
to socialization. 

MUNICIPAL EMERGENCY 
COMMITTEE 

CODEM 

Municipal: It is responsible for coordinating all actions oriented to prevention, 
response and recovery for emergencies or disasters occur in the Municipality . 

- It certifies the Local emergency committee CODEL. 
- It supports with the dissemination and awareness of the regulation.  
- It support the collection of baseline information of the communities.  

Gerencia Instituto de Desarrollo 
Municipal 

IDEM 

Municipal: It is responsible for following up the activities of the Economic, Political, 
Educational, Environmental and Cultural projects and programmes of the residents in 
the Municipality. 

- It contribute to collect the information especially demographic information on the regulated zones. 
- It supports other actors to implements the socialization activities. 

 



24 

 

 

 

4.2 Dissemination and awareness methods 

The objective of the dissemination and awareness activities is that the population and communities in the 

Central District understand correctly the Regulation for slope disaster, and that AMDC applies smoothly the 

Regulation for slope disaster by obtaining the cooperation from the population and communities. In order to 

achieve these objectives, the effective dissemination and awareness is necessary. It is effective to conduct 

following dissemination methodologies that generate acceptance, awareness and social support.  

The appropriate methodology shall be selected according to target’s needs and characteristics (gender, 

mobility, literacy, disability, among others). The DGCDH, CODEM and IDEM will be in charge of planning and 

implementing dissemination and awareness activities. Followings are the example of the dissemination activities. 

(1) Community meeting 

The communities meeting shall be held by inviting groups of 20 -25 people representing the communities 

where each intervention regarding the Regulation for slope disaster is taken place. It helps the communities to 

understand the contents of the Regulation for slope disasters, and actions to be taken by the residents, as well as to 

have opportunities to express their opinions. It contributes to establish an ownership of the community in the 

regulation implementation. 

(2) Call to 100 line 

AMDC has a citizen service line called “Line 100”, which is completely free in order to improve 

communication between the community and the institution. Through this service, communities are able to make 

their complaints and suggestions in term of the Regulation implementation.  

(3) Social network service (SNS) 

AMDC, taking into account the trend towards the use of SNS by residents and aiming to transmit effectively 

the message and information regarding the regulation, have the accounts in the following services: Facebook, 

Twitter, Instagram and Blogger. These services are managed by the Communications Unit who will transfer the 

query to the focal point. 

(4) Face-to-face Attention 

Citizens will have the opportunity to make inquiries and make suggestions, in person, by contacting the 

offices of the DGCDH through AER Citizen Service Management, all located in the offices of the executive 

building, La Ronda neighborhood. 
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4.3 Things to keep in mind when talking to residents 

During the hazard evaluation or socialization activities, it is important that the participants understand the 

contents of Regulation for slope disaster and actions to be done by residents in regulated zones.  

To talk to residents in regulated zones and acquire their clear understanding, AMDC shall take following 

points into account during socialization activities: 

✓ All the actors must be invited (involved institutions, residents and organizations). 

✓ Clear and concise information on existing problems in regulated zones due to landslides should be transferred 

without causing residents to panic or confuse. 

✓ The contents of socialization shall include the key aspects of regulation such as type of slope disasters, 

regulation category, regulation map, action to be taken by residents. 

✓ Socialization activities shall be implemented with dynamic participation by generating spaces for questions 

and answers. 

✓ AMDC shall prepare informative documents to be distributed during the socialization activities such as poster, 

leaflet, etc.  

✓ Installation of printed documents and information at the visible location of the regulated zone should be 

considered 
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Chapter 5. Application flow and formats 

5.1 Formats for the work license 

The GCC regulation2 (commonly known as the GCC regulation) stipulates that work license is required 

when residents want to carry out construction activities in the Central District, regardless of whether or not there 

was a hazard on slope disaster. Therefore, a work license is required to be obtained for any construction activity 

in the zones regulated by the Regulation for slope disaster. The Regulation for slope disaster contributes to prevent 

or mitigate the damages due to the slope disasters by clarifying the regulated zones and not issuing the work license 

for activities that might increase the probability of slope disaster.  

