19784E2 B 28 H ICER A 5 %2 B8 - 12 BBIT DWW T

X B ®X TR R
s 8 8 %W E ¥ —

ANALYSIS OF TATSUMAKI IN TOKYO ON FEBRUARY 28TH, 1978

By Yasushi MITSUTA, Nobutaka MONIJI,
Yoshiharu IWATANI and Junichi NISHIOKA

Synopsis

in the evening of Feb. 28th, 1978, strong wind caused severe damages in the area along
the northern coast of Tokyo Bay. The damages were distributed in a straight belt acea for
40 km long and 0.4 km wide. Most outstanding damages of all were that a train was
turned over on the bridge, and that a prefabricated one-story school building was lifted and
carried for about 20 meters. There are many meteorological observatories around damaged
area, and wind speed distribution around the Tatsumaki could be composed from meteoro-
logical informations.
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Fig. 1. Surface weather chart, 21 JST., Feb. Fig. 2. Upper air (850 mb) chart, 21, JST.,
28, 1978. Feb. 28, 1978.
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Fig. 3. Movement of one of the Ch. cells in
prefrontal squall line as observed
throngh IR channel of G. M. S. after
Muramatsu®.

Fig. 4. PPI Radar echo as observed by Tokyo
Radar at 20h39m JST, Feb. 28, 1978.
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21h 19m 21h 31m

21h 40m 21h 50m

PPI Radar echoes as observed by Tokyo Radar at 20h 19m, 31m, 40m and
50m JST, Feb. 28, 1978. By courtesy of Tokyo Meteorological Obserratory.
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Fig. 6. Movement of echo cells on Tokyo Radar 21h 10m to 21h 50m with speeds of
translation and the echo pattern of 21h 50m

relative
humidity 4
o
A T
5090 180 208 90 100 -20 0 20
deg °lo °C

Tateno , 21N Feb. 28
Fig. 7. Upper air soundings at Tateno for 21, JST, Feb. 28, 1978.
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Fig. 8. Local weather charts around Tokyo for 21h 00m and 30m Feb. 28, 1978.
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Fig. 9. Records of barometrlc pressure, at meteorological stations around Tokyo.
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Fig. 10. Pressure and temperature excess for 2th 10m-21h 50m
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Fig. 11. Traces of anemometers of Tokyo Bay Area from 20h 30m to 22h 30m
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Fig. 12. The distributions of the damages to houses (O) and utility poles (), collapses of power
supply wires (X), and other outstanding damages (©). The numerals indicate times of
power failures of small area and that of the train derailment.
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Table 1. Statistics of damages caused by the Tatsumaki.

Damage to
fr No. of wounded Damage to houses nonresident buildings
egion ; R
. : Completely | Partly Slightly Public
Serious Slight destroyed | destroyed | damaged | buildings Other
Kawasaki 1 5 7 29 215 3
Ota 2 134 14 4
Kotd 6 1 31
Edogawa 2 26 78 361 20
Ichikawa 1 1 350 16
Total 3 37 ' 9 110 1060 37 51
Failure of Inclination of Breaking of power supply wire
Region » . :
utility poles utility poles |High voltage w.| Low voltage w. | Searvice w.
Kawasaki 3 9 23 15
Ota 2 2 1 1 16
Kot 1 8 2 2 1
Edogawa 6 7 77 45 127
Ichikawa 2 7 1 20
Total 14 | 21 { 96 72 179
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Fig. 13. Detailed distribution
of damaged houses in
Edogawa, Tokyo.
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Fig. 14, Derailment of a train of a bridge over the Arakawa River.

Photo. 1. Derailment of a train shown in Photo. 2. Damage to a prefablicated school
Fig. 14. building shown in Fig. 15.
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Fig. 15. Damage of a prefablicated school building caused by strong up-draft.

\ / / PN (" Photo 3. Damages to containers at Ooi
R ' No. 8 Pier shown in Fig. 16.

