LRRI #7471 #), Vol.2, No.2, pp.1-88, 2024.3

SUBRZE BN %9 D Ml T FAOXHIS R

LIk

(—th) Husk[E ¥ ehrsEpr RS

B
®HH - EF
REEEZ GO AT TV T 41Tk 2 g TR SR OBUR Z /8T 5 Z &tk > Ty
COHEOHBETEOMLEEBIEL I EEANLET D,

& EOME
[RAREENZ 51T 5 Bt T REME ~ D Hvlk T 2R E R
ZR—ak

VAT FEV T4 Db, JEEBICHE O MlRKE (R, EE5E) [CEAZ ST, Blkoy
Pr&A%ONEREZRE L, AT, IPCC FDEEEEI T 2 /R b O TIRE L,

MR Z RO TIRIRIERIC & 2 RBEE BRI RO EFIFEIT |

B AT

SRR & L T O S E R A~DOARMFI A O eI R 2 Y T KB RRE T
(AR ZE WA R T2 W L2 & 20 THFICB T 2 RBITER M LT,

[PE'E PRI & 5 HIGTERIIZ 38 1T 5 AR A R & SRR

& R

AMEIROEE 2 MGE T ORI I T 5, EFERIL, Mg, B Lmiib, KL H)
TR~ OEINZ i) E LT, EFE D EE L AM AR O 2 e L,

[SUEEENC 1T DRkt P BEMEICBI 95 LRRI OGS

ZR—uk

U [E - OBEULOBRED 5 b, KUREEN O Ml EIZE A ALY T, LRRIZHBIT 21H2E 3
ER OB #AZHE L, fHE T, LRRIZEBOFTAE T 5 B O B F 280 L,

@ N - AR O E A
SDGs D727 THY EIF 5TV AKAEEENC 6T D60 GERR. @GR, $EK & s
FEORE) OFEPEBENTL, BN ZOZ LIZEET 220N TEDHZ L ER LT,

@R DEE
AR T3 SO AT FE Y T 4 ICHHEIRTEX 0B THLH I L TRRMEILT 5 Z L2
TXx %, T, LRRI DO RICHETH LN TX 5,



%1
1. CREST 2023 @mg .......................... 3
2. CREST2023 WORKSHP2 DAFEL  + « ¢ ¢ ¢« o v v v v v v v v v v v v o s 7
ERIET
1. [TRBEEENCB T AR ATREME ~ ORI T 2PRI R« » o o v o o o o o s 10
LR, IR ZHEE, () Ml [E -5 LR e AT (LRRI) G FEL
2. THKRZHWTZRIRIER R IC L D REE TR E RO FFFAIT] o o o o = o 42
MR, RREERREE),  BIEE ()
3. [PEESEEEIC L D HGHETHICRB T 2 ARMAHIEE S ESERR) o« o 0 0 0 - - 55
HHAR, @HEAMAIAMAESSE, B LSRN
4. TRUEEENZIBT 2 EH5 rTHEPEICRS 92 LRRI DR+« ¢ = o o 0 o o o o 74

LRk, (AR MU E R AT JEAT(LRRD R B



51w

1. CREST 2023 m#=E

AR Ret) 1 som B IcEE LIS ATEEL
BREMICREAT2EREE

2nd International Conference on 1
Construction Resources for :

Environmentally Sustainable Technplogies

CREST 2023 | 2023511820-228/
ERERE =S

£
AR

HE
REy Ty PKE
N AEALARES
AN AT iﬁii’i‘:)\i&ﬁli‘“

N AT Eﬁ,i:)\ A&x#n g~y
EEEE T 54 KilTE &2 No. 307 (TC307)
EHERR T 24 7o 7HERTTESS (AsRTC1)
?E]@,’%i@ﬁl%n 7 /Titgﬂiﬁfhé £ (AsRTC 3)
EFEEAFE (IPA)

—iRAE /ﬁ)\GLOSSfrﬁ

A “ AE @ @ = '\_@ \CJ

30
E + 28 B L He 5 )

O e & Qﬁi@“—g‘@ e e

SDGsA~ DEY Y $H &
§ s e
& T 3




BN CREST 2023 NN\

CREST 2023(3E2[m5R 5 (- L7-Feit Al B BRI IC B9 2 ERRE#) 3, AR KB P ARNES)
IKHIKBICOVWTHBREBPERZBRETVW. VAT D=7 U7 0B s o R ETLIUT
Y MeHEEWBRT -0 I REFFECEFREN, V7 M7 0 KXERBEREAV-RRFL RET
HILEBRELTVWET,

F1EMO@EEES R L(CREST 2020) 1. FE a0+ 9/ LZAOERILAICL2RED Bh, FElO
ERAEET2021F38ICA Y T4 AR THEBLE L7z, B TCREST 202013, - B - 20O & H 5
FEOEXFEHEE T THRIE ICBHET A LA TEELA N EBICEBESF L L TEICRRE
B3R F|EHECREST 2023 % BT A &icwW-Lx L7,

KBV EBLEL AFOXBIRIEZREBT 2700 TH OEENELI % RE LI [MLEBH K
H482015-2030 |0 ;RF#ICL /=AW CREST 20230 7 — < 3B TR 0 A4S TIRE VW 2BN L HB%
HNR=LTVET  ZORTHICEELOIL HRENLXERCO-HOFHEEEZELL. EI8-BRE
BIcB3[LVRWERGHI OBE|#BIE T LTy . cNEXFVR/BRICEIALCET . EBY
AN HAGE MEO I =T IFEROXBICHL TEPILRE HE RBTI LRV ET,

- B . SETHICLIEBALBONMMICERDL, HRFEII B RRFHEZHBTE-0IC,
SYBLLWEREREAFRALTVWET . COLHAEHETFROLE FHRARTER ISRV HEDERIC
M TERT AL EEROEORRBICELIFARE Kl . REIEEOEBTHIEEILN
7.

BEICELMTAIMBRICEVWT. IS EERTIHELLT . AY—FCEFNLAT P2 AT (=%
(AL BIM,CIM. DX, loTA &) e bIc, BBEEZDRIEDAFIB T ehEIFoNEd  FHOLE R
OBBE. BREEICBIIARREHOERBICEILL, T Y2 3. 85 BLRETOF FHRE
EHRT 37U TALHBEMICE-> T AT LASEORENLEZ LY VTP KEBOHEIZ /0
ERIcbEIBET,

ERBR

AL MRBEEOARE FlTH BERIEEN —BICEL R TIRO 245 3L BLRBNT—
TICDOWTHRET A EEBNELTVWET,
CREST 2023 T3 . 5Halfic/BaR B4E(SDGs) No.9. No.11.No.13, No.17(zBAL T, [IEEEEH~ D EE

EKEADOTEICERTAEE2BNELT A7 5 OBERIIE, Bt BT S RIcEIHLLT
AT TEA) R—=avZBELET,

L pe 3 3

CREST2023E{TERBRIIALROT —VIBRIE 7T A7+ 2BRLTVWET . T AL 7RI,
docx B & Updf 5=t (A00B BBELIAR) THA U FA BB AT LATRHLTLIEZEW . TRTOTP TR 57
MEBEHERRICL > THRINIFAINT- BRI . TI/RXT TR 77RMS 2 bR2R= %713
AR=D)V YT N A== (8R=VF 1 BIOR=)F IR L T W12 &% T . /R T TY EP 7R 7
s 7 As—F a7 2 ziBMEN, 70— 8= Springer Naturett (Z& 20 —XHERS & L THRR
Fh 7L RA7A =TT RICBHENE FET T m X DFBEFIL, ZAR=1N—DFB XN
BRICEBICBER I AN CEES T TR T OIMNITIRTUT YRR T AT b 7 NR—=R— D8
BHETVIL=FI AEFBOV T HA DX O—FLTLEEW, X EBEFHEE ZTRIC,
EEFELRXPHRR T L TREFTLET X EER LI BB T2 IO HEALPNES OHRS
ICBHENAFETT,



CREST 2023

T2l B TRICAEL-BARKETLLYV T -
O FEZHICERAL-BAKE

@ SEXHICEALLVBAKE

@ ANAFEE)ICEETIHE

@ KEFYRIOFHEEET MO EENRIM

T2 R T FOWRAD O TURIER ~ OB & Bl E#7
O {ERFICEI - EHAOKN

Q HHEEAMARE BIO7H O EFNLEFHIFE

Q@ H2 BERURFICES LIRS T

@ pEP KXFNLES

F—3: iﬁ!ﬁ!&k&éi&ﬁIﬂﬁk'b‘ﬂéﬂ'zﬁf\—~/a
O WHHALIOT,VREL) ICEDW-BARAXEFROAE

@ DX#*i-Construction® [SF

Q@ XKFOYEBHN BUENLET /L EETERMN

@ 27— MEIRNF—BREURI

T4 BT RICETRV 170 BEYDOFH
@ {EaR b 18R EO BB

@ WBEESEYICEITY Y/ /R (R EREME) ofER
@ VYA /MM DARHLEE R SRR

@ KEREVHOEBLEFR

T—=25ILIN I/ MR BDERD - HDHEEK

O REFLRF

@ Y7 AT DKERERERICELBAI2=TA4TZ M) —F
Q@ FRAELBREBEDCI-HOEE

@ Society5.000 BIRERD 7= 8 DHER

RrTa—Iv
T7 A5 HMERE B 20224018154
T7AM72 MEERER 20225048308

T7 A7 FREBEMN 20224 05H31A
TORT VT YRTT AR e MR —— T B 20224 05R318
IORFYTyRT 7RSI R ETAR——EHER 20224094308
I R/ — BB 20224125314
T R— /S — BRI HHHAR 2023% 018318
_ BhEEEMA 20235025014

l‘
‘
B ¥
Al o -
o
_ Lot »ho

o
il
t
¢
%
!




RN CREST 2023 N\

meM)
BmEHTIY 2023;)?]};1? IH IDE:1] 2023550;5531 B L&
—i& 55,000 M 65,000 M
ke 35,000 M 45,000 M
—BoHnESh) 20,000 M 30,000 M
B & 20,000 M 30,000 M
AIEMERE R 15,000 1 20,000 M
Ny 10,000 M 10,000 M

il 2 2R

1. BNMBICR.BEREXAEIT7—IVav T vxhhbLLeTary 7 —F4v 7 KEHEM
hoa—-e— FRESENET,

2. —BENFSIVREOSMBICI. RBUICHINTLRTRTOY —ERBLUVTLR—
8—DI8# ¥ (Springer Naturett (L2 —XHE®) A EENATVWET,

ETEES FER
M KFEKER THHRER B ERP BiR
NFUH AT R
Fuwabhtk
CREST 2023 £{T&£8%

T819-0395 B EMREM H X cM744 W2-1124
AMKE 7/ o— "B EEREHARIN—T
E-mail: info@ic-crest.com | Website: www.ic-crest.com
[=] ¥ [u]

=

HLULWEEE,

NW=O—FZXFr L TLEEN,




2. CREST 2023 WORKSHP 2 D#ZE

-%ORGANIZERS

Local Resilience Research Institute (LRRI)
Research Society of Wood Utilization in Fukui 7/
Tobishima Corporation

“Practices for Sustainable and
Resilient Geotechnology”

On the day, a small gift will be given to the first fifty participants. _

",jOVERVIEW

and adaptation measures are required for achieving SDGs and enhancing the resilience of ™ Pre-registration

To snsure that netina/ loads are resent, ot on the construction o sefe s0d secure . isrequired!

articipation fee:

mmmmm specific technologies for adaptation to dimate - = PN N R e
change are urgently needed. 4
mmmm.mmwmm LANGUAGES
e e hingmivmte gt Japanese
dmmm nmwm , Slides in Englist i

EZOZ.I.SHHD dOHSHYOM

MBAPROGRAM

"Geotechnical Contribution to Climate Sustainability™ MON-
m'ﬂmmmmmwm 20 Nov. 2023

