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1. Introduction

When a landslide disaster occurs, investigations are conducted and measurements
are taken to establish a warning and evacuation system and implement emergency
measures. In this case, it is important to get a comprehensive understanding of the
landslide by focusing on the three-dimensional location of the landslide topogra-
phy and its deformation in order to develop countermeasures. There are two issues
that may impede development of emergency measures: One is that it is difficult to
get a comprehensive understanding about the situation due to unavailability of nec-
essary information or lack of information available immediately after a disaster.
The other is that it is difficult to impart and share important information when col-
laborating with a large number of related organizations in a timely manner using
only topographic maps and photographs. Ability to utilize a 3D model of the dis-
aster immediately following occurrence is required to solve these issues.

This paper first describes a method to quickly create a 3D model that can be used
for landslide disaster response, followed by how to utilize the 3D model created
based on the method in actual disaster response.

2. Utilizing a 3D model for landslide disaster response

2.1. Outline of 3D model utilized for landslide disaster
response

A colored point cloud is an effective way to quickly dis-
play the terrain and features in 3D immediately following
a landslide?. The colored point cloud is displayed as a set
of colored points in a three-dimensional space, making it
a 3D model appearing similar to a photograph (Figure 1).
The colored point cloud model therefore offers a compre-
hensive view of the situation. It also offers a view of the
disaster situation ranging from overall to details from any
viewpoint, such as broad perspective and narrow focus.
The configuration of the 3D model used for landslide dis-
aster response is therefore based on the colored point
cloud combined with public data such as topography
and geology around the landslide? (Figure 2). site using point cloud

Figurel. Virtual disaster
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2.2. 3D model creation procedure

A method to create a 3D model in a short time within one day? (Figure 3). First, a
picture of the disaster site is taken using a UAV. A colored point cloud is then cre-
ated with 5fM analysis software, followed by collection public data from the web-
site. Finally, a 3D model that combines point cloud data and public data is prepared.
Since these tasks can be completed in about one day, the 3D model can be utilized
immediately following the disaster.

3. Example of utilize for landslide disaster response

A landslide disaster response that occurred in the Shinonoi Komatsubara district of
Nagano City, Nagano Prefecture? is provided herein as an example of landslide
disaster response utilizing a 3D model.

3.1. Disasters Quverview

Alandslide occurred near National Highway No. 19 on July 6, 2021, and as a result,
National Highway No. 19 was closed to traffic. Using a video taken with a UAV in
the morning of July 6, 2021, SfM analysis was performed and a colored point cloud
was prepared. A 3D model combining public data on geology and topography on
point cloud was then prepared. The 3D model was used for preliminary analysis
before the next day's field survey.

3.2. Utilization of 3D model
3.2.1. Understanding the disaster situation

The point cloud data enabled us to confirm that

the landslide scarp and side scarp and the range Landslide
of the upper part of the landslide. The landslide N

dam just below the slope, the runoff of tip part of
the landslide and the positional relationship bet
ween the landslide and the road structure (Figure
4) however could not be confirmed. It was there-
fore determined that these matters should be con- Road structure

firmed primarily by field survey. Figure4. Comprehensive

understanding of a disaster

Landslide dam

3.2.2. Analysis of the mechanism of occurrence
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The characteristics of the disaster location were
confirmed using the 3D model. They include the
geology of tuff, the vicinity of the geological tec-
tonic line and the terrain where water easily col- Inclination Geology
lects (Figure 5). Based on these analysis results,
we presume that geology and groundwater are

important factors for the occurrence of landslides. Cumulative Mountain
flow stream

3.2.3. Identifying disaster risks ) )
Figure5. Analysis of the

Using the 3D model, the following main risks are

assumed: further movement and slip of the land- %‘eeo‘?ﬁ‘g%“ 1s$ QVW ,
water ¢

slide body, landslide dam just below the slope, a2V
causes

and runoff of the tip of the landslide. It is assumed  |3ngslides
landslide

necessary to establish a monitoring system and river
: movement

take emergency measures for each risk. —

3.2.4. Information sharing with related organiza- : "'\;\ /// ndslide dam

tions —

. . . the oiltflow of tip
Results of the field survey were explained while  part of the landslide

projecting the 3D model on the screen. Since it en-
ables easy-to-understand visual explanations, we
could be used to deepen common understanding
with related organizations.

