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- Current Status of Human Casualties('11~'23)

Natural Disaster Mass-Movement
Fatalities Disaster Fatalities

535 people 108 people

__________________________________________________________________________

- =

Causes of Human Casualties from -
mass-movement disaster ('11~'23) '

’17.7.16. Cheng-ju city (1 fatality)

Residential building
collapse

93.5%

’20.8.3. Ga-pyeng county (3 fatalities)
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d Collapse Type and Damage Charcteristics of Building

© Collapse of buildings due to
concentrated impact on the lower
structure (collapse area expands upward)

© Severe damage in management
blind spots; difficult to predict

© Openings in RC-frame structures
are vulnerable

< Wooden structures> <Lightweight steel structures>

2/22 < Masonry structures> <RC structures>
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d The need for vulnerability assessment and Countermeasure methods against MMD

Ministry of the Interior and Safety
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- Assessment Tables Related to MMD in Korea

Ministry of the

Interior and Safety Korea Forest Service ( * : Only for Soil slope) 4
cotogory | aemiimer Risk | Proliminary Suvey [ Proliminary Suvey [ Field Invetigation | Field Ivetioation | (8 Enforcement Decree of the Act on Prevention of
Mool *‘:re m,{jﬁ’:':'“::m __(Dobre f:.)m = ‘“‘T’f{f“‘:;m Do "": Disasters in Steep Slopes (Ministry of interior and safety)
indicators indicators indicators indicators indicators | “°°"® P . " . .
902 | 10 | oo | a0 | AT | 10 | Som - “Disaster Risk Assessment Table” classifies areas into
Height 5 length Grciont | angle ! wmgmh‘rz 5
T Foatures grades A-E
Tepegraphy &;:i‘; g‘g;g 20 (Watershed | 59 Height 7 .
e B - Grades D and E are designated and announced as
\;allcy a o o ?quan%? 10 " H H
I‘J:’n'f‘.’h: St ot o | e | n0 |Lmamn o | omden Collapse Risk Areas
. Sa s €© Forest Protection Act (Korea forest service)
oil depth 5
Googoav fodrock | 10 . il I PU B - ‘Preliminary Survey Assessment Table’
Oﬁg',.'ﬁ G e Discortiity | 10 ceth
pr cS round ori 100 = Q Q Q 1
dfermaticn| 5 e + 'Field Investigation Evaluation Table
weathenng 5
e Fxternal | 19 broson | 5o |coSBne| 4 | | 2 - Grades A-C: Grades A and B are submitted to the
R | Golmse | g | gt | Yo | s | et | s Designation Committee and designated as “Landslide
clements _ (ro‘;d‘gi[all Risk grades grades
el e e | 70 | G| 10 | Additonal| Hazard Areas”
p{rgéﬁ;nn: etc.) Collapse 5 factors
Ground
Hyddcgi:i water 6 _ _ Water i 5 —
cemen | e | 412 - An Evaluation system focused on the inherent collapse risk
Root Forest . . o
characion | 5 | Lo |3 and potential of mountain area, based primarly on factors
Vi 10n - - . o e
cgetats s | o e | e || such as topography, geology, soil condition, and other
— p—— s hazard elements
simulation - - stability 30 |gimoation| 30
analysis results
m woub Totla 82 points B0 _paints 80 points 85 _points 85 points, 1
I\;‘ul P;;tggtbed 20 Damage 5 Damage 5 1
:ner Protected Structure hetery hetery I HH
e I L I o I P R e Need for Vulnerability Assessment under
Fstimated in dwoet | 19 |in dicet | 10
Y population | +5 impact zone mpect zone 1
4/22 I sub 1otla 35 pnﬂis 20 pcﬂns 20 points 15 points 15 points ‘I AssumEd MMD
Grand Totl | 100 (Max 117) 100 _points 00 points 100 points 100 points \_
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- Core Objective

Current assessments related to MMD conducted by the Ministry of the Interior and Safety and Korea Forest Service

focus solely on evaluating the hazard of steep slopes or mountainous areas by experts.
Thereis no vulnerability-assessment framework for residential areas where actual casualties occur.

Establish a residence-centered vulnerability-assessment framework that can be used by field practitioners
who are not experts.

For prevention of large-scale, wide-area debris-flow damage, current practice relies on the Forest Service’s
slope-management-oriented anti-erosion works (e.g., construction of check dams).