Fig. 16. The damages of harbor facilities and the
positions anemometers at Signal station
No. 10 (h=38.5m) and Ferry terminal
(h=33m). The break line indicates the
estimated track of Tatsumaki.
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DIV AREREBROSENR SN2 BRI ESEEOE Ul B ROMBICH > TRON:, COBEED
BAREEEZDOAMERSR- T, $EE N LB EIE -7 b DIt Fig 17 icRxTEBTH
3, TN THEBOBREMLEORICA- - ERDNBHAIZE L BODT, HEEDSELEOBARE
FRETECEBERL . CORERS ERBEOAMNTRIFEICHEVALRO TS, EfTREIE
EORETHIL, THRAAGHDOMEH ERVICHRICRELITN,

Maximum

H 3 3 2 1 1 5 (lom)

3 4
DISTANCE

Fig. 18. The maximum wind speed as a function
of the distance from the estimated track
of Tatsumaki center. The leftside of the
figure corresponds to the left of Tatsu-
maki track and the right side to the
right of the track.

Fig. 17. The maximum gust wind speed and
wind direction at every station.



400 HABKIEFER H225B-1 (54 4)

FIATOHALICOVT, HELSRE LICERORKR L OEHERDT, ZOBEREREAXRRELED
BRERLI- b0 Fig. 18TH 5, HFEHShLERET 2 FEICIZEAORKEEEEC SO OERX
DEOARENIT DD, CIORULIERRZOERORERETN TV EH0LELTEIRIEN LR
Vo CORERS LEEN LN ECATORAER 15m/sec BETH S0, hlLORBIGES LI
nT, BT HAOAERTIIASR B -TVE, ZOBRBOHEIZ 2km f1TH2EEZ bNhE, CD
hph S EEHICGER UICEAREDL S RSO TH > e HETH 5,

Fig. 11 R UAEZBRATOROHTEERRVW TN EHEREBICLZ2b0THY, AMEEED~
VERMED > TOE o720, B AEBERTED 720, S SIKHICBBERDIERNEL B-TWEHLT,
BORBAHEZARIORZ0F T TRESTREV, LirLl, B4x0LROELELKRLZD LTZ0HE
WY Z2ERAT . TTRADBELDVTRO IS BHICE -7z, T7bb, COBDABD LINICRESN
1eREDR LR (Fig. 9 ) SERBEREARE TR~ £— 1, PEMNELGRETR LN, 20 o 0RO
BEERE-EATHY, BErSHTERLULEBIRICHIET300EEL 503, Chickk-TRED
AEMNRLONE, chid Fig 19 KEFEBEREREDLHO—FIERLICED TRAOMNBICHEL TS,
CNERAROEMRISFTFRRIAOROBRAICBONTOIRONG
DT, FTLRRUVAREOEMDEH» S OBEFOREMLIELE
HESOTFRILTE E, ChERDEMBEHEIN-EEE LD
KA & DEBZOBRSOMETOBRETH S & L, RBHIEADTSE
THBRVEBORORAMOBELAVT LI S92 1.5 M8k
BRAEELRAR - oo TOFEANYEBOFHELY IR 0. 25mm
FBENSEHOHDICIE>THEDT, &5 LTHEERIENL, -
IR A ERIC S BEORAMNDH 20T, ThiREHNBE &
REZNL,

ZOES LU THSIR - BREEDEZR T, 21824500 521
4257 TO 2 HHEO AR L UREKRED % Fig. 2010577,
FIWEOHH» OHEE UL O ERRPIC XEITRULEBD TH
5o 0NESSHOBDNTHERS &, Kik#EE Licthh o EoH
DTEEELTH 2 ESZNS D, BHECBNTHE00b03, &
Fig. 19. The records of wind ORD S S EDEEBYBRARESOFLHS 1kn fOBETL

speed and direction at ~ PELTOEV. EOBHMREAMLAL &5 WFETRDIQED
Tokyo District Meterolo- %, KR, BEEZLFEBKRDPIEALTH S, MEREDOHENTC
gical Observatory. The DRD_FTHEIRHE, 1JITEEE—HICHTV 3, BRDOSE
arrow shows the guUSl  mapccamer EARE LT B LS ICREA N, BETIRC OB
caused by warm front e . .
passage. o & SW 10m/sec FIROBRBKNTEY, WETRS D LUES
» @ Sm/sec BIED AR T, T ORREEDE IHEHEOHERRE
DECE->TELEZBDLEEZONSD, ZOXHBHARED shear LWHORLE, #ITEKEDL S
REERIDH - 1eDh, KONWTRESEBISICHET I NEETHAS,