WW”“%MJ%WWMM 14 i
ﬁmmwwmuw ’
Room No.202
U=

Dr. Takumi Murata, Tobishima Corporation, Japan
This presentation focuses on the use of wood in geo-disaster countermeasures as part of

Fukuoka International
CongrssCenter

e S |

SUSTAINABLE

mwmmmwummumwa

abundant wood resources. mammmwwmmmdm&q I
o

¥
"LRRI's Activities for Climate Sustainability™

9 wousTsY, pcvanon 11 o

Prof. Kazuya Yasuhara, Representative Director, Local Resilience Research b AAD INFRASTRUCTURE E H

Institute/ Professor Emeritus, Ibaraki University, Japan -~ A
This presentation provides an overview of LRRI's activities during the past three years aimed =
al increasing local resilisnce, highlighting responsive strategies against extreme climate events & Bow
and compound disasters such as geotechnical hazards, from reactive to proactive measures, s

with an on SDGs. o
# e

S » - 2 : - dIw o R e — e

Pre-registration site. & https://forms.gle /oqUnkEcT8YR5CIB17

More info. @ https://www.ic-crest.com/
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+ 2010 $5-2014 & IPCC ARS Review Editor, 2019 £ 5 A& X% (VIU, Hanoi) T,
Climate Change Risk Management # 8 T\ 3.
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¢ Background situations :
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Geotechnical Contribution to Climate Sustainability

Kazuya Yasuhara,

&5/ Professor Emeritus, Ibaraki University, Japan RN
w2 GLEC o )\
VAR (Representative Director of LRRI, Japan) (@ "”’_q -\
(https:/ /www.glec.ibaraki.ac.ip/)  Workshop 2 in CREST 2023 \ /
- '}éf%’ Keynote Speech Entitled CHESRE0Es

(https://Irri.orjp/)
“Technical Practices for Sustainable and Resilient
Geotechnical Engineering”

* November 20, 2023

+ Fukuoka International Congress Center, Fukuoka, Japan

Lecture Content

—————————————————— ﬂ Adaptation to Combined Disasters|—|

o
Ay
\ oo I

¢ Compound Event Importance

¢ Adaptation Strategies for
Climate change-induced Disasters

¢ Increasing Resilience against
Climate change-induced Disasters

4 Challenges for Increasing
Geotechnical Engineering’s Role
in IPCC

Godavari,

2024.3
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Background Situations

IPCC AR6:Change in Global Surface Temperature

Relative to 1850 - 1900

(a) Change in global surface temperature (decadal average) (b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
oC G
2.0 2.0

Warming is unprecedented
in more than 2000 years
1.5 A 15
~ Warmest multi-century

observed
period in more than

4 100,000 simulated
L10, 10 el ) human &
observed natural
0.5
0.2 simulated
natural only
0.0 (solar &
volcanic)
reconstructed
05 -05
-1 1 r l
1 500 1000 1500 1850 2020 1850 1900 1950 2000 2020

It is unequivocal that human influence has warmed the atmosphere, ocean and land. Widespread and
rapid changes in the atmosphere, ocean, cryosphere and biosphere have occurred.

AEEEINSURS 2T LADORE(ES LJUVLEE TR RURZE L ZBTEAL TELTEFFESRIBARN,
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. (c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
lative to 1850-1900 Pacific and parts of the monsoon regions, but decrease over parts of the
L] relative to subtropics and in limited areas of the tropics.

P reCi p i ta t i (0]2] & S (o) i I Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming
- o = L5 e > = s
Moisture Content - :

« Many changes in the climate
system become larger in direct
relation to increasing global
warming. They include increases — futaymstoouecnse: <GS EE—
in the frequency and intensity of ey beiecondiions 2 - Change (% Vo

hot extremes, marine heatwaves,
and heavy precipitation,

ag ricultural and ecol og ical (d) Annual mean total column soil Across warming levels, changes in soil moisture largely follow changes in
d roug hts in some reg io ns, moisture change (standard deviation) sczgsﬁzg:;g?oa{:_s" Shiovisoneditishc=dic otic ntlienee O
propo rtion of intense tropica | Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming
cyclones as well as reductions in G S Tl S
Arctic sea ice, snow cover and
permafrost.

o BRI, FED. BUEE. J6EE
KBS - K ARLREDIRKREV OISR

=~ — N=[iF" M4 Relatively small absolute changes -
1B 2F LA DZL (LR L DOHEST e e e ) ] o, 9 @ W aE
- N i st Change (standard deviation
EEBICRE RS, ) Ore of mernnuatvariabiity.  ~werier

Definition of Risk in IPCC AR5 and ARG6

IMPACTS

y ”
SOCIOECONOMIC
CHMATE PROCESSES
Natural Socioeconomic
Variability Pathways Hazard
RISK Adaptation and 0 \ Exposure
Mitigation ) )
Anthropogenic Actions © \
Climate Change ) \

Governance

——

Response

AR5 2014 AR6 2021
(56 5 Rik&EE) (FBORIBEE)

Risk in ARG is also a function of response in addition to hazard, exposure
and vulnerability in AR5. This means that mal-adaptation may increase risk.
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Economic Losses, 1998-2017
Poverty and Disasters JRUI\N[iIn]3¢

UNISDR: United Nations International Strategy for Disaster Reduction (before 2019)
UNDRR: United Nations Office for Disaster Risk Reduction (after 2019)

Recent natural disasters: Number of occurrences of events

2016 2016
2014 2014
2012 2072
2010 2010
2008 2008
2006 2006
2004 2004
2002 2002
2000
7o98 1598
1996 1996
1994 1994
1992 1992

1990 1990 == —
\ B 0 50 100~ 150 200
0 100 200 ~.300 400 e
Number of events —_
Number of events S
m Earthquake ®m Flood ®m Slides Volcanos = Storm

m Earthquake mFlood ® Slides Volcanos\i Storm

(a) Around the world (b) In Asia

R, PIVEOOKE, TR, HEI/FL
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Numbers of Disasters per Type

M Flood
B storm
M Earthquake

1 998 - 201 7 B Extreme temperature

W Landslide
B Drought
% W wildfire
. @Extreme B Volcanic activity
temperature B Mass movement (dry)
(®Volcanic

activity

378
7.8% T CF

|® Flood | ‘@Storm ‘ |® Earthquake ‘ ‘ (BLandslide | ‘ @wildfire | OMass
movement

HFRPTE, KERELRL, KEN50%55%5HD

Change of Disaster Characteristics

(I;/Iarkedlyd o Af Considerably
ecreased In Alrica increased in Asia
. I

No. event [ No. event -
ity ;

No. fatality No. fatality |

Affected [ | Affected ‘
population population

Economic loss [ | Economic I |

loss
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Percentages Percentaaes
m Africa ® Americas ™ Asia = Europe = Oceania 1 Africa 1Americas ® Asia " Europe ™ Oceania
(In the last 27 years 1990 — 2016) (In the last 15 years 2002 — 2016)

Asia has become the most vulnerable region to natural disasters.

(72T AEMRSEENEN )
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Percentages by death

) ) (Total Events:1516)
(1990-Sep,2005 in Asia) (Total Degth tolls:621262)
Y Y T Y T 74T T Y

™\ Tsunami, Sumatr

Earthquake, IDN IDN(165708)

simse) |

Earthquake, IND THA®34E) | Storms VOlcanos ‘

N (166812) I Earthquake TR s
Cyclone, IND Wi Flood Slides—* 1ake /
05B (9843) W Slidess - s Earthquakes
Volcanos
" Wave/Surges
| S Wind Storm
V2 EaRrat::tlal(()?)ol('):) Cyclone, BGD
;i ~— Earthquake, IND Brendan(138866)
N . (9748) Typhoon, PHL
NN N Thelma(5956) |
1990 Sl Earthquake = Flood = Slides = Volcanos = Storm
0.0 5.0x10* 1.5x10° 2.0x10°  2.5x10°
Death toll
1990--2015 (25 years)
1990--2005 (15 years)
Presen
(adopted from Kokusho, T. (2005)) (Present study)

Statistical Data for Disasters from EM-DAT

2022 (EVDAT) e baen mamtained by the

Disasters in
numbers

Centre for Research on the
Epidemiology of Disasters (CRED)
since 1988. The primary objective of
EM-DAT is to provide information to
support humanitarian action at the

. N national and international level,
X it

30704 185muen  LOM enabling rational decision-making in
B PN AN~ N - disaster preparedness. The database
disasters damage offers objective, evidence-based
information that can be used to assess
Climate in action the vulnerability of communities to
disasters, thus assisting policymakers

WUClowvain T3 EB5was  (2)USAID in setting priorities.
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Number of Disasters by Continent

Figure 1

Number of disasters by continent
and top 10 countries® in 2022

United
S?alt:s @
26

Americas ¢ Philippines

118 | 1244

Vene-
zuela

? Indonesia

20

ceania

Occurrence by Disaster Type

- 370 ( 387

Occurrence by disaster type: 2022 )
compared to the 2002-2021 annual average 2002 fo 2021 in 2022

N K N N - S

< 7R o -+ N

Drought Earthquake Extreme Landslide® Mass - Volcanic Wildfire
_riood _ (storm ] volean

temperature movement
° e 2022

(dry)

PN 2002-
168 o ™M o o =
AVERAGE

176
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Human Impact: Total Affected

Figure 5 °,

Share of affected - 63.9M

by continent in 2022 .
il 0.1%

10.2M

[Americas
; 5°/o

0.4 M Oceania
P 0.2%

P @
:»'7_}:’

Number of Affected 198.9 ) 185
by Disaster Type 2002 to 2021 in 2022

> B [ & & ™ 2 2 W

< 2 — S5 N

Earthquake  Extreme - Landslide Mass Volcanic Wildfire
temperature mozlden';ent activity

Ty,

1069 K ®

2002 2002
2021 @ @ @ 2021
AVERA( AVERAC
Table 2 & pakistan Flood 33.0 million M Bangladesh  Flood 7.2 million
TOP 10 ég Congo (DemocraticRep)  Drought  26.0 million %, China Drought 6.1 million
total affected
-2022 é Ethiopia Drought  24.1 million é Niger Drought 4.4 million
é Nigeria Drought  19.1 million é Burkina Faso  Drought 3.5 million
® =
<> Sudan Drought  11.8 million %‘“ Philippines Storm ‘Nalgae’ 3.3 million

11 Sum of people injured, homeless, and otherwise affected
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Economic Losses by Continent

Figure 7

Share of economic losses

by continent in 2022 (2))
¥ R ... US$48.7B
Us$2.28 IR

Americas

USS 155.8B 69.6%

us%sﬁs B
. 3.8%
© o

RIIER(E, GDP OFWVWEEGDP DEVWEIEEAREC, THRELTWLS

Africa
3.8%
4)

USS8.6B

Economic Losses by etyag (223.8
Disaster T e 2002 to 2021 in 2022

S A [ &2 b R W
(G | e =

Volcanic Wildfire
activity

Landslide Mass
movement
(dry)

@ @ 2022

2002-
2021
AVERAGE

(VERAGE

Table 3 Z* UsA Hurricane ‘lan’  100.0 bilion ~ & Australia Flood 6.6 billion
Top 10 & usa Drought 22.0bition 2 China Flood 5.0 billion
economic
losses Z/* pakistan Flood 15.0 billion 2 Nigeria Flood 4.2 billion
- 2022 a &
X3 Japan Earthquake 8.8 billion = India Flood 4.2 billion
[ . [ B
&> China Drought 7.6 billion &> Brazil Drought 4.0 billion



Human Impact: Total Deaths by Continent

Figure 3

Share of deaths
by continent in 2022
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Americas
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Number of Deaths EH¥IT; 30,704
by Disaster Tvpe 2002 to 2021 in 2022
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Table 1 !15 Europe'® Heat Wave 16,305 ...Q;. Nigeria Flood 603

TOp 10 é Uganda Drought 2,465 .,g.. South Africa Flood 544

mortality

-2022 -z‘a‘ India Flood 2,035 =% Philippines  Tropical Storm ‘Megi’ 346
é Pakistan Flood 1,739 ﬂ_ Indonesia Earthquake 334
_’t_ Afghanistan Earthquake 1,036 ..Q,.. Brazil Flood 272
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Sediment Disasters
Caused by Intense Rainfall and Strong Earthquakes
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50 mm/hr summ (at 1000 locations)
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Occurrence number of rainfall beyond 50 mm/hr. Occurrence number of earthquakes bevond 5-lower (JMA scale)

Sediment disasters (L##ZE) are related more closely to torrential rainfall than to strong earthquakes.