Figure6. Identifying dis-
aster risks occurrence

4. Conclusions

This paper describes the outline and method of creating a 3D model for landslide
disaster response, as well as how the model is utilized for disaster response. Utiliz-
ing the 3D model for disaster response enables reproduction of a "virtual disaster
site” from any random viewpoint. We can be used to get a comprehensive under-
standing of a disaster, sharing information and examining countermeasure policies.
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We identified slopes at very high risk of deep-seated landslides in the large Kii mountainous
area through geophysical techniques including Helicopter Electromagnetics (HEM), “Drone-
Grounded Electrical source Airborne Transient Electromagnetics" (D-GREATEM), and
electrical prospecting. After Typhoon Talas in 2011, the Ministry of Land, Infrastructure,
Transport and Tourism regularly used LiDAR (Light Detection and Ranging) to acquire
detailed topographic data. HEM was performed from 2012 to 2014 over a 280 km?2 area via
laser profiling.

(1) Based on the topographic maps and aerial photographs taken by the LiDAR, slopes
exhibiting deformations (such as linear depressions and double ridges near the upper ridge
lines) were extracted.

(2) The slope survey lines were set near the centers of deformed slopes, and vertical cross-
sections were obtained during the HEM.

(3) Based on the results of (1) and (2), deformed slopes were assigned a risk score of 1-3; a
score of 1 was associated with a scarp ratio > 5% (obtained by dividing the length of the sliding
cliff by the slope length). Risk level 2 is the same as level 1, except for the additional
requirement that the zone of resistivity (slip surface) runs in the direction of the slope. Risk
level 3 is the same as level 2, except for the additional requirement that the resistivity zone
runs vertically relative to the direction of the slope (thus forming a fault fracture zone that
crosses the slope). Fourteen slopes had level 3 scores, which were associated with mass rock
creep. All such slopes that could be accessed were surveyed on the ground, and were all in the
Tochio district of Nara Prefecture. The size of the target slope is about 14.7 ha and the strain
rate is about 5.5%. The resistivity profiles obtained by helicopter-borne electromagnetic survey
of the slope in the Tochio area showed gravity deformation and the existence of a slope
directional isostatic concentration zone that appears to be a slip surface, and two vertical
isostatic concentration zones that appear to be faults that cross the slope.

For the purpose of confirming the impact of faults on groundwater, we conducted drone aerial
electromagnetic surveys in the Tochio area in three periods: October 2021, December 2021,
and September 2022. Resistivity change rates were calculated for each combination of two of
the three periods, and their applicability to the investigation of the internal structure of the
slope was verified. The resistivity concentration zone in the upper part of the slope showed low

resistivity during the outflow period (October 2021 and September 2022), suggesting that



groundwater flowed into or accumulated in this area. The iso-resistivity concentration zone in
the lower part of the slope is not as low resistivity as the upper part, and is considered to be
an area where groundwater does not tend to inflow or accumulate continuously as much as in
the upper part. In addition, the resistivity change rates for the September 2022 and December
2021 periods, which have high 28-day prior cumulative rainfall, can be compared to the
resistivity change rates for the October 2021 and December 2021 periods, and the areas of
lower resistivity can be seen to the near surface, which is considered to represent the effect of
recent rainfall on the groundwater distribution.

As described above, geophysical surveys can visualize the influence of faults on groundwater
behavior and are highly applicable to structural investigations of the slope interior. In addition,
by utilizing data from two different periods of preceding accumulated rainfall in the runoff and
non-runoff periods, it is possible to estimate the distribution of groundwater in the interior of

the slope after rainfall.