When construction activities are conducted in a regulated zone, the work license is required. The 

prerequisites for construction activities are provided in the Article 6. There are four (4) prerequisites for the work 

license that the owner of the property shall accepts. Conditioning factors may be required for four reasons: 

1. Those conditions required to ensure compliance with the law, this regulation, other municipal 

regulations and special regulations. 

2. Those conditions required to minimize negative impacts on neighbors and passers-by. 

3. Those conditions required to ensure that damage to roads and other community infrastructure or 

equipment caused by the work execution process is repaired by the owner. 

4. Those conditions required to minimize the negative impacts that the project may cause on the 

transportation of the sector where a project will be developed. 

The criteria for work license for construction activities in each regulation category are also described later. 

 

5.2 General explanation about the process flow in the AMDC 

The flow on the regulation application is as shown below. 

Table 9 Process and department in charge (JET) 

Phase Department, Unit in charge 

1 Selection of the evaluation site Detailed explanation is given in the 
manual of Output 3 

2 Implementation of the hazard evaluation Detailed explanation is given in the 
manual of Output 3  

3 Designation of regulated zone and regulation category and 
establishment of regulation map 

DOT and GER 

4 Application of regulation contents DOT, GCC, GER, UMGIR, CODEM, 
IDEM, and DGCDH 

 

 

 

 
2 Articles 24 and 25 of the Construction Regulation (GCC Regulation) 
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1. Selection of the evaluation site  

The sites where the hazard evaluation is conducted should be selected based on the Inventory map 

(Inventario Deslizamientos JICA). The detailed methodology is explained in the Manual for the Creation of 

Hazard Map/ Risk Map of Slopes prepared by Output 3.   

2. Implementation of the hazard evaluation 

GER will conduct the hazard evaluation. AMDC’s team for the hazard evaluation shall bring the evaluation 

sheet and conduct the hazard evaluation by checking the geological, topographical situations in the zones. 

3. Designation of regulated zone and regulation category and establishment of regulation 

map 

DOT checks and approves the contents of hazard evaluation. After the approval, DOT instructs GER to 

clarify the regulation catgory and to make the regulation map of the evaluated zone in order to officially apply the 

Regulation for slope disaster. 

Apart from the hazard evaluation, it is necessary to confirm if there is an existing building or more in the 

evaluated zone in order to decide the regulation category. If there is more than 1 existing building, the zone shall 

be classified as Zone A, B or C according to the hazard level. But if not, it is classified as Zone D, or E. Following 

table shows the relation between hazard level and existence of building in the evaluated zone. 

Table 10 Hazard evaluation and Regulation category (JET) 

 
Urbanized zones: 

Zones with more than one building 
Non-urbanized zones: 

Zones without any building 

Hazard level Regulation category 

High ZONE A 
ZONE D 

Middle ZONE B 

Low ZONE C ZONE E 

 

In order to confirm if there is an existing house in the evaluated zone, a map with aerial photo shall be used 

on the ArcGIS application. Map with aerial photo shows the latest condition of the regulated zone and helps to 

calculate the number of houses in the zones more accurately. So, the regulation category shall be defined based on 

the aerial photo. Even though map with OpenStreetMap© is not convenient to calculate the number of houses, it 

shows the location of roads and regulated zones more clearly than aerial photo. So, the socialization activities shall 

be conducted with regulation map with OpenStreetMap©. 

In this background, AMDC need to prepare the regulation map with 2 different type of base maps according 

to the purpose. Following table shows the case of a zone in the Central District with 2 different base map. 
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Table 11 Sample of the regulation map of the same place (JET) 

 Map with aerial photo  Map with OpenStreetMap© 

Image 

  
Points It is convenient for calculating the number of 

houses in the regulated zones. 
It is convenient for explanation of the principal 

routes in the community. 

N.B.: Sample images are not correspond to the actual hazard level nor regulation category. 

 

4. Application of regulation contents 

Once the regulation map is established and published to residents, the Regulation for slope disaster is 

officially applied. GCC is in charge of issuance of the work license which is required for the construction work in 

the regulated zone. GCC shall check whether the application documents submitted by the residents comply with 

the requirements and whether the construction activities are in the regulated zones.  

The buildings which are partly included in the regulated zones must be subject to the regulation. Following 

figure shows the buildings to be regulated as  and building not to be regulated as .  