Compound Disaster
Importance

What are compound disasters (#&KE) ?

{‘ Adaptation to Combined Disasters “—I
i

e
\ Typhoon
G S ]

social, an(
human background

( Climate-change
triggered

Compound
disaster

Not climate- change
associated

yi——— " Storm Surge
Erosion| 4

'
i

Sea-level Risell

> 1

_____________________________________________

(a) Disasters caused by overlapping (b) Events and background for
of multiple phenomena increasing compound disasters

Overlapping of multiple phenomena
. a ;

triggered b

obal warmin
Overlapping climate change-associated Extreme
and non-associated phenomena events

+

Overlapping vulnerable social and natural
environments and aged infrastructure
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Compound Disasters and Chained Disasters
(1IEEXELETHKLE)

Compound disasters Chained disasters
(EEKE) (GEEHKE)

& Landslides
—
=

J

Non-
climatic
event

Earthquake

Tsunami
Nuclear waste
contamination

Climatic
event

[

/

W Y, :
- <Land disturbance>
<Climate change>
} East Japan Great Earthquake
The event of 2011 is a noteworthy
Y [example ]

Compounding Factors > Magnifying, Intensifying and Widening

Has the earth been getting worse? |:> R T we IELG GHELSE0 27
security and safety?

Two Examples of Compound Disasters ({#£&£ZEDEH)

( Climate-change '\ @ ( CASE I \
triggered
o |I|] Combined with
SLR and land

[of d =
@ P subsidence
&
Wat Geo- N s,
N [(BELRCtELTORA) |
Not climate- change
associated

Movem. ulnerable natural
background

——————————————————— ‘Adaptation to Combined Disastersl—I
'
I

torrential rainfall
with earthquake

@ @ (" cAsEN )
m[> Combined

Heavy Rain —_

| GzrinmcnEoEs) |

L—— X
T
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Combined with SLR and. land subsidence

Susceptible to undergo the impacts of flood and
inundation caused by storm surge and
overlapping waves

Building
structure
Sea-level
. Land
oo SR | T [ b e

Breakwater\\‘

€ There are many vulnerable low-lying coastal areas, such as
* Mega deltas (Niles, Ganges, Mekong)
* Important coasts (Venice, New Orleans)

Objective Areas among Vulnerable Coastal Deltas

(Chao Phraya Delta in Thailand, F¥A7S5V7 )45, 5/ H)

#Rhine
Ay ISRanb Brahmaputra
eSebou _~ — ; el Aral
@ Mississippi M.oulouya L l *” Ingus | ..I e Changpang
i Nllﬂ Mahanadi -Zh
® Grijalva eSenegal Godawarl'E % -..ngqtmi;gj
® Orinoco \./o.ltﬁ or Krishna k
I —
Raz==o" ’ ‘ Mahakam

® Sao Francisco

@ Extreme
@ High
® Medium

Relative vulnerability of coastal deltas (IPCC WGII, 2007)



Sea level change (mm)

Definition of Relative Sea-Level Rise (SLR)

T
Projections
of the future

F T T T
500 Estimates Instrumental record

[ ofthe past
C 1

L L L
1950 2000 2050 2100

Year

L L L
1800 1850 1900

(a) Typical variation of SLR with elapsed time
in 2100 (IPCC, 2007)

Observational Prediction Procedures for Land

Normal SLR

Sea-level
rise

d71S dajejdy

Land
subsidence

(b) Definition of relative sea-level rise (SLR)

Subsidence (Murakami et al., 2004

t Elapsed time t

Settlement S

0 T T
S ]
g 100 : —G\’\ A
(] ©
& w00 ‘\\\\t:\\\\T?;ii:::];:3“‘:====w
] T samm) [ Ga/day) ] f NG
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A| _ 358.0] 0.0578 \t
o B[ 623.0] 0- n]
% 300 |--[C[ 492.3| 0.1154 .

D[ 22376.0] 0.
= E| 764.3| 0.0969 “N'\E\
= F-{F|]_215.8] 0.2879 | ~
=5 G| __288.4] 0.1453 D>
S 400 [} T41.3| 0.0968 b
(&) =
< Plots : Observed results , Lines : Predicted results \.

i 1 1 i i 1
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Year

Case of Chao Phraya Delta, Thailand
(adapted from Murakami et al., 2004)
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ase study: Chao Phraya Delta, Thailand
from Murakami and Yasuhara, 2011

Pathum Thani

mgg\*
T

ey,
e — = P TN ()
0 SD:Standard deviation Gulf of Tha“an; -

(a) Contour lines of land subsidence in Chao Phraya (b) Contour map of the interpolated future
Delta (from Murakami et al, 2004). and subsidence (from Murakami et al., 2004).

< Samut Prakarn
S o\o0

SD
Gulf of Thailand ]

0 510 20 30 40

Assessing the Influences of Dual Effects of SLR and Land
Subsidence on Inundation Areas
(from Murakami et al., 2011)

Pathum Thani

Samut Prakarn

Gulf of Thailand
30
afm B 1nundation area

(a) Inundation area caused only by sea-level
rise

Gulf of Thailand
30 40 M Inundation area

0 5 10

20

(c) Inundation area caused by sea-level rise
and land subsidence with estimation error
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Combined torrential rainfall with earthquake

UEZIRRIEEDES : 200445 FE HEHE

[ i i e i, = {‘ Adaptation to Combined Disasters “-;

o I
VR ERYR | Tyohoon

\

Slope Failure' ! 2004 N||gata
Tl e Chuetsu
1 ﬂ Earthquake

&
Storn Sure]

.

sea-level Rise
| 7

Sal inization ""‘:" Beach Erosmnl "

Typical Example of Compound Disasters:
Niigata-Chuetsu Earthquake in 2004

B (b) Complete collapse of highway’s
= embankment (Left)

(FERERETORER)




Mechanism of Slope Failure Caused by

quake and Abnormal Rainfall

‘ (a) Rainfall in October, 2004 ‘

’ (b) Main shock and aftershocks ‘

Occurrence of earthq. Main shock ] Sefleie
_ 350 T - 7 orATerahoek Month  Magnitude intensiby
E 300 - BAR ~21 i
= —=— REREKE | f Main shock  23rd Oct. 6.8 7
— 250 f 1st aftershock " 6.3 Higher 5
“E 200 FUMQ 2nd aftershock " 6 Higher 6
c 150 Tota rainfall / 3rd aftershock " 6.5 !
i #55<" Daily rainfl 4th aftershock 27th Oct. 6.1 Lower 6
S 100 ,.f/ :
g s/ Long-term abnormal rainfall
RN 3 WA ZAW RN (S + Great earthquake followed by

6 12 18 24 30

Elapsed time (days)

large aftershocks

- =

Occurrence of slope failures at around 3800 locations

=

RHICOL2BMEEERS
REEHORSHIROWA

\J
| 4000NFRICHI 2RI ERAIE |

Mechanism of Slope Failure Caused by Earthquake

160
140

)
o

100

=]
(=]

Hourly rainfall (mm)
&~
o o

N
o

o

and Abnormal Rainfall (Nunokawa et al., 2007)

Earthquake
+ 160 40~50 Working rainfall
| =3 Hourly rainfall (mm) | ‘ (40 (mm)
— Working rainfall (mm) : T E8o~g0
= : 120 £ ~ 30~ 40 B75~80
fmd 100 = o O70~75
1 © = =
i { 80 £ § s0~30 —— el
S T, S ® T B 60~65
: 1 o o E O55~60
! I 40 c o 1
1 £ 2 10~20
1 |20 5 &
v Y g ;
10718 10719 10719 10720 10721 10/22 10,23 10/24 0~10
B+
R,=%,0.5"R, ’ o 1 "
w i i Collapsed area (km?)

* Working rainfaII
the influence of past precipitation

Index of precipitation calculated using hourly reduction of

21

| IERIOELH R EORIENEE) |
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Adaptation Strategies for

Climate change-induced
Disasters

Climate Change Responses and Their Synergy

(SURZED M SR EARTREBILFR DS )

Mitigation Adaptation

GHG
* Capture
* Storage Sy.n.erg.y of Disasters
* Effective utilization Mitigation - Protection
and Adaptation| | | A .
- ccommodation
* Evacuation/

Relocation

[Carbon neutral]

[Local Resilience
increase)

Challenging issues (HRf#FEN2kEkAYERER)

Adaptation strategies are emphasized in today’s presentation because the strong focus has
been placed too much on mitigation including carbon neutral.
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Strategic Situation of Climate Change Adaptation
in Japan (by LRRI through Consignment by Ibaraki University)
CRINAFEERBHEE (2023) (£43)

@®Central
@Local government

government

®Private
sector

442: Number of adaptation
collected from publication

7 fields of adaptation in Japan

A\ Vo
GERER®D 7 DD EF)
Citizen life @Agriculture,
& urban life o ;
e livestock
forestry &
Industry, e ﬁ:goe/ry
& economic Wate:

0, .
8% environment

& water
| resources
(Health - ®Natural disaste ‘ 10%
13% & coastal areas
25% | Ecology

5%



Categories of Adaptation to Natural Disasters

(REBICWIZFEDOHTIV-)

Modelling & analysis of
present situation, 6%

Economic
measures, 7%

®ZEm&(> | | @Space plan
JSEtE .
infrastruct

13%

@Technical _
ORI FE

measures,
51%

@Social
measures, 22%

® Technical measures are

predominant.
This is one of the characteristics in

adaptation strategies in Japan.

Increasing Resilience against

Climate change

-induced

Disasters
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Hazard, Vulnerability ,Adaptation, and Resilience

(\Y—R, HesslE, @i &3RE1L)

| 1] Mitigation

25 il
S ' Vulnerability
EnN
o e 2 ! ) 1 i

foaadAi R s st Large gap

A YT i Adaptation

Gap Develope Aged
infrastructure infrastructure

Defensive force

., Elapsed

Past Present Future time

(was predictable) (unpredictable)

from Komatsu et al. (2014)

A Successful Case Study in Bangladesh for Road

Embankment Using Jute (Matsushima et al., 2011)

Jute or geosynthetic bag

4/ Excavated line
. Tail (Geosynthetic bag only)

(Flood period)ed

“a’

Wooden pile =

j Crushed bricks pl.
sand for filtering

Bricks for foundation

(a) Profile of erosion control work using soil bags

Working distance placed by soil bags Working distance used by Jute bags
10m N 15m

Covered ;
B soil using
5 soil cement

soil, cement and jute
Treestake
(b)Front view (without inclusion of 3 m rubbing parts)

2024.3



2024.3

An Example of Hard Mitigation Measure Adopted by Geosynthetics

0 —————T——T—]
9,000 18, 000 21,000 36,000 -
Number of Waves
i Nonwoven,
: densg sand |
E 10 : “T I'4 |
§ 15 5 Nonwoven; Sewn together and Injected ]
E [ col lapse ]
S 5 [ Injected with ) B E
=2 [ ‘mortar x\ ‘-—V\ B
[ STABLE 1
SR era e E [ . \ —
monimw . 225 Wave height 0.18m col lapse Layers ssii ]
First stage Second stage Scenarios K Period 4 second together ]
30 —@— Nonvoven Geotextile, dense sand,
—%F— Non—Geo, loose sand, layers sewn together
P —=2— Non-Geo, loose sand, injected with mortar
0 10 20 30 40

time (hours)

(c) Test results

The concept is “From Rigid
to Flexible Structures”

