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Variability of Sea Drag Coefficient and Toba Constant in the 3/2-Power
Law between Significant Wave Height and Wave Period

L IERE™ - BprhE— " - d S
Masataka YAMAGUCHI*, Hirokazu NONAKA * *and Yoshio HATADA * * *

Based on the results of Takagaki et al.(2012) augmented with Iwano et al.(2013) followed by other
results of the previous studies, this paper discusses variability of both the sea drag coefficient C; and the
Toba constant By in the 3/2-power law between significant wave height Hy and period Ti. Some of the
main conclusions are summarized below. (1) The Takagaki et al.(2012) results with respect to upper limits
of C4, wave statistics Efp3/g(E = HZ?/16:wave energy, fp:peak frequency and g:acceleration of gravity)
and roughness length z, in addition to a relation between z,-based dimensionless wave energy E and
peak frequency fp may be verified at a significant level by the comparison with some of the published
experiments and observations (PEOs) . (2) The Takagaki et al.(2012) study with Iwano et al.(2013) suggests
a weak dependence of the Toba constant on friction velocity u, less than 1.70 m/s and a strong
dependence on friction velocity u, greater than 1.70 m/s. But the PEOs for u,<1.70 m/s do not
necessarily support a tendency of weak dependency due to a significant scatter of the individual data. (3)
Mean of the PEOs-based Toba coefficient (B) samples is 0.062 which is coincident with the original value
of B;y=0.062 and standard deviation is 0.009, while variability ranges from 0.053 to 0.071. (4) The
Takagaki et al.(2012)-based analyses are conducted for N,=28,430 data samples of H;, T; and z m-
height wind speed U, extracted under the conditions of Ddeep water waves, @reasonable measurement
accuracy and (@ acceptable(quasi-) stationarity from about 870,000 data samples gathered at 17
measurement stations in local winds-dominated water areas. Total mean B,, of the Toba coefficient B is
0.0586, a little smaller than the original value of B; =0.062, in cases where station-separated mean varies
from 0.0463 to 0.0679 and mean B, of u,-segment-separated B data samples may happen to yield a
tendency of weak decrease with increase of segment-averaged u,, as indicated by the Takagaki etal.(2012)
results. (5) Estimate of the Toba coefficient B changes depending on a C; law to be applied in cases
where u, is calculated from measured U,. The mean value ranges from 0.0586 to 0.0625 when any of the

6 C,; formulae is used for the above-mentioned data samples.
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1. #

il

KEWEEM OEB BEEEZRET D37 A —4% Th LR IEHIRECHIE L CIEFITL < OfF%E
DHEABEROGNTAER, T ORBIKFNMER ERPA LIS TE, KT T 10 m & EREU, A
30~40 m/s LU EOBEIREGEIFIZ I 1T 2 5@ ANER ST\ b, 3725, Donelan H01113U;, > 33 m/s
TCMEIE—TEME & 2 RtE %2 EBE RIS X, Powell 521130,y > 40 m/s TCAE— 7 iz & -
Te D BT 2 Rtk A BLINGS 12 ﬁowfrbfwé ZOFBIEFEOLAETRRZLEOD, B—
JE% & %2 & (capping) Tl OFpMEIFIIET 5, HiV T, Takagaki O BNIEJRKFEIZIS1T 25
PR FEBRICEESNT, Uyy > 35.0 m/s Tcd%a&’&%réim /g (E: WIRT I NAX—, f A~
MO — 2 FEE, g EHOMEE) 25 ERE (—EE) %2 & DREOHE Rz LEf} /g DGRBS X
VEf2 /gL Uy DBEfRZ G 272, F7=, Iwano HMT Takagaki & BIOFRERITK L THEUE DRIy %
Uy >33.6m/s LT 5L L BT, CUIxtT DU ORFFATLEAAZ$ER LT,

—J7, FEEWFRIZRB T DEEOAEEE (Hy), AREES (T,) X ORRE & 72 2 RO BEEFHZu,
DANZ Toballd 3/2 FeHl| (Toba LBy =0.062) WKV LD ERF LN TEY, ZOREKROZEYHED
TR 3 JELITRL K A R0 e G /K B TV D RIS 12 35 1 2 MERCER DT I EE S W T T bz, 20
B%, Toba EMBr DEENiEMm SN TEXZZ EIIHED 22\, Takagaki HPITH 2 b7z R &
Ef3/g(E=HZ/16, f,=1/T,, T,: A7 hLOE—27 AL, T, = 1.05T, & FTHIEL Toballd 3/2
FHNCE T D WIRFFER L IS T 5 2 L5, Toba B DEE % &8 CliE OBBRE R TE 5,

AMFFETIE, Takagaki HBIOfEF 2 BEAF O KB - BUHIE R 2 W CTHMRGEET 5 & & H 1T, Takagaki &
BIZ XD CB LU ZUTE LT Iwano BT K 2 € DFFME & BETE D Wul®'%> Mitsuyasu » Kusabal”|Z &
HCql DI - FRFTEAIT 5, DUV T, Takagaki HBIE Iwano HHOFE RN B E NI D - FHHIO 372
el & TobalPhZ & 2 Ak o 3/2 Fellld 2 W FE5 B 2 VN E WilsonPNZ FED5 < 372 3l & ORAMR Zu, &
Z IS < Toba REBE L VU, FRICH-TS < Toba fA%4B o ICEH L TEERT 5, il T, WNE - NifE
T DBINE KL 2 AV T Toba £ 2B 5 & U Toba £244B, o & Z 4L b DL A BRFTT 5, 2 2 Tl
Tobal*NlZ & %5 0.062% Toba E# By, Z DIELNDBI X ONT X TDB, % Toba tRE L Frd 5, 7235, K
SLOFRER T 2 HED T fE R & ik A~F TR 2%,

2. Takagaki 5¥E LU Iwano LM DETHERICE D CHEE

(1) BEERGRRCOHFHE

KRR EEDPILRBOYGE, @EzORGRU, T BHI TR SN D,

U,/u. = (1/x)log(z/z,) €Y)
ZZIZ, k(=04) : Karman E%, z,: HEE, Ths, £7o, 10m @ERELZU,,, BEEHEZu, &
LT

u? = CqUfy B2V EC; = (u,/Uyp)? )
TEFR SN DGR CIF R 5,

Ca = {x/10g(10/2,)}* 3)
X, Uy, b U DBEfRIZC, % LTk (Iwano H14) TEKEND,

U, = {1+ 2.5¢;"*1og(2/10)}Us, )

L7=R o T, CuiiU DB TH Z 5N DA U b U, ZBEEFETED L, UL U, 05 EFR %



FIHTHIE, U, BU & filHEE TE 5,

ST, BIROTTHER gz, /u2l3EHKa,, (Charnock 280 7l (C,/u.) (C, : A7 brOE—2
BN T D 35H) OXFREBCER SN TE /A, Takagaki HBNIHES O 10 & E#HEEGEU,, =70
m/s |2 R S IR 0O B G259 2 JRR AR 528k oD 5 580 1 1 T o BLHIBLIIRS J 3o K OBETE &Ll
FER AT « FEER L, RITMITIZIE SN Tzl T 2 2 X O R 2572,

7o =y 2E*f g% = 6.9 x 10°E*ff g% < 0.363 cm (5)
oA E
E =vyf 3 E =E/Z, f, =f(z/9Y? ¥y 2=69%x10%, y=12x1073 (6)

K(G) T, HIE Rz TRV RESE /gD 2 RIZHHIT 5, KE)ZRBITRATIIE, CoRER
MRATH NS,

Cy = {r/log(10y2g*E"2£;0)Y %
Takagaki 5Bl XN Z DFGLICKT 5 8 ADEHED S H 4 4 DEHNG 25 Iwano HUNZ LT,
FBRAE BT FES < C 13U = 33.6 m/sT—EfE255 x 10734 & 5 Z &6, C,20 (Takal &M&EE) 12K

KO L ITEIND,

|0.4/10g{1.42 x 10—4(13];,3/g)_2}]2 : Uy < 33.6 m/s
2.55x 1073 ; Ujp =33.6m/s

Ca = ®)
Cq = 2.55x1073(Uyo = 33.6 m/s)IZKFIT DES /g (0 ERRAE) 1Z@)DH 1 =5 2L LT
Ef2/g =227%x107*; Uy = 33.6 m/s 9)

272 %, RO)ITH T 52D EFRAE 0.363 cm 1Z(9) Z X (G)ITIUA L TR 5415, Takagaki HBID3E
BRAS RAC LAUE, Uy < 33.6 m/sTIXES? /gldUso & EMPARAZ TR T, Uy =33.6m/sT2.27 x 107*(=
6.75x 107° X 33.6) % & 5 L 5 ITfRE AR ETNIE, DXTOEMANRELND,

Ef2/g =6.75 % 107U, ; Uy < 33.6 m/s (10)
Lo, XA0)ZX@)DH 1 XA TIUE, 10m & EJRGEU,,OB% & L TRENDRDC,

(Taka2) 255,
[{0.4/10g(3.10 x 106 /UZ)}? ; U;p < 33.6 m/s
Cy = (11)
| 2.55 x 1073 ; Upp = 33.6m/s
e T, Iwano HHNE (DI T 2EEIA L LT&RA (Iwano) ##EL TV 5D,
c, - [4.40 X 1074U;{? ; Uyo < 33.6 m/s 12)
| 255 x 1073 ; U;p =33.6m/s
KA2)# 1 XoXADE 1 KUk 4 2R3 U, ) =32.5m/s [Z%F L C-0.05%, 17.5 m/s 2% LT
-2.2%, 10 m/s (2% L C-7.0%, 5 m/s Tk L C-15% & foxHE2N B L, & OB ILU, D
DL BRI TT 5, 2NEWET 572012, Uy = 33.6 m/s TCy = 2.55 X 103D lHI5MAD
t & 1CUy = 2.5~32.5 m/s (2.5 m/s [BIfE) 12k L CRd -/ 2 ik (48 B Tk~ % (b) &I H 7=
%) 1ZHD<Cq =558 x 107 ULPAT Lauid, FAXERZEIRU,, =32.5 m/s [ZXF L T 0.03 %, 17.5 m/s
(% LT 21%, 10 m/s 2% LT 0.86%, 5 m/siZxtLT-39%E7220, 7720 DBENLLND,
ZOBA, UTICEN 5 (18) (22.0u7°272 5 21.7u; %178 ~) , K(21) (FH il % 22.0u7 027> 521.7u; 0178
~), X(22) (5.24x 1072u %17 5521 x 107260080 ~), K@) DHE 1 KX (149 x 1074 /u?? 0 5
1.46 X 107*/ud178~) OENREDY, BROuANDEFMENRLRLI R DD, £ OHEAREICZE I
20O T, ZZ2TEAA)OFE 1R L0 EHENT L, kB, RADDFE 1RUTkT 2 LiLoE
1EX (€4 =558 x 1074U%32) ORUEN(A2)DHF 1 e T EL, BOHEEENE THLY TS
LM, EEREZEHT A5, %95 Table 7 DEAITORKEH (Iwano) 1%, 72 & 2 1EB,, = 0.0603
235 0.0591 ~ L2k L, Taka2 OFER (ZO¥EB, =0.0591) ([Z#3<,




Takagaki 5313 KU Iwano H5MDR (2, Ef}/g, Cq) DRIV, = 33.6 m/sT—EMEZ & 5
2V, MERzIE 0363 cm, Ef]/gld2.27 X 107*(= 6.75 X 107¢ X 33.6) m/s, C4iE2.55x 1073% %
nNEn EREE 32, EB - B R OHE LN NS OED 10~20 %DIEL2X 2L DIXE
IFETHeW, 7ok, (5D bzy/Hy LB ARH /Ly (Ls : A FIEEAMIIST 2 E) OBFFRN
Takagaki HBIZ L 0

(20/Hy)? o< (Hy/Ls)3/? (13)
& LTEMIMNMTND,

Table 113U KT DBEEDCRIC K DO —EH A2 52 5, HW (i Takagaki HBIZ L 53K
(11) (Taka2), Iwano 542 X % 3 (12) (Iwano) M 1E 7> WuleliZ X 5 (14) (Wu) & Mitsuyasu - Kusabal”l
12X 5 (15) (MK1) B8 XU (DO~ FF A (16) (MK2) (2H12 T, Iwano HMIZ X5 (12)DHF 1
KUK 2 IEX (IwanoC) TH D,

Table 1 Change of C; value with increase of 10 m height wind speed U;, for any of 6 C; laws.

Cy X 103
Uy (m/s)
Wu | MK1 | MK2 | Taka2 | Iwano | IwanoC
5 1.13 | 1.09 | 1.01 | 1.16 | 0.98 1.12
8 1.32 | 1.09 | 1.01 | 1.37 1.24 1.37
10 1.45 | 1.21 | 1.17 | 1.50 1.39 1.51
15 1.78 | 1.53 | 1.53 | 1.76 1.70 1.80
20 2.10 | 1.84 | 1.84 | 2.00 1.97 2.04
25 243 | 216 | 213 | 2.21 2.20 2.24
27.5 259 | 231 | 227 | 2.31 231 2.34
30 2.75 | 247 | 240 | 2.41 2.41 243
32.5 291 | 2.63 | 253 | 2,51 2.51 2.51
35 3.08 | 2.79 | 2.66 | 2.55 2.55 2.55
Cq = (0.8 +0.065U;,) X 1073 ; U;p > 1 m/s (14)
. = [(0.581 + 0.063U,;0) x 1073 ; U;o = 8~35m/s (15)
1.09 X 1073 ; U;, < 8m/s
_ [2.60 X 107*Ue>* ; Uyp = 8~35m/s (16)
1.01x 1073 ; Uy < 8m/s

Z Z ClIX Mitsuyasu + Kusabal’llZ X 5 (15) & R (16) TldUy < 8 m/sDH, Uy = 8 m/siZkt LT
TEEZENENOFE 2L LTEZ TV,

INHDORERE U > 20 m/sOFREIRK CTHDH &, WulllDOX D3 &b & K EVWMEZ 5 %, Takagaki ©
Bl (11) (Taka2) & Iwano HHDFH(12) (Iwano) 75 ZHUIZIR <, Takagaki HB1DZ (Taka2) & Iwano
HHOA (Iwano) 1282 CuldU DM E & HIZEEMEO T, [A—OEIZHETE L, Uy > 25 m/s TlE
M DCHZ BT 2 21X KB AL L 5 %, Mitsuyasu * Kusabal ' (15) (MK1) 13U;, < 25 m/s T=(16)
ZERIMMORE D /NIWC, 25250, Uy > 27.5m/sTlx Takagaki 5P (Taka2) <° Iwano 54
D (Iwano) |2 &L HE% L F 5, Mitsuyasu * Kusabal T <R (16) (MK2) (2 X AHIZU,, = 15
m/s & 20 m/s TR(ISHIZ KL DME & —BT 575, ENLSTILU DR E 2 W IEHED & & bl (151
LML V/IhEL< Db, 7o, Iwano HUOH(12)5 1 RUTk3 2 EX (IwanoC) 1% Takagaki ©BID



X (11) (Taka2) ERBREDEZG AL (BWIEEE) Z &5, LUFTIEMEREEE L,

e\ VT, Takagaki 5B (11) (Taka2) <° Iwano H#DR(12) (Iwano) (23T, Ujy = 33.6 m/s
TCy =255%x103THDIMND, Uy =33.6 m/s (T T D EEEHRE Tu, = 1.70 m/s (272D, T72b
b,

Ujp=198u, ; u, =2 1.70 m/s 17)
—J, Uy <33.6 m/s IZBWVWTHKADDH 1 X THZ N5 CRUTxEBEEEZ G Ic/> T b0
T, FornfiiEeXa2)oF 1 i i,

Uso = {1/(4.40 x 10™)}%428 = (22.0u;%Hu, ; u, < 1.70 m/s (18)
BIFHID, w0 B U ~DOEBLRE Fu, O & & b I35,