FIEFANY R~ P TOREDELE (Fig. 9 21R) 2R3 L 0K UTROLEADBERMEEHZI2]
FEI3MEIC KESBYD TEOBR /<4 7RICK 3mb EF L% mb FEELTWVWADMBRONE, T
NRBEEHOEEBICREESTBEENHIBBCELNIFREAR LTS, ZDHICODNTHENTHI
», COREDVBENTHIFENEN 2HROBYO 2BRKID, LIrLHIEKEHOS AR LA~
MEBEOREEICIEA MDY, TOOSLE S R ECEHOTOECE, ZOBOFREICBEOTHEC LR
Eps, B 37Tm/sec < SVIKRWEIC K 2 BYE EROTEOBEILH 10mb fniciEd 2 WaettAd 0,
ZHBENICRIE > TEBC L IBEOB T IO bAXCBEO N LD LHIFI B, COLSBHEE
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Fig. 20. The distributions of gust wind speed and direction for every 2min from 21h
24m to 21h 42m. The cross indicates the estimated position of Tatsumaki.
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DEEDHEMEICIAEREET S,

 CTERDIRES D DRITHEE Lo BB OEBANIC BT 5 hbOA B IS EE OB KEEL X
U (1) EYREME21EE34A D 53T5F TORMIKSOTAR LI b DM Fig. 21 TH 5, Fig. 21b
IR L GRS 13 7 OB O BESBR O h OB A S B/MEZR T 2 T LiIC &k » TRDO I EHEAER L
Thd. chitkd &, BEDEHLTORBEDOIEOMBEMS CEMBHRD, ZORICBOTEHRITFA
R —HIMIRTENTH A, BEOBTFRR COBEEZRLTELOEHRS 5 FiHMICKE
TRUEZLEEDOFHTH 5. COND S SHSHE LI CELFLTOROKNIZILKE UTREEEDY O
FE2RUTO AL, BlCER X S ik m/sec O—BHEBROTND CEEZEZLT, ThEBl&E-
7 LTHEMTREMEOHENRIREIROIOTIRE. DT EZ COESED ZOMETH 110km/hr
(30m/sec) VI FOEFETHATHOEENI ZLEBRLTV S, BEOHETHA & FATR8HO LTiRE
OBHOEBRIAE L HTNEEZ ONEHS, Fig 21 b QR UEEREEOSHR LT AR +15°
PINT DTG EE & BID 5 O AR #1885 U EGE & By RS N M L, £n 5 DE &l
»oOE#EDOBFRENR LSO Fig. 22 TH 5, CORITRM~ITHLADIHEE SRIFHORLTH 5,
T BEOMEEBREOERRAIMULTRLTH S, CCTERERIBSBOOIR, EEOFETHAMED
BADHBLETH D, CNRELEOBHOEERC CKEDN TS L EERTH, FLOBITRARD
RIEE LTE->TW 5,

Lok S BT CIRETEDOR D EEOBFRCHRESENRENDY, 72 ) —REHO SO IL 30mm
/A EHID D XD A E P -FcDT, BT DR ONTIET 6 RS- Thlc, 1RO IE
BNDEERZZNIZGOBETITI CERRTAHTHL0T, COMEDHDROBHEIEELDBE T
W OEMEIcER U TRR LSO Fig: 28 TH 5, CORAREEOERIEL, A 200m o &
CARCH T EBPNBY, REHDOL Y UMBEK 0m/sec I LTH-»7-DT 35m/sec VL RidEAEN
¥+, COETOREAEMS 30sec PLEiChi~T Ry —7Y LT eDT HERREOCHER RETH
5, LirL, B&KEE 35m/sec P LoMEBEE AR OREEC LT 900m, FigEMH 25m/sec Pl EAs
2000m fird » 722 LiT18 B,