 

Figure 16 Building to be regulated and not to be regulated (Case of Zone A) (JET) 
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Regulated by ther reguted Not regulated 

  

Figure 17 Building to be regulated (JET) 

 

5. Action to be taken after the slope movements 

The regulation can be applied only based on the result of hazard evaluations. AMDC shall conduct the hazard 

evaluation in the affected zones immediately after the slope movement because the slope condition has changed. 

AMDC shall immediately apply the regulation and creates or updates the regulation map.  
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5.3 Case study for regulated zones 

5.3.１ Basic procedures for construction work in the Central District 

The basic procedures for construction work in the Central District proceed as follows. When an application 

for a work license is received from a resident, GCC is in charge of the department that will deal with the application, 

referring the application to the relevant department and deciding whether a work license can be issued. 

In the case of construction work in zones without risk for slope disaster, GCC instructs residents to obtain 

the necessary documents for obtaining a work license from the following departments. 

Table 12 Basic flow to request the work license (JET) 

Actions Responsible department 

Presentation of the document (receiving the 
document from the residents) 

GCC 

Creation of cadastral code is done Catastro 

Risk Assessment Report is issued GER 

Environmental Permission is issued UGA 

Work license is issued GCC 

 

5.3.２ Case study 

At the application phase, the restriction and limitation of the construction activities are applied according to 

the regulation category. Following table shows the regulation contents applied in each regulated zone. 

Table 13 Case study for impelementation of regulation (JET) 

Case Study Zone A Zone B Zone C Zone D Zone E 

1 Relocation X     

2 
New construction in ZONA A, B and 
D, and amplification in Zone A and B 

X X  X  

3 New construction 2 (ZONA C and E)   X  X 

4 Amplification  (Zone C)   X   

5 Remodeling (ZONA B and C)  X X   

6 Socialization 1(informative meetings) X X X X X 

7 
Socialization 2(installation of 

regulation map) 
X X X X X 

8 Modification X X X X X 

The cells checked as “X” corresponds case study 

 

1. Case 1: Relocation recommendation to existing houses in ZONE A 

For the existing residents in the zone A, AMDC is able to recommend relocation. The relocation 

recommendation to the existing residents can not be enforced. The recommendation is only given to request 

residents to carry out voluntary actions. So the residents are able to decide whether or not to follow the 

recommendation. 

AMDC visits to the houses in the zone A one by one in order to conduct the explanation and recommendation 

by giving the official letters. Following table shows the necessary actions related to the recommendation. 
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Figure 18 Relocation recommendation (JET) 

 

Table 14 Action flow to reques the relocation (JET) 

Actions Responsible department 

Establishment of regulation map DOT and GER 

Establishment of socialization schedule DGCDH, UMGIR, CODEM, and GER 

Preparation of the official letter on relocation Legal and DOT 

Arrangement of the visit to residents DGCDH, CODEM, and GER 

Implementation of the visits to residents DGCDH 

 

2. Case 2: New construction in ZONA A, B and D, and amplification in Zone A and B 

Before the issuance of work license, GCC checks whether a new construction is allowed in the zone. New 

construction on any type of land use is not allowed in ZONE A, B, and D. Amplification work in not allowed in 

the Zones A and B. 

Table 15 Action flow to dismiss the application for work license (JET) 

Actions Responsible department 

Presentation of the document (receiving the 
document from the residents) 

GCC 

Revision of the documents GCC 

Decision not to issue the Work license GCC 

 

 
Figure 19 Decision on if the work license is issued for new construction and amplification work in zones A, B, 

and D (JET) 
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3. Case 3: New construction 2 (ZONA C and E) 

Before the issuance of work license, GCC checks whether the type of land-use is classified as “Permitted 

use” or “Not-permitted use” and the structure of the building to be constructed. In Zones C and E, new construction 

of any type of land use is allowed in case that the building to be constructed is no more than 2 stories. 

In case that the application for the building more than 3 stories is submitted and that GCC verified contents, 

the application for work license is immediately dismissed. In addition, if a house is built in Zone E, the applicable 

regulation category is changed into Zone C, as it falls within an urbanized zone (where there is more than one 

building). The GER will therefore have to update the regulation map. 