(2) BRIEDEER - SAIRER & DHLE

A - BPONIREEDZ < O FERR - BIFERZIET 2 & & big, B E & E W -CD
AT > TV D, T 2T, K - BRIOGR TR I N BEED L < O FEH - BLHFERD 9 b,
RS & L Cu,, 2o, Cyy fpr Hso TsHVE-Z HAL7Z Toba (1961, 1972), Masuda - Kusaba (1987),
Banner - Peirson (1998) (Z & 5 EERfE R (BEEHAN = 48) &, Kawai & (1977), Merzi - Graf (1985)
(X D BHBRIRE R (N =77) ZH\, Takagaki HBIOFERIZ T D Mat 21T 5, BB B3R
W SF (h/Ly > 0.5, Ly = 1.56T2) Z#IXIEWi=3, 7238, T Z CORIRSGI %A LT\ % Hamada
(1963), Kunishi (1963), Kunishi * Imasato (1966) (2 X 2 FEEEFIE, 1970 4ELLRTO UV EERIC
BUTLMEREDRA R LD, RINEEORR L R D58 E L5 L0, LR T,
& <IZ Kunishi - Imasato (1966) D& EHIIE 10 m = EE R JEHU, , T 80 m/s k2 2 &k & 2 73,
CaMUpp & & BITHFEMT 22588 %2 & 0, T OEREEA LW ENREIROBERTH D, £z,
Johnson & (1998) O#EIMIFEF I Takagaki 5B L 2 AR OERICHEH ST\ 5 728, REH L
L7, ORGSR, B - BUIEE R (N, = 125) DU OHRKRAEIE 25.5 m/s & CMEWMEIZ 2> 7,

Fig. 11%(a) Cu & Uy, (WESE/gE Uy, (©zo& Upo®BRE =T, FICIZZN T LIREE 5 2
%o CyzolZB L CILFEBRME (Toba, Masuda * Kusaba, Banner * Peirson) & I (Kawai, Merzi -
Graf) THZEENN 20 SN TEY, Ef/gll o0 THZ DM H B R IT72v, EEGER TIEC,,
Ef3/9, zo\3Uso & & HITHMT 2N H 525, BLIKER TIIU o~ DRI, ERRE T2 41
1, A ERR - BUIIMEIZC, x 10° < 2,55, Ef}/g x 10* < 2.27 (Tobalshz X% 1 Bl&FR<), z, < 3.63 x
1073 m (FRAME L 0 R RE WV 3B ZERL), D&MEMT-T,

4 3 1072
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Fig. 1 (a) C4— Uy, relation, (b) Ef}/g — Uy, relation and (c) zy — Uy, relation based on

experiments and in-situ observations.



Fig.2 IZE (=E/2) & fy (= fo(20/ V) DBIR A T, Wi OBIRIT(6)IZ L » TURFAH L S h
L%, FEAMCIEFERMING) LY KEDOEE, BEEIIN6) LV /hSDDOEE & DB H D,

Hg, Ty, Upo&E AGMEE LCTHX DA, E=HE/16, f, =1/T,, T, =105T,& L CR(G)D Dzoy
2, (DD DU RO BND, Fig. 31%(a) 2o L) u x4 2 FHEME & E5 - BUHMEO k%
A, AT cal lTFHREZ R T, 2olCB L TEEHEIL 45° MO EDLVICKREITH2L, —H, u,
(ZBI L CRHEAE & FEBR - BUHME & ORINITBBIFTH D, £2, WTHICOWT H EBRFER TIX
FHREAE SRR LV K& < (w, Tl 10 %REED) , B R CIEEHRAE S BIAIMIE K v /h Sy (w, TIE 3%
FREE) Hiich 2, 77005, w x4 25 EMEITERE L BUAIEOSGIC LS HET 5,

LLED X ST, Cp Ef}/g, zoDUyolfE D BEIMEN & ERRfE, K(6)TRINDE &f, DBREL X
Ou, (SR % FH3E & F25k - BLRE O i B LT Takagaki SBIOZ 403 & 5 REMIES N L &
2%,

10
A 3 A3
10’k E=1.2x 1071,
Takagaki et al.(2012)
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N 5 A
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Fig. 2 Relation between E (=E/z%) and f, (= f,(zo/9)"/?) based on experiments and in-situ

observations.
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Fig. 3 Comparisons between calculations and measurements for (a) z, and (b) u,



(3) Toba R DRES

E =HZ?/16, f,=1/T, T,=1.05T,¢ LT, R(10)D/EiD%

Ef _ U (gt 2(9_7‘s)‘3 () 19
g 16 U120 U10 Ts
ERBLIZOL, HIUOFO 2%HE & 3%/ HOHEZWFRNIEHT TR D,
2 —_
E_fp3= UlO gHS (g_TS) 3(u*) (20)
g 16 x 1.053 \ u? u, Ui
L7223 T, R (10), K(18), KR20O)NHKD 2 SOXDBFHENTHOLIND,
2
H AN U
(_g s ) (g 5) =6.75x 1076 x 16 x 1.05° (—1") = 1.25 x 10™* x 22.0u; %2 1)
us U, U,
H T. 3/2
gu_zs =524 x 102y %1 (%) s u, < 1.70m/s (22)

F72, u, = 1.70 m/sDHE,

H 1.70
g ~— = 4.97 x 1072 (—)
u U,

*

1/2 3/2

) ; u, = 1.70 (m/s) (23)

(gTs
U,

Thbd, ZiuEX), X117, X1 HREHIERAIZL D,
(gHs )2 (gTS>_3 227 x107* x 16 x 1.05

(u./U10) Uy
2(22) £ R(23) DL D(gT, /u)> 2 ORIOEDIZEL (Toba #2%5B) Idu, = 1.70 TB =4.97x 1072% &
v, —FHI 5, —J, Toballd 3/2 FHIIZTKXTHZ BN D,

gH;

2

*

K(22)B LOH(23) EXEEIFFEFE TH 523, (2525 2 HAKD Tobalbld 3/2 FHITIL Toba £%
HUIBr =0.062 £ EHTHHIZxF LT, Takagaki HB1& Iwano HMHMORITEES < H(22) &£ X(23) Tix
FiD Toba £a¥aBIFu, ORI/ %, ZHUIMRE D wNMETFT DU — w.BMR (€, o HICER
T 5, WHRIZ, CROBENEEDOEE, C;=10x103TIEB =0.0629, C;,=1.6x10"3TiXk
B =0.0591, C; =2.5x1073TI¥B =0.0500 # & %5, —J, X (22) (u, < 1.70 m/s) TiX Toba fR¥BI%
u, & & BRI T2 01cxk LT, RX(23) (u, = 1.70m/s) T LV T2, 372bb,
KQ2ITFFIVERRT, R (23)IF58RVVERL T Tobalslod 3/2 FHIAERANL Lawn 2 & 2K T,

Table 2 133 (22)F LU (23)I255< Toba $REBDE Z Fu, lZx L TENEHA(18)F LUV
ANC kDU, & & BITHE XD, K (22)D Toba fREBITu. & & HITWA L, u, =0.186m/s (F(18)7»
5U;p = 5.73m/s) T Toba E£%B; = 6.2 x 107212, u, = 1.70 m/s (U;, = 33.6 m/s) TB = 4.97 x 1072
W27 b, F£70,u, > 1.70 m/s D9 b, 7= & 213w, =3.00 m/s (K(17)7H U = 59.4 m/s) TB = 3.74 X
1072 & Toba B, = 6.2 X 10720 60 %A+ 5,
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&SI K DB &, (b) ITIXES /g & Uy D FEBAEIZ R LT (5) L X(B), N@)ITLVRDTu,
D F N U o Z2 B, U &SI K DBUeq) M E LTS, 205D Tlu,, Uy, Eff/gD%
BRI GFOND 7 — A% e[/ T, Uy, Efy/gDERENPGEONDr—A 2 %FITELTND, LD

=247 x107* x 1.70/u, (24)

u? u,

T 3/2 T 3/2
=6.2%x 1072 (&) =B, (g S) , B =6.2x1072 (25)

*

*




Table 2 Change of Toba coefficient B based on both Takagaki et al.[3 equation and Iwano et al.[4]

equation with increase of friction velocity u,.

u, Uio eq.(22) u, Uio eq.(24)
(m/s) | (m/s) | Bx10% | (m/s) | (m/s) | B x 102
0.10 3.49 6.60 4.00 79.2 3.24
0.15 4.82 6.33 3.50 69.3 3.46
0.25 7.26 6.02 3.00 59.4 3.74
0.50 12.6 5.62 2.50 49.5 410
1.00 22.0 5.24 2.00 39.6 4,58
1.70 33.6 497 1.70 33.6 497
0.1 0.1
® Takagaki et al. (2012)(1)
0.08} ® Takagaki et al. (2012) - 0.08} * Takagaki et al. (2012)(2)
_0.06y \0\.0\.\ 4.97x 10°2(1.700u,)" | %0'06' * | 49rx10%1.701,)" ]
% I . Py / ) %* ”; * / P
.04} i .04t i
0.04 5.24x 1072u! 0.0 x5.24% 1072’ ¢ i
0.02} ——1.70m/s 0.02} - 1.70m/s
o 1 2 3 4 % 1 2 3 4
U*(m/s) Ux cal (m/s)
(a) (b)

Fig. 4 (a)Comparison between Toba coefficient B(u,)-u, relations based on both empirical

equation and experiments by Takagaki et al.l3], and (b) comparison between B(u,.q;)-U.cq relations

based on both empirical equation and experiments by Takagaki et al.Blin cases where u,., is

estimated by Takagaki et al.3] equation.
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BB D V-EIEB,, & HEHER 72 B, 35 KL OB D fie/IMi & % KAEILB,, + B; = 0.062 + 0.009, B,,;,, = 0.038,
Bpax = 0.080TH Y, FEMHEB,, = 0.0621F)7 12 & 5 Toba %k (Br =0.062) &~ 5, £ D&
BHEIZBIHIZR L72By, £ B SN T 2 EAOFFHANIZ, Fo2HOEBHMEILB 0y & Buin (SIS T 5
ERROFEPINICIE 5, —F, R(22) (u, < 1.70m/s) IZB1} % Toba #%%Bix Table 2 TH 5 KL 9 (2,
Toba BB, (= 0.062) & Lt Tu, < 0.186(~ 0.19) m/s TR <, u, >019m/sT/hIWNZ b,
T COEER - BTSSRI IS < Toba £2%58 L 0 FEHIIZ 0.006 FRE/NSWE S Th D,
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Fig. 5Relation between gH,/u? and gT,/u, based on experiments and in-situ observations.
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BBy & e PR Z KT, RART, B O FEIHE &R 7213 Begim * Beaio = 0.063 £ 0.008, /)
il & B RAEVEB qimin =0.042 1 £ U'Begimax =0.078 TH D05, u, & FEBR « B IZ IS < il & 27z
D EL<FFET D, LnL, Fig.6(a) L2 L, EHEREDMHE (B, = 0.009, By, = 0.008) 23RS
TEBREICENE, u iS5 < BOFHHE & EERAET

%X 512, Byy®

0.12

Eo oI Pe/hEn

- -

" Masuda - Kusaba' -
O Toba :
iA Banner + Peirson | |
i Kawai et al. -
{0 Merzi - Graf |

&0 [
o] —
0.04k °8°%o  B=0.0524u;"" |
: © (Takagaki et al., 2012)
0.02f il

Il Il Il Il Il Il Il Il Il Il Il Il Il
00002 04 06 08 1 12 14

u, (m/s)
(a)

0 — —

0.12—

") Masuda - Kusaba' -
{0 Toba §
{A Banner - Peirson | |
{0 Kawai et al. .

O
¥9" Br=0.062 (Toba,1972)
N-Ne) o

Q O - ~ e
O o

9 CO I -0.1
® B=0.0524u ..~ |
(Takagaki et al., 2012)

0.2

04 06 08 1 1.2

U g cqr (MV/S)

(b)

1.4

Fig. 6 (a)Relation between Toba coefficient B and u, based on experiments and in-situ

observations, and (b)relation between B, and u,.,;, in cases where estimation of u,.,; is based

on Takagaki et al.[3] equation.



By + B, = 0.0624 + 0.0065, 1,055 < BAITI1EBgm + Beats = 0.0601 + 0.0047% & V), u,O%E
OEREE & bREWV, —F7, BB OYAI2IEB, £ B, = 0.0615 £ 0.0102, B.gm + Beais = 0.0642 +
0.0091% 5 2, YHEIZ OV TEUeq DB AT D REV, 4T Kawai etal.\Z X 2 BLHIE O S &
IZ, By + B, = 0.0630 % 0.0047, B,gm * Beato = 0.0667 + 0.0043% 5- 2 HHEIC L5 & Z AKX,

T 52, FEB - BUAMEO B EHIES < Y6, Toba RHMBO &M E (m, 0, min, max) |2
FAETu FHEDOBITIZ L A EH LV, FERIERME R, BIHEEME R & IR &R 4 5
b (53ED) T2 &, Fig.6(@) & b)22b b6 K 518, wiMliiEOEERLLBND, LL, £
DOFREEITHEV AETRWL, Fig.3(b) TH7- X 912, Takagaki b BlOw HEEEDKTE & & 52 L
FREENTWD Z LD, 3. NIV T Takagaki HBIOu HEEEITEHREE E X BN D,

Fig. 7 13gH,/u?,q & gTs/Ueeqy PRI L OB & B DBRZ R, () (2 LAUEFERR - BUHNE O 268,
I% Toba 2% B % 51\ Toba E#Br = 0.062L D Z< HT MIZKZ VB, = 0.063(0.0626) &5 3/2
FHIICE > Th<FRaEND, £720) TIX, BEBaPHEICBWTENRENE CH, LT, 2T
52806, O Fu, uPBFRERLEZFig. 3(b) LR CHEOEKE &2, 77205, BEBylE
U U EDPRRERIREICLLSHFAET D, Zhi(@) & Fig b DHREICHLEETH D,

Table 3 13526k - BIHIE K} (exp-obs) 1ZHES3< w22 T, Wulfl, Mitsuyasu + Kusabal”l, Takagaki
HBIF L Iwano HMNZ KD 6 FREHD Cu i UTHD < g &2 W T2 555 O Toba F2 5B o DHERHE D — T
Zond, bk L7z X 912, Takagaki HB10C,(8) (Takal) (235 < Toba 244 B.g D V-HMEB g & 12
YR 22 B oo 1X R - BLHIERL L VBT & TN ETNIZIE/FET D DR LT, D, TIHFEHMHE
Beaim> TERERZEB,qs & DI Takagaki ©1B1 (Taka2), Wul6l, Iwanol4, Mitsuyasu * Kusabal”l (MK1,
MK2) DNEIZKE L 720, Fhg - BUER LV EEPOEND, L7ehR->T, 6 FEOC, DT
I% Takagaki HBIDC,A(8) (Takal) AN LV EWEFZ L9, ZOZEnn, 3. IZBITLHHE
& EHZ &3 2 fi# 8T T, Takagaki HBIOC,(8) (Takal) OMHMN LV A HRiERE 5 25 & HEH
b,

DL E o BAfR % BEFE OBFSEECIR TA 5 &, Mitsuyasull I BEYR ST 5 g H, /u? 0 M6 R T v — 7 8 I 5K
u.fy/ g & FERGTIRIEIEER, (= gF /u) DRAR 2 KT H 2T 5,
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Fig. 7 (a)Relation between gH,/u?., and gTs/u,.q, in cases where u,., isused for u,, and

(b) relation between u,-based Toba coefficient B and u,.4-based Toba coefficient B,g.
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Table 3 Mean, standard deviation, minimum and maximum of either C,; law-based Toba coefficient

B.qi or measured u,-based Toba coefficient B(experiments and in-situ observations case).

