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High wave damage caused by 2019 Typhoon Faxai in Kanagawa, Chiba, and Ibaraki

EA #&E*, MdRezuanul ISLAM*2, Le Tuan ANH*2, B8 EXL*3, 4 54773, H)I Aig™3
Hiroshi TAKAGI, Md Rezuanul ISLAM, Le Tuan ANH, Atsuhei TAKAHASHI, Takayuki SUGIU, Fumitaka FURUKAWA

This report summarizes our reconnaissance survey after Typhoon No.15 (Faxai), which struck Tokyo Bay on September 9, 2019. In
Kanagawa, there was no major damage on the Sagami Bay side, but on the Tokyo Bay side, overtopping over an upright revetment
with a height of 3.3 m above the sea occurred. In Chiba, there was no conspicuous high wave damage, except a building in
Kujukurihama Beach that was obviously struck by wave run-up and splash. On the other hand, wind disasters were severe, and damage
occurred in various places, such as the scattering of building roofs and the collapse of power poles. Wave damage in Ibaraki was also
minor. In Ibaraki, the breakwaters should have been constructed against severe winter storms, and the embankments have been
substantially upgraded after the 2011 Earthquake and Tsunami. These structural resilience may have contributed to limiting typhoon
impacts. Compared with other 16 major typhoons that landed in the Kanto region, this typhoon was characterized as a strong small

typhoon that slowly moved through Tokyo Bay.

Keywords: 2019 Typhoon Faxai, field survey, Kanto, Kanagawa, Chiba, Ibaraki, Tokyo Bay, high wave impacts
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FIELD AND QUANTITATIVE INVESTIGATION OF WIND WAVE DAMAGE CAUSED
BY TYPHOON FAXAI 2019 IN FUKUURA, TOKYO BAY

e B BRI L @& nfTe
Naoto INAGAKI, Tomoya SHIBAYAMA and Tomoyuki TAKABATAKE

This report summarized the site reconnaissance and hindcast about Typhoon Faxai, which struck Tokyo Bay on September 9, 2019.
One of major damage to coastal structures was found at Fukuura (Yokohama City), which is located along the west coast of Tokyo
Bay. We confirmed the failure of upper part of the dyke and the trace of run-up by overtopping waves. Our numerical analysis
underestimated the maximum height of wind waves compared to observed values. This was because the observed meteorological
data utilized time-averaged sustained wind field, which could not capture the instantaneous strong wind field that Faxai could have.
In fact, west-ward gusted wind was observed along the west side of Tokyo Bay, which could cause further wind set-up. This report

attiributed the characteristics of the coastal damage at Fukuura to a disatster mechanism related to local-scale gusted wind.
Key Words : 201942 /15 5, FRGE, BIHGHE, WIRERTETIL, &K, B, ZEm
4121 BEROHE

201949 1T H8 4 L 72 Rl 15 75 Faxai (LARE, Faxai& PEFR) 18 HICIEHITIMNEEUCTEEL, ZOB N ZRkE D
D, YHFAREENDIRFIZT T EammE L, OB Lt 28K E2 L o7, SREIOBERIEEH OFE
195 Hagibis® X S IC K Z b 72O THETIT RS, [ZHWEREZHED DO Tholz. B-4.1.2.170 6 U 4 87
5l X IR REEAM/SEHEEF L T2 Z &R D. FaxaiD /8T A—Z IR T 5 &, MENEL, 20
INENWZ ER DD, BB ORKERIZI90kmTEH ¥, Hagibis? 650km=°20184 5 JE215JebiD370km & i L
TH/hIV, 512, FOREMEVIREEZ MR L2 DT, RERXERE THMEEROEBKIZ SN -7 &5 %
bid.

FRVEWC RV, RRBIXEE O EE =T 2. BHAE O AN #E L 72 BRI TSR KR Tl M X DK 2 4
U, BRSO T MM ORI ELZ L0 LY. 2oL ) RIEEND, SRIORFBERNTE U &mlkiE

1 BREKY KRFEEAEE TR &L  Master-course Student, School of Creative Sience and Engineering,

RS L 2 (1) Waseda University, B. Eng
k%9 HFEHAKS BEILANRHEEE - LH5 L Professor, Faculty of Science and Engineering
Waseda University, phD
*3 BRgHEKT BET SRR - AFSERLaRAD Assistant Professor, Faculty of Science and Engineering

Waseda University, Dr. Eng

4-5



DFFH & Faxai DRFVEZFEBL L, S OBR & RFTHY 72580 B\ 0> B 2 Mgt L 7.