We identified slopes at very high risk of deep-seated landslides in the large Kii mountainous
area through geophysical techniques including Helicopter Electromagnetics (HEM), “Drone-
Grounded Electrical source Airborne Transient Electromagnetics" (D-GREATEM), and
electrical prospecting. After Typhoon Talas in 2011, the Ministry of Land, Infrastructure,
Transport and Tourism regularly used LiDAR(Light Detection and Ranging) to acquire
detailed topographic data. HEM was performed from 2012 to 2014 over a 280 km?2 area via
laser profiling.(1) Based on the topographic maps and aerial photographs taken by the LiDAR,
slopes exhibiting deformations (such as linear depressions and double ridges near the upper
ridge lines) were extracted.(2) The slope survey lines were set near the centers of deformed
slopes, and vertical cross-sections were obtained during the HEM.(3) Based on the results of
(1) and (2), deformed slopes were assigned a risk score of 1-3; a score of 1 was associated with
a scarp ratio > 5% (obtained by dividing the length of the sliding cliff by the slope length). Risk
level 2 is the same as level 1, except for the additional requirement that the zone of resistivity
(slip surface) runs in the direction of the slope. Risk level 3 is the same as level 2, except for
the additional requirement that the resistivity zone runs vertically relative to the direction of
the slope (thus forming a fault fracture zone that crosses the slope). Fourteen slopes had level
3 scores, which were associated with mass rock creep. All such slopes that could be accessed
were surveyed on the ground, and were all in the Tochio district of Nara Prefecture. The size
of the target slope is about 14.7 ha and the strain rate is about 5.5%. The resistivity profiles
obtained by helicopter-borne electromagnetic survey of the slope in the Tochio area showed
gravity deformation and the existence of a slope directional isostatic concentration zone that
appears to be a slip surface, and two vertical isostatic concentration zones that appear to be
faults that cross the slope. For the purpose of confirming the impact of faults on groundwater,
we conducted drone aerial electromagnetic surveys in the Tochio area in three periods: October
2021, December 2021, and September 2022. Resistivity change rates were calculated for each

combination of two of the three periods, and their applicability to the investigation of the



internal structure of the slope was verified. The resistivity concentration zone in the upper
part of the slope showed low resistivity during the outflow period, suggesting that groundwater
flowed into or accumulated in this area. The iso-resistivity concentration zone in the lower part
of the slope is not as low resistivity as the upper part, and is considered to be an area where
groundwater does not tend to inflow or accumulate continuously as much as in the upper part.
In addition, the resistivity change rates for the September 2022 and December 2021 periods,
which have high 28-day prior cumulative rainfall, can be compared to the resistivity change
rates for the October 2021 and December 2021 periods, and the areas of lower resistivity can
be seen to the near surface, which is considered to represent the effect of recent rainfall on the
groundwater distribution. As described above, geophysical surveys can visualize the influence
of faults on groundwater behavior and are highly applicable to structural investigations of the
slope interior. In addition, by utilizing data from two different periods of preceding
accumulated rainfall in the runoff and non-runoff periods, it is possible to estimate the

distribution of groundwater in the interior of the slope after rainfall.
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2.2 HEEESCEDIHE F—<8
Sabo Works in Wakayama Prefecture
- Challenge for Building Resilient Society -

Wakayama Prefectural Government; e0806001@pref.Wakayama.lg.jp Tel.073-441-3171
Wakayama Sabo Research and Education Institute; e0806041@pref.Wakayama.lg.jp Tel.0735-29-7531
Wakayama Prefecture has very high potential risk of sediment disasters due to its natural and social condition and has suffered severe damages from

historic large-scale sediment disasters in about 60 years period. This study introduces approaches for reducing disaster impact, which the Wakayama
Prefectural Government has been implementing in response to the recent sediment disasters in Japan. Keywords: “Sustainability’” and “Collaboration”

» Sabo works in the Heisei Era (1989~2018) » Sabo works in the Reiwa Era (2019~)
Structural measures Structural measures Approach points
¢ Sabo dams against debris flow o Construction of driftwood facilities « « to utilize lessons from disasters
« Control works against landslide After 2017 « Improvement of sabo dam function « to investigate performance of existing facilities

sediment disasters

« Prevention works against slope failure * Reinforcement of masonry dams

. FaC|I|ty against Complex disaster Non_structu ral measures

Non- structural measures « Automatic information dispatch system

¢ Public announcement of risk information
on sediment disaster

¢ Awareness-raising activities

b b Masonry dam reinforcement

In addition to usual

Sabo Dam countermeasures
Driftwood facility Sabo dam improvement
New technologies Seeds for the future
N * BIM/CIM (experimental stage)
Drainage Well Retaining Wall * UAV with laser scanner - Artificial satellite data
e Automatic UAV flight
, e Land-use regulation, etc
p 3D model
// P I . : Ground data
Slope protection : From UAV
Evacuation space Risk level ’
Information on HP

Automatic information
dispatch system BIM/CIM UAV with laser scanner Automatic UAV flight