When check dams are installed in areas designated as landslide-prone by the Korea Forest Service, the
average construction cost is JPY 30,000,000 and the dredging/maintenance cost behind the dam is about
JPY 1,000,000 per year.

Develop residence-centered countermeasures for mass movement disaster reduction.

Develop economically feasible and simple construction mitigation methods that enable village-level debris-

flow mitigation projects.

Develop semi-permanent mitigation methods that ensure long-term stability without the need for frequent

maintenance after a single installation.
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= Development of a Vulnerability Assessment Table for Buildings Against

MMD(Draft)('21~'23) — Spatial Vulnerability

© Analysis of collapse ratio by section for 178 buildings located within risk zones of eight

Concept

villages in Gyeongbuk Province affected by debris flow disasters in 2023

Building
_____________ i I Building B
------------ . ‘. Relative
DRttt wy R A height of "1 A‘J"—*\&
Relative Stream Through foundation  Building A| Building B
height of . the Villiage Distance | Distance
foundation L e—e— from_thé || from the
Building A ‘ stream | stream
Distance !
from the
stream

Ratio of Distance

_ Effective Runout Distance(m)

from Moutain to house™

Mountain Height (m)

Mountain
Height Mountain
(Valley head) Height Discharge Building
(Below the Zone Under
Evaluation

forest road)

e
A
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Effective Runout Distance
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MMD(Draft)('21~'23)
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Distance
from < 5m 5~10m | 10~15m | 15~20m | 20~25m | 25~30m | Sum
Stream
No. of Bldg. 41 33 30 27 23 178
No. of
Collaped 35 23 11 11 4 85
Collapse 85.4% 69.7% 36.7% 40.7% 17.4% 100%
ratio Collapse ratio for buildings within 25 m: 95.8%

=1 Development of a Vulnerability Assessment Table for Buildings Against

© Among the 85 buildings that collapsed due to structural damage (requiring reconstruction),
Distance from the Stream was within 30 m — most within 25 m
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Distance from Stream

© Among the 85 buildings that collapsed due to structural damage (requiring reconstruction),

Relative Height of Foundtion was within 4 m — most within 3 m

Relative
Height of < Tm 1~2m 2~3m 3~4m Sum
Foudation
No. of Bldg. 76 45 27 30 178
No. of
Collaped 47 23 13 2 85
Collapse 61.8% 51.1% 48.1% o o
ratio Collapse ratio for buildings within 3 m: 93.3% 6.7% 100%

c 4m E3
.O 5molst

Relative Height of Foudat

10.0 20.0 30.0 40.0 50.0 60.0

Collaped ratio(%)
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d Development of a Vulnerability Assessment Table for Buildings Against

MMD(Draft)('24)
© MMD(Debris flow) Vulnerability Assessment Key-indicators, Score & Grade

{ Building vulnerability assessment table }

B Sub-indicators ramas <Masonry building vulnerability assessment grade>
Masonry
below Tom | OV 10m | over 20m | over 30m | e g Buidling material Grade by vulnerability assessment score
under 20m | under 30m | under 45m
Distance from 45 20 5 1 0 ~ i ~ i ~ i ~ i
the stream Non-Masonry (Wooden, Panel house etc. / RC-frame is excluded) M 75 100 DOlﬂt 64~74 DOlﬂt 39-63 DOlﬂt 0 38 DOlﬂt
below 5m| °Ver 5m | over 10m | over 20m | over 2bm over 35m 38 asonry
under 10m|under 20m|under 25m|under 35m Very vulnerable| Vulnerable Moderate Good
38 35 25 13 3 0
Masonry
over 1.5m | over 2.5m | over 3.5m H H M
below 15m | 150 tm | undor 35m | under 45m | @ 5™ | % <Non-masonry building vulnerability assessment grade>
Relative height 26 14 7 3 0
of foundation Non-Masonry (Wooden, Panel house etc. / RC-frame is excluded) BUldIlng material Grade by VUInerabiIity assessment score
below 3m u?\vdeelz'rir?n over 5m 55 - - - -
55 1 5 Non-Masonry 85~100 point | 72~84 point | 40~71 point 0~39 point
Masonry
over 75 over 35 (Wooden, Panel house etc) |\fery vulnerable| Vulnerable Moderate Good
below 2.5 iy . over 4.5 13
. . under 3.5 under 4.5
Ratio of distance 3 7 S )
fm?:} :‘;):;;am Non-Masonry (Wooden, Panel house etc. / RC—frame is excluded)
over 1.5 over 2.5
below 1.5 under 2.5 under 45 over 4.5 7 0 - : . -
7 6 4 0 . e =1 T Rt
Maintenance Masonry BO T 80 ‘ e
. Bad \ Moderate \ Good 10 3 ” #ot — » | " (72-847)
status of house 10 ‘ 5 ‘ 1 4 — - (64~747) z
Mersoniy, 2" * ug B 1. doana)
Roof material’ eld(tile, slate, panel etc) Concrele 6 F 1. (9-63%) | £
6 1 40 - 40 o
Total Score (out of 100)" 100 . : . . e
* Two key-indicators(Maintenance status of house & Roof materials) are used only in visual evaluation " (0~38%) @ s (0~39%)
of masonry. Maintenance status of house is assessed based on the number of years of use ),
when visual assessment is difficult. (below 10years: Good, 11~29years. Moderate, over 30vears: Bad) e I £ 2me it e =0 1m.;.
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** Masonry and non—masanry buildings are each evaluated with a full score of 100
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B Vulnerability Assessment System for MMD