Bcal

C, form.
Bcalm Bcala Bcalmin Bcalmax

Wu 0.0648 | 0.0102 | 0.0392 | 0.0840
MK1 0.0675 | 0.0106 | 0.0411 | 0.0878
MK2 0.0681 | 0.0108 | 0.0418 | 0.0886
Takal 0.0626 | 0.0080 | 0.0416 | 0.0777
Taka2 0.0645 | 0.0100 | 0.0388 | 0.0834
Iwano 0.0657 | 0.0103 | 0.0397 | 0.0856
exp-obs | 0.0619 | 0.0090 | 0.0380 | 0.0797

H
T = 524 x 1072050 @7)

9T
LENR->T, T, = 105T, & 4, &(27) & X @28)ix

3/2

T,
9Hs _ 564 x 10 20009 (975) 7L g L 16 x 10%~2 x 106 (29)
u? U,

*

= 1.00F0330 (28)

\Z72%, Z2°C, EOHFPHITICE BN ST2Uyof,/g DIRIUEIC 3T 2 58l I SV TRDIZF D
fE%Cys =16 X103 LCRICHE L THTWA, (29I KX, Toba fREBIZMEIK LK FEHER, ~
DT BVREIE &R L, FO9%%3F, = 10*T 1.086, F, = 10°T1.109, F, = 10°T1.132, F, = 107 C1.156
Z L5, T b, MitsuyasulltlDfE FIZ B TlE Toba fAEIIE & & HICETHINT 5, ZOBAF, =
3.70 x 10*C Toba E¥Br = 0.06212—% 3 %, £72, EOH KB u, O (FIZ—7E) 12X 5 é:a“mi‘,
R(29)B LUK (22)I281F D Toba FRE DML EEMNCEST D0, w2 —E &L LIZFOMEMIC
EDMOBGEIZI1TA(22)I1I2 & D Toba fREMNKEEBEA N T A —Z L LTEHEERWNWI LD, ﬁﬁf
xR d,

DNT, Ul LD FRAREHD &, £ Takagaki HBINZ K AR (10)EB LR HRA DB RKD 5
o,

gT 3/2
[1 12 x 10~ ( ) ; Ujp < 33.6 m/s
gH =| Ut 30
Ufo 33.6\"/2 /gT,\*/? (30)
l1.12 x 1072 ( ) ( ) . Uy = 33.6 m/s
U10 UlO

KBOYDHE 1 (Uyy < 33.6 m/s) TiL Toba tREB o 1L EF(=1.12 x 1072) % & 228, FH 2 (Uyy =
33.6 m/s) TIIU I <KFET 5,

I TEREFRRIC, BRI ONDEL/ gESET D &, FRER ) B Toba (REB, &K 5 1=
HORIFRAN LV SXD LS04 D,

gH, (gTS>'3/2_B _(18.5225)1/2 a1
U120 U10 - P10 — U10 ( )

Fig.8 |ZfF#k E IZ5 2 %5 Takagaki O BIOEEBRFE RN 15728, & X B0)IZHIT 5 Toba 1R
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Fig. 8 Comparison between Toba coefficient B;,-U;, relations based on both empirical equation and

experiments by Takagaki et al.l3l.

Bio(=112%x107% ; Uy <33.6m/s, =1.12x1072(33.6/U;x)"? ; Uy = 33.6 m/s) &tk L7=H DT
D, ERFERICE S ByDUWHE D ZBAEIANITU, <8m/s LLTF D 3 7 —AZERFIE, Bz X
S TEEBENTEY, BRFEEEU; o (= 33.6 m/s) &2 5 EHRIEHIK TBy 23Uy & & BT
DEEENH LN D, 1121, wFEROBEAICHRRZ X 91, BBROERICIEFE U EBRIEZ A
TWD DT, FEBE L RRADOFERNC RAFRMISITERDO Z & Th A L, FEREICRT 5%
BRADFRREOHY I ART O L HEZLNE I,

— 75, MitsuyasultiZ X % (29)128 T Mitsuyasu * Kusabal7lZ £ % U, o D% e C, X (16) % it H
T, AR/ HND
0.009
98 _ =0.771 x 10~ (lgjz ) U8 (‘Z—ﬁ)m ; 5_2 ~ 25~3,200 (32)

10 10

7272 L, XB2)DF = gF /UL T 2 A RIUEIZ S H BIDO U, f, /g DIRFUEIZ KT 2 7Lk (0.2~1.0)
LRI méﬁ(33)%7%%7 LTROTND, REBIZLIUE, UpgErmD Toba $RHB, o1 LXB0) D 1
X (U <33.6 m/s) IZBT D LI REETRL, FLUOMEIIKTFT 5,

Table 4 13 (32)! %/x Toba F&HB,o(x 102) % Uy L FOFMAE DI L TEZ D, 2D
A, BioldUp E FOBENNT® LT 30 fEDEMNZ 7R3, LirL, RQER7DDOFHE 0.504 /05 1/2
~, @)D F#% 0330 15 1/3 LI L7=DH, C;=1.60x1073L LTRD BT 2 2D

O 8)

gs

H _
= =210 x 1073F1/2, = 0.326F1/3 (33)
U10 10
ZHVIE, RADXBELRD,
H TN/ gF
9 =113 %102 (b) . I~ 25~3,200 (34)
Ufo Uio Ufo

KX(BHIZHT 5 Toba 1@&310&;@%5*1 113X 1072 & 0, HIERF L U lTIKAE L7220, Zhidie L A,
FLU ~DEEZRETDZ0ICRQDERQICBIT HIRNFHELE L TWDHZ EICkD, £,
Z OfElE Takagaki & BT H:-5 < FH(30) 5 1 ﬁ@qﬂ(?)%éﬁuiz x 10722 IZaTV

X512, SMBIETHW S ILSD WilsonPlD IV
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Table 4 Change of Toba coefficient B;, X 10? based on both Mitsuyasul'!l equation and Mitsu-

yasu *+ Kusabal’l €, law with increase of either wind velocity U;, or dimensionless fetch F.

. Uyp (m/s)

10 15 20 25 30 | 33.6| 35
10 | 1.13]1.21 126|131 | 135|137 | 1.38
102 | 1.16 | 1.23 | 1.29 | 1.34 | 1.38 | 1.40 | 1.41
10% | 1.18 | 1.26 | 1.32 | 1.36 | 1.40 | 1.43 | 1.44
10* | 1.21 | 1.28 | 1.34 | 1.39 | 1.43 | 1.46 | 1.47

gHs / gTs /
i =0.30{1— (1+0004F/2)"°}, U =8.61{1— (1+0.008F/3)"°} (35)
IRV CHlH#EIPA A F (= gF /U%) < 103~10* CE58) L35 &, SEDEEAN KD D,
gHs gT\** . gF
=119 x 10" . S <10°~10° 36
UlO (Ul()) UlO ( )

7z72L, AEBSDOHEIP ((33) THREEZ ZN 21240 X 1073, 0344 IZE X2 H D) OFAGEITF &
EHICHE K (F=102T60%& 11.3%, F=103T193%& 251%) 9574, WEANLELND
K (BO)DIRAEITHAIRICLVF =1073~10°12%f L TIRKT-16.9 % (F =102T-9.7 %, F=10%T-
14.7 %, F=10*T-169 %) Th D, FEEIC, WilsonPIDOIVAIX(35)% AWV CTHIEFHEICEIVF =
1073 ~10° DHPH T 7= gH, /U%) & gTs /Uy o DEFHELZ 3/2 I Z H I T-5A,

3/2

H, T, i
9% —126x 10" (Zm) F=10"3~10° 37)

U10

DD, (B7) ORBITESR - BLAMED © 15 S 7z Toba fREB, D FHME L 1XIE T 5, 7235,
#BHo Fig 11 (R T k51, X@EDALOBEEITFH Y325 EEHMEIF1.19 x 1072~1.43 X 102D 1H
b, Fig 91358 - BLHIEE L V157 Toba $-%5B,o & Ujq @ BAMRZ R, RITIEZE DO FEIEB, o =
1.27 x 107243 X 0¥ Takagaki 5 BNZHE-5 < K(B0)5HE 1 o OFf%%1.12 x 1072 % Z 1 1l & O AT
MELTHZS, FEMEDOIE DL DX IINR D RE WA, ZOFEIfEIT Takagaki HBIZHE-S < Hi(30)

0.02
0.016f é)o % B10n=0.01271
o
ﬂ B A ‘ T
0.012F %‘% 1
B,,=0.0112
0.008k <§oo (Takagaki et al., 2012) |
I ' Masuda - Kusaba = |
1O Toba 3
0.004f { A Banner * Peirson |
{0 Kawai et al.
I . O Merzi - Graf | |
O 1 1 1 1 1
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Fig. 9 Relation between Toba coefficient B;, and U,, based on experiments and in-situ

observations.
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PORIEI TR S (ﬁ'ﬁxﬁﬁzf&h [EFtR%EL T 724> 5 Toba £R%XB, o X AITHE T1.27 x 1072, %% T1.26 x 1072)
ZRL, WTNOEEHE S IZFEYREMR T TEIEN 5, 72720, WilsonPDIVRIFA(35)IZ L5 &
BHEILgT, /U1075§/J\éb‘%é\é:jté° WA, ERERERERE VAT TR IO AT 2 v b
ENnb, wiEOBERIF(B6)ITH T H%%1.19 x 1023 XNEBHIZEHIT 548881.26 X 1072 L D /NS
B TWD, 228, EB - BHEE L THEXONUFu, L CBROENTUpem & — T D,

Fig. 11 1Z Wilson®I D IVAI (35) & ¥ 1372 (gH,/UZ)(gTs/Uso) /28 5 WITB I DES /gUy g & F =
gF /U DR Z R, (gHs/U%)(gTs/Uo)~3/? (=Toba $2%(B,,) 1ZF » 0& F — coD iR Tl /M
119 X 1022 L, F=10*CIZEHRAMI43 X 10722 L %, T72bb, 143%x1072/1.19%x 1072 =

10— .
Masuda - Kusaba |
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{ A Banner - Peirson ' ,x"
107" Kawai et al. §
~g [ O Merzi- Graf |
Qm . e Wilson | .9'
L s
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.
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Fig. 10 Relation between gH,/U?, and gT,/U,, based on either experiments and in-situ

observations or Wilsonl°! type-IV equation.

-3/2

. , . . : —107*
5 = (gHs) g7, 372

2
P Uio 7 Upo 5 15
Shef 7.62x 10 °
S|S | Ef,9U10 (F=) 13

5 1.11x10°° (F=10 g
0.016 2 62x 107 117 10‘ ( )

(F—0)

0.014r

119% 1072 1.19x107%
(F—0) (F—’°°)\
0.012 1.43x 107
~ F=10
- F=gF/UZ) (F=10")
0.01 L 1 L — L L L 10—6
10 102 10° 10 F 10* 10° 10°

Fig. 11 Relation between (gH,/U?)(gTs/Uso)~%/? and gF/U?, and relation between Ef;}/gUso
and gF/U%, (Wilsonl type-IV equation).
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B =126 x 107 2% M2 L 5 L, AMIC-5.6 %, 1EMIZ 13.5%DEEH AL,
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=524x 1074 L (38)
Uf Ul
U F\ 3
Yiolo _ 59, (g—2> (39)
9 Ufo
NBgF/UR (= F)&EWET 52 Lk,
Ef? _
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gUio

AELNTND, ZAUTRFTEHER & TR, Bkt e— 2 JAREU,f,/g = 0.2~1.0(F = 25~3,200)
OFIPH TN T 5 & &b, —J7, Takagaki HBITIE, K(10)EB LK) Zick Y35,

Ef? [6.75 x107% ; U;p < 33.6 m/s

. (41)

33.6
6.75 x 107° (U_m) ; Upp =33.6m/s

gUio B
X40) L RUDF 1 ROBSKIETHENDH D OO, TOHEDOEMITIEESIET S, Ll ET
Al L 912, HHBOXTIXGF /u2d DI gF/UZ L Ujg~DIETEYE, Takagaki HBIONX Tldu, & 25\
LU~ DIEAFER A B D, 725 MitsuyasulllZ £ 5 H(27) & X (28)1 5

Ef}

Ju =1.72%x 107*F%%18 . F ~ 1.6 x 10*~2.0 x 10° (42)
& 721, Mitsuyasu + Kusabal/llZ & 5 Uy, < FFRC, X(16) %23 A+ E, @225

Ef; . _

—P_ =322 x 1076F0018y0315 . |~ 25~3,200 (43)

9gUy,
NE5N 5, F£72, Takagaki HBIORK(41) & XA8)B LKA D

1.49 x 107
Efp3 T cu, < 1.70 m/s

gu. | (170 (44)
1335 x 10 ( ) s u, > 1.70 m/s

*

PRDHND, Ef}/gu,iT MitsuyasulllD R (42) TIZEA~D Z < 59V MEAEME, Takagaki HBIOH(44) T
Fu, ~DFWRFNE (u, <1.70m/s) &BWEKFENE (u, 2 1.70m/s) Z7R7T., —75, Ef)/gUsl
Mitsuyasull1D = (27) & #;(28) % Mitsuyasu * KusabalZlD R (16)I12 L V) Uy g Frmic B #a L 7= (43) TIXF
SOFJMKTNE L Ujg~ DB BRI E 5 25,

F 72 WilsonPIDIVHA(35) TF - 0(F R +H312/hSW), F > o FER+ZICREV)DHE, ZhTh

Efy

9Uso
(272 %, Lin LEORME(= 0~0) TiE, Ef)/gUsold Fig 1TIZR L7z X 912, 7.62 x 10767 & HighH
RKLUTEF=10*TIFIERAMLILX 1075% L 572D 5, FH7.62 x 107012 A THEMBEA+ 5, ZEE
BIMED S TR 45 % Td Do EfE/gUsolE(gHs /UL) (9T /Uso) 32D 2 FITHE T 5 Z &b, £
DIEENX(gH, /UZ) (gTs/Uro) "3/ 212%F 9 % Toba 42 5KB, o D& DI 2 FfiFlT/2 > T 5,

4512, X@2)~KXUH)BLO Fig. 11 12A4 5 L 512, RATEERNCK T 2% E TR <,
Mitsuyasull1{Z 53 < & (42) & 2 (43)=° WilsonPID VAR (35) 12 H-3< Fig 11 T, #EL 9 H5EH
DUNIUL EFH D WIFFIZH LT+ %D A E), Takagaki 5BNZEES < K(44)DHE 1 X Tldu, 0L H)
W LT 2 ERREDOEHZMES 2L bHV1GD, ZHEEIL Takagaki HBIOHUTE S IHHITRE L,

=762%x107°%;F—>0, F-> o (45)
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3. L - NBIZH T HEBEMIZED < Toba HEDIRES

M REM LB AE

R 21 EE & IR OBHEENE, a)RATEIC & - THEE LR 2 LEH TH 5N - N
OB TH O N BHE R (a-case), L)L « NIEIIR & ANED D OBEFEIRIRDB LG T 5
W COBPERL (b-case) 72H72 5, Z 2 TIXAIHE a)& &R, $%&E b)ZEERE LTS, A
Q) OB T B S CIT U, TIEBINEE, OB ety 55 2tE, grEs i i<
D7 A D, BATELUALOTEEREZZEEE (MT) &, GHEEEm s GosEd 27808y — " —2
O _EJR A, W PN CIE TR O KBGE 2 5 MT /, KBk 2 #ial, =, V8RR o & B
EEVESROXTH, BRSO RS TH D, Mx T, S/ () (2B 28NS LT, &y #ibie
HMABEIRIF X ETAYBEREICETZND 5 KD 1 >THS Erie #HIcBIT 2 3K0T A2 &
Ltk b HW D, BUE RO HIRNIELER 7 HLHA T 1 FH, 7R THR 1 2 A (F) &R,
ZD, LT A HEICBT BRI E b T, Table 51 17 BIHL S O T (S
&, ERHIIRE, %l DA AT 2 LGB O BN, R - B EEEz m, W E R R E KR m,
h/Ly = 0.5, Lo = 156T2 & U 7= G207 T IRAEAMT,) o— %% 525,