> KT R

(b) Model test equipment

From Reactive to Proactive Measures

~y
(BREREDSTFHIREN)
Proactive adaptation Reactive adaptation
proposed by Ibaraki Univ. conducted by MLIT

e g Drairing work Paved 1op Surfacing work

How to take advantage of the lessons learned? |
I8 this enough? How should we inherit?

for frental ayke

i) heoea
05 o 0§ -
s b s e = =
-'G m m L m R o A e o 2
o 8o o s e
0 o x = o o ;
E © g L8] Q @© “ il
Trastment of replacement of
o "% ] o 8 Taundation i x:ﬁu"wk

(After HP of Ministry of Land,
Infrastructure, and Transportation, Japan)

\ J
[

| Proactive adaptation - Preceding reactive adaptation |

Good combination of reactive measures with proactive measures
> equivalent to the “adaptive adaptation” concept
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Green Infrastructure
CUOEYVENIE)

Grey infrastructure
Concrete structure/ Geosynthetics = Protection

@® Green infrastructure
- CO, absorption potential in plants = Mitigation
- Biomass CCS (Recovery storage)
- Utilization of thinned wood and bamboo

€ Synergy of grey infrastructure with green infrastructure

Must be an example of combination of adaptation and mitigation

Development of Used Tire Application

for Coastal Protection (Y1 VYOEZIFIE)

Seaside

Landside Vegetation

Sea Wall

\ |
Used tire structures for erosion
and scouring prevention

Hazarika and Fukumoto (2016): International Journal of Geomechanics, ASCE
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Multi-protection Measures with Green--Grey Infrastructure
Synergy in Viethamese Coasts (Yasuhara, 2016)

(VU= —DREICLZZEHEHDH)

Artificial Beach
Nourishment

(a) Sand Breaker Zone
Nourishment

) DRIM
(Distorted Ripple Mat)
(a) Combination with artificial beach nourishment

Breaker Zone

(b) Mangroves

Gabion o,
A

(c) Gabion A

i DRIM
(Distorted Ripple Mat)

(c) Combination with gabion

Multiple Protection Based on GGB Concept

Proposal in B o
! . -UAV
BYcthapescloegat 759> (Brown)

\

Mangrove

Dyke soil
mixed

BB with fiber
(S & cement
\
N ( (L LAL J
BHLTOvs RS
A —(Grey) Y /(Green) | Acceleration
‘ @ sensor
Grey-infrastructure Green-infrastructure Brown-infrastructure
GEELZ7RY ) >1ER % BhET 5 > (RPF%EILTS)
>RNzFEH D * €O, ZifHiE ?
* Y-V %hETS
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Typical Example: Monitoring System for Slope Stability and

Evacuation Using MEMS Sensors (After Saito, Ibaraki University)

mUFIEGALTD
REOE=FU>T
nERBADT —FEE

'S
w
-
»

3 E
LM FFT M
E‘ o %\
: B / ﬁ/l\'v%m g‘:ﬁ;
MEFEHE KND—2RT L i
SESHUSIF—HOS - BE =
* EIRSRART (C & 2 R FI IR EE 22 IR

EEEER | AP T

BifE - . g

OfERREPROIEIE P
CRRADEED | BOME, RREOEE

MuiE, EEES OECHErTOMR R

EROFHIEMERR

| HEREOEMEHEHRE LEET I

Example as Soft Technology
for Increasing Local Resilience
(After Saitoh, Ibaraki University)

Internet (IP) infrastructure

Kana-chan
left school at

3 PM. Transmission
of disaster

information
12
Local community *
School

Infrastructure
Informatl 0

Monitoring
using"UAV

+ GPS (Location information)
4 + Acceleration (Health monitoring)
Sensing TAG - Radiation (Small scintillation sensor) Mobile

(UAV, un-crewed aerial vehicle)



Dual Approach of Adaptation:

Scientific knowledge [P

—

Mutual assi

Scienc
Natural
Orie

(3Bh

Self assistance
(B8h)

y |

Local residents’
knowledge & wisdom

Top-down and Bottom-up Approaches

ublic assistance
(4xBh)

Roles of Stakeholders

/Public Sector \

-Upgrading Monitoring, Impact assessment
-Arrangement of policies related to sediment
disasters

- Utilization and reinforcement of existing
facilities

-Promotion of early waming, evacuatigp‘ﬁn‘a-
\{isis management { Mas

/Citizen ~
-Promotion of self-help and mutual
assistance in local community

-Understanding the effective utilization of
hazard map
-Participation in disaster prevention

\lrainlng

4

/Private Sector \

- Provision of innovative tools, materials and
services for disaster prevention

*Participation in monitoring and inspection
of existing facilities

- Planning of BCP for crisis management

B “system

L NGO,NPO_7
~
~\={ "Researcher & Engineer

oaia

4
\

- Proposal of innovative methodology

- Integration of philosophy, methodology
and information

- Promotion of dissemination and

enlightenment from activities of
\stakehoiders

4

1
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Some Keys for Overcoming Extreme & Catastrophic Disasters

@Scientific aspects
> Uncertainty > increase certainty

@®Natural environment aspects
>V ulnerability > strengthen resilience

@Social aspects
« > Myth > should not believe and produce myths
- Shinkansen (Japanese bullet train) should
never collapse
- Nuclear power station is safe

@ Human aspects

« > Unpreparedness, Negligence,
Overconfidence > overcome through
education, enhancement and emergence
training for and with citizens

Compound Disasters Leading to

Catastrophic Disasters

€ Unexpected (disasters) — Souteigai “Z8EHN”
> Disaster beyond what one would expect

€ Unprecedented (disasters) — Mizou “X &%

> The most disastrous event that has ever been
recorded

We, researchers, should not allow mass-media

to use these expressions too frequently.




allenges tor Increasing Geotechnica
Engineering’s Role

in IPCC
(HEETFDIPCC ADERERDIEEK)

Some Activities of Geotechnics for Climate Change

Year
Erom To Country Reference
. A _H (Carried out at Norwegian Geotechnical Institute (NGI). The representative is
2002 2012  [Research as CoE on Climate Change-induced Geo-disasters Norway Dr. Farokh Nadhim.
2005 2009 [Strategic project on climate change adaptation called S-4 Japan Supported by Ministry of Environment
2010 2014  [Strategic project on climate change adaptation called S-8 Japan Supported by Ministry of Environment
|Asian Technical Committee (ATC1) on Geotechnical Mitigation - - . . . . 5
2013 Present |and Adaptation to Climate Change-Induced Geo-disasters in Asia ﬁgﬂxggt?;nAgglifeé:ﬁ,:Uded I Hrliemeiitene| Seeldy aff S2ll Pleshente &
IAsia-Pacific Regions 9 9
2013 2014 Research Committee on Synergy of Geo-disaster Risk e Organized by Japan Geotechnical Society (JGS) and chaired by Professor
management and Climate Change Adaptation P Hemanta Hazarika (Kyushu University)
2014 2015 goursa_e eGiobali¥armncyipdicediCecsentionmentsland Japan PJournal of Japan Geotechnical Engineering (in Japanese)
eo-disasters
56th Rankine Lecture entiled Geotechnics,Energy and Climate Delivered by Professor Richard Jardine (Imperial College) under Organisation
2016 2016 UK - N -
IChange by British Geotechnical Association
2016 2016 Symposium on Climate Change-induced Geo-disaster Risk in e Organized by Hokkaido Branch of JGS which was chaired by Professor
Snowy Regions P [Tatsuya Ishikawa of Hokkaido University
2017 2017 2017 PGS Workshop_ &15th _G. A._ Leonards Lecture on Climate USA Held at Purdue University
IChange & Geotechnical Engineering
. . A q q q Pournal of Southeast Asian Geotechnical Society (SEAGS) & Association of
2018 2018  [Special Issue on Climate Change & Geotechnical Engineering Thailand Geotechncal Societies in South East Asia (AGSSEA), Vol. 47, No. 1
2019 Present (Colloborative Geotechnical Research Group in Branches of Jaan lUnder the support from Geotechnical Research Committee in Japanese
Hokkaido & Kyushu P Society of Civil Engineers (JSCE)
1st International Conference on CONSTRUCTION RESOURCES
2020 FOR ENVIRONMENTALLY SUSTAINABLE TECHNOLOGIES Japan Climate change is a topic.
(CREST 2020)
2023 9th International Conf. on Environmental Geotechnics Greece Climate change is raised up as a topic for the first time.
2023 ICREST 2023 Japan I 1s 2 topic

38
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56 Rankine Lecture given by Prof. R. Jardine, Imperial College,

UK, entitled “Geotechnics, energy and climate change” 2016

€ Part 1 specifically examines support of offshore
hydrocarbon production.

€ Part 2 describes investigations into the geotechnical
impact of climate change in a permafrost region and a
peatland study that contributes to alleviating flood risks
exacerbated by climate change.

@ Part 3 outlines research that is improving the economics of renewable
offshore wind energy for multi-pile and monopile supported turbines.

There can be no doubt that his lecture raises a profound challenge!

Constitution of IPCC:
Three Working Groups

€ WGI: provides scientific information related to
the global community to meet challenges posed by
climate change.

€ WGII: assesses impacts of climate change from
a world-wide to a regional view of ecosystems and
biodiversity, and of humans and their diverse
societies, cultures and settlements.

€ WGIII: specifically examines climate change
mitigation, assessing methods for reducing and
removing greenhouse gas emissions

(ARS WG I PartA, 2014)



2024.3

Managing the Risks of Extreme Events and Disasters to

@ A Special Report of Working Groups | and Il of the = - :
Intergovernmental Panel on Climate Change (IPCC) Lok i SR Lo

published in 2012 CLIMATE CHANGE ADAPTATION

@ Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J.
Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K.
Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.).

€@ Cambridge University Press, Cambridge, UK, and
New York, NY, USA, 582 pp.

No references to geotechnical aspects

SPECIAL REPORT OF THE

were included! wecormama e [()CG o
Y L LA M R 5 A 2 SR

IPCC and Geotechnical Engineering

(IPCC AR [c[d3th88 T SFaYFeuk( AR 1)
€ From geotechnical perspective

» Geotechnical findings scarcely reflected in any assessment report

* No keywords such as landslide or land subsidence have been observed in the glossary and
index.

€ Why? Through experiences as review editors of AR5 (2011--2014)
* No authors from geotechnical fields
+ No recognition of geotechnical engineering in academia
+ No recognition of geo-disasters or geo-hazards
* Low recognition of climate change importance in Geotechnical Society

@ How should we do this? (ESTAREN 2 AI6LRETELD ?)
- Efforts from ICSMGE are needed

- Strategic submission to journals associated with high IF
- Not only from academic-oriented studies but also from policy-oriented studies




Summary and Conclusions (F&&)

This study was conducted to present knowledge and lessons learned from several case studies in
different countries in Asia, particularly in Japan. Based on this knowledge and lessons, special
emphases have been placed on the importance of ameliorating compound geo-disasters, which include
events combined with and without climate change-associated or non-associated factors. For
preparation and countermeasures to be pursued in the future, we must acknowledge the following
techniques and policies.

i) Greater insight should be sought in relation to proactive rather than
reactive measures that underscore the concept of “adaptive adaptation”.

ii) Such emission resources as used tires and other industrial byproducts
should be used to develop adaptive measures. At the same time, locally
available materials are the same.

iii) Green infrastructure should be explored to combine with grey
infrastructures and brown earth structures.

iv) Geotechnical engineering should/can contribute to international
organizations studying climate change, such as the IPCC.

Thank you for your kind attention!
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2. THAXZRVWERRIERARICEDIIELEBBEMNEMOEFIENT]  FEAE

Contribution to Climate Change Mitigation of

Using Logs for Liquefaction Countermeasures

: a Case Study

G Az AWERIRIEXRIC & D RIREEEN S DEHIHEMT)

November 20, 2023

Takumi Murata (Tobishima Corporation)

Ej TOBISHIMVA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology” .