138°30" 139°00" 139°30" 140°00" 140°30' 141°00'
36°30" ¥ 36°30'
09:00, Sep 9, 39m/s o

36°00" 36°00'

06:00, Sep 9, 41m/s

35°30" 35°30"

02:00, Se

35°00" fi7 35°00'

34°30" 34°30"

D
21:00, S&) 8, 44m/s

34°00" 34°00'
138°30' 139°00' 139°30' 140°00' 140°30' 141°00'

K-4.1.2.1 20194E B M55 Faxaid F.0REE, FLERTER X OURKEE. K, &, e3P OoKEE2E£L, TEN955, 960,
970hPa% v 912,

4122 HEEMEREEHBE TOHESIKR

B K o THMOFE O AP U, %7 Mg B & Byl 234 U 7o BRI T A IR XA R M X C O Bl
BEORREE L DD, R4 122I3@EHHMXOMEGE CTH 5. 12KE S OFHANR RIXILHERE O KN D O &
SITHRIE L7z, MR 5300miEn 72 3HALE T4mZ B 2 DIRKE S 2R L. 7o, FaUBCHE LZ#RD S b
JEAEI200m D FEFH I ITIREEIT L S e o 7228, FEKI00mIZ 7z » TE B EE Lz, B-4.1.2313 k8 L 72
RO AR LTS, K@ 1.49mD /37 Xy b EF0.5Im23 kT 5 K 5 ICEEE L7z,

Fiz, EUNCIEE S1mEEO/NEWE (B AbY, ZOREICHE ELZBIROERIEE S R o (B-
4.124) . FLOTEHIIR-4.1240FHEOEIZH VD, T.P. +10.7mOAE (CHAENB SR S, 203 R Tk
HEWVLEIZH DR CTH 72, ZOEBNCLY, @EOM EAImEBL-EME LN, B-4.1.2.50 F
BNIZE L O FETHINTH Y, THHE TH EAELZ L IFB 2T V.



.
REDHRENTE LTV

B-4.1.2.2 f@HHIXOMETE. RKE S OFHARERITICHE RO KGR b O/ SITHIE L7z, S HICH#RESRE LT H
WEEILOMNEEZR L. (Google Earth(Z N%)




®-4.1.2.5 L LOTEHOEMENOET

EH OB EE ST LV #ERTEOESIIHB3mTH D, RELTEEZ LN A9H2EOEINAR DK
0.8MTH-7-DT, WROITH EIFEIIRIETHH3.TmMEBEL TCWZEEZX NS, HBEMA~DBEKIEEL, 7T
B BB o T2 MER D E R DOPEEI D OIMA LT LR B,

4123. ERETOREEHE

ATET TR L7 f@il XIS 36 1 2 Ml 28, RBUERHRIC K 0 BB CE 20 &2 0D 272018, FIFETO
{&(&JE nﬁ%‘fl.

Ll

1 FHEETL

WIBRIIIR ST ORMAT 2 X VEESR %:E—T}I/(MSM) & AR IR HER £ 5 /L SWAN (Simulating WAves
Nearshore) LA DR =YY, @, KSR OHEBEFHEIZIZWRF (Weather Research and Forecast) 23 AU B 315 73,
INERBICHEAT S &, EEEROFREZHRTEARWEERH 5. BT IIMEEIC I £ 7 LEEN KR TH
D, WRFZFIH L TR Z1T-72 & 25, RROKREZIELHI TERholz. —J7, MSMOXGS; TIE
B2 @i 59 H RIS £ C, Bl L 12T 8T R 2R LD, Zhad vz,

SWANTIZIE DR ERLREIC OV THEA B EN PR Th 5. AFHRTIE, B DOFEEIZ- OV TldKomenE
TNERM L, SHRICIER AT 4 2 7 &7, HbMNVERERE 7130002 ThH 5. £7z, SWANDFFIZTH
DIFFNHIH DIRFE TITV, SMENSD SR DFEEEE L.