— 7, D) NI « NS A IR & ANEED & OPE IR A AT 3 2 I O BRI b S BE YD U TR,
WS NYE CIIACOKGE N OB, B, IMAE R X OB KB AL 0O 1 RS S T B
B H RO EITZENENSE LRI 5.2 H b,

Table 5 Alist of name, data period, number of selected data sample, anemometer height and water

depth of gauges meter at each of measurement stations.

meas. station period N zm | s m | Tge S
Tokyo to-hyo 1983-2005 3,100 24 15 4.4
Chiba obs. tower 1994-2002 459 22 10 3.6
Tokyo wan-ou 1990-1996 2,884 | 10 27 5.9
Daini-kaiho 1991-2004 1,296 29 17 4.7
Ise Buoy D 1997-2000 621 5 35 6.7
Suzuka (MT) st. 2000-2003 568 | 19 8| 32
Ise wan-ou 2002-2003 125 32 27 5.9
Osaka MT st. 1978-2005 | 10,216 17 21 5.2
Osaka (1) 1981-1988 330| 13| 11| 38
Osaka (2) 1993-2005 | 2451 | 13| 13| 4.1
Kobe 1983-2005 1,225 14 17 4.7
Kanda 1991-2005 531 11 9 3.4
Oita 1987-2005 4,585 16 14 4.2
Kasumi-koshin 1991 26 8 5.8 2.7
Lake Erie B45005 2000.10-11 8 5 15 4.4
Lake Erie B45132 2000.10-11 26 5 22 53
Lake Erie B45142 2000.10-11 5 5 27 5.9

Total of N, = 28,456
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WA - NIEIZ 31T I IRBIITE RN 2 5 B b K& 7L, MRRIOMIATIC X% ship waves DIFLE
Z i TR R RO E 36 K OVE I OIS E DR TH 0, & A O BIRNRS L 1 3ARE & RE o A
2B PTHHELL EOR IS BRI IS N D 7 —2A RN b e, 2078, FEB X OEH OB
ERHORE 2 OFIFISRMELZRE L TR - BHBIEROBIRZIT S, I Hig, B - JBEF AR E S
TV DS DR B % 52\ B A S CIE, M LR E EICRE SN TV A ELORMEEE T 508,
I TR oOREL BN L THEZED 2,

RS 2BLHEENTME EREz m TO 10 o FEEEEEU, & EI6,, 35 K OV I @ H, & A 2 8
T, CTH Y, BEEHREY, OEEHIRG STV, 22T, u.B LU, OFHlid 7= 912, Takagaki
BBIOHEZEE 1LICHWD, T7bb, T,=105T(f, =1/T,) & LT, HET,ZXG)ITHZ Tz 3k
Wiob, X)iZz, zy, U252 CuzitH L, FEXIZz=10m, z,, .52 CU, &% 5.
F72, 10m & EREU, OB T IN=C, T, R@ICBIT DU L U,0Bf%E FAVCU, 75U,
Z, CahbuzRDDH, BHMHE (obs) EFEME (cal) 2T CTXHIL TRT &,

gHsobs _ (gTsobs)3/2 gHsobs _ (gTsobs)3/2
uz — Dcal ’ ST

(46)

2 — P10cal
xcal UlOcal UlOcal

(2 &> T, Toba tR¥B. B Z OBroeay (AT, ~ cal’ 24M) 25EEZ L1255, B BLUB &k
[ZONWT 2. & RBEICEIE &R (B, + By, Biom T Bios) B EOE/ME Bpins Biomin) & 5%
KAE (Baxs Biomax) %KD,

FENTIZAE R - 2 BLE B ORI & 7 o T, FERIZ I T DUy, Hy, Ty & RN — UTIBT D U4,
Hgi_q, Tgoa DGR 2 N TOWUy; + Uygim1)/2 > 5 m/s, @QHg; = 0.4 m, @Ty; >3 s, DT,; < 10,/Hy;,
®|(Ug; = Usi—1)/Ugi] < 0.1, ©|6yy; — Oyi—q| < 22.5°, D|(Hg; — Hgi—1)/Hgil < 0.1, ®|(T; — Ti-1)/Tsi| <
0.1, OTy; < T MAIRFICAER T 250, &8 Ui, WZli & i — 1O RER ZE T BIREFEEI R O 1 R & 72
V%2 RIS S %, SUOIXFHENL EoRGESM:, @, @), @IXBLAEE 2~ B & L7856 0N -
W AR IR O SN, ©, ©, @, @A & FIRICET 2 EEEOSM, ©Oh/Ly > 0.5 (Ly = 1.56T2)
DR RIFICENENRIGT D, 72720, B W OHLSIZ 31T 2 BEREIR TITEIR OB & 15
RS A ER LT, @H; 203 m, OT; =225scTHE L0, @, ODFKMEEFLI 20,

TSRV D 10 m & JRGEU, o 1L Cu UK L 72 WM & 3572, U exid 5 1/7 FeHl o
WS, o, OTHWDEBITEROREEEZ BB L Ti— 1&i0 2 RIS 2 B O FHE & 5
5o 2 BN T B IEEOMH &9 E 2 51T gH /u?egT, /u, DFHHC BT 5u >V T HE LT
HY, uyEuy DOFBEEu, & LTHWE, 728, Uy >33.6 m/s & & HBHIEEHI &S 2@ U T
FIFEETH D DT, BHEEZFVW-U,, > 33.6 m/s DA B (Z35 1) 5 Takagaki 531X Iwano
SN X 2 XOBFHIITZ 20,

Uscal

Q) FERDEER

Fig. 12 X )N - NI IR 7 — A & b)AMNER IR IEAF 7 — R 12D T gHgpps /uleq (= HD) &
ITsons/Uscar (= T DBRE EROHRIGM 2 S 2B EHZ YW TR (2 Elog,o(H?),
logyo(Ts) & RLd) T/RT, KIZIZ Tobalblod 3/2 FHIDOKQEIZ L HEME G X %, LU TIXHT obs’
Craal BT 5, MIZE D E, WTIhor—2THLERMIIZENZE TN, =886,389 fE & 437,050
LR TH D, gHg/u? L gT/u T A ECHEBITEWERERIZH 2203, 3/2 FANZED < EJHEZL
DEBGEMEDIE L S ENKRE VD 21, FEEMED 2B S & < I b)SMER RILE S — 2 Tl
3/2 KV RE W, MR BRI UADRKS, T-E ZIERER ORI OHEAERL IR R EORYREEN
DWIROGEIZAEMEN 21 2LV 95 Z ENERM I TS (Ebuchi etal.ls]),

Fig. 13 1Z LR O~Q@ Dl 5 23 L1258 O gH /u? L gT /u, DBfR % a), b)ZTNnZhor—
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6 7
5 i
a—_case b—case
| Ni=886,369 Toba | St N=437,050
o a2 £ Toba
~ | Takat 1062 o4 Taka H, =0.00277°** 1
- < aKa s s
e 2
g g3
2.
2.
nl H: :gHS/Ui 1+ H: =gHS/Ui
Te=gT,/u, Ts=gTs/us
v - S S W
logyo(Ts ) logyo(Ts )
(a) (b)

Fig. 12 Relation between gHg,ps/u?., and gTs.ps/Uscq based on in-situ observations for

(a) local wind waves case and for (b)local wind waves and swells co-existing case.

5 . 5
Toba H:=0.062T%?
s N Toba H:=0.062T %
4 a—case al |
N=28,456
b—case
Taka1 = \
*;:, 3 H:=0.0586T; ** 1 *;2 3 Ni=10,866 - v ]
\5 \é Taka 1 X Hs =0. 0456Ts
8 ot 8 ot
ki N g HE =gH
Te=gT/u, Te=gT /u,
% 1 2 3 4 5 % 1 2 3 4 5
logyo(Ts ) logyo(Ts )
(a) (b)

Fig. 13 Relation between gH./u? and gT,/u, based on in-situ observations satisfying selection

conditions for (a)local wind waves case and for (b)local wind waves and swells co-existing case.

ZNZHOWTaRT, KFIZIIRE DR 5 3/2 RANCKE S EREZ 525, WTIhor—ATHLEEER
EDGT, /u, 3 X OgH, /u?\Z BT D IFERFHAN D2 0 i/ T 5 5 212, 3/2 FAIZXTEMREDY O
BERHMEDOIXHSE /NS <20, KEEHER OBILRIL 3/2 RHITEBICR SN D, a)DWNIE - Nl
W iR 77— ATt Toba $R%B D F¥MEILB,, = 0.0586C Toba E4XB; = 0.062 L V) /NS WEE TH

D, 2O0BEMOXINIHEVIZ-> X0 LRV, b)DAERRIEIF 7 — 2 TlX Toba £ 5B O E I
B,, = 0.0456 T Toba [E#B; = 0.0627D 74 %FEEIZ72 > TWDH DT, WEMMODAEN B LD, SERIE L

W - WHER IR AF T 2ARME T, gH /u? & gT/u X 3/2 FRNIZIENE S DD, Toba f2#BIE
Toba FEBr = 0.062 X 0 2272 0 /N, ZAVUISMERIRN 5020 & LTRSS TWAHD0E Lty
PIF I, 1B1Z2BR\NTELEE a)NE - WIBRIR, — AZRET 5,

Fig 14 X S22 L&k (N, = 28,456) 705 Takagaki HBIOZIZ IS TR b 7= Toba 1%
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B L BESESu, ORE RT, FEEHMEDBIZ 0.02~0.09 O CTEHEFEICSOAAT 5D, w0z
NTEBOBNEDT L L L b, TIPS 25,
Table 6 IX&E AN X U Toba £%4KB O EMEB,, & FEHER 2B, f/IMEBm, BANMEB 0% 17 Hi

0.1
0.08} -
0.06} -
[say i
0.04} -
L c a—case B
R N=28,456
0.02 Takat |
O 1 1 1 1 1 | 1
0 02 04 06 08 1 12 14

Uy (m/s)
Fig. 14 Relation between Toba coefficient B and u, based on in-situ observations satisfying

selection conditions (local wind waves case).

Table 6 Mean, standard deviation, minimum and maximum of site-dependent Toba coefficient B and

those of site-dependent Toba coefficient By, (local wind waves case).

B Bio
meas. station N

B B, Bmin | Bmax | Biom Bios | Biomin | Biomax
Tokyo to-hyo 3,100 | 0.0517 | 0.0049 | 0.0337 | 0.0760 | 0.0101 | 0.0012 | 0.0059 | 0.0156
Chiba obs. tower 459 | 0.0644 | 0.0058 | 0.0527 | 0.0884 | 0.0130 | 0.0013 | 0.0099 | 0.0183
Tokyo wan-ou 2,884 | 0.0679 | 0.0067 | 0.0382 | 0.1029 | 0.0139 | 0.0018 | 0.0073 | 0.0246
Daini-kaiho 1,296 | 0.0488 | 0.0063 | 0.0321 | 0.0788 | 0.0092 | 0.0014 | 0.0057 | 0.0166
Ise Buoy D 621 | 0.0583 | 0.0100 | 0.0216 | 0.0863 | 0.0117 | 0.0025 | 0.0035 | 0.0183
Suzuka (MT) st. 568 | 0.0463 | 0.0054 | 0.0341 | 0.0612 | 0.0087 | 0.0012 | 0.0062 | 0.0121
Ise wan-ou 125 ] 0.0529 | 0.0063 | 0.0348 | 0.0662 | 0.0103 | 0.0016 | 0.0060 | 0.0141
Osaka MT st. 10,216 | 0.0620 | 0.0068 | 0.0290 | 0.0898 | 0.0124 | 0.0017 | 0.0048 | 0.0182
Osaka (1) 330 | 0.0598 | 0.0070 | 0.0365 | 0.0753 | 0.0117 | 0.0017 | 0.0065 | 0.0161
Osaka (2) 2,451 | 0.0657 | 0.0074 | 0.0309 | 0.0896 | 0.0131 | 0.0018 | 0.0054 | 0.0183
Kobe 1,225 | 0.0513 | 0.0086 | 0.0245 | 0.0959 | 0.0097 | 0.0020 | 0.0041 | 0.0201
Kanda 531 | 0.0568 | 0.0052 | 0.0378 | 0.0716 | 0.0110 | 0.0012 | 0.0069 | 0.0149
Oita 4,585 | 0.0519 | 0.0079 | 0.0295 | 0.0802 | 0.0100 | 0.0018 | 0.0050 | 0.0161
Kasumi-koshin 26 | 0.0570 | 0.0070 | 0.0450 | 0.0727 | 0.0115 | 0.0018 | 0.0086 | 0.0158
Lake Erie B45005 8 | 0.0595 | 0.0071 | 0.0514 | 0.0703 | 0.0114 | 0.0014 | 0.0100 | 0.0138
Lake Erie B45132 26 | 0.0519 | 0.0048 | 0.0452 | 0.0610 | 0.0101 | 0.0010 | 0.0087 | 0.0122
Lake Erie B45142 51 0.0528 | 0.0051 | 0.0438 | 0.0596 | 0.0105 | 0.0013 | 0.0080 | 0.0122
all stations N, =28,456 | 0.0586 | 0.0094 | 0.0216 | 0.1029 | 0.0116 | 0.0022 | 0.0035 | 0.0246
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HANCE 2, BEATICRBERNZOWTOEA =T, £72, AFoOMIIEE Ti~<2% 10 m & & EH
UioZ AW T8 ORBEOR G B2 BHET 5, 2B, 2o O 2 o@EE NI RSV TW D3,
FHIZLIZATHZIIFE R B0, 2 LA, TobafREBIFXFEEIEIZ OV T $ 0.0463~0.0679
OFFAIC AL, MR D &Y OFEZ RS, FEE2S 0.050 2L FOHEEIE 2, 0.050~0.055 D
H1 5 850% 6, 0.055~0.060 D HEHIE 5, 0.060~0.065 DHLLEEIT 2, 0.065~0.070 DHLEEIL 2 T
HY, 0060 LLFOHMSA 17 #1505 HT 13 A L5 3/4 2505, Lizhio> T, &EOFEHIE
B,, =0.0586 |X Toba E#XB; =0.062 L VW /WX 72508, FHMED 0.062 LL L% & 5 KK MT &, B
g, KRIR@EIWCETHERE (N =10,216, 2,884, 2,451) NEEEHL (N, = 28,456) DI 55 %
EMRVZNDT, BIROVHE (B, =0.0586) 111 S TALNHIAFEHEL Y K& 2>TW
%

ZOEDIZ, BT D EROH SR B ORHEEEZ [F— I L2 b 220 &7 Toba £25B
O FLEER BT Z LI D L S FEES, BIE - AT 4072 & ORI OHIEIZ L 2 b D
Dy, FRETHIZRZEENZ L2 b OMNEH L TRV, 7238, %R D 16E L O%EE S 7L KIK MT /O B3]
EEA W TB = 0.067%2 13T %038, A EIOFE R Tl Toba £23B O F-¥IfEB,, 1% 0.0620 = £ 5, Zi
A B O M RCEBHMH GO 2 T, %il3 2 X 5 1w, ORI VW72 C, RO FHEIC
KB EZABRE,

Fig. 15 1XgH,/u? & gT,/u, DR % T AITHE (B, = 0.0517) & KB MT /& (B,, = 0.0620) (Z2W\ T
R, 2 DOBMIH A TIE Toba £2 5D EHMEB,, N B 508, EEHMED 3/2 FHIZRTEBREET DO O
ESoEE, WA E L LG EMEEZEH Lz Fig. 13@ICB T 2162 Lk TENTH
DOHIRTIED T/ S0,

Fig. 16 [ X1 BIZ15 72 Toba £2#(B D V-EEHIEENRZE (B, + Byy) & HURER)EEGE Fu, o, & "
0, FHE (O, A, xH) OHZ7e b TEERZE CEYEEZRLET DL ETOMR) 250 TAHTYH,
MEOMICH F 0 RHAZRBEBITAE SR,

Fig 17 13 2&EHT DWW BB Fu, 2 0.1m/s £ ¥ 0.1m/s O X[ Z &R D 72 E¥MEw,,, & E DI
BT 5 & kD Toba (RE D FEX)EHEHERZ (B, + B,) 35 & Of Takagaki 5 BIORUZFS N TH7Z
(22)I12 & % Toba #2% (B =524 x 107 2u;% ; u, < 1.70 m/s) %525, KPFIZI3/NXEBIE BN,
BT, Uy < 0.65 m/s TIENITHERME & DD, Uy >0.8 m/s TIL 100 L F D70, &

5 . 5 .
Toba H:=0.062T)%* Toba H:=0.062T.%*
4 L
a—case a—case
Tokyo to—hyo Osaka MT st. \
% o3 / Hi=00517T; %1 5353 H;=0.0620T %
T N=3,100 T N=10,216
8 2} Takat &2t Takat
i Hy =gH /% r H: =gH 1
Te=gT /u, Te=gT /Uy
% 1 2 3 4 5 % 1 2 3 4 5
l0g1o(Ts ) log1o(Ts )

Fig. 15Relation between gH./u? and gT,/u, based on in-situ observations satisfying selection

conditions at either Tokyo to-hyo or Osaka Mt station (local wind waves case).
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0.1 T T T T T

A L. Erie B45005 a—case
* L. Erie B45132 Taka1
0.08r L. Erie B45142 1
5006} %é 7 Kobe
o % Kanda
+ - % A QOita T
CDEO.047 Kasumi |
L O Tokyo O Ise MT b
O Chiba Ise—wan—-oh
0.021 T-wan—oh O Osaka MT i
| O Kaiho A Osaka(1) J
Ise—Buoy D Osaka(2)
1 1 - 1 L
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Uy sm (M/S)
Fig. 16 Relation between mean and standard deviation By, *+ By, of Toba coefficient B based on

site-dependent in-situ observations satisfying selection conditions and site-mean friction velocity

U,sm (local wind waves case).