Contents

m Contribution to Climate Change Mitigation by using Wood
(RMFAIC K DURZEHRFNDERR)

B Overview of LP-LiC Method
(RAXZRAWZRIR(ERDOBIE)

A Case Study of Application to a Large Residential Area
(KRR BTSN DEAEH)

Carbon Storage Effect of LP-LiC method
(GuAZRAWERIRIERRIC K D RFEITFZIR)

B Summary
(FEH)

Ej TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”
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Contribution to Climate Change Mitigation by using Wood

) Effect of mature forest on CO, reduction

How much does this mature jungle
contribute to CO, reduction from the

atmosphere?
(BFAUEHFHEFENS BVASHDCO, HIFEICER
LTW3?)

Mature forest does not contribute to

CO, reduction in the atmosphere
(RFUEFRE RS RDCO,HIRHICERL TLVRL)

Rondenia, Brazil

JLy R EFR: GHEAGERMIKNE, ©FCERE

Ej TGB|SH|MA CORPORATION CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

Contribution to Climate Change Mitigation by using Wood

) Effect of mature forest on CO, reduction

Mature forests will not

Young phase | Maturity phase , Old age phase . _
() i (FiBhEE) | (EHRER) contribute to CO, reduction
- * i from the atmosphere
RER : :
DZEAE :
c Amount of carbon absorption
_§ from the atmosphere by
8 photosynthesis
Y
=]
= Amount of carbon emission
=
=] due to breathing and decay of
g fallen branches and leaves
B
Age of tree i Amount of carbon stock
WEFFT : FRR2SFERITMRUAREDBIN - TRk26FRRMR USSR
Ej TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”
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Contribution to Climate Change Mitigation by using Wood

) Carbon storage and wood use

To increase the total amount of

o Harvesting carbon stock, increasing the
8 ' Decay i amount of trees and wood
whd
: products is important.
_8 (FRFEX Y DDHMEBZIEPT(CIE, AP
& 1) 3 3 — N
g Scrap Detay . i x*z,%é_u_uo)z’éiﬁgb_‘g_“«_&b Eg?_
%5 wood etc Burning ‘
£ Forest ¢ \i
3 - Iguekl v' Extend the service life span
S i
< = N e,
0 50 _. 100 years v Increase the use of wood
Time
products
Wood products continue to fix _r
carbon as wood after harvest (RECFIA)
E) TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

Contribution to Climate Change Mitigation by using Wood

. Measures to reduce CO, from the atmosphere by increasing the amount of wood

Plant trees anr! increase the amount of trees
(USROS EIENT)

Encourage the growth of trees by thinning
and increase the volume of wood

(ERUEARDERZR URREIEPNT)

Use wood products in urban area
and increase the total amount of wood

(AHAEFIALSHES TAHOREZIENT)

E)‘ TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”



Contribution to Climate Change Mitigation by using Wood

) Durability of wood in the ground
2 ‘ 28,000 years ago
DI G ENGES A Tree Coniferous trees
\ A g ‘ species
Soil type

\u

o Aonﬁmri %
Ajigasawa

P

Rane

ma coast buried forest

It became submerged due to

(Ezo Spruce and Larch etc)

environmental changes such as flooding.

@ TOBISHIMA corroration CREST2023 Workshop2

“Practices for Sustainable and Resilient Geotechnology”

Contribution to Climate Change Mitigation by using Wood

) Durability of wood in the ground

A
&)

Building Completion

v ®@
2iﬂn

L RS

Number of floors

B 25 e i e

Building structure

Building foundation

S e

©- uﬁ,fg-‘”k A 4 4 oY 2 BN B i
- /\) Pile type

1959

RC
Pile
Wood

4,000 X X X

certain conditions
(BBIFHTICHBNT, HihoR
[FEVWMAEERITD)

Wood placed in the ground
is high durability under

2024.3

E) TOBISHIMVA corroration CREST2023 Workshop2

“Practices for Sustainable and Resilient Geotechnology”
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Contribution to Climate Change Mitigation by using Wood

) Durability of wood in the ground

Z:No . C:Dense | D:Loose
A:R : .
measures esin  RBIClEY, sand sand Unit:cm

8cmdiameterlog Resin 1cmthick  6cmthick  6emthick

13

70
120

100

i 100 cm in height,
| 50 L — . 8cmin diameter

i Tree species:
7 i Cedar and Larch

—Going in and out of water Drain layer (e
Schematic cross section of log arrangement in the large-scale container

@ TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

Contribution to Climate Change Mitigation by using Wood

) Durability of wood in the ground

~ 120 ——targe=sceatcom—Mtedium=sceatcom  m Normalized compressive strength of logs after 3 years
EE 10 | <€ - 3> €——>
© 100 | re _ o
R R = c100%) hssumption
o} o,
s 80 v The strength below the lowest
=4 ng I R, : Normalized compressive strength water level, o, keeps the
- I Japanese cedar -
S 50 b P o : Compressive strength at any portion initial strength forever.
* 1173days - 1187days v Scattering within one log is
- 40 r o, - Compressive strength below the lowest
L
9 30 | _ very small.
= / —@— Above the highest W.L. water level (Completely sound)
s 20 //--e-- Within the variation of W.L.
< 10 | —&—Below the lowest W.L. . . . .
2 /2 i : : - n Wood biodeterioration covered with clay does not occur at

P = o o . . .
SH -é:; TE:\ = 2 2 all even if the wood is higher than the groundwater level.
I - S I g
= é‘ﬁ Ea’é = % < s (FEEBEBON TN, MTFKEIUETEEMSLEFECRRN)
g7 o7 2w b : . : oy :
i g@, 2 £ Wood biodeterioration hardly occurs within the changing
3 5 g f level
8 2 3 range of water level.
L))
Types of covering OKUIZBIATIE, EMBINFEAEELR)
E) TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”



Contribution to Climate Change Mitigation by using Wood

) Characteristics of soft ground

Common Ground Time of Occurrence
feature type damage phenomenon

| c Settlement
Consolidation Differential settlement
v Shallow Cla . el
: Slip failure Inclination
Horizontal displacement, ete.

Damage type

v““New deposition Settlement

v Very soft Differential settlement

: _ LP-LiC
v No gravel Earthquake Liquefaction | Inclination

Method
Uplift

Horizontal displacement, etc.

Ej TOB ISHIMVIA coreoration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

Contribution to Climate Change Mitigation by using Wood

) Summary

v Trees absorb carbon dioxide from the atmosphere, fix carbon, and produce oxygen, so
the growth of trees that stock carbon will reduce the carbon dioxide in the atmosphere.
Using more products made of wood, which also contain carbon, will reduce carbon
dioxide the same as the growth of trees.

(IR, RRPDOTEALRERZRING, REZEET D8, BANBRE INEAR[POBLREZRS I ZENT
3. BUKREZECAMBRZZESTEET, BARORRERAU XS CTBLREZRS T ZENTES. )

v Wood has high durability in groundwater, and biodeterioration of wood scarcely occurs
within the changing range of water levels. Wood biodeterioration covered with clay does
not occur at all even if the wood is higher than the groundwater level.

(AR (T AKAIBUR TE WA 2R, T KUZESRTEENSEFELA EE L. HITFKUIETHDTE,
HMETEODN TONEENSEEECRN. )

v Soft ground has always high groundwater level. So, the log in the soft ground can stock
carbon almost forever.

(BREEHDEE (M FOKAIAELY. ZDfzs, BREGHBERDIKN(FRERZTHFKANCHEI D ENTED. )

Ej TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”
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Overview of LP-LiC Method

. Liquefaction phenomenon

Typical damage due to liquefaction

Conditions for occurrence
of liquefaction

v Sand
(%)

v' Dense
(#BER)

v Saturated with
water
(T KTEEF)
artme nt

ap v' External force
_@,'.u

T\ )

73

FBBM | IUBHENSI0FE~AKEEIRDIES ~)

AR THS | RIMELEREBROFTEHEMZESEE, 1999.2.

Ej TDB'SH'MA CORPORATION CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

Overview of LP-LiC Method

) Whatis LP-LiC method ?
Log Piling Method for Liquefaction Mitigation and Carbon Stock

v Piling logs improves the

Steel pi
cel pipe 9 ground by densifying the
’Stre.ngthtof loose sand
og is no
important Filler (CrUShego'f,thﬁ; B (AARMBCARTZIET, BOD

J 1A% RS IEE (CER T D)

v Logs below the groundwater

level can stock carbon in the
species can be ground
used

S, (EFREURDONAN, HPCxkEE
Loose sc

IETES)

?) TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”
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Overview of LP-LiC Method

TR,
i

KENERMRENSER (X875 []) 4Hz

MEE  A(gal)

0.0 5.0 10.0
B ]

g large-scale shaking table test

Ej TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

Overview of LP-LiC Method

) Effect of liquefaction countermeasures by LP-LiC method

Input motion : 150 Gal (157 Gal)
Improvement method : Unimprovement (#Ex5Ri0EE)

E) TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”
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Overview of LP-LiC Method

) Effect of liquefaction countermeasures by LP-LiC method

Input motion : 150 Gal (165 Gal)
Improvement method : Log pilling, Pitch = 4D(F.AFT5%1H4E)

Ej TOB ISHIMVIA coreoration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

Overview of LP-LiC Method

) Effect of liquefaction countermeasures by LP-LiC method

Small | Earthquak Large
Input acceleration A(Gal)
0 100 200 300 400 500
Small om BT
(]
(=)}
1]
£
[1°]
o I
S 100 |

-e-NIP
—--P5D

umulative settlement =S (mm)

| =P4D 5\ Large-scale shaking table test
[ -& DNS N Kasumigaura san
Large 200 \ asumigaura sand
O
Ej TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”
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A Case Study of Application to a Large Residential Area

) Construction site

Pacific Ocean

@ TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

A Case Study of Application to a Large Residential Area

) Overview of construction

ca. 150 m
: Ground surface
Crushed stone IS
Covering soil ~
Y
N
E b . - Log
S S ¢
S : o=
E o [0 IS
@[ I 88 3 o
O fad | | o C < <
‘ gl 035 8
& =M ‘ _ LIRS
] : ©
1 A=13,382m2 |} 8
n=13,420 logs
B=1.0m , —¥
=, Diameter at the bottom tip
“’leumuuihf\.HL i oflog: 0.15m
(-
E) TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”
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A Case Study of Application to a Large Residential Area

) Construction process using LP-LiC method

@ TOBISHIMA corroration CREST2023 Workshop2

“Practices for Sustainable and Resilient Geotechnology”

A Case Study of Application to a Large Residential Area

) Results of liquefaction countermeasures

N-value . . .
o 10 20 30 Safety factor against liquefaction
0.0 1.0 2.0 3.0
L . 0.0 T T
1.0 Minimum Saf:Ety factor FL agalnSt Recommendationsfordesign of
. . . . building foundationsin J
a0 ground liquefaction for each boring site vildingfoundationsin Japan
: 1.0
shallower than 5 m l
3.0 No.3
g 4.0 Minimum safety factor FL against EZ-O Log
~ liquefaction
Boring no. (from GL 0.0 m to GL -5.0 m) N
g 50 Original ground | Designed £
= riginal groun esigne 2 3.0
8 60 1 246 2.46 3
2 0.96 1.17
7.0 . 40 ?
3 0.97 1.18
[
8.0 4 2.40 243
5 116 144 5.0 = O~ Original ground
9.0 o’ ——&— Designed value
=O- No.3 (Original) ——8— After log piling
10.0 6.0 1
F?) TOBISHIMVA corroration CREST2023 Workshop2 ‘“Practices for Sustainable and Resilient Geotechnology”
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Carbon Storage Effect of LP-LiC method

. Application to a Large Residential Area

900,000
800,000
700,000
600,000
500,000
400,000
300,000
200,000

100,00

Amount of CO, stock or emission (kg-CO,)

Stock:

790,627

T

[ CO2 stock

—8— CO2 balance

752,959

E ||
100,00d £ -37,668
Stock in logs Log piling Joint Total
material
Category

This construction method can

contribute to reducing

greenhouse gases, as long as
planting trees continues after
harvest.
(RRRBEMNERITSCET, BEDHR
HADHIRICHMTES)

@ TOBISHIMVA corroration

CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

Carbon Storage Effect of LP-LiC method

. Relationship between carbon storage per volume of liquefaction improvement and pitch of logs

o
S

(kg-CO,/m?3-imp)
= N W A O N o O
O O O O O O o O o

Carbon storage per
volume of liquefaction improvement

® %

g storose

Carbon storage per
volume of liquefaction improvement
(kg-CO,/m3-imp)
© & N &b & b b b L o

o

0

Carbon storage

20D, 30D, 40D, 50D; 60D; 7.0D;
Pitch of log B

by logs

8

Q gm

Q

5460 °

g5 5

® d“ o

c

G 3Q40 | =]
259 P
Se=30 °

volume of liquefaction improvement
N
o
o
o

N
[S)

20Dy 30Dy 40Dy 50D 6.0D; 7.0D;
Pitch of log B

Carbon Emission

by construction

0 L L L
20D 30D, 40D; 50D, 60D; 7.0D;
Pitch of log B

Carbon storage
by construction

2 TOBISHIMA corronanion

CREST2023 Workshop2

— 53

“Practices for Sustainable and Resilient Geotechnology”
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Conclusions

v' Trees absorb carbon dioxide from the atmosphere, fix carbon, and produce oxygen, so
the growth of trees that stock carbon will reduce the carbon dioxide in the atmosphere.
Using more products made of wood, which also contain carbon, will reduce carbon
dioxide the same as the growth of trees.