\——<m N NN N
o T

25mis

“ 21h.34~37m. St 21h.34~3Tm,
(mum A-u:) -
0-36m. x-37)
a. b.
Fig. 21. (a) Peak gust and (b) mean wind speed distributions around the Tatsumaki center

as composed from time changes of winds and relative positions for 21h 34m to 21h
37m. The arrow indicates mean direction of Tatsumaki motion.
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TANGENTIAL WIND VELOCITY

'3 \\
0 L S— ~ - 10mis
m
mis N 5 10km \\ . _— g //:
0r \\ \\\\ . \ 37'[;/5
[} 1Ty -
ADIAL WIND VELOC! \\ . 0 1mm.
3 10F Seeeagline
g T e, Fig. 23. Time changes of wind at Ferry Terminal
e [ S (h=33m) in 6 second intervals converted
FRONT SIDE 8- 47T LT into space distribution by the aid of
0 % - . 10 km translation.
— —_— T Y re——
. REAR SIDE qs'/[’v'\"ﬁ“'\'::zﬁ !
g ,.V_———r——"qv’ ~p—t _ . .
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I el b aticimy BUEEC o, KM DRAREERET 50
® VALUES FROM 21H.34m. TO 37m. ‘iﬁjﬁ’(& -3 ,A.[’E]@%%m E Hﬂﬁﬁ*@ﬁl«ﬁ c\: 1x

o VALUES FROM 214.30M. To 33M. AND 38M. TO 4OM.

Fig. 22. The tangential and radial wind speed FELL Bm/sec 205 REUBHERER-T
in front and rear side within + 15° EATED, ThEERLTELS T LRIMRL,
from the track of Tatsumaki. BT 5 AREEREOHTORENTTICONTI,