> Disaster Mitigation Education (DME) conducted by Wakayama Sabo Research and Education Institute (IWSRE)

» First stage (Goal): The IWSRE implements the DME at all primary and
secondary schools in the prefecture in cooperation with school teachers

» Second stage (Overall Goal): School teachers implement the DME under the
support of the IWSRE

e Third stage (Super Goal): School teachers implement the DME by themselves

Taking roll of facilitator

First stage DME Second stage DME Model experiment
DME workshop New educational digital contents
> National Meeting for Reducing Sediment Disaster in Wakayama (NMRSD) » INTERPRAEVENT 2023 Taiwan,
The Wakayama Prefectural Government held the NMRSD in Jun.1, 2022. The task of SABO and the thought of SABO have on Apr.17-21, (Taichung)

been reconfirmed in the NMRSD.

Oral Presentation
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A three-dimensional model of the generation and propagation of ground vibrations

caused by large-scale sediment movement
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Abstract

Deep-seated landslides generate seismic signals that can be used to determine their magnitude and location.
Establishing a numerical approach for calculating the generation and propagation of ground vibrations would improve
the estimation of landslide properties. In this study, a numerical model coupling 3D particle flow and the continuum
model was developed to calculate the landslide movement and subsequent propagation of seismic signals over large
areas. Two sediment transport scenarios were considered for the deep-seated landslide that occurred in 2011 in Akadani,
Gojo City, Nara Prefecture. After the landslide in the model, a low-frequency (0.01-0.1 Hz) signal was received at a
seismic station located 34.4 km apart. The simulation results adequately reproduced the signals observed when the
landslide was assumed to be in two blocks rather than one. At the generation of ground vibrations caused by sediment
transport, it was confirmed that the scenario of sediment transport affects the amplitude of ground vibration at low
frequency in despite of the same sediment volume. Particle motion during sediment movement result of the simulation
results around deep-seated landslide slope is bigger at upper points than lower ones. In particular, the direction of low-
frequency horizontal displacement during sediment movement in the simulation coincided with the direction at the
distant observation point, supporting that the direction of sediment movement can be estimated. On the other hand, a
high-frequency (>about 1 Hz) signal was not represented on this study. More smaller mesh model or including the
effect of water might be taken into account to simulate a high-frequency signal. It is an issue for the future.

Key words : deep-seated landslide, ground vibration, seismic wave, numerical calculation, non-crustal
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Fig.1 Location of Akadani district and F-net Nokami seismic
station
Red Frame shows the analysis area of propagation model.
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Fig.2 Photo and profile of Akadani deep-seated landslide
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Fig.3 Record section of observed wave envelope of the
Akadani deep-seated landslide. The dotted line shows the
travel time of S wave which separate the landslide into
two parts.
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B—4 BIBIESIREAE TV OME (ITASCA, 2019)
Fig.4 Concept of linear parallel bond model (ITASCA, 2019)
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Fig.5 Concept of the simulation model
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Fig.6 Mesh of the Akadani landslide model (Red particles on
the slope show DEM particles)
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Fig.7 Mesh of the wide region propagation model
Triangles show the location of seismic station.
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Fig.8 Velocity wave extraction location of the Akadani
landslide model
(Arrows indicate the position of the particle motion
shown in Fig. 12)
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K—1 REMEEFTNVOBMPNERZPINT A—%
Table 1 DEM parameters of the Akadani landslide model
NG X—% Hiff fiE B TEARL
HifE(R) m 6.0 (B To@EEErIE 2.0) | MR OZBE & GHE R & JeE
(o) kg/m’ 3862. 2 A AR R /A TR R
e N 2.5%10° G &R~ He i
1 V) kﬂ . . =
HRTIEAVERL (k) | N/m | b 79 5% 107) SRTERAT T O RO KBS (2008) % B, W H
; e 1.0x10° GUEE TR | 3789 XA MY v 72 27 F 412k ) g
BT RER (k) | N/m | o TR
BEAIZE (Feng et al., 2017 5 R 5, 20115 &R 5, 2016 ;
BERAREL (1) - ¢, #h :0.0875 KL, 2008) ZBHEL, /ST XA M) v 7 AFF 42k
£ (0.0875: ¢ =5°)
s N B — 7R 0,59 BEAERFSE (Feng et al., 2017 5 5, 2008 3 ik, 2009 ; ik
éﬁ%@%gfggi - BT — BT 0.4 5, 2011 ; FS, 2016 ; KL, 2008) 2BWL, /15 2
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NSLLVEY FD Pa .
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L A IR 2:5%10 . ” -
RS LR FO BEAERFSE (Feng et al., 2017) OAEDHEFHN TIKD OfE % #%E
ERUTEE ) | P 1010