0.1
revet a—case
o B=0.062
9341 3215 —l. |
., 0.06F |
+IE - 6,437 6809 1,224 338 88 36 |

D004}  n=oss
B=5.24x 107%u*’
0.02}

(N=28,456)
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Uy m (M/S)

Fig. 17 Relation between mean and standard deviation B,, + B, of Toba coefficient B based on u,
segment-separated in-situ observations satisfying selection conditions and segment-mean friction

velocity u.,, (local wind waves case).

BHEIZHE S AR CTIXEAMEB U & & BICETHMLIZOL, TERLNITHAT L L 9ICHZ
%, Takagaki HBIOH(22)I25-3< Toba f2#Biu, & & HLITFESIZHA L, umBd DHRELL T
WEE AR T &2, MxHEAR/hE 0,

DU IR FEw, D 5 V12 10 m & PR U, o & I TREFT L 72 R 2 k) %, Fig. 18 (3t &
%0l 7= L= 28 BHZ DU T Toba #2%54B, o & 10 m Bk, , & DR E 5 2 5, #IKSEMED 191
HAIREEU,, =5 m/s ZHWTWAEDT, Uy <5 m/s OEBHITFLE L7V, By DEEHEIL 0.004~
0.02 DJAWEFHIZ AT D, UpgDEME & HIZHAAENHME/IN L, By =~ 0.01FFTI24EE D,

Table 6 DA LAiE, Toba F2%¥B, o b FIIEB, g 22V T 0.0087~0.0139 (2537 L, u, D&
& RBRICHL S CAH B 2R ME A 5 2 5, Biom® 0.001 XFEBIHLEHEIE 0.010~0.011 T7 LxbHE W
L, iOFXET2H50ME3 D720, UL, ByDEMA FMEB, oy =0.0116 %525 D3 E
ELTaERHE (N =28456) @ 1/3 58 (N =10,216) % 55 KB MT RIZET 5By D %5
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Fig. 18 Relation between Toba coefficient B;, and U;, based on in-situ observations satisfying

selection conditions (local wind waves case).
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0.016} a—case glta -
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0.004> T—wan—oh O Osaka MT 1
0.002F © Kaiho A Osaka(1) 1
L Ise—Buoy D Osaka(2) 1

0 ) ) R 1 N ' 1 L L L 1

8 9 10 11 12 13
Utosm (mM/s)

-
>

Fig. 19 Relation between mean and standard deviation Bjgs, + Bioss Of Toba coefficient By,
based on site-dependent in-situ observations satisfying selection conditions and site-mean 10 m

height wind velocity U, (s (local wind waves case).

(Byom =0.0124) BHEICHL 20 TH 5,

Fig. 19 135321572 Toba R4 B, o D B HEHER A (Bigsm £ Brosoe) 3£ TN 10 m &8 FGE D
FIEU, gem 2T HUSICH T 25 51 Fig. 16 12813 5D LE L Th 5, Toba FREB, osm % U10sm
DREWVHET/HNIWVEAZ 5 272 < B 7200, Upgem < 11 m/s TIIHUEM TR EWEE Z £V, R
TR 7 A 2 R LR,

Fig.20 (X 5m/s £V 1m/s XH TRD 72U DU, gy d6 KON U T 5 X[RIZ BT 5 Toba
TRHE By DB HAEWENR 2 (Brom £ Brog) E/NXRIBIERHENE 5 2 %, [XIHIZ (T Takagaki HBIZFE
S X (BO)DEREB,, = 1.12 x 1072 (Uyy < 33.6 m/s) ZFTxili & OFATH G T, /INXEHIE B
NI% 487~4,409 L 59 10 {55872 508, I/METH 487 THDHMNE, D L L EHEOBEHICH LT

BIRMEL S 2 X9, Byo®DFHIMEB, g 13 0.011~0.012 DFEFHIZH D, Ujgm & & HIZ 8m/s XHE T
L CHLE 0012 55% & o 7D b, BN T 5, ZAUIXKEu,, THEHEL7ZFig. 17 L[
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Fig. 20 Relation between mean and standard deviation By, * By, of Toba coefficient B;, based

on U;, segment-separated in-situ observations satisfying selection conditions and segment-mean 10

m height wind velocity U;q,, (local wind waves case).

U Td 573, Takagaki HBIO(30)I12351F 5 Toba £%4% (Byy = 1.12 X 107200 —Efl) D 2EHE) &I
HLRNL, BIEOFEEETAHATSE 0.004 F2E/NZ VN, F72, Fig 20 (12351 % By Mitsuyasullll &
Mitsuyasu * Kusabal7llZ 23 < i 5 & 0 1572 2(32)1281F % Toba £2%4B,, (REUIFDI72 5T U, & &
HITRESCONTEEIN) LW OXE A LY, WE OB EEA LRV,

Table 7 {% Wul6l, Mitsuyasu * Kusabal”l, Takagaki © 3133 XX O Iwano HENZ L5 6 2D C,%E N -
WNHEDO B BN @ L7235 81257 Toba #25BE L UB, D&M E (RTIXFHHEm, AR
o, B/IME min &HEKRE max) O—EE7T, Toba BREBIXEHTHC, NI LICEDD, I TH
UL, Takagaki 5131 (Takal) |Z 4 % B, =0.0586 %> Mitsuyasu * KusabalZl®O <A C, 2 (MK2) (Z
X 5B, =0.0625 O (134 0.004) TZEH VY, Mitsuyasu * Kusabal7liZ L. % MK1 & MK2 % Toba
EHBr = 0.062 & HRET 2 Hik T+ 5B, =0.0620 & 0.0625 % 5-% %, N2, MT J& Tl& MK1
\Z & % Toba £&%%IEB =0.0663 ToH HH 0, MK1 % HW\ 7%k 5 LL#K ik S 071 K 5B =0.067 120
720 I,

Table 7 Mean, standard deviation, minimum and maximum of C; law-dependent Toba coefficient

B and those of C; law-dependent Toba coefficient B;, (local wind waves case).

Cy form.

Bm BO‘ Bmin Bmax BlOm BlOO‘ BlOmin BlOmax
Wu 0.0596 | 0.0116 | 0.0181 | 0.1225 ]| 0.0116 | 0.0022 | 0.0034 | 0.0243
MK1 0.0620 | 0.0121 | 0.0189 | 0.1274 | 0.0116 | 0.0022 | 0.0034 | 0.0242
MK2 0.0625 | 0.0123 | 0.0193 | 0.1279 | 0.0116 | 0.0022 | 0.0034 | 0.0242

Takal 0.0586 | 0.0094 | 0.0216 | 0.1029 | 0.0116 | 0.0022 | 0.0035 | 0.0246

Taka2 0.0592 | 0.0115 | 0.0179 | 0.1219 | 0.0116 | 0.0022 | 0.0034 | 0.0243

Iwano | 0.0603 | 0.0118 | 0.0184 | 0.1236 | 0.0116 | 0.0022 | 0.0034 | 0.0243
N, = 28,456
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51T, Takal (Ef)/g#oR) Zbr< S5 HEHOU,  ZRICHE S CAD I B, Ujg <25 m/s TEY
/NEWC,NE %A 5% % Mitsuyasu + Kusabal7l)> MK1 & MK2 2L W K& WB, 24U 5, HEUERZEB, Rk
IMBEBoins KRBy PIEIL 5 FEFEDO U, FHRICHE S CRUZ LD L ODMTHE D ZE RS20, 6
FEFE D C, U IS S FER DRI TIX, Binld Takagaki 5B10 Takal DA H K& <, Bpgy & By 138k
HINE W, Thbh, BEERZEB IOV TIWT IO C,R T EHIMEB, D 20 %FEE TH 53, Takal
Tl 16 REE & /&0y,

—J7, 10 m & EE UK U, o 2 JHVN TP 72 Toba £R34B, D6, SEXIME By oy IR Z22B) 00, 35/ MEB1omin
&R RMEB gmax (B L THCARUTES S HEROBIEICIZ L A EELE LRV, Ziudz m & EREU,
DD MR S D BEEH Eu T WA C RO TEEZ AL 573, 10 m SEREU IIXIZE A EEEY
HETRNWZ EEEKRT 5,

708, 2E F TITFig. 211X Takagaki HBIORXUCILS L Cy & U D x DIEDBISR, Uy =5m/s 15

x 107

a-case ’ )
L NF=28456 ' _
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Fig. 21 Relation between C; based on Takagaki et al.31 equation and U,,, and relation between wind
velocity U;, segment-separated mean and standard deviation Cg,, + C;, of C; based on in-situ
observations satisfying selection conditions and segment-mean wind velocity U,g,,, in addition to relation

between C,; based on any of 5 U,,-dependent C; formulae and U;,(local wind waves case).

Table 8 Mean, standard deviation, minimum and maximum of site-dependent Toba coefficient B and those

of site-dependent Toba coefficient B, (local wind waves and swells co-existing case).

meas. station N B B1o
B, B, Bnin | Bmax | Biom | Bios | Biomin | Biomax
Hiratsuka 3,939 | 0.0502 | 0.0093 | 0.0201 | 0.0961 | 0.0095 | 0.0021 | 0.0033 | 0.0205
Gobo 3,085 | 0.0412 | 0.0094 | 0.0178 | 0.0792 | 0.0077 | 0.0022 | 0.0028 | 0.0158
Komatsushima 820 | 0.0453 | 0.0085 | 0.0229 | 0.0666 | 0.0085 | 0.0020 | 0.0037 | 0.0139
Okinoshima 2,748 1 0.0435 | 0.0103 | 0.0172 | 0.0783 | 0.0081 | 0.0024 | 0.0027 | 0.0159
Sadamisaki 274 | 0.0501 | 0.0087 | 0.0301 | 0.0764 | 0.0095 | 0.0020 | 0.0051 | 0.0153
all stations N, =10,866 | 0.0456 | 0.0103 | 0.0172 | 0.0961 | 0.0086 | 0.0023 | 0.0027 | 0.0205
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1m/s Z & DX TRDT2Cq D FIEC gy & R HERZEC o 36 KON L IR U, o, & PXTRT BTN IZ
M% T, 5FEDOU,FRIZL DA (Wu, MK1, MK2, Taka2, Iwano) (Z5-3< C, & Uy DBfR %R
9, NIdUyp >16 m/s DX TH 270 L FEXFIIC A 72 v, BIHIZ 1 Takagaki HBIORSEC, = 0.00255

Zen R & OSEATHR S 52 Do CqDIEIZRE /3 DEEHME % 510Uy, < 15 m/s Tld MK2, MK1, Iwano,
Wu, Taka2 OJIEIZKE <72V, Takagaki HBNZH-3< Takal (UpoXHBIDeF]) XLV K& WL 5
2% ZOMIMEZANDDCAIZES S BOEDORHE L O3 N ET D,

BT, DYINERIRIETE 77— 2 12%F L TH7- Toba f235B ¥ £ OB o Z L E N D FEME (By, Biom) s
R ZE (By, Biog), B/IME (Bmin, Biomin)s» WHKME (Bpin, Bromax) PHURRI—% % Table 8 (277
T Z fEA@B@ﬁ?tfwﬁ IB,, =0.0456, B, ® F-H#IEIXB;gm =0.0086 TH D5, a)NiE - NHEIRIR
F—RZBTDHENETNOMHED 78 %EB LN 74 % &7z /S, Ld EWEO LB IX
B =0.0412~0.0502, By, =0.0077~0.0095 & fHXIHIIZHN, D)FMERIRILS 7 — X128 1F 5 Toba M
S Q)N - WIFIRIR 7 — ACBIT DR LV /S Wl & LT, BN ) OFERH
DD, T OWHEIEFRITBLEE T 5202 TR,

4. 4

anl
ju]