(2 KREBHEOHR

SR B A BB N D2 OB & el 5. 8 H 18D, Faxaid B AU 2 @i~ 5 9 H 6HE £ THRI12
IRpfi] 2 bt 2 & UTe. OB RISALE T 2 5 I B O PRBIAIEIINOWPHAS LV Hiff L729. B-4.1.2.6 a) T
FE— 7 REOBIIMEIZ RN Z <, WIROFEEORR TR ARHATHL2, IHD2RHHE ICHRE O — 7 2l % 7=
ZeNbnd. LaLeRs, FlETHEHISMmES OFRERENELTZEZ 2 b, AHEOETT L TIE2.m
DHEBEREORKE L 2> TND.



3.5 _
o HAlfE [
3.0 — fRITRER
o
2.5
"='20
E
& )
1.5 1
o ! °
i 06:20, Sep 9!
1.0 1 :
i (14
18:00, Sep 8 ‘....o' d
0.5 000008
0.0
a) HE-EE
3.5 =
o HAlE
3.0 — MBITRER
03:00, Sep 9
2514 ®
"=20
E
T 15
1.0 A [ ]
18:00, Sep 8 21:00, Sep 8
00:00, Sep 9 —
05{¢ o © ¢ e

b) m=m#mEEReRAmR
B-4.1.2.6 HEUEN2HE COARIEE O L. a) 5 W, b) FaUEE RELETD

B-4.1.2.6 b) IXHEWEERIC L 2BUAE L O TH D7, 8H D22H B9 H D3IRE FE TIL IR O F& 2 D[
ERZDITNDY, E—7 ROWREEITBRIEL Y /&< otz Bl BRONBEEZZET D L, IH D4
A2 SRR A R E3SmOENE L EZDND.

WTHOHAIZB N TS, AR E ORI FFAE R TIE2.5mAl#k & 72 o722y, BUHMEIC L 5 & 3.5mfEE o
WHRELTLLEBZBZLND. —FHT, WENE—7 LR LRI R —& L T\ 5.

4124, B

(1) 1EHHBX TOREDHKTF

ATEi CHWIZE T VAR ORI EH Lz, AREEORFFZMIIR-4.1.2.70 & 51272572, Faxai®d
REEEEZDE, FH2MR0DICHRKIEE 72D E W FERIIZYTHD. —HFT, BIfITHRHFLEZLD1C, Zo%E
ETVIIAREEORKMEZ /NS FHET 2R3 H 0, EERIZL D SOERE U miettix+alcd 5. 2
BCTEALIEL I, RiEmOBLHWENEL DT, YRFOWNLZEE L TH3.TmL EOENA T 2 0ERH
O, B ETHRBEREEZECSELHE L TUIBET/NESNVEFZD.



2 RBAOiGLIKREDHKRTF

MSM72> 545 55 O & SWANTHEL L2 IR OW T, EH MK THRIRNSKE < A2 59 H 20 B3I
FTTCoOREZRLE (B-4.1.288LX0K-4.1.2.9) . KE-4.1.2. 855139 H2MFE 2 TR HUR2ME M X 2 [/ 2> > T
RN Z e bnD. B-4.1.2.90 5139 A2 5203050 120 TERNOEE W EB N ST L&
DRI LFEETWD Z L2, MSMOEOH TR FEETH Y, £ O ARMIZ30m/sFEE TH
. T2 X 512, FaxallZBRWVENRMTH Y, [RIREEH O KEGHEIX40m/sFRE THh 5. HDLFR K E
OB L HETETWLIOICHELL T, EEaV/hNS<HEESNLDLTEH, MSMOE DS TIIHE 2 b
7RO R B 7 JRLAS 8 D 38

- B/Y
TR

— BRER

00:00, Sep 9

02:20, Sep 9, 2.70m

06:00, Sep 9|

0.0 18:00, Sep 8

F-4.1.2.7 fRAHHX TOR M & DR

30

02:00, Sep 9"- .,

35.7 1

35.6

35.5

35.4 4

35.3 1

»

0

35.0 +
139.5

13é.6 13‘9.7 139.8

13‘9.9 140.0 140.1

[s/w] paads puipm

35.7 1

L7 WTHERE & BA FCRA L.