ERORESHICEELUTSB T TIROL DO

WL ENTVED, RECERELHDRREINTHRD,, BEOBARZOEMSDICH UTBEEE D

KEOOTRANLGSHEECESKREL, BEOBEEENE- D LTVRNZ LB - TI SICHEEE

BWHIC LTV A, X DEE Lkm iR /oA TOREIZIZIZ 30m/sec THSEhD, TOMBILHS

SN FRPGOEY 2 —EiET 50K 200sec L, T ORNICESIIH 6kmEATLES . #-T

ZD & HNRESHF O trocoid £ 2 Licish, PLOEATHREAEL RS, TLELOBE

THHEBIBOTHRRBYSOMIKET LTLE ST, BHBEREIRMIE ST TICRET 2RI

O, B> TIRICAVHTOERBRED TENODEEL LN, COHIDNTIE, XLIMEZED

BNENS LY, BEFOEI TORBICOVTOERBICENTIREREZEL L THREIURECREDS

BNTHH5,

EEOHEE LTERTEAESERESETL, BEODOEINTFIREORERICERELEICERL
TVBENSRERBHERCZEFANS I ENHREIODTH S, £5 5 L BEOHETHHOH LD
EEIL, iR & D ETIC L 2 EBIIZG IR S, Fig 22 R UAET AN EETSKE ETO
BESTIELSOREMCEETEH0OTHEEEL OIS, CORDARERICELDVTNDS, B4
DROAHEBEHR TRV EERLTVS, ZZTEEADRENT D Blerknes ORE L7 3rd order D
i, Ibb
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(ZZTr B SO, o BRBEKEE Ve, OELZERE) THELETHE, ORI NIER
RO r>r ONBERH B LS USHERLTEY, r ZRETLLIUFELLDRLLEL, UL,
HTSoBEKOTHIC LS L, BEXH200m OFEOEHICHEEFRIARRNELLZEDTEST, &
BTEMCHE ORRULBETH3icb b 5T, B2 (BX20mX 2) ML —michisid 280
MEZLALERIT (BRBEBLLKODPOLTIMIR L FHLLRY) EhicBAL X I B THEL
TOBDTH 5. > TELORKRILED 200m BELITOLDOTH - ERENELLNEL, 2
HWADOMC SNIZEAD eye wall IKAEMTAHMAMCRABIKA-> TR LD EEZX B LBV, W
HEROHELSRTSH, RX0mSSVDONIKIZMETHEOSLNTHEER2RES EFETBHOL 575
HTRBAFMICEATONALEND S, CORMETRAN—RKICHS, FALAKHED £hT 3 0bw3
eye wall OFEOHTO LA bETHIEALFMUTA> T EZEL T ZRBIV,
BADESICDOTIZA  HEEDH-> TV, KEO Tornado 25T Fujita &7 ps OBLE
EHEb ke LZ0EENSRE L, 0 eye wall BIRBARIEROM+% < 5VWTH B, (WRICR
LI BESGEELTS 7o 5 20% < SVEBNARICE DN THEBERE% S SV ULARLLY, fE-T4A
ElDEXD 7o 13100~200m EN3EED LD TH-7c L EIDNE, COBEIETORENEIOEZL
THRBHE TR, Fig. 18 ITRUCAESHIIRKBEICOOTHRAIM->THEDT, Hick 2E85
ZE UV b OTESDRENFEZELRIZIE S, Fig. 21b & Fig. 22 B EERFEERLI DT
5505, ChEAVT, FLbhoOBEHOREDREEN £ 1km I THLCEEELICANDS E, b
5 500m T¥iy 30m/sec, 1000m T 20m/sec L EFEZLTHREIL . T TRAEMEE%E 150m A7
EEZ B ERKBMZ 50m/sec frENST IS,
FREEBOEROLEMTIY, BRI X S KETICX ZHBOMBINI B EICLDRERCH
LD bAEL LB HEOHED KLhid, 20O

VoVt T 2)
L183%, 22TV, BEE C TETLTV IMESEROETHNEAHHS EORE, V., BPL»d
r OERTOEERE, £ 3304 ) BEERT.

T Z TRAREEES 150m TRARMN 50m/sec THEEEZXBE, BEEEIX 30m/sec ITHB
5, V, me.=80m/sec &135, FIEAMT ORBICIHMEE L - 72 BRI AR RAE T 10sec 12
BUATTREM b EBbNE, FICERATEOBRKESEEEOE { THABREBD TR, REEE
TORANDBIRNZINEDEREDLNBZDT, ERERRTORAREILC OBREOEEEL BT TES
ThBEEZOND,

&0 eye wall OFERTIIR S LESHOEENKEOBERN L ELSBRDONTED, 20 LH®E
ERBRAKEEBREDL/2~2/3TH b, COXIBREL LAEEOFEAICLD, eye wall iOE T OH
RICELNIYRO LEICRZOFEBEICHIE LIBOENBELECENELONE, DX ICEENK
<, POLHEONMERTZC LD, Wl L DBEEVBRI TR LATEEDH THEZHT L5
HHERTHBEEL LN, COEABEIENP 7L Ebd > THOLBMMIE & DBEEORD 76D
DEEBNS oI EEBRULTVWEEEZ NS,

LdL, ZCRRUCEERDOTE, ERRAEREECE > TELNZODTHD, cOLHuEL
DHOEEN, S5 ENHBHLIBEOREMOELIDVTER, VEXCRLCERIRTNS
DI TRV, FicELEORY ORESEEHER X DAL EXOBEEATIR Riol~kk3 &L R
MESHBCLRBALDLTH L. 4B I SICHREET ARESRS O,
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Bt & Z AR EHE LT line GHBRDBHRFUEOBRIGELUE QIESHE) kKEESREL, LB
RICHEINTEHO TV AEIZ LR UEE T NNE 2 35m/sec < 5O D@VEE T)IIEH A SHEE, 2%
rATTE TR 40km OFESEEAN, COBAEZROERRIATHEOBAICINWIBREICGET2HESE
BELTEBD, BEh»LZ20BHLEHEEX 20T, SPLALMTH EOV—F TRICREBLEELTH
fro HEMAETRLV—F T2~ FiCEALBRENS S LEDLNIZEORBEIVRICHYET Sz 3 —~DRHRA
5h, L—FITk BBHOTRELE D hitbtE5,