 

Figure 20 Decision on if the work license is issued for new construction in zones C and E (JET) 

 

4. Case 4: Amplification (Zone C) 

When an application for amplification work is submitted from resident, GCC checks whether the type of 

land-use is classified as “Permitted use” or “Not-permitted use”. In zone C, amplification work for any type of 

land use is allowed in case that the building to be constructed has less than 3 floors. It should be also noted that 

other regulations, such as the GCC regulations, which set building coverage and height limits, also are applied, so 

GCC must take into account when it checks application documents from the residents. 

In case that the applied land-use is classified as “Not-permitted use” or the applied building will have more 

than 3rd floors, the work license is not issued. 

 



33 

 

 

 

 

Figure 21 Decision on if the work license is issued for amplification in zones C (JET) 

 

5. Case 5: Remodeling (ZONA B and C) 

Before the issuance of work license, GCC checks whether the applied land-use is classified only as 

remodeling work. The term 'amplification' means 'adding additional floor space' to an already existing building. 

Constructing a separate building is also regarded as an amplification work. The term ‘remodeling work’ refers to 

the partial or total demolition and rebuilding of structural parts of an original building. Increasing floor space is an 

amplification work. 

In zone B and C, remodeling work for all type of land use is allowed. The remodeling work to existing 

building in the zone A is not allowed. 

 

Figure 22 Decision on if the work license is issued for remodeling work in zones C (JET) 
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6. Case 6: Socialization 1(informative meetings) 

Dissemination and awareness activities are conducted to the residents living in all the regulated zone and 

those who living around the zones D and E. Following actions shall be implemented for the dissemination and 

awareness activities.  

Table 16 Action flow to implement the informative meetings (JET)  

Actions Responsible department 

Establishment of regulation map DOT and GER 

Distribution of regulation map CODEM, IDEM, and DGCDH 

Arrangement of the meeting schedule with residents CODEM 

Establishment of the explanation documents CODEM and IDEM 

Implementation of the informative meetings CODEM, IDEM, and DGCDH  

 

The table above shows an example of the informative meetings, but the methodology for socialization shall 

be selected according to the target characteristics. 

 

7. Case 7: Socialization 2(installation of regulation map) 

Regulation maps and informational signs regarding the regulation are installed around the regulated zones 

or at the entrances to the regulated zones. The required activities are shown in the table below. 

Table 17 Action flow to implement the installation of regulation map (JET) 

Actions Responsible department 

Establishment of regulation map DOT and GET 

Decision on installation location of the regulation map DODEM 

Order for production and printing of maps for installation 
(Department to bear the budget) 

DGCDH and UMGIR 

Installation of the regulation map 
(Department to bear the budget) 

CODEM and DGCDH 

 

8. Case 8: Change in regulation category 

As it is explained above, the hazard evaluation is conducted by GER and the result would be approved by 

DOT. Once the approval from DOT is issued, GER creates the regulation map with GIS application. This flow is 

the same in case that slope condition change due to natural or artificial event. 

When countermeasure works are implemented in a regulated zone, the hazard evaluation is conducted and 

the regulation category applied in the zone is changed according to the evaluation results. For example, if 

countermeasure works are implemented in Zones A and B, and the hazard evaluation after the countermeasure 

works classify the zone as low hazard, the regulation category is changed to C. If countermeasure works are 

implemented in Zone D, and the result of hazard evaluation is low hazard, the regulation category is changed to 

E.  
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On the other side, it is also possible that the regulated category would get strict due to natural or artificial 

event that increase the probability of slope disaster. For example, if a landslide or slope failure occurs in Zones B 

and C, and that topography of the zone gets changed, the hazard evaluation should be conducted immediately after 

the event in order to identify the latest hazard level. In addition, the regulation category to be applied to the zone 

in question is changed according to the latest hazard level. In this case, if the hazard level is evaluated as high 

hazard after the event, the zone is changed to Zone A, or if the hazard level becomes medium hazard, the zone is 

changed to Zone B. 

 

In the event of a confirmed violation, such as new construction activity in Zones A and D, AMDC will 

impose penalties in accordance with the Regulation, and will also handle the following 

✓ Newly constructed buildings will be promptly demolished and vacated or relocated. 