AR TEFERITOEDL > TH D,
(DTakagaki &35 LU Iwano HMIC X V2R SRR TIE, MBEETUREC,, BIRFIEREESR /g |
LR 2213 10 m & BEIRAEGH U, o = 33.6 m/s 28L& LT, LIRMEC, = 2.55 x 1073, Ef,} /g = 2.27 X
107* m/s, z, =0.363 cm BNEZ 5N, THHOEMEDZ BT « BP0 K v IE S - BE
DL - BUAIEE (U <25.5m/s) IZBWT, ZhEho EREZ EEb o ERIME LA EHFEL
RNEWS BIRT - EREMRREIND, £z, MERz % base &7 5 WRICIEIR = K /LF —F & IR
JCE— 7 JE S, DBAR IS K O kT D FERAE & 92BR - BLIE & OXERIZ DUV T b Takagaki HBIO
RO LVEND HFRERIESND, L= > T, Takagaki HBIORGICHES AELEH, - A
JAHAT 705 ORER 2y, *EANC X 5 Cu8 X0z m @ R U, 2> 5 OEEEGEFu, & 10 m & R,
O E 22T 23 FTEEIC 72 D
@10m & EREEU, o < 33.6 m/s TUoDBI% & L TF & 417 Takagaki 53] (Taka2) 35X OV Iwano &[4
(Iwano) (2 X B¥FMHIAREC, DML « FIEER (< 25 m/s) (CIZEEED Mitsuyasu + Kusabal?l
(MK1, MK2) I[ZXAELVO0RE L, mEER (>27.5 m/s) ([ZIT00/hS 0, Wulehz X5 C,l%
Up >15m/s TliE, ZhHDHI L TRBKREVWEELZ 525,
QPR u, TF I 417z Tobalbld 3/2 FHINZI 1T 5 Toba tRIKBIL, EfS/g°C 2B 5 EIRMEDIFIE
% 7RI8 U7z Takagaki HB1E Iwano HMOFEE Tldu, < 1.70 m/s DA EL T < u \ZFEOIT (o
w0, u, > 1.70 m/s DEPFAuAHRLS (o ulV?) KFET D, OF D, Toba fREB % iEH & 9% Tobals)
® 372 FHIL, u, <1.70 m/s @iﬂ/\ IEFFVVER TIPS TIEE 523, u, = 1.70 m/s O HE5E R
HRF DG E T HIFPMAL L7e vV, Takagaki HBIOEBRER (Ef} /g, 20, ., Uy) [ZHEDWTEY
&7z Toba fA35BH & OB D F N L, 38 L U, o ~DHAF 2 £ #B T, 7 UFEBRRERICHESL
fEl % DBF KX UB DL B Z N9 5 2 L AR SN D, F72 MitsuyasulIDFERTH,
Toba FREITEEFHRL TR LI ERGTIEIRBE~D Z < G9WVKIFME (c F20°) 25 %2, ERELITE X
20, u, < 1.70 m/s OEEREOFEER - BUHIE T, Toba fAEB DU, ~DIFWREMEN LD H L2 b
RV, HEEWRIZEDENE G2\, 7ok, SEIOMRETCHEM L2BEFO FER - BIHIEEL IO
B - NIEICB T 2BIEEHTIFIET R TU,p < 33.6 m/s (u, <1.70 m/s) THLNLTNWHDT, H
SRR (Uye = 33.6 m/s) (28T DTG LR b0,
@u, @(ﬁUmm%a@Eﬂf_@;@%ﬁ BHEFR (u, < 1.70 m/s) TiX Toba 23D F-¥ME (B,,) X Toba &
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¥ (Br = 0.062) LA T 50, HEHERAEN 0.009, L7272 - CEHHEHERERAT 0.053~0.071 &,
NIR Y OEENEZ © o, £7-, EBREEIEMTIEB, = 0.062 (0.0624), BLHIEEHEIM CTIEB,, = 0.062
(0.0615) & FEHMEB, BT 2 AEOZEIT/NE WV, —F, u, D7l % Takagaki HBIORUZ L H5E S
FEBR - BE R TIIIFIER CEdE, 72 & 2 1EB, =0.063 & 525, Lo L, FEBRE M CIEB, = 0.060
(0.0601), #BLAIEEIEA CTIEB, = 0.064 (0.0642) & WHEDRERIZZVOENBND, Tobb, u,
HeE XD FENER OB L RS D, £72, ik Takagaki HBIOXAFTe 6 FHO
Ca % ENENu, OHEEIZH WS4, Toba (RO FEH)EB,, 1% 0.063 (0.0626) ~0.068 (0.0681)
FEHEZ LV, wOWHEMEEHWZSEADB, =0.062X 0 K&\, %, D HHTlE, Takagaki HBIZ
£ 5 (Takal) 23928k - BIHIEEHIE S < Toba RIBIZHK bV ME% 5 X, Mitsuyasu * Kusabal”l?
X (MK1, MK2) b KEWMEE &5, 51, u, B X OBIZH LT, Takagaki 5BIZ X 5 (Takal)
IESEBRE L 0 BIE OBEIT, WU RRIC L D& CAUTBIIE L v EREOGEICENETN L
FETDHZ LD, WNE - NHlEOBIIEEHI % L CiE Takagaki 5B & 530 (Takal) O A LV i
UInfERE 525 LB 605,
(®Takagaki 5315 L O Iwano HHNZHEES S FERTIE, UypZamd 3/2 FHNTI T 5 Toba #R34B, 1%
1.12x 1072 (U9 <33.6 m/s) ToH 52, Mitsuyasull1D @ DF K & Mitsuyasu * Kusabal”ld €, 7
ZALIE D TS 72 3/2 FHI 0D Toba $R5K B o 13U, 38775 O B R SEMR DL FREE (oc FO00%) & EUE (oc USS®)
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X, BB PEENIZNTEILBCB DEEND 2 FfFIZILRK S NIZE TN D,
®WilsonI DIV K AUIE, Uy gFm D Toba F23B o (X F D A4iPH (0~00) (2% L T1.19 X 1072~1.43 X
1072 L0, 20 %DOEE % 5T,
OFEFEOHIFISEM 23 LTt L2 @i iRigIC 10 2 N - NilEOBLIIE R (U, <33.6 m/s) & H
V72 Takagaki 5 BIOFRUZ LS < fEHTIC LIE, Toba fREBPB ol FHMECTAHATYH, FHENB, =
0.0463~0.0679, B;o, = 0.0087~0.0139 & BLAIMIAT = L 122272 0 OE B &2 £, 2R TIXEMMEE LT
B,, = 0.0586, Bj,,, = 0.0116% 5-2 %, Hi#& 1% Toba 4% (B; = 0.062) XV 0.0034 /& <, Takagaki &
BOXEDICESSHEL Y B L LTRORRE W, HE 1T WilsonPID VAR DT BT HS <R R
(Byp = 1.19 x 1072) ZIT\W 23, Takagaki HBIOELHHBIOE L Y K&V, F72u, KR TH7- Toba
¥ BIX, Takagaki HBINZES KRV AET HEH1T, w. k& bIZETHATHEIICHZ DN,
[FAE DB AU, F 7R D Toba 5B, CH A XD Z LD, WHEDOBEEITLT LHEA LRV,
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6 7 — ADFHEH|TIX Takagaki 5BIDORA (Takal) (Z£-5< 0.0586 725, Mitsuyasu * KusabalZlD U, o~
FRMA (MK2) 12H-5< 0.0625 DRIOEE & 5, Z ONARILIEER - BLAIEEHI KT 2T 61556
NTNENL E —ET 5, —J7, U, bRD7=U, & AV 5354, Toba £25B, o 13 C, = UTIFITHAF L7220,
Ob)MER IR IATFr — A2 H 1T D Toba fRHBCB o1 E Q)L+ WY IR 7 — A DZ N HIZHAR TR S
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AL DA (22) THI= X 912, Takagaki HBIORITIS 1T 2 Toba F2%IT
B =524 x10"2u;%t ; u, <1.70 m/s (B—1)
TH Y, Uppu, R (€70 HRDOU ~DEFMZ R T OH7 57, HixHE bu, > 0.186 m/s (U >5.73
m/s) T Toba E#(Br = 0.062L VW /&< 725, ZZTlX, TobatREAHEMIEL7-DD 1 >OTKE
LTk ~%, 3725, Ef2/gLUzDRER%Z 5 2 % Takagaki HBI0 Figure 2 (231 2 EBRED X
LOEXERDE, Eff/g=227TxX107%% & HU DIRFUE, T 72D HERFEIRU, o % Takagaki 5BIIZ
£ % 35.0m/s X° Iwano 542X % 33.6 m/s T/2<, 30m/s LT 52 L bA[gEL Bbisd, £IZ T,
227 x107* = 757 x 107¢ x 30 % & & L T
Ef) [7.57 x 107Uy ; Uy < 30 m/s
g [2.27 x10™* ; Uy =30m/s
LT 5, R@ADOFE 1 N TIHHRE6.75 x 1076 TH 5005, R(B—2)DMREIT 1.12 % (=7.57/6.75) I
2%, DWT, Ef/g<227x107*ThH D105, €4 <255x10731272 %, ZOHEC,ARITX(B)DH
RUZKB—2)DHF 1 K2 RAT T
- 0.4 z
7 log{1.42 x 10=4(7.57 x 10-6U,,)~2}

(B-2)

(B—-3)
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Thh, XAB-2)OFE2XKE2EDD LERKIT2D,
- {0.4/10g(2.48 x 10°/U%)}? ; Uy < 30 m/s

a= s (B—-4)
2.55x 10 ; Ujpg=30m/s
DOEIZ, Uy =25~30 m/s (2.5m/s [EfE) 12k+ 25 (B—4) Ofi%
Cq = aUfy (B-5)

TIELL, Uy =30m/s TCy =255x103L925L b, 25D FHETa, bEHEHTSH, D15
@1F 25m/s T & DU K L TRDTeb, OFERBfEADE L Cak BT HHIETH D, Thbh, Zi
Fnad &R E LTkl TcEREND,

n

10i _ 1 Z lOg{Cdl/(ZSS X 10_3)} _ 2.55 x 10_3

U b
= 2.55x 1073 (—) b= , a=
Car = 255107 57 ) b 10g(U01/30) @ 300

” (B-6)

H 9 1O0OWIE 25 m/s T & DUIIR L TRDTEXB—H)IZEHC,DERNZU, =30 m/s (— I
IR FEGE U ), Cq = 2.55 X 10 3DFRMFD H & The/lh 2 Feilk (LSM) IC L W bEEIT 5 HIETHY,
boOFHEAITRATREND,
b= Ynlogx; -logy; o Cyi Ui _ 255x107°
T Ty (ogx)? YT 255x103 YT 30 4T 300
FEEEOMH TIL, WFOFRO S b, BEHEICK T DA E O\ 28T 5, o RFRHEU, o
B B VIR EEESE Eu, DA ITIEB—6)H 2 W ITX BB D 130] U o 213w lE 2
AU ATREIC 722 5
I TCTEQIEOKB—6) T LI-AER, CuDU TR LD _FFALGILA T B—4)0F 2 L&
LBz
_ [5:36 x 107*U*° ; Uyg <30m/s
‘e [2.55 x 1073 : Upy = 30 m/s
THZbN%, Uy =30m/s Tlidu, =1.52(1.515)m/s TH 5, L7=2> T, Uy &u DRERIEFRAD X
2T D,

(B-7)

(B—8)

(21.4u;%%®u, ; u, < 1.52m/s
19.8u, ;u, = 1.52m/s
Table B1 13 (B—4), K (B—8)DIiEH>, ALH ™ Table 1™ Wulél, Mitsuyasu * Kusabal”l (MK1,
MK2) 2k BC,0— a9, ZhbidTable 1 ORIFEDFER & T Wulthiz L A5 RIS <,
e T, REDICHEY 45T

Uy = (B-9)

H\? 1gT\ "3 U
(guzs) (g 5) =7.57 %1076 x 16 x 1.053 (f) =1.40 x 10™* x 21.4u; %187 (B —10)

Tebb, K@2)EHX@3HDMYERIT

3/2

T,
5.47 x 10~ 200935 (@) s u, < 1.52m/s
gHs U, B-11
u? | 1.52\12 /gT,\3/? ( )
|5:26 % 1072 (—) ( S) ;u, > 1.52m/s
u, U,
225, 22z, RB—1D)E 2 Ko EEIFrRIc X 5,
gHS>2 (gTs)_3 2.27 x 107* x 16 x 1.053 »
= =27.7x107* x 1.52/u, B—12
( u? U, (u./Us10)Uqg ( )

Table B2 i3z\(B—11)IZ L % Toba fR# D 100 5% 5% %, KEAAINTIT Toba FREUITH(22)F LY
K2)DFREE AT 5~6 BT HBRETH Y, u, ~DOELFEITBNC L TRAEMIZIE Toba &K
Br =0.062 1V 15%FEE/ NSV, K(B—11)5 1 KD Toba f&5kBIdu, OEIM & & bW+ 5, T/
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Table B1 Change of C; value with increase of 10 m height wind speed U,, forany of 5 C; laws

including modified versions of both Takagaki et al.31 and Iwano et al.[] laws.

Cy x 103
Uyo(m/s)
Wu | MK1 | MK2 | (B-4) | (B-8)
5 1.13 | 1.09 | 1.01 | 1.21 1.12
8 1.32 | 1.09 | 1.01 | 143 1.39

10 145 1.21 | 117 | 1.56 | 1.54
15 1.78 | 1.53 | 1.53 | 1.85 | 1.86
20 2,10 | 1.84 | 1.84 | 2.10 | 2.12
25 243|216 | 213 | 233 | 2.35
27.5 259 | 231 | 227 | 244 | 245
30 275|247 | 240 | 255 | 2.55

Table B2 Change of Toba coefficient B based on modified Takagaki et al.[3] equation with increase of

friction velocity u,.

u, Uy, |eq.(B—11) u, Uy | eq.(B—11)
(m/s) | (m/s) | Bx10% | (m/s) | (m/s) | B x 102
0.10 3.29 6.78 4.00 79.2 3.24
0.15 4.58 6.53 3.50 69.3 3.47
0.25 6.93 6.23 3.00 59.4 3.74
0.262 7.20 6.20 2.50 49.5 4.10
0.50 12.2 5.84 2.00 39.6 4.59
1.00 21.4 5.47 1.52 30.1 5.26

B, Toba f£%#BliTu, =0.10 m/s(U;, =3.29 m/s) T 0.0678, u, =0.262 m/s(U;, = 7.20 m/s) C Toba
FEHBC BT % 0.062, w. =1.52 m/s(Uy = 30.1 m/s)T 0.0526 % & U, & =752 L Tu, = 4.00

m/s(U;o = 79.2 m/s)T 0.0324 &, Toba 4B, =0.062 DK 1/2 1272 5,
DNT, Ul LB EARTIEAEBO) TG 20T

3/2

T
ot [1.18 x 1072 (%) S Uy < 30m/s

10

U2 30 1/2 T 3/2
1 l1.18 x 1072 (—) (b) : Upp =30 m/s
Uso Uso

(B—13)

TRIND, ZOHAHD Toba t£5B,, = 1.18 X 1072 (U, <30 m/s) 1$H5 BN L 5iEEIA(36)I2F

T AEE1.19 X 1072 (F < 103~10%) L IZIFEET 5.
S50z, R EAR 2R R@E DY 35 0T

7.57 x 1076 ; Upp <30m/s

Efy 30
gUsy  |7.57 x 1076 (U_) ; Ujp = 30m/s

10

ThHv, UMY 50
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[1.62 x 107

Ef} |7 go1er ; U, < 1.52m/s
o o (B—15)
* 1.49 x 10‘4( ) ;u, = 1.52m/s
2725,

Ef}/gu.ifu, <1.52 m/s Thu,~DEKFENEE b D, Ef}/gUylEUs, <30 m/s TEHE & RS,
NS OBIREGEIR TIZES /gu., Ef3/gUio@ W & bu,d 5\ MIU o~ DA B RN 2 /- T
PRI U DR BB U o, L7223 > Cu, ORFREHu, DEFIZ L > THEDL L2,

C. u.RTRICKBDES/gERW=1RE (1) (u., =1.70 m/s ® case)

T 2 CIIBREEE O RRME Zu,, =1.70 m/s &3 555 O Toba fREIZBIT 2 Mt 217 9., AL TH
72 & 912, Iwano HHNZ X 5C, & /= Takagaki 5B X DfERICHES< 3/2 FANZEIT D Toba
REBIL, Uy =33.6m/s (u, =1.70m/s) DEGESFRMD A7 5T U, < 33.6 m/s (u, <1.70m/s) DJE
HWEEDO S & THhu LML o0, ZiuE 3/2 RAIRTEOERIZHT- - T, F2Eh w, £ 721U, I
EIETHCRORMAEZBELETAELTZHLDTH D,

Takagaki HBICIXES} /g (Figure 2) BXUC, (Figure 1) OEBRFERIIU, & OB TEIE ST
WDB, Upp b u TR L Z T N2 2 2D, SRR 2 Rl (ER) b
DEBHEDITOSEE2ZET DL, Eff/gBL0CITu, L OB TRT L ARREEZLND,

%9, Takagaki HBIZIBVTC,D EIRIEIZU o 233.6 m/s (2%f L TCC, =255 x 103 TH L5,
BT Duddu, 2170 m/s 12725, LT, ZHICHHIGT DER/giFN(D N HEf} /g =227 x107*

(Uyo 233.6m/s, u, 21.70m/s) % & %, Figure 2 IZ3BW\WCRillZu, L 95 &, Ef,)}/g=227x107* =
1.335x107* x 1.70 (u, =1.70 m/s) TH D16, Ef;}/gidu, <1.70 m/s TiE 1.70 Zu, 22 2 72k
TERIND,

Ef) [1.335x107*u, ; u, <1.70 m/s
g [2.27 x10™*  ;wu, >1.70m/s
F7o, AKX C—1D)DFE 1 RERAT S &,

C; = [0.4/l0g{1.42 x 107*(1.335 x 10~ *u,) %}]? (C-2)
THY, RADITHEYT D Cyldu, DEfEE I L TkRiIc2 5,