02:30, Sep 9. . :

VR

139.6 139.7 139.8 139.9  140.0 140.1

30

[s/w] paads puim



30

0

35.7 4

35.6 1

35.51

35

X-4.1.2.8

3:00, Sep 9 .

L
¥

.0
139.5 139.6 139.7 139.8

3.0

[w] sH

139.9

139.9

140.0 140.1

[s/w] paads puim

RO ' — 7 RRIZH5 1T 2 M50 b (XENIAE R HIX)

139.8

3.0

X-4.1.2.9

2.5

2.0

1.5

1.0

0.5

0.0

PR D ©— 7 B2 BT 2 RGO 2L (XEN TR HX)

139.8 139.9

139.9

I
n
2

3.0

2.5

2.0

15

1.0

0.5

0.0

[w] sH



(3) HERMERLEZEE

AMEDASOBLRME A & JBF XK A VER U, B H9 72 3 & R SRR 72 BB 2 st L 72®. A I s =0 & A
EOBLFTOHRRNINLE T 5728, ZO2HNEEAT. B-4.1.2. 105 L OE-4. 1. 2. 11139 HOFED 59 H 6KFIZ 5
T, 1050 O R R & e KR U 2 B TRy T L, FERIGZ 16 E IR Lo b O Th 5. =IHslllpT
TOBLAFERZ 7R LT2K-10TIE, FHEGE a) & i RBRHEE b) 2ROV EUIR G N HRNTE 22 L3bhnd.
FUEUZ RN TEIE D D OJEDENIE B 2D I, FaxaiZd =06 2 8l Licth, = oMk & BT I7 m A o
TEIIC A -T2 TH 5. BB OBAFE R 2R L-R-4.1. 2. 11T, a) &b) HCHILRDOROEI A 23 K b
REWZ ERDNL., LHLAans, B-4.1.2.11 a) TIXHEALEOEIES.0 - 10.9m/sOFFRICH 528, K-4.1.2.11
b) TILIF 7 M DJEIE31.3 — 36.5m/sOFEFHDENBR SN TN\ D, DED, FHNDH DRI DOWT, 58V i KB ] EUE
ZOPEHEGE CITE 2 DTV e, ZAUTTROG B BRI Z L 2R LTV 5.

3.9-7.3m/s 7.1-14.0m/s
7.3-10.7 m/s 14.0-20.9 m/s
10.7 - 14.0 m/s 20.9-27.9m/s

14.0-17.4 m/s 27.9-34.8m/s
17.4-20.8 m/s 34.8-41.7 m/s
20.8 -m/s 41.7 - m/s

X-4.1.2.10 AMEDAS =JlifSllIFTIZ 31T % JARLY a) 105 W] F EOE & 2 DA, b) 1057 [ KB EUR & 2 o @ [m®

8.0-10.9 m/s
10.9-13.8 m/s
13.8-16.8 m/s

16.8-19.7 m/s
19.7 - 22.6 m/s
22.6-m/s

15.5-20.8 m/s
20.8-26.0 m/s
26.0 - 31.3 m/s

31.3-36.5m/s
36.5-41.8 m/s
41.8 - m/s

X-4.1.2.11  AMEDASE{EBHFTIC I 2 ALK a) 1053 B4 EGE & 2 O, b) 1053 R RB#R R & 2 ol @®

@ NFAR)YIEBRETIVEDLE

K THWZRET —F LIRBHER T T LTI, Faxaill X5 FRiBN O &l O f K& 3 8IRE L v b/ &<
ot THHAMSMIZE SN D KRG CIIRFTHIN BRI R RO EBE ZEETEX WD TH D, mALINT
NI ARNY w7 BERETNVEROZEOLZSWANIC A L, HREESIZBREIEEL Y bERicd 5 00, KiEhT
L0 BHREREZSG TS, EARLAFIH LB Tl KEGEL0 - Som/sOENE E TR Y, RN THWW



72RO L ITRGEERA B 72 5. FaxailZ IS/ N 0o 7272912, H 2 TORGE & R A AW TE D ) 3
W, 20D, KEZ LK RT—2 L0 b, NT AN v 7 BRETVE W RHT O T BHEERE D &>
Sl EZLND.