R—2 ROEMBEEFTVORM T A -5
Table2 Bedrock parameters of the Akadani landslide model

M| Gox | e | | DT | seEm | Qi
| (m/s) | (mss) | B | Ty | /DR
6 | 2000 | 600 | 1900 |0.45| 1.984x10° | 100
18 | 3000 | 1400 | 2250 |0.36|1.200x10" | 150
21 | 3500 | 1700 | 2300 |0.35]1.789%10" | 150
;2 4000 | 2100 | 2400 |0.31|2.772%10" | 200
%1 Hz TORBOPFEZ LIl
F—3 EHBIEHTE T VOB TG X —%
Table 3 Bedrock parameters of the propagation model
W e | e | | DT seEm | Qi
T (m/s) | (m/s) (kg/m’) It (N/m?) ®
1 | 1600 | 350 | 1850 |o0.47 | 6.685%x10° | 60
5 | 1800 | 550 | 1900 |0.45] 1.665%10° | 60 Fi_;_ 9 iff ﬁ’f d: Z;i a:o ((}’(':a:jl;)
6 | 2000 | 600 | 1900 |0.45] 1.984x10° | 100
14 | 2500 | 1000 | 2100 |0.40| 5.900%x10° | 150
15 | 2500 | 1100 | 2150 | 0.38 | 7.180%10" | 150 FIHLZ: (F-6), MF#IEIEIRIEIC 1,700 m, ®ALIC
16 | 3000 | 1400 | 2250 |0.36 |1.200X10" | 150 1,900 m, $AWEHIIE T P-100m £ T& L7z, WEETF
21 | 3500 | 1700 | 2300 |0.35]1.789x10° | 150 VO LR OB & BT % & O B A 2B
;2 4000 | 2100 | 2400 |0.31|2.772X10" | 200 LENEREONFERE L2 XTFA M) v T RF
97 7 A ORHHARM? S, WE6m ZHEAL LEDH
5o | 5000 | 2700 | 2500 | 0.29 | 4.717x10" | 200 M S RS LC 2m E L7e
30 | 5500 | 3100 | 2600 |0.27 |6.332x10"° | 300 WO FREHEIHENF—FAF—Y 3 v (J-
31 | 5500 | 3200 | 2650 | 0.24]6.752x10" | 300 SHIS) DELkishisE7 0V V3.2 (NIED, 2019¢) %
AL Hz CORTIORSE 2T SHIKG Lize HIEORCBFTE HIGIZ, £ 3
3.2 BIRETIV A XRPEED 1/5 2 HEE Uiz RUFZE TIEKF 20 m,
321 Ay2ah4X SRTE 7 IIE 20~60m TA v ¥ 234 XZMH L7z,

TRAHIEE 75V O WIS LRI RO LP 7— % % X =7 2R & ) \IRIRESRR T 7V O AT IR O
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Fig.10 Calculated sediment velocity (Case 1) (a)25 seconds,
calculation. Color of the particles shows the velocity.

(b) 40 seconds, (c)70 seconds, (d)200 seconds after the start of the

R—11 REBEETIVHHEE L JZMLP & bl M Fimis A g% 65R) £K79. () %l LP E&kn (2011

—2009), (b, c) FHEARH

Fig.11 Comparison of the change of topography The vertical and horizontal axes represent the plane rectangular coordinate system 6.
(a) Observed LP elevation difference (2011—2009), (b, ¢) The calculated result
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3.2.3 WIRNZIXA—4

fEetr 787 X — &\ ZBEAEESE (Feng et al, 2017 5 %5,
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R—12 7 — 21 OFRSHEFEAN 4 E D/ —=T 4 7 VE— 3 > (a) HEEFIITEES, (b) AR IERR, (o) A EHs, (d)
R (a~d OFLEIZN -8 2 BIF)