(BIARE, RRPOZELRERZRINL, RRZEET DD, BANKEINEARTO_BILRFZZ®HST ZENT
3. AUKRRZEOAMBRZLZ < ESZELLET, BIROKREEBUKRSICTEERRZHRST ZENTES. )

Wood has high durability in groundwater. So, the log in the soft ground can stock carbon
almost forever.

(M T KAILUR THRWHAKZ RS, ZDfes, MEGHBERDNKIIRERZFKANCEEI D ENTED. )

The carbon stock effect of LP-LiC was found to exceed the amount of CO, emitted as a
result of the construction work by more than a factor of 10, and therefore, contributed to
a reduction in greenhouse.

(LP-LICTEIC K DR FRATEIR (S, MELICKDCOMFHEDIEU L LD, BRERDADHIRCAE <EIT
3.)

E) TOBISHIMA corroration CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology”

Thank You for Your Attention!
(CEBHUNESTENELLEL)

2 TOBISHIMA corronanion

CREST2023 Workshop2 “Practices for Sustainable and Resilient Geotechnology” .
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EEFEBEICKOIMABHICE FE2AMFARRESHASETEIK SHER

2nd International Conference on Construction Resources for Environmentally
Sustainable Technologies: CREST 2023
October 20th, 2023, Fukuoka International Congress Center

Promoting the utilization of wood in regional cities
and contributing to society through industry—
government—academia collaboration

F*%Eﬁ.ﬁlj’% L5
HFER T ICH T 2 AR A BIEE & ==

Masaho YOSHIDA
President, Research Society of Wood Utilization in Fukui
Professor, National Institute of Technology, Fukui College
= AR
BHEAMMBAAREE
BHILESFFMPRIE

Research Society of Wood Utilization in Fukui

B RAFBERRS

Establishment FE

April 2010 201044 B

Purpose EBHY
To promote the use and stable supply of wood in the fields of civil engineering,
architectur and biomass, and to conduct surveys and research, dissemination and
awareness-raising, and various activities to promote cooperation and
coordination among related parties.

[£AR), [#E|, N/ ATX] OZFDFICHEITE, AMOFARILLKER
HiEERs Z & EE’\JL:, FE - R, TR BEFE, BREOEE - Tmuﬂ;?rﬁxj‘é
7= DA BB LTS .

Subcommittees  oEE
Civil engineering, Architecture, Stable supply and biomass
TARER, BER, NMFILERE

Number of members £5#

63 people / 29 (25 Companies), 16 (9 Public organizations), 15 (10 local
governments), 3 (2 Schools)

63N /1BFE29N (25%) , NRIEAL6A (9B , A BAMEKISA (108E) |,
PR3N (21
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Others Planted : . FUK Pl’efecture
AT \ %E#EK

] ltem X5 Japan HZAR . Fukui @R

Area ForestiEi& 37,800,000 ha 420,000 ha
(31

Forest FRMmiE 25,080,000 ha 310,000 ha

Planted A T#k 10,200,0000 120,000 ha
ha

Natural KA 180.000 ha
Others = oftrh | ++-880,000 ha 10,000 ha

Use of Wood in Architecture

I3

4¢ JR Ashiharaonsen Station (Awara City) ~ Ichijodani Asakura Clan Site Museum (Fukui City)
IREFARR (hbo) : —EAHEKEINSYEE (BHM)




The reason for the establishment of the research society
MESFHKEDE > H IS

Heavy rain fall in Fukui on July 18, 2004

20047 H18H@HENW

. TTATHELA, &85E9

Asuwa RiverBreach o
B R E

Casualties
4 dead, 1 missing, 9 injured

Damage to houses

Totally destroyed 69, partially
destroyed 140, partially damaged 229 ,
More than 8,000 houses flooded
under the floor

2024.3
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Excavation survey of wooden piles at Saiwai Bridge
EBOARMOIEY 5 LAE

Completion in 1933, 4th
generation, RC bridge
1933F £ T, 4tH, RCIB

Length i< :  1.4m~5.7m
Diameter EfE :  17cm~20cm
Type #&fE :  Pine ¥ VR~ VE
Year $BEZHART © 744 (1932~
2006)

Number ¥TEEAZL @ 904
Interval #FT5% @ ©  0.9~1.0m

Saiwai Bridge withstood the 1948 Fukui Earthquake (M7.1)
1948 FE@BHHME (M7.1) TR /-FERE

Death: 3,769

# Collapsed house :

# More than 34,000

W 2p= 37694
218 1 34,00048 L4
+
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Full-scale field experiment at Tsuruga Port
HEEICHITHERIRGER

Fukui Prefectural Civil Engineering Department
Tobishima Corporation
National Colldge of Technology, Fukui Colledge
Kobe University
BHE LA
S R HAT I TR AT
BHIESFEMIER
R KT

Creation of artificial soft ground
A TLERG5H1AR D/FEY

Fine fractionated sandy gravel (gravel: 41%, sand: 28%, fine sand: 31%)
MR OBEWERE (5 41%, #5 1 28%, MK : 31%)



2024.3

Construction status on site
RGO TIRR

Carbon storage of vvogd and carbon dioxide emissions from operations
AKRKDRAZFTEE EFEICL 2 ZBILkEHEHE

IFICLDBILRFHE —>

4.0

o 3 {E

—o— —BiERFNX IFc&B
—RIEREREE

HEREH
HK(RE)EwF :0.5m

SLARE i BE B : 68. 3km

2 KTy b (45.5m°) BB Okmit A & U B

2.0

Carbon dioxide storage
b R RETEE (t-CO 2)

1.0}
B (100m°) : i 2kmith 5 & U SE i Storage
1
0.0
ES # <> Emissions
-10%}?’ é"‘in -ﬁ% f f )ﬁ}@ A§< § g e
$ & NS S
S texER ¥ 7

Work contents
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Social changes in wood utilization

AMABICBET 5245 DEL

FRR9 (1997) £ 710 5= Kyoto Protocol
EREl6 (2004) 4 B = Fukui Heavy Rain Fall

Fp19 (2007) £ TRICHE T 2RV OFRILKICET 2 BTN HE
Cross-sectional Study Group on Expanding the Use of Wood in Civil Engineering is established.
T2l (2009) £ TREFAEAMIERRZES #E

Special Committee on Wood Engineering of the Civil Engineering Society Setting

FRk22 (2010) 4F [RNHEEBFENEIZH T DA ORI A OREICE T 2R
Act on Promotion of Utilization of Wood in Public Buildings, etc.

FRk22 (2010) 4F BHEAMABHMFTE HKE
Research Society of Wood Utilization in Fukui is established.

FERk23 (2011) & B ACKZ K Great East Japan Earthquake

Fpr24 (2012) £ TARFEAMIZERES HE

The Civil Engineering Society, Wood Engineering Committee is established.

FE25 (2013) 4 [[E+msb A% | Basic Act for National Resilience

3 (202D) E [REHEOERICET 25D72H0
BEMEICB T DAV OFABOREICEET 254

Act on Promotion of Utilization of Wood in Buildings, etc. to Contribute to Realization of a Decarbonized Society, etc.

Activities of Research Society of Wood
Utilization in Fukui

BHBEAMH AR O/EE



Wood Utilization Symposium in Fukui
7@%% =D Ay Amfﬁa#

December 6, 2020
Fukui International
Activities Plaza
164 participants
2020F11H6H
EHEERRRSE
Zh&164%

December 11, 2010
Fukui International Activities
Plaza
200 participants
2010€E12A811H
BHEEBRIRSEE

S INE 2004

Regular study meeting
EFIHFR S

» 2023/6/26, Fukui Forest Assocwatlom
2023/6/26, BHEZMASE

2024.3
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Field trip R=<

Biomass Power Plant
(Fukui Green Power, Ono City)
INA F < RSB
BHTU =T —, KEH)

Wood Market
(Fukui Prefecture Wood Market
Cooperative Association, Fukui City)
A5
(BHEAMMRBEAS, =BHH)

Flood control dam
(Miyama-cho, Fukui City)
Bl R L
C=EaE N

e,

Sound Insulation Wall
(Geba, Fukui City)
R

(BHHTE)



Field trip R=<

Fish Reef
(limori, Obama City)
BHE

CINEMERE)

(Kyozen, Eiheiji-cho)
j=-bE]
CKFFETRE)

Wood use seminar for children and their parents
MTFCRIAMAELE I —

2024.3
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Wood utilization exhibition in Fukui City
%E#mm%uﬁﬁ):m <2023£E1052~6E>

Panels \ntroducmg Research Society of Wood Utllwzatlon in Fukui and products of member companies
BHEAVABHEEOBN/ I EEBREDET

Received the JSCE Kansai Branch Regional Activity Award for 2021
221 FEAARFREAZE HEEFHE ZE

1

= B
x*
| 2
B
[l
D
b
%

= BREHESED

(OSakalCity, @8aka Prefecture)

=
&
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Example of wood utilization for soft
ground improvement in Fukui Prefecture

BHEICHITS
RS9 HE BSOS 55 ﬁ‘@ﬁrﬁu
= (5

Jdnl

Soft ground improvement for detached house (2013/3/6, Sakai City)
FREZOHEHBIE (2013/3/6, HRHM)

I " Diameter K% © 14 cm
Lengthf= & : 6m

Interval fEf® * 1~15m

| Number &% : 44 &
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L\cuefact\on countermeasures for farm building (2016/2/29, Fukui City )
g8 4 = (2016/2/29, f2F )

Diameter k1% : 15 cm
length & = : 4m
Interval k@ : 0.9 m
Number A3 : 564 A<

Liquefaction Countermeasures for Red Brick Warehouse (2014/8/9, Tsuruga City)
R HEED TR (2014/8/9,

Diameter Zk[f% © 15 cm
Llength & & : 3m
Number Z<# : 700 2= F
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Soft ground improvement for road body (2011/7/8, Obama City)
B EREE A DRSS AR SR (2011/7/8, /INVEmD)

Diameter 272 © 12 cm
Lengthf= & : 4m

Soft ground impr

 Diameter <42 cm
Jlength= &1 4m
Number 2% : 723 4=
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Soft ground improvement for box culverts (2016/2/4, Sabae City)
Ry 7 ZAHN/N— kORGSR (2016/2/4, #55T1H)

Diameter ZRHf% @ 18 cm
Length& & :4m
Interval ff® : 0.75~1.00 m

Soft ground improvement for levees (2020/11/16, Obama City)
SRBH OERGES AR SR (2020/11/16, /INEF)