.= [{0.4/10g(0.797 x 10*/u?)}? ; u, < 1.70 m/s

2.55 % 1073 ;u, =170 m/s
DNTCy=aulé LT, u, =170 m/s TC;=255x103L W H %MD & iCu, =0.10~1.70 m/s

(0.10m/s fifRE) OHIPHTH(C—3)DH 1 XA ELE T HIL, Ffla, b3FEB &L [ARO@IETRIE S

No, wDOEFMHIZHT 2 CuD~F TR RIAITR(18) & X(A7)ITkHE L TR TER I D,

C€-1

(C-3)

2.00 X 10732459 ; 4, < 1.70 m/s
a= 3 (Cc-4)
2.55x 10 ;u, = 1.70m/s
U = (22.4u;%??%)u, ; u, < 1.70m/s or u, = (1.777 x 107 2U2°")U,, ; U;o < 33.6 m/s C—5)
7 [ 19.8u, s u, >1.70 m/s
R(C—B)DHE 1 N TIHLU T TOMHHZE 2 TUy — w, BB Eu, — U BAROEE %2 5 2 T\ 5,
VT, u, <1.70m/sTIEXR0) EX(C—D 6
Ef} u, gH\? 19T\~ )
7_16x1.053(u3) (u) = 1335 %107, (€=6)
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Lo,

HN\? /gT\ "3
<9u2s) (i S) = 18.522 x 1.335 x 107* = 24.72687 x 10~* €—7
ThHoND, RC—1DDF 2 RUESFER LEADLE TR S,

3/2

T
oH [4.97 x 1072 (%) s u, < 1.70m/s
S

*

u2 (C-8)

1.70)1/2 (gTS 3/2

|l4.97 X 1072 ( ) ; U, = 1.70m/s

* U,
bbb, u, <170 m/s 2% LT Toba f#3B134.97 x 1072 L £ % & 578, Toba & B, = 6.20 x
107200 80 %D K& XThH D, B=497%x107213(22)H 5 W FX(23) Tu, = 1.70 m/s DHFADBIZ
LW,

512, Takagaki HBI0 Figure 2 (T8 HEfE /gD %8 % u, OB E L TR(C—1) THRTHAEI
13, u, < 1.70 m/s OFEIIZK LT Toba @ 3/2 FHNCIH T H4R5B(= 4.97 x 1072)1%, k> T
U o Z5m D Hu, R ICEH T D AR SR OB (= 524 x 107 2u; %) L %72 Y, Toba E%t (By = 6.20 x
1072) L [ARRICuJ IR LW —TEEA & 5235, #axHElL Toba B D 80 % & /hE Wy, —J7, u, = 1.70
m/s OFHREEL TIE, Toba MAHBITu AT HHI L THA T2 2 L5, Toba @ 3/2 FANTHITR
FRAL L7 E WS REEIIE D B 720, I 61T, EfF /guldX(C—1D) L ki b,

1.335 x 10~* s u, < 1.70m/s

Ef3
gu.

(C-9)

0
1.335 X 10_4( ) ; U, = 1.70m/s

*

K@) DOHE 1 NFu 2O pIfFREZ R~ T O LT, X(C—DDFE 1 NxEHr L5, /2, F2X
FRHM@) ETARC—DDOW T bu, LW HFIORRE 5 2, RETEERIA AL LN 2 & 2R T,
—7, RC—5)DFHE1X 2FH) ZHWTR(C—7)Z2 U FRICERT L,

2 -3
H T. w
(9 25) (b) =16 % 1.05% x 1.335 x 1074 (_) = 24.727 x 1.777 x 102U%2%7
Uio Uso Uro

= 43.94 x 107°U%2%7 ; Uy, < 33.6 m/s (C—10)
Thbv, XC—DDFE 2 bRAiTh D,
gH\* [T\ 42.04x 107
(Ufo) <U—0) T Uy
L2 o T, WMHEDREEBgH J/ULITIRATREINS,

; Ujg = 33.6m/s (C—-11)

3/2

T,
gH, [6.63 X 1073U%1° (Z—lz) : Upp < 33.6m/s
Uz, = 33.6\/2 /gT,\3/2 €-12)
l1.12 x 1072 (T) (U—lz) Uy = 33.6 m/s

LEBODH 1R EREALD, L(C—12)D% 1 RUTBVTIiE Toba FaEB o |\ U K FENEN S, Z D
A, Toba #R%B,, DI KMEIF1.12 X 102 TH Y, Uyp <33.6m/s TIX LV /NS UVMEDH1.12 x 107223
T 5, ZOX¥ENTFig 9°Fig 20 1R L7BRMEIC RS $Eh b LT L HEEA Ly,

T, Eff/glu 0Bt (R(CE—1DOFHE1R) 2HW554, Toba fREBIXTEH A & 573, Toba &
BB =0.062 D 80 %L /NI L, UpoRRICE#T 5 & Toba HRIB, o (T ITREL.12 x 107225 9
Upo~DIEDRFVER B, BINCESSFEE LT LA LARNWZ LTk D,
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D. w.RRICKBDES/gERUL-1&E(2) (u.,. =152m/s D case)

1% C CIIEEE Ky, OIRMEZu,, =1.70 m/s & L2550 3/2 FAUIRTRROEHNZIT 72208,
2 TIEAFER B TGS L Cu,e =1.52m/s & L7CH G DR A 13005, Z OB, 8 C & B2 28l %
ELHETTHEMBRIZF -THHDT, HFCOXEZOEEH, HIEOARETT S,

F9°, Takagaki 5BIZEWTC;D EFRMEIZU,, =230m/s (2% L CCy =255 X 103 TH D05, Y
T Huddu, 21.52(1.515)m/s (2725, £ LT, ZHIHHIET DE/gi3s (7)1 HEfE /g = 2.27 x 107*

(Uyo 230 m/s, u, 21.52m/s) % & %, Takagaki 5B Figure 2 IZ3BW TRl Zu, L 32 &, Ef} /g =
227 x107* = 1493 x 107* x 1.52 (u, 21.52m/s) TH2H7b, Ef2/gldu, <1.52m/sTiL 1.52 Zu,
WCEZ R TERIND,

Ef} _ [1.493 x 10™%u, ; u, < 1.52m/s
g [2.27 x10*  ;w. >1.52m/s
F72, X@)OFE 1RXXKD-—1D)DFH 1 XKE2RATH L,
Cy = [0.4/l0g{1.42 x 107*(1.493 x 10~ *u,) %}]? (D -2)
THY, R(C—3)THYT D ChlTu, DA LTk 5,
.- {0.4/10g(0.637 x 10*/u?)}? ; u, < 1.52m/s
2.55 x 1073 ;u, =>1.52m/s
DONTCy=aulé LT, u, =152 m/s TC;=255x103L W H 5D & iCu, =0.10~1.40 m/s

(0.10 m/s f#If@E) O#iPHTHA(D—3)DH 1 X& 34T, 17¥a, b2 F8EB & FAED @ikE THIE S
N5, u, DRFPHIZKT 5 Cyd6 LU D F FHRGEEIAIEIA(C—4) & L(C—5)ITxbi L TRATE S
N5,

D-1

(D-3)

211 x 1073u2%%8 ; 4, < 1.52m/s

a= _3 (D—-4)
2.55x 10 ;u, = 1.52m/s

3 [(21.8u;°'229)u* ;u, < 1.52m/s or u, = (1.837 x 1072U%*°")U,0 ; Ujp < 30 m/s -5
7 19.8u, s u, > 1.52m/s

KD—5)DFE 1N TIHUTFTTOEHAEZE X TU — u BB Eu, — U BIROME %2 5 2 T\ b,
VT, u, <1.52m/sTIEXRO)EXD—-D S

Ef3 u, HAN\? 7gTN\ "3
% = texraw ) () =1493x 207w, (=0
L7225,
gHs\* (gTs\ > _ -
( = ) (u ) — 18.522 X 1.493 X 10~* = 27.6533 x 10~ (D-7)

ThHoNE, RD—1D)DF 2 RUESFHERLEAEDE TR D,

3/2

T.
gH 5.26 X 1072 (%) su, < 1.52m/s
S *
w | 152\ Y2 1gT\3/? (0—8)
|5:26 % 1072 (u—) (u) ;u, > 1.52m/s

KL(D—8)% 1 NDFR%k5.26 x 1072FHX(C—8) % 1 XDfRH4.97 X 107212 T 58 % RE1, 2 X
WZDOWTHFEI L TH D, Toba BBy = 6.2 X 1022 KA L H L&, u, < 1.52 m/s IZ%f L T Toba t&%k
B1X526 x 1072 L 4% & %78, Toba EHMBr = 6.20 X 10720 85 %D K& X Th 5, B=526x%1072
IEX(B—10)DH 1 Xd> 5V EE 2 X Cu, = 1.52 m/s DA DBIZHE LY,

Y 512, Takagaki HBIO Figure 2 (23815 DEfE /g D% 8% u, OB E L TAMD—1) THETHAEI
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1%, u, < 1.52 m/s OFEITK LT Toba @ 3/2 FANZE T H4EHB(= 5.26 x 1072)(%, C,ick->T

Upo -0 bu, R ICE BT 2448k B HOLRHB(= 547 x 1072u;09935) L B72 1) | Toba E# (B =

6.20 x 1072) & [FRRICuJ RS LW —El % & 5728, HokHEIX Toba D 85 % &/hS\, —J7,
> 1.52 m/s ORBIEEE TIL, Toba 4REBIFu, 212 B L CliA 3% = &5, Toba @ 3/2 Ffl

EHITORAZ LR E W SRR ED B2, 612, Ef)/gutdA(D—1)& v kA s,

1.493 x 107* ;u, < 1.52m/s

52 (D-9)
) ;u, =1.52m/s

Ef}

gu.

1.
1.493 x 107* (

*

KB—15)DH 1 KIFTu ¥ D BIER Z R~ T DI LT, RD—9)DH 1 XiFEkzs Lt b, £,
% 2 NFXB—15)FE72ITXD—9)DOW T bu, LB OREGRE 5 2, RETEERIRAL Len S
LaRT,

—7, AO—5)DFHE1X QFHEOX) #HWTHA(D—7)Z U, FRICE T I,

2 -3
H T, U
(9 S) (ﬁ) = 16 x 1.05% x 1493 x 10—4(

) =27.6533 x 107* x 1.837 x 1072U%2”

U120 Uio 10
=50.80 X 1075U%7 ; Uy, < 30 m/s (D — 10)
Thy, XD—1)DF 2 Nb R D,
2 -3 -4
gH,q (gTs) 42.04 x 10
25 = U, =30 D-11
(U120> Uso Uso 10 m/s ( )
L2 o T, WHEDREEHgH JULITIRATRENS,
gT\*"?
7.13 X 1073U%H° (—) ; Ujp < 30m/s
98 _| Uio (D —12)
Ulz() - 30 1/2 gT 3/2
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KLEBOYDHE 1 KLXB-13)0FE 1L E20, XM—12)0%F 1 KBV THA(C—12)0F 1 KL
[FIKEIZ Toba fR4XB o \C Uy o IRTEVE RSBV D, {488 C DFEEL L Hh_C, 2 DB 5%ERFE R X
72T, BbbRu,
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720N,
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— =au, (D—-13)
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(0) AR (B, =0.0517) (Z351F 2 BHIE RN ORTZESS /gD ER & Uy & PR TR LTz H DT
HY, FPIZITU,D 1 m/s T L DOXHNZIB T HES /g @R OF-EIE L AFHER TS XU, D K HBIE
B o2 KT 22 TORMIIEX DES}/ gE RO MIRRZIERT 5 2 LIZhH DD T, Bifizu,
T2< Uy & LTHREIZR, BEfE/gERHIAL TR 9 SORMEZBR L THI STV D,
whD L, Ef/gn o b, 227x107* (m/s) A 2ERHTIFZL A LWL, RROBDTH3x107*
UFThHY, R(D—18)I25 27-3.15 X 107HIZE L2V, 72720, MU, O KfEIE 25 m/s LLFT
HY, Eff/gDERHNIEBIMEGRR 26t 5 & LIZERHI R TR, 5%, RT —2°7 A4 7 —4
\ZEH LT 30m/s 82 2@ EHRIZ 31T D8 - IRBUAE B 2 INET D2 LER S D,
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Fig. D1 Relation between Ef,’/g and Uj, based on any of (a)observations at 17 stations, (b)
observations at MT station in Osaka Bay and (c) observations at Tokyo to-hyo station in Tokyo Bay.

Each figure gives mean and standard deviation of U,,-segment-grouped Efp3/g and coresoponding

mean Uqgp,.
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Takagaki HBIOEBREE ZEHAT 272012, 777 LOGEHMETGRY HO 7V —Y 7 N2 HNWT,
(DTakagaki HB1 Figure 1(a) 7>Hzy& Upg(ze) Pict Y, Figure 1(b) 725C, & U (CDFHELY &
u, (= € Uso(C) PR EAT 5 T2 b, 2D Uy D Bl 72t — Bk WERB L 2. ZHUC K, 20, Uso(2o),
Car Upo(Cp), uDERMAET=, D\ T, @Figure 2 nHEf/g(=E)&Uy(E)DREY %17 -7,
Figure 2 O&EHR(N = 27)1X Figure 1 O&RHE(N =15) X0 202 &b, WERHIRBWTU 28ME
E—8T &R E ENDSOEENZ B Lz, Figure 212815 5U,0(E)iZ Figure 11281 5U;0(Cy)
13 T AEFEATWED, EZFOUWETRISLRVWER L HDH, S HIZ, OFigure 4 260
Usmeasured (= Usmeas) P HEH Y 21T~ 72, % L C,Figure 1(b) 7> 5157-u, & Figure 4 7> 5157 U meqsurea

(U, DLV Z\) OXIEEHER L, B DUimeqsurea @ N & L2,

Table E113zy, Uo(2zo), Uio(Ca), Uio(E), Cav er Uameass Uscarr Uro(E) (8%, E, B, B,
BioO— %% 525, EICBTDUL(E), E, wearr Bearr BrolTEBHENZ W20, 2 BEOFRE LT
5, WD 5HNERLS KHNOEBEILF AT THEEL TWDHDIZx LT, &&EO 5 FNIEZENLINDFID
TR EMNL LT D, we i FEZ AN L LI23(5) & R(DIZ X B3 EMEU, o /u. D%k L Uy (B) DFEIC
KD, ZORND, Uyy(zo) & Uso(Cq) LU (E), B EVU Etmeas & Uecar 2OV Tl P 2 Bl Z R,
TNENDR Y BURFENPERIND, £, UTIERTH LI, z&Up(ze) P71 v MK,
CabUpo(CHP T 1y ML Ef /g (= E) L Uyo(E)D 7 2w NEIZZ4LZ 4L Takagaki 5310 Figure 1(a),
Figure 1(b), Figure 27y M & ILSHFET D, BT HIZ, EEMEOTR Y FEIX 720 mn
EBIREIND, LUT, Ul T 2IRF2EMET 5,

Fig. E1 1% (@) zy& Uy, 0)Cyl Uy, () Ef}/glUsy, () zplu., (€)Cilu, (F) Eff/g&u., @
BtRE 525, T7205, 2z, Ci Eff/glcxt LT (@)~ (c) D 3 #idUy & DER, (d)~ (F) D 3Kl
u, EOEBRERT, Eiko Lo, @~@ICBITL24T—2mO7 1y MRELIX Takagaki HB10
Figure 1(a), ()& XL U'Figure 2 LD THEET 2, 2z, Cpy EfS/gDHEEHMEITU, =33.6 m/s
HHUVE 30 m/s, u, >1.70 m/s & 5T 1.52 m/s T, HEMEOEEL TITEHI—EDHEZ L 5 LD
WA zD, @EMOLIEICAS &, KHPodh#Riiu,, <33.6 m/s DE, ALFHOH(G) EXA0)D D