Fig.12 Particle motions of case 1 at 4 points on Akadani deep-seated landslide (a) head of the slope, (b) middle of the slope, (c)
bottom of the slope, (d) opposite side of the slope (See Fig. 8 for locations a—d.)
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Fig.13 Calculated (Case 1) and observed velocity wave form
at Fnet Nokami
Upper: Up and Down components, Middle: North
and South components, Lower: East and West
components.
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Fig.14 Calculated (Case 1) and observed velocity spectrum at
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Upper: Up and Down components, Middle: North
and South components, Lower: East and West
components.
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Fig.15 Calculated (Case 1) and observed velocity,
displacement wave form at F-net Nokami
Upper: Up and Down components, Middle: North
and South components, Lower: East and West
components. Low frequencies components filtered by
0.01-0.1Hz.
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Fig.16 Calculated (Case 2) and observed displace wave form
at Fnet Nokami
Upper: Up and Down components, Middle: North
and South components, Lower: East and West
components. Low frequencies components filtered by
0.01-0.1Hz.
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Fig.17 Calculated (Case 1) and observed particle motions at Fnet Nokami (a) Observed, (b)Calculated. Low frequencies components

filtered by 0.01—0.1 Hz.
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Prediction of the extent of damage using a sediment flow model focused on the amount of erosion
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OKazuo TSUTSUI, Takashi SAITO

Predicting the extent of damage is important for mitigating damage caused by debris flow disasters. We have used

iRIC software, which can calculate debris flows in two dimensions, by adding topographically-based erosion

quantities to improve damage prediction. Compared to the case where the maximum erosion depth was uniformly

given, there was a significant difference in the development and velocity of debris flow when the possible erosion

amount was distributed in space. We also tested the case of erosion control in urban areas and obtained good results.

In addition, we quantitively evaluated the changes in channel geometry and the occurrence of erosion along the

stream with the topographic data before and after the occurrence of debris flow. It shows that these may be important

factors in influencing the development and velocity of debris flow.

1. [ZL®IC

WA RIS K0 AT 2 AT EER L,
AL EATITERMTAZEZE S 120, £<
DNIHEEDE T TWD, LA iR HE 55 fi B 1)
X R E L CE b TEETH D,

AL D REFEHRO—DE LT, LK E
el KIS DR E SN TWD R, FOREITHITE
DIFRICOH X HfEERFETH DL, —H, A
MOBIEF R FIETZ BRI TR Y PAED]
TG - RS BENT V7 N Td 5 iRIC2ITIE,
T - VRHAENTH > )L 30D Morpho2DH A3 34
ENTW5S, ZNEHANWDZ L THEMICERS L
WERMEZ BT D 2 ENFRETH S0, R
RAWSEEE L TRAEESEDMHEICE > TEOHE
FERIZIIRERENELDI EEZLBND,
Morpho2DH XA f#AT X[ C 31 Kk ot A i E
FLEBATELZ LD, BREEEL HICTIE
72< . HIRHOARILC S < B e 22 AR IC L v
RETHZET, HARIC X AHETH O E
AL ENTEDHEEZLND,

Z 2T, 2014 O IR B TR X CHRAE LTz
TR ERNRIZ, REEOZEM A EEZ T L
OO AR, AR AR OHEE L)
L LINIIRE - RISV TRE 21T 72,

2. REESMEZILSE LATGHE
TR AT O LK ETRHIFEARK (FrFsE
7153330 =) AR R ATHE /e 8 & E AR (X

-1) L, iRIC TOHRKRERS L LTHEZTENA
MOBMEFFE 21T > 7= (Casel), Ft#gE LT, &
KIEFESAE—H02m & L7z Case2 Z1T-o 7,

Casel TiE, TAWMPEF LI FZELRDB L, K&
W TN L 73 BRRlichitEicERE L, —
J7, Case2 TlE, LAPRITOHZE LR BT T L
94 ORI T B3 L 72, Casel OBiEAR 100
WO ARDIRENIEAZ X -2 1277,

EFED 2 — A TIEH I AR IR EDFE
BT DRERE 07Tz, THEHKIE TIHR BN
FAELRWE 9 E L7 Case3 Hi{T L7, Case3
DEE AL D ZEM 55347 % [X-3 1T~ T, it To
RENR2Y . BARPEBRICHEELLRN &
DR TE D,

