PROPOSAL FOR A NUMERICAL METHOD TO ASSESS THE RISK OF TOTAL
DESTRUCTION AND LOSS OF HOUSES DUE TO SEDIMENT-LADEN FLOOD.
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ABSTRACT

In order to prevent damage to houses caused by sediment-laden flood, it is necessary to know the area of sediment-laden flood and the
degree of damage to houses in advance. In this study, we propose a method to estimate the flow depth during sediment-laden flood using
numerical simulation based on recent disaster cases, and to obtain the relationship between this depth and the actual degree of house dam-
age. The proposed method shows a positive relationship between the depth of flow and the degree of damage to houses. This method is

expected to be useful for preliminary damage estimation.

INTRODUCTION

In recent years, many houses have been damaged by sediment-laden flood, in which muddy water containing a large amount of sediment
flows out of the river channel over a wide area (Figure 1). In recent years, sediment-laden floods have occurred at least once a year on av-
erage in Japan. The relationship between topographic indices such as distance from the river channel and specific elevation from the river
channel has been discussed (Sakai et al. 2021). On the other hand, the actual extent and magnitude of damage caused by sediment-laden
flood depends on rainfall and runoff discharge. Now, numerical calculations have been used for preliminary damage estimation for debris
flow (Nakamoto et al. 2018). Therefore, it is thought that numerical calculations can also be useful for preliminary estimation of damage to
houses caused by sediment-laden flood. In this study, the relationship between the extent of sediment-laden flood, sediment depth, flood
velocity, and the magnitude of damage to houses was analyzed using numerical simulation. We then proposed a method for predicting

house damage using numerical simulation.

Figure 1 Heavy rainfall in northern Kyushu in 2017 caused sediment-laden flood

METHODS

The study watersheds are those shown in Table 1, which have recently experienced damage to houses due to sediment-laden flood disas-
ters. Because the degree of damage to houses caused by sediment-laden flood varies depending on the topography (Sakai et al., 2022), the
target watersheds were divided into valley-bottom plains and fan-shaped areas. First, house damage was analyzed in each basin. Next, the
inundation area, sedimentation depth, and flow velocity were estimated for each of the disaster cases shown in Table 1 based on numerical
simulation. Note that the topographic model used in the numerical simulation does not take into account the shape and structure of the
building. The relationship between peak hydrodynamic forces and house damage was analyzed, and a method for estimating house damage
was proposed based on the numerical results. Note that peak hydrodynamic forces were calculated from the water level and flow velocity

when the sum of the sedimentation depth and water depth is maximum.
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Watershed Heavy rain causing | Area | Average | Watershed topography
disaster (km?) slope
Akatani-gawa river 5-6th , July, 2017 20 1/19 valley-bottom plain
in Northern
Kyusyu Island
Otoishi-gawa river 5-6th , July, 2017 6.0 1/30 valley-bottom plain
in Northern
Kyusyu Island
Gofukuya-gawa 12th, October, 24 1/30 valley-bottom plain
river 2019, Typhoon 19,
(middle area) Miyagi pref
Gofukuya-gawa 12th, October, 24 1/50 fan-shaped area
river 2019, Typhoon 19,
(lower area) Miyagi pref
Oyao-kawa river 3-8th, July, 2018, 6.4 1/16 fan-shaped area
Hiroshima pref

Table 1 Qutline of research area

The investigation of house damage was conducted according to Komatsu et al. (2019). First, photographs from the field survey and aerial

photographs taken immediately after the disaster were used to decipher the damage to the houses, and classified according to the magni-

tude of damage to the house. The classification was based on the external characteristics of the house and the requirements for habitation

(whether or not the house was washed away, whether or not sediment flowed into the house, whether or not the structure of the house was

deformed, whether or not the house was damaged, and whether or not the house needed to be cleaned). The scale of damage to houses

was classified into six basic categories: Rank 1: most severe damage to Rank 6: no damage, and the Rank 1 and Rank 2 were subdivided

into Rank 1-1, 1-2, 2-1 and 2-2 according to the size of the damage. In the Gofukuya River, rank 6 (no damage) was not reported. Therefore,

in this paper, in order to analyze each case under uniform conditions, ranks 1-1 to 5 were used as the classification. In this paper, ranks

1-1, 1-2, 2-1, and 2-2 were analyzed as totally destroyed and runoff, and ranks 3, 4, and 5 were analyzed as no totally destroyed and runoff.

The numerical simulation program used was “J-SAS”, a two-dimensional inundation simulation program. The hydrograph and grain size

distribution of sediment supply for each disaster case are shown in Figure 2, 3. The reproducibility of the numerical simulation results was

verified by comparing them with actual disaster cases. As a result, it was considered that the trends of sediment deposition and erosion

were generally consistent, although there were some areas of inconsistency. The amount of sediment supplied was calculated based on the

differences in aerial photo-reading and aerial laser survey data before and after the disaster.
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Based on the sedimentation depths and flow velocities obtained from numerical calculations, the occurrence of totally destroyed and swept
away houses was evaluated in comparison with the criteria for the bearing capacity of buildings. The criteria used were formulas referring to
the house collapse and sliding conditions shown in the Manual for Drawing Flood Inundation Assumption Zones (4th Edition) (Equations
(D and (2), Fa = Pu, Fc = p(W-Fv)). In Japan, the Flood Prevention Law requires that areas that are expected to be inundated be designated
in advance. In response to this, the manual presents a method for indicating the potential flood inundation areas and the risk of damage to
houses. In this method, a house of two stories made of wood, which is common in Japan, is assumed to be at risk of collapse due to inun-
dation flows. The maximum hydrodynamic force acting on the house is calculated from the velocity and depth of inundation flow. For the
resistance force of the house to the inundation flow, the knowledge from the tsunami disaster is used. A house was evaluated as swept away
when either of the thresholds specified in equations (1) and (2) was exceeded. On this basis, the hit, catch, missed, and failure rate were cal-

culated as shown in Figure 4. These indices were used to evaluate the degree to which the numerical results reproduced the actual damage.
1
F, =EpCDB(h—Z)U2 =P, z<h (D
[Equation 1]
1 2
Fe =5 pCpBhU” = wW —E) (2
[Equation 2]