✓ Any additions to the building for non-permitted uses will be demolished as soon as possible. 

✓ If other related regulations exist in the AMDC, they will also be applied. 



36 

 

 

 

5.4 Roadmap for the issuances of work license 

 

Figure 23 Roadmap for the issuances of work license (JET) 
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Chapter 6. Questions and Answers 

The following table shows the example of Q&A.  

Table 18 Example of Q&A (JET) 

  Questions  Answer 

1 What to do if one property exists in a 
regulated zone (for example in zone A) 
and non-regulated zone? 

In this case, the regulation for the A zone will be applied.  
As it is explained in 5.1, all the buildings which are partly 
included in the regulated zones must be subject to the 
regulation. 
As the regulation is applied in order to protect the life and 
property in the regulated zone, it is better to apply the rules 
more strictly. 

2 When a resident wants to construct a 
new house in the zone C, what kind of 
procedure should he/she conduct apart 
from the work license? 

The applicant shall conduct all the necessary procedure to 
construct a building. For the regulation, there is no additional 
procedure apart from the normal procedure. It is necessary to 
conduct the procedure for Cadastral code of Catastro, Risk 
Assessment Report of GER as well as Environmental 
permission of UGA before he/she requests the work license.  

3 I want to build a house with 2 floors in C 
zone. Does AMDC issue the work 
license for this case? 

When a building is constructed in the regulated zone, not only 
the regulation for slope disaster but also other regulations are 
applied. In this case, the height defined in GCC regulation 
shall be applied. 

4 I want to build a house with 2 floors to fill 
the entire property (building coverage is 
close to 100%). Does AMDC issue a 
work license?  

The work license is issued when the building does not violate 
the building coverage standards defined in the GCC 
regulation. 

5 Does AMDC define the regulated 
zones and regulation category without 
resident’s opinion?  

The regulation category is decided only based on the hazard 
level. And the range of regulated zones is decided based on 
the affected zones. It is important that the residents in the 
regulated zones understand the danger of slope disasters and 
conduct necessary actions. AMDC explains the purpose and 
contents of the regulation to residents.  

6 I'd like to know the locations of 
regulated zones in the Central District. 

Once AMDC conducts hazard evaluation and designates the 
regulated zones, the regulation map is distributed to residents. 
It is also published on website. The residents can confirm the 
locations by contacting AMDC directly. 

7 I have a land and a building such as 
apartment in regulated zone. But no 
one wants to live in my property 
anymore as AMDC declares that my 
apartment is in the zone B. I would like 
to request AMDC to give the 
compensation for the decline in the 
property value of my apartment. 

AMDC designates regulated areas in order to identify and 
inform residents of the risk of their land to slope disaster. The 
regulated zones are designated based on the judgment that 
the protection of life and property takes precedence over the 
economic impact of the designation. For this reason, the 
AMDC does not provide any compensation against loss of 
property values. 

8 I live in zone A, but the landowner lives 
in another area. If I relocate according 
to the regulation for slope disaster, am I 
not obligated to pay rent to the 
landowner from when I relocate?  

As the regulation for slope disaster intends to protect life and 
property, the residents currently living in the regulated zones 
are subject to relocation recommendation. Since the 
recommendation is not enforceable, it is current residents who 
decide whether he/she relocates or not. The rent should not 
be charged after the relocation. But to avoid any problem, the 
current residents need to discuss with the landowner on this 
topic. 
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Chapter 7. Relevant laws and regulations 

The following shows the national laws and municipal regulations related to the Regulation for slope disaster. 

 

7.1 National law 

1. Law on National Risk Management System (SINAGER) 

SINAGER, enacted in 2010, aims to establish a legal framework for the development of national capacities 

to prevent and mitigate human and natural disaster risks, and to respond, rehabilitate, and recover from the damage 

caused by disasters. SINAGER is also subdivided into subsections. The SINAGER bylaw (Regamento de la ley 

del SINAGER) is a detailed regulation of SINAGER. 

 

2. Territorial Planning Law 

The law, established by Decree No. 180 of 2003, stipulates that the management of risk areas is the 

responsibility of the municipality and that the municipality has the authority to establish regulations required for 

the management of risk areas. 