[X]-1 FJREIR B S D 22 73 Ah
N e = RN g



3. AR AR O

REZEOHZHIZLY, LAMORKEIIKE REEL
525:&%%$Tmbtommﬁ@iﬁmﬁémﬁm
T —% Lo ERIROE(LERD =, AR OIE
1T T AR ICHEMR R FLERIRICE L Lie 2 & 03
RTET, BEEHTED L S RN A LN DL EHNN S
W, TWRZRR L LR ERY IARIRN D, BRI &
FECHBENIT 5 2 & CEAMMNFREE L > ORI Ed F L7
ZEDHERI S LD,

X5\, BAEBROWELETO, KEFIZROMET —4
NHREELZRD, EENICEHE Lz (K-4), EROZE
LR TEENRKRELS Y, FICHMICALHS TRAER
MREL 72D Z EDMERTE D, Z 2Tk, RSOMIEE
NH TR ERD AT Z & CHAMRARET D, HERI
TWEICAFET D Z Ens, ML T A E
L. #EOILRIZORNB > - ATREMIN R SN D,

PLENG, #EOAM2 B EOFMN LA OR TRl
BWTEERZ LRI,

4. ¥bvic

2014 DL TO L AFROEAEFH % iRIC (2
THEM LTz, REROZEM I & E R G
52 LT, EAOIEERLH PR E L0 &I
RIRTE xR LT, o, BAEMBOME
IR L, REREEBROICHHE L2, FHEDOK
REA LR AR A ET@?TF“ TREED B D b D
B IABRNEATROFEICRE e BE 525 2
EMIRBE I NT,

A
ABFFEIT, HORSEHRATZERT - UH RSB K
ﬁn%ﬂﬂﬁﬁ EHEILREINIIE 7 7T A0 &
j’i L/Tu.o

EEBUN

1) Takebayashi, H. and Fujita, M.: Numerical
Simulation of a Debris Flow on the Basis of a
Two-Dimensional Continuum Body Model,
Geosciences, Vol. 10, No. 2, pp. 45, 2020.
2)iRIC 7'mu ¥ = 7 b, httpsi//i-ric.org/ja/, 2024
1A 20 H.

[X|-2 Casel DURENEDZER 54 (100 F#

[X-3 Case3 DI =2 D22 434 (150 F

-4 HARBERSHRTOREE
BRADKE SPMREREZIRT,

1

%)

)



2.2 MHEEECEDHE 7—<Y13
Introduction of BIM/CIM for landslide countermeasures
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1.Introduction
The Ministry of Land, Infrastructure, Transportation and Tourism (MLIT) introduces Information Communication Technology (ICT) widely for improving productivity in the field
of the construction industry as a method of i-Construction. Especially, Building / Construction Information Modeling, Management (BIM/CIM) is promoted not only at the
construction stage but also at the design stage. It is expected that the MLIT will utilize the BIM/CIM in most of its business until 2023.
Under this circumstance, the Wakayama Prefectural Government has decided to introduce the BIM/CIM in order to implement landslide countermeasures.
This study reports how the prefectural government utilized the BIM/CIM, what the government studied through introduction of the BIM/CIM, and how the government will

develop this technology in the future.

2.Summary of the landslide in Nagano area

Nagano locates in mountainous area whose elevation is about 200m~300m above sea level at northeast of Tanabe City. Here, a legal area for landslide prevention is appointed. In
this area, the Shimanto * Muro formation of the Paleogene is distributed at north of Tanabe City, and main geographical contents is the conglomerate of sandstone and mudstone

and both.
l

[Sep.2015 First Report of the landslide from neighborhood inhabitants

Wakayama Pref. <3 start of geological and landslide survey
l 0ct.2017:: The landslide movement occurred by heavy rain in Typhoon Lan. (Daily rainfall ‘

249 mm/d, Total rainfall 402 mm/10d)
May.2018: The landslide movement occurred by heavy rain. (Daily rainfall 242.5 mm/d, ‘

O Total rainfall 296.5 mm/4d)

Jun.2018: Completion of horizontal boring (2 blocks, total 9 holes)
Feb.2019 ion of drainage wells and borings (2 wells, 34 holes)

Kurisugawa
© Rain Gauge Station

Additional landslide investigation, analysis was carried out after Apr.2019, and additional
drainage wells and borings has been designed.

Fig.4 Sequence of the landslide

Nagano
Tanabe City

Fig.1 The location of Nagano area Fig.2 The geography of Nagano area

Potential landslide block
~ nds

/ ~

\ (coe et
/ (DGeography : conglomerate of sandstone and mudstone

@Landslide depth : We referred the boring core and observation

) \ by pipe strain meter and decided the depth.