Fa, Fc: Fluid force, p:Flow density(p=1.0), B:House width(B=7.28), CD: coefficient of resistance (CD=2.128), h:The sum of the sedimentation
depth and water flow depth, z: 1/2 of the height of the second floor , W:Weight of house(W=554.028kN), n: coefficient of friction(u= 0.5),
Pu: Shear strength of house (Pu =45.19kN)

Fv: buoyancy, B, CD, W, Pu: General values in Japan
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Figure 4 Hit rate, Catch rate, Missed rate, Failure rate

Hit rate (%) = A / M1x100, Catch rate (%) = A / N1 x100

Missed rate (%) = B / N x100, Failure rate (%) = C / N x100]

Hit: Number of houses actually washed away out of those assumed to be washed away by the numerical calculation, Catch: Number of
houses that are assumed to be washed away out by numerical calculation out of the actual number of houses washed away out. Missed:
The number of houses that were subject to numerical calculations were actually "washed away out " even though the numerical calculations
indicated that there was no "washed away out houses". Failure: The number of houses that were actually "no washed away house out"

though the numerical calculation indicated "washed away house out".

RESULTS AND DISCUSSION

The results of the classification of house damage are shown in Figure 5. Here, the classification results from rank 1 to 5 are shown as a
percentage of the total number of cases. In Otoishi-gawa river, houses with rank 1-1 occupied a significant ratio, with the largest number
(55) of houses assessed as Rank 1-1 among the other basins. In the Oya-Okawa River, there was only one house with rank 1-1 and 1-2. In
the middle reaches of the Gofukuya-gawa river, there are only rank 2-1 houses, and in the lower reaches of the Gofukuya-gawa river, rank

3 houses were predominant, but rank 1-1 also occurred in 4 houses.
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Figure 6 shows the results of the numerical simulation and the location of the totally destroyed and runoff houses. The number of houses to-

tally destroyed and washed away is large in the area close to the river channel, as seen in the Otoishi-gawa river and the others. The damage

to houses is small in the area where the specific height from the river channel is relatively large as typically seen in the Akatani-gawa river.
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Figure 7 plots the relationship between flow velocity and the sum of the sedimentation depth and water flow depth at the location of the
totally destroyed and swept away houses. The critical lines obtained from equations (1), (2) are also shown. In the cases of Akatani-gawa
river, Otoishi-gawa river, the lower reaches of Gofukuya-gawa river, and Oya-okawa river, there is an overall tendency that the areas with
higher damage ranks were plotted on the upper right and those with lower ranks on the lower left (Figure 6). Therefore, a certain relation-

ship between the distribution of damaged houses and the depth and velocity of the flood waters can be considered.
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Figure 7 Relationship between flooding depth, flow velocity and damage of houses

Based on the numerical results, a method to predict in advance the occurrence of totally destroyed and swept away houses was studied
based on flow velocity and the sum of the sedimentation depth and water flow depth. As a result, hit rate was estimated to be more than
70% in all cases, especially 100% in the Otoishi-gawa river, the middle reaches of the Gofukuya-gawa river, and the Oya-okawa river. The hit
rate is defined as "the ratio of the number of houses that were actually totally destroyed out of the number of houses that were considered
to be totally destroyed”. Therefore, in some cases, it may be possible to estimate the incidence of total collapse based on this indicator from
numerical simulation. On the other hand, even in the Flood Inundation Assumption Area Mapping Manual (4th Edition), the missed rate is
as large as 50% or more in Akatani-gawa river and Otoishi-gawa river. This may be attributed to the fact that numerical simulations were
not able to reproduce local flow concentrations (e.g., water impingement areas, influence of buildings, influence of roads, etc.). Here, in
these cases, the missed ratio is smaller for the standard based on Sediment-related Disaster Prevention Law than for the standard based on
the Manual for Drawing Flood Inundation Assumption Area Maps (4th Edition). Therefore, it is considered effective to use both together.
The catch rate is also not high for the Akatani-gawa river and the Oya-okawa river. In addition to the equations adopted in this study, other

criteria have been presented in previous studies (e.g. Takahashi et al., 1985) . Adoption of these equations may also be considered.

CONCLUSIONS

This paper proposes a method for estimating in advance the occurrence of totally collapsed and washed-out houses based on numerical
calculations of recent landslide and flood inundation events, using Equations (1) to (2) in the Manual for Drawing Flood Inundation As-
sumption Zones (4th Edition) and Sediment-related Disaster Prevention Law. The results indicate that numerical simulations and equations
(D to (2) can be used to estimate the occurrence of totally collapsed and washed-out houses with a certain degree of accuracy. We would
like to use this result to determine the order of priority in implementing countermeasures and to consider the effective placement of the
erosion and sediment control facility. On the other hand, there are cases where the missed rate is large or the catch rate is small. In order
to deal with such cases, it is first necessary to improve the accuracy of the numerical calculation itself. Then, verification and introduction

of new indicators can be considered.
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