- Priority Evacuation Zones for Debris Flows
€© Define the area with Distance from the stream < 25 m as a “Debris-flow Priority Evacuation Zone.”

@ Once a "Debris-flow Priority Evacuation Zone" is designated, residents within that zone should be prioritized for
evacuation when rainfall exceeds a specified threshold (a conservative approach).

€© Enact new legal frameworks on debris-flow mitigation to provide institutional management for residences
located in “Debris-flow Priority Evacuation Zones."
& Provide village-level budget support for structural measures (installation of debris-flow mitigation structures) and
introduce non-structural measures (e.g., requiring mitigation systems during new construction).

© In Japan, under the Sediment Disaster Prevention Act by the Ministry of Land, Infrastructure, Transport and Tourism,
“Special Sediment Disaster Hazard Zones" are designated, which entail building regulations (e.g., structural strength
requirements) and mandatory evacuation planning and drills.

Partially ™%

@ collapsed

Posie
locationis
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- NDMI Experimental Simulator

© Test bed dimensions: Height 6~10 m x Length 25 m x Width 4 m — capable of loading and inducing collapse
of approximately 200 tons of soil (when saturated).

© The slope angle is adjustable within a range of 15°-40°, and the artificial rainfall system can reproduce rainfall
intensities of 10-250 mm/hr.

| Water level controller NS Artificial rainfall simulator

‘ Gantry crane
RN N : NN

N\ - = S\\\Q\
\ . N
L e X

SOOI

3 Ky
-— -

Ground water inflow controller
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d Implementing Realistic Landslide Velocity for MMD Assessment

= Satisfied the range (4-5 m/s) known to cause building damage in prior studies (Cui et al., 2005)

Before improvement('21): After improvement('23):
Inclined sand layer not applied Inclined sand layer applied
11/22 = Collapse Velocity 1Tm/s = Collapse Velocity 4~5m/s
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d Vulnerability Test for Masonry Buildings

© Installed a steel frame with a concrete foundation, Inclined sand layer
© Load cells were installed on central and side walls, as well as on the indoor floor center

Un-reinforced masonry(3mx3mx3m)
Slate Roof Surface
= displacement
B "~ Window meter T
: Volumetric il
| Exit | S water content < 3 ‘ g
| = e Concrete meter ™\ Water for
S|de Centl’alv; == Eoundation \saturation
wall wall | Foundation Steel Frame Soil Mass Im X
— fme— (73.5m", 110ton) inclined
X sand layer
! Groundwater (Thickness 0.2m)
| Loadcell inflow device
3m| ¥ (Wall)
; 3

| Collapsed soil flow direction

- =

'Intalli.n% concrete foundatiBng

Within.the streel framée Welding between
foundation steel plate

12/22 & simulator plate

* for Istalll
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d Vulnerability Test for Masonry Buildings

© Collapse sequence : Centeral wall — side walls — ceiling (collapsing inward)

Contacting foudation Centeral wall collapsed Side wall collapsed Ceiling collapsed

- Window
E 1.2

gg 1

.,,6 0.8 —e—Central

£ o6 —e—Side Wall

(22}

‘T 04

I

e
N

\ \ Foundation

0 100 200 300 400 500 600 700

o

Maximum Impact Pressure (kPa)
13/22

Ve

© In the centeral wall with a height greater than 0.5m, the impact
aborption capacity of the member was significantrly reduced.