— 5T, BRICE D KEOMEITRELICLVZL LTS, KEHOEIERL, BERICE EE5R0E
U LA REFICHETHMAZER L T FHENGRTH, KRBT — ¥ FHWIRRERSLETHS.

4125 SHEOMEAEH

(1) B TERENARRIC L HBUREEO R

ATETCIE, BUISNZEIC K 2B L0 @0 TS BT @Ic22 2 Lo & LT, JHEThY Chi R 258 m )3 i
WL TREMEIC S W TE 2 2. AR OHERICH N T, SWANIZRE SN D A7 MLVEE, HOER, 56,
BEOENZENDOTREAZZ XL =L WHIBRNPOET MELIZSDTHS. LnLaRs, BEENSBKIZH
o TREY, ZoBRBMHAT—L1dz, ZOXIRBEDA D=L ELTRoTWD. LA, ALK 2K
ke L CGEBREOBANOHERSNIBHRTH D, MEBEOMAERL LOWHEMICS 2 582 LT
L7122, JRATHY 7RI COVOFIESRL 15 %2 W BIEMT N A TIE AW E B X T 5.

(2) BFN=RITEIC K DKEREERR

F280 CEILTEE OIS & Ve L ER B TWD Z e 2R Lc. Z0a, MEUc X 2=k Eifonk
IRE DB T MBS RS L2 vl REME N B 5. BRTIXZE OWNEIZEM THUNR RN ZE U T A HERH Y, T
DIRFTNIR A — VTl EA~DRKICEZEL TWDL EELNRD.

HitE
B O BLHERA ( HTE T2, B RSP R SE B S B T2 AR ZeBHE 3R A Martin ML, Thit Oo Kyawii FG (2 355
ERTD.

SE 3k

1) REIT: BRARANNT v 7T —4%, https://www.jma.go.jp/jma/jma-eng/jma-center/rsmc-hp- pub-eg/besttrack.html
2) T Y HXILEE : http://agora.ex.nii.ac. jp/digital-typhoon/

3) MG - (B 15 5] 10 A — FVBEIC @R fRE « @RI, 2019429 A 18 H(K), 2019

4) FESKFAGET — 2 N— R KGTEMETHT — %, http://database.rish.kyoto-u.ac.jp/arch/jmadata/

5) The SWAN Team: Swan User Manual, SWAN Cycle III version 41.10, Delft Univ. Tech., 127p, 2016

6) [E LR EE SR - SEESEERIRTEHE NOWPHAS, https:/www.mlit.go.jp/kowan/nowphas/

7)) BOREERE R o HAEROWINL - R, https:/www . kouwan.metro.tokyo.lg.jp/yakuwari/choui/

8) RGUT : MEDOKLET —#, http://www.data.jma.go.jp/obd/stats/etrn/index.php

9) A% L, Md Rezuanul ISLAM, Le Tuan ANH, @f&fE ¥, AT, &I : 201942 9 A BE 15 S X 20531 - T
B - RIRO @B E R LORE ORIRBS, AT AR B3 (FERYE) , Vol. 76 No.1, 2020



4.2 iR O T &R

4.2.1

201945 A5, 195D B IZ BT 5

A O IE TR RERE D FERE & TR EL

Local Stituation and Prediction for Vessel Drift Distance due to Typhoon
FAXAI and HAGIBIS

Tk RS B —E2 . R =S - )1 RER*4
Shogo TOKUNAGA, Kazuma KUROSAWA, Masashi WATANABE and
Taro ARIKAWA

Collision accidents caused by the anchoring of a ship during a typhoon cause severe damage to offshore structures and
coastal areas, but the differences in drifting distances and the relationship between the sizes of ships following the anchoring
have not been clarified. No specific berthing position has been proposed. In this study, we focused on the drift of a ship
during a typhoon, and reached a collision from the relationship between the size and the moving distance of the ship located
in Tokyo Bay at the time of Typhoon 15, 19 in 2019, and the wind field at the time of landing. We examined the berthing
position of the ship. As a result, it was found that the overall tendency was that the smaller the vessel, the longer the distance
traveled and the easier it was to fall into an anchor. In addition, using a numerical analysis, we reproduced the ship that
collided with the Hama Road in Minami-Honmaki, Yokohama City during Typhoon No. 15, and reproduced the drift direc-

tion and the collision point.