\ Active landslide Fig.5 Cross section of the landslide
| block
Crack o the acive landside area Table.1 Level of detail in 3D modeling Table.2 Level of detail in 3D modeling
\ of landslide mechanism analysis of landslide countermeasures
Level | contents of 3D Modell Image of 3D
\ of ntents eling, mage Level of Contenits of 3D Image of 3D
\ Detall Typleal Use Modellng Detall Modeling Modeling
OModeling about
. " OModeli bout
— \ Geological and Hydrological 100 plac:v:e:tgu: I::dslide
Investigation on multi facility
1 Traverse Lines and
- - -~ Landslide Mechanism OModeling about
Analysis placement of landslide
facility
300 :
OFor use of landslide .
Fig.3 The abstract of the landslide mechanism analysis on ?ﬂ“::d:r":::)zz‘;ﬁ':?
. . . multi traverse lines and 200 Ipevel
3.Building the Nagano model and the effect evaluation precision mprovement
the design Osimple Modeling of
i it i i 1 landslide
Nagano landslide model is composed with 1. Geographical model, 2.Geological model and e asure

3. Landslide countermeasure model (Fig.1). The level of detail of the model is shown in Table 1 and 2.
Using the model, we conducted some checks.

2 Geological model
( Survey boring data)
’W‘
3 Landslide counter
measure model
Goncrete bottom lateof
__gm..

[ SChecking against edge of 3d model |

Fig.8 Checking against penetration length of N N N .
horizontal boring into slip surface Fig.9 Checking against drainage well depth

2 Geological model @ Geological model
( Survey boring data) (Groundwater level)
Potential landslide block

Potential landslide block Potential landslide block _ --=-7

Fig.7 Checking against consistency of geographical model

Fig.6 Nagano landslide model P > - \ Drainage well2 _~ \
- =7

P ———— . . - 1y
T Checking against drection of
(Dehecking against direcion o Bciiisliandsdebiock - | Activelandslideblock _ '
—+We confirmed that the direction of - 1 -
traverse ine moets the steepest .
descent direction. P i %~
(2Checking against location of P - . .
averse fine . . L’

We confirmed that the traverse line 4 3D model of groundwater
islocated on the place whero the . . before completion of dralnage >
“ Vs . well Groundwater level fellin Active landslide

i plane depth st lrgest. ,
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.
/
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Groundwater level Groundwater level . 3D model of groundwater
N after completion of drainage well
(a)Before completion of drainage (byAfter completion of drainage
well ( Before Feb.2018 ) well ( After Feb.2018 )
(c) Evaluation of landslide countermeasure

Fig.10 Checking the direction of main landslide traverse line Fig.11 Evaluation of landslide countermeasure by the comparison of groundwater level difference

4, ConC| USIONS - We made the landslide CIM of Nagano and implemented landslide mechanism analysis and evaluated effect of landslide countermeasure with CIM.
+ Landslide caused by heavy rain needs quick construction of countermeasures. In this case, we will use BIM/CIM of landslide to design correct
and economical countermeasures at an early stage. But we don’t have enough hardware, software and staffs for use of BIM/CIM now, so it
may not be practicable that we use BIM/CIM in emergencies.

+ It is necessary that We will train staffs and deploy equipment for immediate use of BIM/CIM.
1.Ministry of Land, Infrastructure, Transport, and Tourism (2021); Draft of guideline for introduction of BIM/CIM, chapter No.3 Sabo and Landslide (in Japanese). 2.MLIT(2021); Draft of implementation procedures of BIM/CIM for orderers (in Japanese).

References s wATANABE Y, HATAKEDA K, KAMEDA H., IZUKA T, YOKOGAWA K, and MIYAMOTO K., (2021); Landslide BIM/CIM Initiatives in Wakayama Prefecture, —taking the Nagano area as an example Proceedings of Annual meeting of the Japan Landslide Society (in Japanese).
4.MORIKAWA S., KISHIHATA A., and KAMEDA H. (2022); Building / Construction Information Modeling, Management (BIM/CIM) for landslide countermeasure facilities, The 3rd Sympos on Risk and Suitable Design of Slopes 18 March, 2022.
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