According to Articles 31 and 38, land use plans must be prepared at the national and municipal levels, and 

the identification of risk areas must be incorporated into theses plans. Furthermore, Article 88 stipulates that no 

residential or commercial construction or public works projects are allowed in areas identified by local 

governments as having a risk of exposure to slope hazards and flooding, unless approved by the municipality in 

question. 

 

3. Municipal Law 

Established by Decree No. 134-90 of 1990, this law regulates matters related to the establishment of local 

governments and the operation of local governments. According to Article 13, it is stated that the local government 

is responsible to make and implement the municipal urban development planning and has the authority to establish 

regulations for land use. 

 

7.2 Existing regulation in AMDC 

1. Regulations on zoning, works, and land uses in the Central District  

This regulation was issued in the Official Gazette "La Gaceta" No. 33,415, dated April 30, 2014. This 

regulation establishes standards, procedures, and requirements for construction activities and land use in the 

Central District, and stipulates that it shall be applied to projects and land uses related to the new construction, 

amplification, remodeling work, relocation, and demolition of buildings or structures. 
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GCC is the department that conducts the survey, approval, reporting, and issuance of various documents 

related to construction activities and land uses in the Central District, and that is responsible for the enforcement 

of this regulation. Therefore, this regulation is known as the "GCC Regulation” or “Construction Management 

Regulation”. 

✓ Article 24, "Work Licenise": a work license in this regulation refers to a license issued by the municipality to 

carry out construction, reconstruction or demolition of buildings, work related to cut and fill, pave roads, 

construction of drainage facilities, and installation of structures or projects causing a change of land use. 

✓ Article 25 "Obtaining a Work License": a work license from the GCC is required for any construction work 

carried out in the Central District. Any construction work started without a work license shall be stopped 

under the guidance of the AMDC's Civil Administration Department and shall not be resumed until a work 

license is obtained. 

 

2. Regulation for Disaster Risk Reduction in the Central District  

This regulation was issued in Official Gazette No. 34,469 of October 18, 2017. The purpose is to establish 

regulations on disaster risk reduction, climate change adaptation, and land use planning. It is also known as the 

“Risk Assessment Regulation” or “GER Regulation” because it requires that all construction and land use 

development projects in disaster risk areas in the Central District undergo a risk assessment by GER prior to the 

start of the project. 

The assessment for the Risk Assessment Report is prepared by GER during the procedure to examine 

whether the work license can be issued. The assessment is carried out based on AMDC’s multi-hazard maps, risk 

assessment manuals prepared by COPECO, and other document as well as field surveys.  

On the other hand, the hazard evaluation of the Regulation for slope disaster is conducted based on the 

evaluation sheet which evaluate topography, geology, and countermeasure status of the target slope itself.  After 

the evaluation, the regulation category is decided. 

Therefore, when construction activities in zones where there is a hazard of slope disasters is carried out, the 

application submitted by residents for the work license shall be necessary to comply with the requirement of GER 

regulation too, since the materials referred to are different. 

The following are excerpts from provisions related to the Regulation for slope disaster. 

✓ Article 7 "Licenses and Permits": Persons conducting construction activities or land use in the Central District 

must obtain the following licenses and permits 
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A) Work License: A risk assessment of the area in question by the GER must be carried out prior to project 

implementation. The developer must implement the adaptation and mitigation measures required to 

reduce the risk in case that GER instruct so based on the risk assessment. 

✓ Article 16 "Establishment of Affected Areas": Based on the risk assessment by the GER, the hazard and 

affected area, etc. shall be established for each area. UMGIR shall participate in this assessment, and DoT 

and GCC shall have the authority to change or determine land use objectives according to the results of the 

risk assessment by GER. 

✓  Article 17 "Preparation of an Emergency Disaster Risk Reduction Plan": Any individual or legal entity that 

owns commercial real estate in a high hazard area for slope disasters or flooding must have an emergency 

disaster risk reduction plan approved by the CODEM and COPECO. 
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Chapter 8. Reference 

NPO Sediment Disaster Prevention Publicity Center (SPC), https://www.sabopc.or.jp/ (Viewed on April 25th, 2023) 
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