Key Words : drifting, typhoon, wind, STOC-ML, STOC-DM, Tokyo bay
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4.2.2
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Mechanism of Drifting Ship Collision and Its Mitigation

AL - T B AT
Tetsuya HIRAISHI, Ayumu IIBOSHI, Tetsuya OKUTANI

Typhoon No.15 in 2019 was generated in the vicinity area of South Torishima Island on September 5. It became a very strong typhoon
and passed across the Tokyo Bay from south to north. Yokohama Harbor located at the north part of the bay was heavily damaged by
large waves mainly due to the typhoon’s strong east winds. The damages were classified to the road bridge crush by a ship collision,
the seawall collapse by wave-overtopping and the combined damage of fishing pier. Especially the damage at the road bridge has

caused traffic interrupt in the harbor.

Keywords : mooring force, anchor, drifting ship, ship collision, typhoon 1915
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4.3.1
HERE S DZEEN & A T = K

Transportation process and mechanism of coastal boulders

e B JEE R, B BmETS, AL RARH
Masashi WATANABE, Satoko SEINO, Yumiko IWASAKI and Taro ARIKAWA

At Okinoshima, Chiba prefecture, several tones of coastal boulders were transported by storm surge and waves during Typhoon No.15
(Faxai). This report summarizes the distribution trend of these boulders and simulation results of the storm surge and waves during
this event. As a result of our simulation, the computed maximum wave height and velocity over the shoreline was respectively 7.9 m
and 7.1 m/s, thus this size of storm wave formed the boulders located at this area.

Keywords: coastal boulder, field survey, storm waves, numerical simulation

43.1.1 IZL&IZ

R BRI D TR LM/ B TIX2019 FEE 1 9 5 TEMR I N5t O NS EF b
TWre ZHHDEBDY A XL ST ER 15 512 K-> TAE U HBLEEOBEIEKFEL TWD EEZNRD

b, £IZT, RETIE, ZNODOEHEOOARELZITV., EOREDHRKRIITHIE, 2 b OEBSH 2]

REEBE 1 95 TAELUEH - BUROBEFRICES S, MEEL T,

4312 M/ BITBETH5EEDITL EIFRKIR

2020 4= 2 H 23 HIZ NPOIEANTZTRE « MR OEEM O NEE—KIT K - T, [FHUISIZ & 5 B O /3 a4 )3
T, HETY 7IEM-4311 R LZEY | W BIEE TH L, 2o ) 7IiE 3 SOE#ENEE IS
EF e TW(K-43.1.2), K-43.13 ITRLTWDZENENDEBEDEITAEDOGERILZA 120cm  FOK) 60cm 15
EH9 30em), HOEEILK 130em ALK 100cm 5 SK 20em), H @K 250em KT 140em 5 S 30em)
Thd, BIHFAEICH T > 72 NPOTEANTTRF - LB ERIC L 5 & AOMEMITAKEEY > TERITET
5~V MU =77 (Marginisporum crassissima) F7-13t 7 A& (Lithophyllum okamurae) DF%f% & HEM SFL TV
Do MfEE HEIFHICAER L, BEITAREH FHGAERKE LTS, Z0Zenb, ZRHOEBITM LY
FKEDPROHLE B BT S BT o/ BETE 5.

k1 PRORSFERR TR BhE - (D) Assistant Prof., Faculty of Science and Engineering, Chuo University
Dr.Eng.

k9 UM RFRFBE LA HeSde - 18(1) Associate Prof., Graduate School of Engineering, Kyushu University,
Dr. Eng.

* 3 FUN KR RF I T2 BF%e g - ()  Researcher, Graduate School of Engineering, Kyushu University,
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k4 PYLRSEHI T 220 Hfz - 1#(T) Professor, Faculty of Science and Engineering, Chuo University
Dr. Eng.
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