TEORELLMBIRERERET, BLEBELIOBRFEOZEICX AEAB/AO wind shear OB AHC
DEEORALEHELTHATEREEZRLTO Y, SBOMEICRIQIEESRENEN, BELEOENE
HELIVROBRITSO ST T 5 &, BAEEERZ 150m, HKREHE S0m/sec SHNEFERX LN,
T DAY 3bm/sec b OEF TEAN D, RESHOEBEBEOLEAOIBIFERREL, £ZRTiR
EAEBOERRRESTT, ARTRREKREE 80m/sec S HWVICELTERY, 70m/sec Pl -oimELEE
DRSS b BEREEL R TN LT AT, 10sec S WEE L bDEBDLNE, BEHEDOART
OHERILEOSRAREICLIBALABEEICENTO A, eve wall §70b BREXEFEERDEL TR
BC B XS KENOEBRASIEL L LZNBV, BETI2EENORESHRODVTRELRS
PIESERIN: EREZNLVDT, ARSI SIKHRELELT S, BEOERS XCHELHRICH~S
L, ZOHETOMBIZES TR, #h 0.5km CoVOMERFLTVS, Z20OEEIRM1kn 375
HH30sec BETH S, BEEORBL—HRICELTOE2DITREL, BRicK>THULTDEMNALT
(AVIN

ORI E BREOHER, RAUEBEORAKFREAEOBRHINEROHEEALD bZ0EEII/NEL,
Zhic bbb oTETTOBESEELILD, PLATREBEOT  20mEL $REINZ LI HBK
BEUTVE, N5 REEREOHAMAICE > TRERDAGOBRBICGE > TED, KEEHETHS,
HEORFERS LADICEOEMBE VIFEWEIREV, TOT EITFAI X 2 LR HE OHEREIC
o TAESENT ZHEERLTVS, £/, HECEAKEIENYD, 7L ATREPBEHELLIL
B3 vFFOESCHEELOEEORATHENSOORESHEMICKE(HICEBEZ SN, BGicE
LORHETHLARXT EAKHENZO eye wall BMICEAE LTV AL LA EHORREIC K IEALIIE-T
HREOREMNECFEREEZ DNE, K EAREATEHIEEL TLRERNORERIHRR O AL
ST UBRAROHERRONENEVS XS5 KEEZT 2POUEICK > TIEBEDORHFRE-TN3E, T
DEEENORD 3IRTHRBAHB LT Z NI BEDOEEOREBBIC OV THATREARS,

COBLHOBEICHEAL B LBAOMEH® LB LTAS L, BREEEENDPPREL, FENHE
HoBmIck LT 200m < S0nd b s, #THED 130km/hr EIREIRKE > THEOE U i
DEXH 40km EFEHD 3km ED T > LREVWCEBR-TVWS, LA LEFHRIILEROLDTHY, &
KEESMOK XS, AT EDEROELEORKEFNEME 90m/sec LEELUTERENER
EZRV, BECHTAHEEERSHBATRALTEON TRV, HRICRY 2EENH SR
BT ARERIT 1 FCIEENIEETEDTEVSOTHY, TEOTEHICOVTRZNICHT %K
REIDZHERBEONEELZb AN, U LHAOERTIRATRL FRIMSHRD LTL LN
W, B, ERpLEETSCEE-T, ARBH - ek I BHEENERES > TRBESEL 2 AHERIZ
BNBICIED ONBE. > TEDFRAEEBRICOVWTOWRKEF T ILENEDOND, T, FERIT/N
ANRRTH->Td, BENEL BT EICE > TRE2RMFEEDEL TR S 2 BETF, BEEX
B, BESRZ VY, BEEBRECOVTREZDONELELI TEBERSSS, BATIRMENS S
729, ACEOATICH U TREDBSHRIANEINTOEY, BEE0BARLAXONBES CENELLN
A0T, BRBETZEVWILINRCEEZEZLRIINSLR, - TZORBOREBBIC OV TORRELR
RECHKRETH B, T, BYSHGENLINTOESIE, DL LN SOFEEF OBEYHIOTER
it URBICEROBESE LRV ST EBIBKRETH S,
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