Diameter kA% : 18 cm |
Length & & @ 4mx34E& |
Number A4 : #97.000 Z<
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Design and construction manual for soft ground improvement using log pile method

AAMIEZE BV /RGN R DERET - EL v =27 L

HEE
‘ 8
|maot @ET) =
c = OkN/m"
S ‘ @ =30° ol o
ABHLT IR IR ) g |7- 19. 00K/’ 8 8
W= LT
%—,——.%I— } g[
) = 4 b= 3 o)
KRR AN S - a——— =
W a8l EH 9| 1300850 _|300]
8l Aa (g 1450
@ Comtet) || | T T%0% ¢.180m
o = 2o _|boo_ 50 _soo 0 6,240m
i =0 L=4.0n
r&r'= 6. ootxu/m“ 100 1450 100
o S @it
oy 1650 Exceliiagat> — b
B Precast L-shaped retaining wall design sheet

Design sheet for precast box culvert

7L ¥ v R AR ORETY — & (EKIR EER)
TLEYZ MRy ZRANN— FOFEFY— b (EAR
")

Seminar for design and
construction manual for soft
ground improvement using log
pile method

A T =% B U - ERee Hh B
EOWRE - WL =27 LB

AN
I~

March 2013 Published

Culvert (3m x 3m) vL-shaped
retaining wall (2m), Roadway
body

2013438 1T

H— bk Bmx3m) , LA
WE (2m) , EHREAE

Research and development of wood
utilization technology through industry-
government-academia collaboration in Fukui
Prefecture

BHREOEEFEREICLD
A R HAT DB 5258 7

Industry: Miyama Town Forestry Cooperative
Government: Fukui Prefectural Department of Agriculture, Forestry
and Fisheries
Academia: Fukui National College of Technology
E | EILETHRMES
B RHFREMKER
¥ B TEBEYIPN
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Mechanical properties of saturated wood

BIKAM D 514 DRI

Mechanical properties of saturated wood

BEKAM D D FH51E DR

3 B




Sales of wood made in Fukui Prefecture to
Chiayi County, Taiwan

BB ERM D

BERRENDE—ILX

Industry: Marvel Corporation
Government: Fukui Prefectural Department of Agriculture, Forestry
and Fisheries
Academia: Fukui National College of Technology
Eix—YULd—FRL—v3 v
B BHEEMKES
F I RFALESFEMAFKR

Grant for Japan-Taiwan Industrial Cooperation Project
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Conclusions £ & &

“Promoting the utilization of wood in regional cities and contributing to society
through industry—government—-academia collaboration”

Industrial Promotion and Regional Revitalization
= Revitalization of the forestry and lumber industries by promoting the use of
lumber in construction projects

National Land Stewardship and Climate Change Mitigation
= Carbon stock through measures against soft ground using timber
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4. TRIREFIEH1T DGRBS BLRRIDESR) ) RE—&
LRRI Activities

for Climate Sustainability

(|AXYATFEUT(ICRATSIILY @:EE’J)

Workshop in CREST 2023 on
“Practices for Sustainable and Resilient Geotechnology”

+ Kazuya YASUHARA, Ph.D.

* Representative of Local Resilience Research Institute (LRRI)

(Professor Emeritus of Ibaraki University, Japan)

-- November 20, 2023 --
(see httpS'/Iwww ic-crest.com/) (//f/ {»‘::\\

. (. s

\'\' -/
st e CREST 2023
(https //\rri.or.jp/)
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Presentation Contents

€ Whatis LRRI? (LRRI>T/{A] ?)
& Activities of LRRI GCHEEIRNR)

4 How Should We at LRRI Cope with Climatic
Hazards? (LRRI (3&UR/\H—ROESIIE@MNID ?)

4 LRRI Technologies for Climate Change
Responses (ﬁﬂﬁgibﬁfﬁo)l&)@LRRlﬂﬂ EEAT)

4 Future Outlooks for Climate Change and SDGs at
LRRI (RURZENESDGsIIEDIFRESE)
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Outline of Local Resilient Research Institute

First Right Second Interest
4 Corporate Philosophy

Contribution to local resilience increase through knowledge

and wisdom of members and support for developing human

resources capable of finding and proposing solutions for
emerging difficulties, including climate change and SDG

related issues.

& Corporate Members

(Non-profitable Private Sector : LRRI)

4 Mission Statement

4 Characteristic Features of the Organization
« Engineering groups with rich humanity and
different experiences synergistically organized by
senior and middle leaders

« Providing opportunities and platforms on which
members and non-members collaborate to find
solutions for increasing local resilience

« Providing platforms and lectures by which
members and non-members learn fundamental
and advanced knowledge about issues including
climate change

Tapanese Organization English URL (Home page address)
@ISP ISP CO.,LTD. sp.co.j
PELRH ACHILLES CORPORATION s://www.achilles
H =Ty http://www earth-techno.co.jp/
TH-FINILT-JW [Eternal Preserve Co., Ltd. http://www.etp21.co.jp.
E=YevoH OKASANLIVIC.CO.,LTD.

Global Society for Smart Geo-Sustainnovation

ttps://www.okasanlivic.co.jp/

E(—%i) GLOSS RS

11> 00— T2

Showa Concrete Co.,Ltd.

[T&S Development Design Co., Ltd

T & SEFESRET BN
eI S=7)>)
KBEFEER

RAFH

TOKYO PRINTING INK MFG CO.,LTD.

BLLI>HILI> M) FUKUYAMA CONSULTANTS CO., LTD. S aconsul.co.j
PEDI Civil Solutions () IPEDI Civil Solutions https:/ Eeduml com/
PKEJU->H—EM Mito Green Service Corporation. ttp://www.greenservice.jp.
5L ERES T 20 MIRAI CONSTRUCTION CO..LTD.

|- 4l (i)

metry Co., Ltd.

::ntgs: /www.mirai-const.co.jp/
http://www.metry jp

A E Rt A SRR S

Ittps:/mokuchiken.com/

Divisions of LRRI

for SDGs and Climate Change

[Consultant Division]
(IS S RREERRRIT )
Proposal of solutions for
increased local resilience

[Technical Development Division]

(REE BOEHEIC L HHAL LV MRIERSR)

(@Part @Reconstruction St:elple
g T Ees,

£ rows Y

Loose sand:Ast

EER A2 (V0

Observation
Clay layers L

(a) Derailment of Shinkansen
(right)

(b) Complete collapse of highway’s
& embankment (Left)

Proposal of new technologies and
policies for increasing local resilience

[Educational Support Division]

(HEHE, YAFUVIZIR)

- Support for human resource development

through seminar and training programs

+Publication of advanced technology related

to local resilience improvement




Background and Roles of LRRI

ﬂNeeds through Background]

® Necessity for new policies and

[Seeds] \

® Existence of potential senior
engineers capable of

technologies for responses to ’ ’
extreme events supporting them to find
solutions to extreme events

® Upgrading engineer and
policymaker skills for finding suitable
solutions

T

and to increase local resilience
together with junior and middle
engineers

[ Roles of LRRI ] /

for increasing local resilience, (3) Support for human resource development through seminars and

[ (1) Proposals of solutions for increasing local resilience, (2) Proposals of new technologies and policies ]

training programs, and (4) Book publication

N » '@; ib 1@» 7

29220

[Profiles of Corporate Officers]

Resilience Enhancement Leading to

Achievement of SGGs:What is Resilience?
Correlation with Other Keywords

Progress of global warming

Climate
hazard

14 %
HETIR T

iV
7§ Mitigation

I Adaptation

Past P}esent
(was predictable)

(:,m Develope: Aged [y
= infrastructure infrastructure | Resistance |
Defensive force

, Elapsed

Future time
(unpredictable)

from Komatsu et al. (2014)



Climate Change Responses
and Their Synergies

Mitigation

Adaptation

GHG

s
ALE T E UL ILE SR N

 Capture e
* Storage Disasters
« Effective * Protection

utilization » Accommodation

» Evacuation/ Relocation

Carbon neutral

Local Resilience
increase

Challenging issues

Dual Approach of Adaptation:
Top-down and Bottom-up Approaches

Scientific knowledge [Public assistance

(2xBh)

Scienc
Natural
Orie

Self assistance Local residents’
(B8 knowledge




Roles of Stakeholders

/
Public Sector

*Upgrading Monitoring, Impact assessment

*Arrangement of policies related to sediment
disasters

-Utilization and reinforcement of existing

F I LTI

n

Private Sector

+Provision of innovative tools, materials

services for disaster prevention

and

Darisimatiam in masamibarions ~

=Participation in monitoring and ins

of existing facilities

-~ b

peCuon

1aciiues I +Planning of BCP for crisis management
+Promotion of early warning, evacuatign'ﬁnd e
Q&sis management | Mas \’Qa‘ /
* NGO,NPO 7
. -5 - . \
Residents ~ -\~ 1 Researchers & Engineers

-Promotion of self-help and mutual
assistance in local community

*Understanding the effective utilization of
hazard map

«Participation in disaster prevention
training

+Proposal of innovative methodology

+Integration of philosophy, methodology
and information

* Promotion of dissemination and
enlightenment from activities of
stakeholders

Roles of Private Sector (PS) in SDGs Including Climate

Change Responses

[Eﬁsﬂﬁ#o)f"'*ﬂ/ =13

4 Demonstrate how private sector entities are prepared
to respond to SDGs including climate change.

4 Demonstrate how their own techniques and skills
nable contributions to SDGs

b

/® Disclose issues related to climate change associated
risks and opportunities in accordance with proposals by
the Task Force on Climate-related Financial Disclosures
(TCFD)(2017) (https://adaptation
Qlatform.nies.go.jp/private_sector/tcfd/index.htmI)

J
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LRRI Technologies for
Infrastructural Sustainability

[Part 1] Techniques for Infrastructural
Sustainability

(1> 75 R&GFap{LHL)

Tools for Reducing Effects of Extreme
Events

» Development of |oT, ICT, and DX
* Monitoring tools

* Temporary and permanent

/H uman-ware
+ Community-based adaptation

» Self help and mutual help

» Educational support and
enlightenment for awareness
\__ building

k recovery techniques g N O\s\ \\
l Eg ’ 1
- 3
A Y A

-

19

» Easily usable hazard maps

» Evacuation support systems

mardware \ /Software \
» Strengthening resilience of -
infrastructure Hazard prediction

, gtc.
Conimand-ware
-

Public help

Transmission of information for
safe and effective evacuation

» Enlightenment for awareness
building for local residents

* NPOs, NGOs, etc.

/
\

/

TZ



Techniques for Increasing Resilience against
Infrastructural Aging and Earthquakes

(IBRDEHFIL)

(1) Smoothly
workable

O L s b
OBEA B
OF—Fauhany

#2_) Environmentally
riendly

Orggib I EA

OIEHE O BFER

OfF EREHICERAR

(3) Economical
O\ Ic LB HE -
Rz LY =M

Filling EPS and urethane into spaces between bridge piers

(Developed by JSP Co. Ltd. in cooperation with Achilles Corporation,
Okasanlivic Co. Ltd., and Showa Concrete Industry Co. Ltd.)

Effects of Foamed Geosynthetics (Geofoam)

against Ageing of Bridges

[Testing condition]

[Test results]

() Input acceleration: 200 cm/s?
(L) Frequency: 4 Hz
(17) No. of cycles: 30 (sinusoidal)

(1) Combining EPS with urethane is effective for
reducing earthquake damage.
(2) FCB and flowable concrete are also available as a

technique for increasing anti-earthquake capabilities.

B

Z0L

R

(o) Atortost_[RS

a - s
:
T
T
i

Vi~ Efs (ATR)
Hi~2 Els BT
Al~4 o
T

T
[ ! I B4 (mm) } !

(i) BAEHTHR R (i) Bk 16 2

(a) Without RF (b) With RF
(EPS with urethane)

Outline of laboratory model tests
(simulating Level 1 earthquake)

Example of shaking table tests using
Foam Support Method (FSM)




Infrastructural Rehabilitation Using Geofoam

Tunnel backfill void repaired using urethane injection
“Tn-p Method”

Least destructive and environmentally safest tunnel repair
method (Achilles Corp.)