© An impact mitigation effect was developed on the side wall as a
result of the reaction forece.

© The entire masonry structure collapsed, the resident’s safety could
not be secured.

© The weight of collapsed bricks and soil generated an impact about
two times greater(about 400kPa) than the lateral impact, causing

severe harm to occupants.
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d Vulnerability Test for Masonry Buildings
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< Full-Scale Reinforced Building

Reinforced masonry
Unreinforced attachment method
Panel Structures | to Panel Structure

Central wall

Side wall S

Rebar (D13)
3.0m

Design and development of structural defense methods
15/22 based on experiments



 Effectiveness Verification Experiment

© For vulnerable panel-type buildings, applied a “reinforced masonry attachment method

(structural reinforcement)” + "window shutter installation (protective measure)”
™ Economic feasibility: Approx. 250,000 JPY for installation of 1.2 m height x 10 m length wall

@ Constructability: Can be installed in mountainous areas where ready-mix trucks cannot enter

F|II|ng mortar for all birck hole

Transverse
o D.@.‘O@O‘O@@\C
Longitudinal Six-Course masonry wall (H=1.2m) di
rebar D19 . N R . R . Bln- ing
Pl P E : : : " wire
1 i e
Vulnerable :

mortar joints

| o ITI1TT111 |

J\,‘ R T R

e R SN S i b S AL TN

16/22

Injected mortar into the brick voids

(Steel plate Thicknetss::55mm)),
”A

BPRIOIMEL

T
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 Effectiveness Verification Experiment

™ Panel buildings reinforced with masonry attachment showed only minor damage

™ No soil inflow observed in sections protected by window shutters

17/22 - ‘ : Final State
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- Reinforced masonry retaing wall

© Installed reinforced retaining walls (masonry blocks + longitudinal/transverse rebar + mortar)
in front of wooden houses located in predicted debris-flow zones

Inserted transverse rebar L-rebar

r drilling the original ground (D19)

| ’ p p I E TR E Y 3 = &
ok i o -

S L

Vulnerability: 100 Score(Very vulnerable grade)

X

be pratected
(woode(nhok)
AR

Existing Inserted rebar into the

drainage-cover holes Drainge drainage-cover holes
(connec! ted to new foundation) 1 1 (connected to new
(1m x 1m) foundation)

Structures to
be protected

<Legend>

-—=p

]
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- Reinforced masonry retaing wall

© Installed reinforced retaining walls (masonry blocks + longitudinal/transverse rebar + mortar)
in front of wooden houses located in predicted debris-flow zones

" X

;- 4 - —
il L —
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1 Reinforced masonry attached wall(Steep Slope in Wildfire-affected area)

© Temporary residential structures (light steel frames) located 8 m from the mountain boundary
(approx. 0.4 H of slope height) — highly vulnerable)

/
/

I
|
1

\ \ L.
\ = ructures to be

\ ction . protected
(Temporary housing

1]
&y Se
\,,_ ~section 5 3
- 45 y for disaster victims,
. Light steel structure)

]
]
I
I
I
1
I
1
|
1
1
1

@' O\
\\ \

< Motainous Terrain>
Section® : H 20m, « 50°
‘ Section® : H 30m, z 25°
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d Reinforced masonry attached wall(Steep Slope in Wildfire-affected area)

© On the mountain-facing wall of the temporary housing, applied
“masonry blocks + longitudinal/transverse rebar + mortar + impact-absorbing material.’

Mortar
Finishing
B z L-rebar
m 52 (D19)
g (g
I~ e
<5 55 %
2 aps s
5 Q. \‘? : 5 T-rebar
o+ ;
§.3 ?‘ 5 ‘ (D13)
%; (RN M
aq RPN W Impact
o T Bty absorbing
S 2 E Fe ] material
R e
plrr st
ety
?g
A .:’- e
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d Example: Installation of Reinforced Masonry Walls (Village-Level Projects)

© In terraced terrain villages, houses are exposed to sediment inflow and possible overflow damage

© Reinforced masonry walls were installed near residential inlets adjacent to village stream(roads)
— Debris flow can be guided through controlled pathways
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