¢ Features

* Only compact foam injection
equipment is required.

* Urethane foam is light but also
durable and supportive.

+ Backfill foam can be cured in a wet
environment, even with standing water.

BEFORE

‘ i X
Consl‘ucti site

Foam 3 " . N .

density kg/m 40t4 303 10020 60*9 15030 175*30
Compressive 2

strength N/mm =0.2 =0.14 =0.9 =>0.45 =1.0 =1.5

ntitative Risk Analysis (QRA) for Maj

(After H.N. Phan, et al., J. of Loss Prevention in the Process Industries, Vol. 53, May 2018, pp. 136-148)

Industrial plants < Earthquakes A Novel Framework for QRA under NATECH events
—
NATECH events (Natural Hazard Triggering Technological Disasters) ')_ - Multiple accidental
o 2 % AL chains are adopted

considering the
propagation effects

U"di:‘:ged due the loss of
O containment (LOC)
Secondary

undamaged - Damage chains and
j propagate damage
are automatically
generated based on
Probit function for the damage Unit damaged by Monte Carlo

caused by physical effects canthquake Simulations

Machine learning-based Parametric Fragility Curves

System level Component level
(Industrial/Chemical world) (Structural world)
——> L 1
Damage Domino Conseq. Loss _Damage Seismic Natural ——H=(50-100%)H |
max

Scen?no Effe‘cts AnaAIys|s Anallyslsl Analysis Demand Hazard 08} ——H=(5100%H, "
M L n L

Annual probability of risk due to loss of volume

r 5 3  § ¥ T ¥ T 1
P(S) = j o f P (SIDE) dP(DE|C) dP(CILOC) dPILOCIDS) dP(DS|EDP) dP(EDP|IM) f IM)dIM

10 i

P[D > C | PGA]

i
Domino !
Effects Intensity 02

Loss of Cont, Damage measure i ]]Jj 1

Scenario Consequences sate Engrieciing Demand 0 . "“J“ MMHHHL“_"_‘_'_‘
Paramaters 0 02 04 06 08 1 12 14 16 o es 115 o2 25 3 38

PGA(9) Lost volume (m°) 109

P( X|Y) is the conditional probability of X given Y.

PEDI Civil Solutions ( )
Contact Person: (Mr.Nam Phan)



LRRI Technologies for

Infrastructural Sustainability
[Part 2] Climate Sustainability

Technologies for Climate Sustainability

(SAEST e R T)

¢ Mitigation Techniques (FEF0FAHT)

¢ Adaptation Techniques GEIL#ZAT) : Hard, Soft
and Human Measures

In addition, (JIX7T)

€ Synergetic Techniques (Ri&HIiT)
4 Multiple Purpose Techniques (% HE/J#L1iT)
Aim at proposal of unprecedented techniques
with newly added value



og iling Method for ft Ground and arbon tock

(GRAFTEERSSHBER TR & h— RV A MO TX)

O HAREE L & - (BCIFFE-FD0577-02)

Bearing capacity of

logs and ground Carbon stock in logs

. /‘ Bearing capacity of ground

i /'
Foundation Bearing capacity of logs

slab

Friction

/End bearing capacity

(TAH FI B F BT R R 12 5)

og iling Method for ft Ground and arbon tock
(ARFTEHERGSHBEE NI R & h—NV A MITIE)

SPT N-value

0 10 20 30 40
> > Pling logs densify the sandy 0 [(rrrrrr—r—r——r—r—r——r—r—r—r-—r

soil to improve the ground Mihama, Urayasu B

Log » Logs below the groundwater |- 0 0 0 - C oo e e m - -
level can stock carbon in the Fel
ground

Steel pipe

Filler (crushed stone)
Covering soil

Depth D (m)

- o= Original ground
—e— After piling

10

Logs are useful for both carbon storage and for reduction of liquefaction damage.



Comparison of GHG Emissions among

Liquefaction Countermeasures mma 13 2

ACTION

O

SECURE-G: Through geosynthetics reinforcement and gravel stiffness,
embankment deformation is restrained by reducing lateral movement

TOFT
(Deep Mixing Method) scp SECURE-G
S
Ce g L
IS
re S — <
ot N “\Crushed Stones
s i Area Replacement Area Replacement Geosynthetics Reinforcement
s o E | Ratio=50 Ratio=50% Tmax=250kN/m
= Soil Liquefaction Pile Depth=17m o
n Layer Pile ®=700mm - SL.50m
Soil liquefaction layer
L 102m | L 102m | L 37.5m |
7,283t-C0,,/700m
ann (10.8)

422 £-CO,,,/100m
(3.5)

119 t-CO,,/100m
1.0

GHG emissions from geosynthetics reinforcement are retrie

‘from EPD
(From Eternal Preserve Co. Ltd., I¥—FIL LY —-J#)

Sandbag (Geo-tube) for Beach CIiff Erosion

[ Countermeasures against SLR and intensified Typhoon waves ]

Sandbags reduce beach cliff and sand dune degradation ‘ —
caused by coastal erosion together with reinforcement of I
a dyke. Moreover, they can mitigate salt damage and
flying sand at coastal areas.

In contrast to concrete walls, construction work is swift.

The sandbags also maintain the landscape because they
are embedded in the dyke.

o 3

Sand dune before
placement of sandbags

Sandbags_ \ - ,.j;{—f“f“@f}j

A AR . -

Sand dune ?|

g

(From Mitsui Chemicals Industrial Products Ltd. =t EE &)




Slope Surface Protection against Torrential Rains

and Global Warming

m Standard cross-sectional diagram reqin anchor pin

Groundcell

RTR vegetation sheet

Draw-out prevention material

\Form-securing anchor pin

The length and number of form-securing anchor pins will vary
depending on the gradient of the slope surface and soil conditions.
For details, see the separate technical literature.

This earth reinforcement technology is characterized by the combination of
geocells (called “Groundcells”) with vegetation against surface erosion

and erosion caused by torrential rainfall. This technique is also available
for heat protection through EPS.

(RTR ® Method owned by Tokyo Printing Ink Mfg. Co. Ltd. (BERA %)

Rainwater Storage Tank

(ZB i)

Geopool AE-1 is a rainwater infiltration and storage tank
used as a countermeasure against floods during torrential
rains. Because it is molded with eco-friendly recycled
plastic, it is lightweight and easy to handle. It can reduce
costs and can shorten construction periods compared to
conventional concrete tanks.

Flood measures and rainwater storage
> multi-purpose and multi-function

(a) Infiltration type

Infiltration tank | Outlet

Basic piece
(reversed)

Wall piece

Basic piece

(Geopool AE-1; Okasanlivic Co., Ltd.)




Technique for River Basin Disaster Resilience
and Sustainability by All (Flood Disaster Countermeasures:

Emergency Roadway on Sludge using D-Box)
(ZB1#%4iT)

(1) DeBox method involves Although crushed stone (C40) is preferred as the infill material, on-
fiIIing PP bags with crushed HP: Ministry of Land, Infrastructure, site natural soil or concrete rubble (¢300 mm or smaller) can also

stone and other materials for ;':;'}r;?;:‘"gllg:','fg;z';g:fr B a°j° m°da‘edw
improvement of soft ground =

without cement. This approach
reduces vibration and CO,.
Moreover, it minimizes
liquefaction damage while
maintaining high permeability
and environmental benefits.

e N

) E le of sedi sludge ing Lifting of the D-Box (1.5 m X 1.5m X
(2) Floods and Tsunami from an embankment breach 0.45 m).

waves engender the deposition
of sludge and debris, blocking
the passage of emergency and =
construction vehicles. By
placing D+Box on top of this
sediment during such disasters,
an emergency roadway can be
established rapidly, ensuring
quick and direct relief routes.

Installation of D-Box on the sludge |nternal structure of the D-Box (can be Scaffolding boards used for mitigation
(3) D-Box installations are Ilifa!::::'om a single point using truss (Indonesia)
filled with materials such as - (jsaster damage reduction and environmental impact
sludge and concrete rubble. R . R
The surface is layered with reduction > multi-functional

steel plates or planks to allow - -
vehicles to pass. (From Metry Technical Research Institute Co., Ltd.),

XN — KR FTR (L B)

Technique for River Basin Disaster Resilience

and Sustainability by All
(taia Ak Heiilr)

Heavy rain Dyke with crushed

Ordinary dyke @ @ @ @scallopshells

iﬁcreasmg .

soil Iayer

Crushed scallops might be capable of greenhouse gas (CO,) capture.
(From Professor Kaoru Kobayashi, Ibaraki University, Japan)




Substructure Foundation Scour Monitoring System

(V7 hil)

[Technical overview]

This technology remotely monitors scouring statuses of bridge
pier foundations in rivers, enabling data measurement and
confirmation of soundness without visiting the site.

This system determines whether a bridge is passable or not
during a flood and notifies the administrator by e-mail when an
abnormality occurs.

Collect data from
sensors via repeaters

[Features]

» Requires only on-site installation.

« Installation costs can be reduced depending on the accuracy
of detection of changes caused by scouring.

« Thresholds for issuing alerts can be set arbitrarily.

[Effect]

» Rapid monitoring of scouring status through constant

monitoring

« Ensures safety without being close to substructures, even
during floods

+ Supports initial response in the event of a disaster through
notification of abnormalities by email

[Performance]

Detects
vibrations with
2 an accelerometer

In Japan, we have track records of data from two nationally
managed bridges and three prefecturally managed bridges.
We have more than 30 spot measurement records for road
bridges and railway bridges.

User PC
Obtains data from data storage
devices via mobile phone network.
Collects measurement results
(vibration in piers, amount of
scouring of foundations)

Instructions for reference
and data collection via
internet connection

Fukuyama Consultants Co., Ltd.
Contact
Information Nttps://www.fukuyamaconsul.co.jp/

m.miyamura@fukuyamaconsul.co.jp (charge: Miyamura)

Strategic Green Infrastructure Promotion Project through Public--Private
Partnership in Moriya City, Ibaraki Prefecture

-- Moriya Green Infrastructure Initiative -- [FFEASAGE"1-.
BIDEAE (Y M) I |, neraseoeToRe |

PROJEQDT _
EOPIU-Y1¥I57051h

We are promoting green*lnfrastructure X reate a e a sustainable and p ?perous’clty
by lncorponting g beautiful nature into daily,life. 4

i iFukuyamalConsultantsCoMLtd?
) mmmmmmmmmmm
® The project is led by the Moriya Green Infrastructure Promotion Council, a public--private consortium




Future Outlook for Climate Change and SDGs

in LRRI ({33RELE)

@ Proposal of multi-purpose and multi-functional technologies through
synergies among different fields, industries, and organizations with different
standpoints such as

(RSIC LT ERTSHMAERETL L)

» Different fields (£7225%F) : Civil engineering, weather information
and ICT

» Different industries (£7/2%%£%%) : Construction industries, material
industries and energy industries

» Different organizations (22722#H##) : Local governments, research
institutes, private sector entities, non-profit organizations, and residents

2 Play roles in local resilience strengthening through synergetic actions
(E8h, #Bh, 2BhHEEEHR—F) on climate change response measures
from Japan and overseas

[ ~ iR EHAL ]

4 How Should We at LRRI Cope with Climate Hazards? (LRRI ($&{&/\H—
ROESIIEENIN ? )

= (1) Proposal of interdisciplinary responsive measures using
synergetic approaches

> (2) Increasing technical capabilities through educational support for
mutual enlightenment

4 LRRI Technologies and Strategies for Climate Change Responses (&%
ZEIXT LD HDLRRIBER T &ELER)

> Proposal of multi-purposed and multi-functional technical
development

¢ Future Prospects for Climate Change and SDGs in LRRI (RURZE)E
SDGsHM DT REEE)

» (1) Sharing the roles and responsibilities of construction fields

» (2) Contribution to enhancement of local resilience