6.9 x 105\ (Ef2\* (6.9 x 105 . .
2= [——— ) (-2]) = X (6.75 x 107)2 = 321 x 107°U2, ; U;o < 33.6 m/s (E—1)

9.8 g 9.8
Uy <30 m/s D6, A(5)EAXB—2)DHF 1 b
Zo = 4.03 X 1075U%, ; U,y < 30 m/s (E-2)

Thd, ZNENDRGEDRIEU o Lh ETIEAIHFOXG)IRT L 212, ERfEz, =0.363cm % &
%, Fiz, T LIZFEHRRIL Takagaki 5310 Figure 1(a) 123517 2 il iR 2 el L 7=

Zy = 3.91 x 1077UZ° ; U;p < 33.6 m/s (E-3)
T, fmphfR (LSM) 1X&EEHEO L %8 28 B3 5 23, X(E—1), X(E—2)LZ DIEICEEHE
L R&EWlEE G, HixHEE L TOMERORAR T+ TH D,

() KTlE, Chlzpldxt#Al 2R TNB)ZBE LU CTHINT DI EnD, CulizogtRUEEE LD, 2
DYE O (LSM) X

Cy = 3.09 X 107*UY0 ; U,y < 33.6 m/s (E—-4)
T END, CaOERMEIZC, (D \WNIEUy) BKEWVFEIRTIXU;, <30m/s (IZxHET 548k B DX
(B—MIZ, T/ NSWEEIK TIRU; <33.6 m/s (2T 2 RADICIT WA, WTHOFRE Y H/h &
VWMEE 5% 5,
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Fig. E1 Relation between any of (a) z, and Uy, (b)C; and Uy, (¢)Ef,}/g and Uy, (d) z, and u,,
(e)C4 and u,, (f) Efp3/g and u,, based on either empirical equations or experiments by Takagaki et

al.31,

(c) M Tix, K DEBILU,, <33.6m/s DEHH(10), Uy =33.6m/s DA R(9), Uy <30m/s D
BAXB—2)DHE 1, U, =30 m/s DFEF 2 kb, EBrEoZEE)NILX(10), K(B—2)H 1 X
OVFRIZL > ThiElEn 528, RB—2)0% 1 LUTEBRIED FIRICTVMEE, A0)T R
iz 5 %%,

(<X, Kiodh#tizu, <1.70 m/s DA, ALHOX(G) &8 C X (C—1)0 D

6.9 x 105\ [Ef3\* (6.9 x 10°
Zo = (_) (ﬁ) = <—> X (1.335 x 107 *u,)?

9.8 g 9.8
= 1.255483 x 1073u2 ~ 1.25(5) x 1073u? ; u, < 1.70 m/s (E-5)
u, < 1.52m/s DA, KLHDOX(5G) &8 D OXMD—D 15
Zy = 1.57 x 1073u? ; u, < 1.52m/s (E-6)

NELND, TNEROEGED R G, DL ETldzy =0363cm %2 & 5, £7-, KH AR5 R
(LSM)
Zp = 1.24 x 1073202 (E=7)
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W L5, FaEdisg (LSM) 1%
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O ETE, w,=170m/s (T3 L THR(C—1), u,=1.52m/s (ZxF L TRD—DICHESSES /g Lu,
DEFREERT, ZOHEITIE, Eff/glU DKL RRY, FEBRIEOZEE) Tu, < 1.52 m/s [ZxHET
HZAD—D)DOFHE1IRNTEY KEPEND LD ITHZ D,

Fig. E213Fig. E112H5 272 @)z & Uy, (b) CuL Uy, (QOEf3/g& Uy, (d)zolu,, (e)Cqlu,
(O Ef2/9 L u DBIZZ A Z 8K - KPR L 0 I S 7= 325 E (Masuda - Kusaba, Toba, Banner -
Peirson M 1%7>, #7212 Komorietal.) #Mx7-X%& 5 x5, FRICBWTEEMEDIXS SE N KX L
BRBM, 2y, Cqv EfF /g TNENDORFMENTU 0 H DM Fu, & & HITHIINT DA 272 5 Gk T
THOLNEBERMEIC L > ThbIFRiaN D, 72, Upo L Vu, 2L E T 25 EICERMEDIE LD & 231
L5,

Fig. E3 ™ (a) % Takagaki HBNIANZ TERAR « SPIOONZ K0 UL S 7= EBRE £ (Masuda - Kusaba,
Toba, Banner - Peirson) & W 137-2Cy LEf3 /gD R Z =T, M oih#iEAL o @) 2K, VWi
NOERAIE S CMESE /g & & HITHIINT 217X Takagaki HBIDOEERIED 5 LU, >30 m/s £z 5
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Fig. E2 Relation between any of (a) z, and Uy,, (b) C4 and Usg, (¢) Ef;}/g and Uy, (d) z, and
u,, (e) C; and u,, (f) Efp3/g and u,, based on either empirical equations or Suzuki and Tobal10l-

collected experiments added to Takagaki et al.[3land Komori et al.(1999) experimental data samples.
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Fig. E3 C4-Ef;/g relation based on (a)either experiments or empirical equation, and (b) either

observations added to experiments or empirical equation.
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LOENRRKREN, HDWIICDESE /gt 2 ZETA@)D & 5 1WAl T2 <, MR i T
IEEIENDONE Ly, 7238, Fig. E3 @ (0) 1IR3 X 51, 8K - BP0 X v 14 S 7= Kawai
& Merzi + Graf IZ X 2BAEOIF L A LIFR@) LY Ml oy F&ah b Z Enb, @EAEER T,
LEf} /gDHBEBRA KDILD
Table E2 J3AC & f+8% B, C, D Caik L7ZEf?/g, Toba #%44B(= (gH,/u?)(gT,/u.)~%?), Toba 4%
%(Blo(: (gHs/Ulzo)(gTs/Uw)_g/z)’ Ul BRI DU KR ~DOEBTHEHAT 5U/u, (A, BOEKT—X)
H DI ETRD DU R ~OEMTHEAT u, /U, (C, DOEKET—R) OFEA—EEH 25,
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HEVRE ZELTICEIIND,
4) 2y, Cqy Ef3/gDFERHEIIU RV Lo L AU, LIEH S E DD RVBIR TR SN D, 15 D%EE)
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Upoe® 2 W Fu, & 2 180 E 2 oI L0 tgpy K <Eflah s,
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F. Toba REDEHICHT HEFE (BM)

Ebuchi 0513 H AREDICELE STz 4 ZEOKRITHNET A2 XD 20 O &EH, & 8
> 10 43 [ °F44) 7.5m mf“ﬂ %U”&wﬁﬂwm SUR DK 3 RN o 72 2 BLIHIE £L 4 Toba ££44B (0.062 +
0.012N), Richardson #%Ri (< £0.02), 1 Reynolds #tRe (> 2.3) ZAf L7=hlFISMD & & ZfENT
L, zoHl (&2 WIECH) DOZEAGITHE O BOBAEE /341 DZEALR°B D Hg (= 1.60H,,) & % W MU, s D/NX[H
BIEEIEB,, & BT 2B, D2 b AT ~TW\ %, Fig. Fi1(a) & (b)1%, Ebuchi 501510 Buoy 21001 (fili
BT A) x4 5 Fig. 10(0) & (d) 2> 5 XERIEEIEB,, & AR R ZEB, & Gt L AR L 72/ R
#9, Fig. F1(a) ClE, B2 Hy& & HITHIK L THy, =4.25~6.75m T 0.062 £ D 0/ S0 FE—
E L7fE (0.052~0.058, EEHUIDeW) 2LV, & 5HITHg, >7m TliX 0.060~0.061 & Toba E#
0.062 (272 VITVMEZE & 528 (BRHEN &b Th7e<, EH¥RFZB, X 0.012~0.013 & K
EV) ZRLTEY, ROHJAZHT 5 0062 KV /NSWBE SR DFEEICE D E L, —F, Hg, >4
m TB7? 0.062 (Zir-D< F#Z Al & O J[FTHEERIRIEICH 2 M A FBT 5 2 itk 2 & LT,

—J5, Fig. F1(b) TiX, BOMEB, U, 5m & & %) ZHIIML, Uysy =15~20 m/s CTIEIE—EMHIZ
ITVME (0.048) 2 & 5706, Ussym =23m/s T 0.06 [ZHIMT 5, Uy >15 m/s TIEE R R
BT 50T, B, DIEEMENELRDND, L, ZOBHADORKEIT BB, AU, 5 DI X - T
B Uy sm <20 m/s TIEB =0.062 D-20 %IKIZT HADLRNETH Y, Hgp, DI K > TEEEB,, »
20 %I A D Hopp |2 K DHEBRDOAE R & R 2 KW CEIZT 5, 24U Ebuchi 50510 Fig. 10(a) & (¢)
HHNNIINOEERI L Fig. F2(a) & (0)I2A 5 X212, DEOMIIIICKE WEEZ & DBEEN
UrsmiZ X DBEH CIIH IC K DB ThSWHIZBE L T ey b, ZORERNIWBD
E% b OEEEECRIN SN D728, Uyspll X DB CTHEB, N MNSWMEE 2D Z Ltk D

BT, AL TOMBEEZBINMBHT 5, Fig. F3@), b)), (), ), (), (f)IXBEEDESR - Bl
i L V1572 (@) BE H, (6)Bog & Hg, (€)Byo & Hi DA BRI L OVEBRED A% x4 & L7= (b) BLH,,
(d) Beq & Hg, (f) Big EHDOEBRE NS 725, BB llt%0 % (a), (b), (), (d) D#[XIZiE Tobals!
\Z X 5By =0.062, B2t % (e), (f) DFXITIZC, = 1.6 x 1073 L LT Toba @ 3/2 TN HR 7=
NA—12)ITHKS< By =0.0124 52 5, EHR - BUHED 5 WITEREFEBOLEICL 5T, H~O

x 10
o 10

Ebuchi et al.(1992
Ebuchi et al.(1992) | uch ( ) ]

81 0.0744(20%) 81 0.0744(20%)
B=0.0620 o B=0.0620 r ]
mbe - [ l e??%e | @ | 0.0496(-20%) r”l HI ..QT
® +|E |
T I 0.0496(-20%) ay | Hﬂ TH

2t + { 2r
® [0 S ——— Lovov0ou 1
0 : - : y : - : - : 0 5 10 15 20 25
0 2 4 6 8 10
Hsm(m) U7.5m(m/ S)
(a) (b)

Fig. F1(a) Relation between B,, + B, and H,, based on segment separation of H;, (b)relation

between B,, + B, and U5, based on segment separation of U, s(after Ebuchi et al.[15]).
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R . ™ Buoy 21001 ) Wt i ’ " Buoy 21001
LT : = :
. ) . 4 T, T e . 4
. L et . . & . L e e e . .
Ty . 4 % ., 4 . = * .
5t ™ LR L g 2
.’ T 0 LRI~ T AT . . o
Wiad »3 i «\)"".,-.\ . ° . .
=

¥ T (i -3

“He () °
(a) (b)

Fig. F2 (a)Relation between B and H, and (b) relation between B and U, (after Ebuchi et

al.l151),

RIRBVIREAFVEILB, Bea, BioPWTAIUZODWT HIZE A EHL LR, BB IR D Fig. 612
RLTZEIIE, HED T LAUH D0 Tl & & DICHETREAICH D LIz D,

952, BEEOFER - HHMED 77— A T, Ebuchi et al.ISIOFEF 0 X 9 (2 Toba £2%B D X[t
WIEB,, 23U, s D/NXK R FAD S KL 0 Hy O /WX 3B DG AT KR EVME A & 5 R8I H a7
WV, ZO—KITERN DT EHRICH D000 Livievy, 52, WE - NiEOBLIER L v 15
b7z Toba FREB & BygDu, (Uey), Uror Hg\TFE D HFEZTRARD, w,, UppDEEITHE L TEARID
Fig. 14, Fig. 17 B X O'Fig. 18, Fig. 20 THET L7224, ZZTldb 54 LEHE Lo R 2 H APk 5 2%
Bhe L btk %, £7, Fig. FAIIBIZxt L TxnEh(a) BfEnmE b) e A N7 7 A%RT, BIX
0.0216~0.1029 D[ TH¥HJEB,, =0.0586 O FE DV IZHAAT 5, FEHERAIXB, =0.0094 TH LD,
B, £ B, Dt 0.0492~0.0680 & 720 IV, HEENR AB, X BB, D 16 % Td %5, Toba EH
By =0.062 [T 2541 DWIEP =65.5 %N ET 5,

Fig. F5(a)i3BEu, O %4% 3 Fig. 14 LB, + B, tu,, PG EFE T Fig. 17T 248K L7,
(b) 1ZB L H; DA KNI K UH D 025 m Z & O/NXETHIZB, + B, & He, D BIfRZ RS, KT
Toba & #(B; =0.062 X° Takagaki HBINZ L2 Toba tR¥BA KT ME 52 5, Bhu, THEAT D L, X[H
BUSEEHE B, | X A DB 2 BR D Tt (T B F W ARAET, Toba By =0.062 L W /NS UMEE L 5 DI
K UT, HCHEBLT 5 &, BpldmpIDEN O REL EA LT, HplldH £ VIKIFE L2V D By =0.062 &
DOCREVEE D, i, Fig. F1125 272 Ebuchi HBIOZEHFH EF T TH D,

Table F1 {3u,Z®u, <0.3m/s, @0.3m/s<u, <0.6m/s, @u, =0.6m/s D 3 X[ Lu, DEXM (H
DL B ¥, HyxDOHg <0.6m, @0.6m< H; <0.9m, @0.9m< Hy <1.2m, @H; >1.2m O 4 [X
M & H,DRXH (u, DRI K D555 ([2HHI L THEZBOBERMED & XEIZET 25 (N,), FHIE
B, "EHERAEB, B L OARLD Table 6 1252 7= 2&RHIXIT D5 L DEO— K2R, EbHTH
BOERO X TITER D A 2T D, w, XH D HD 5 TIHEB, 1 du, K H £ VARFEET,
B, <0.59 THHDIZx LT, HXH DA D 3FEATITH,DIEME & HIZBLd K& <720, H, >09m O
I TB,, 2% Toba B =0.062 % £ 5, DT, u, L HJAZ X H/NXHTIE, BplEXEhlu28/hS
SKHBIHNAKEWVIEEREL 2D, 2FD, u,WHhSLKHBKRENWT—R, ThbbBOMEMAEx
FINZ K& W — AR ORFEDN O R THBIEAR N D Z &b, REEIOEEfEE LT Toba &
B =0.062 LV /NSWME (0.0586) BELNDHZ LI,

& AT, ARILITHHEL L7 Mitsuyasu (1968) D (27) & Ki(28)0 b3k 72 (29)12 L 4uiX, Toba
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Fig. F3Relation between (a) B and H, (¢) B, and H,

(e) By, and Hg, based on experiments and

observations, and relation between (b) B and Hg, (d) B., and Hg, (f) B;, and H,, based on

experiments.
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Fig. F4 (a) Cumulative distribution and (b) histogram of B.
x 1072
o—_— 10—
Takal a—case -
‘ - IR N;=28,456 1
0.08r 8t
i o | B;=0.062]
o
o 0.06f Holoa s T L
_HE (DE 6 F
Q I o |
@ 0.04f KIDR
K N : 41
I ISR s09 224338 :
6,437~ L (3D a—case
0.02F  neggs ozer 210 8, e (wind waves)
_ —2,,-0.1 VI
L (Nt=28,456) B=5.24 %10 “u, 4 2 1&012
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 0 1 2 3 4
U, Uy (MVS) Hg ,Hgm(m)
(a) (b)

Fig. F5 (a)Scatter-plots betweem B and u, supplemented with B,, + B, -u,,, relation and
(b)scatter-plots between B and H, supplemented with B, + B;-H,,, relation.

FREUIB = 5.64 x 1072F20°TH V), BERTTMIEIHE~DFIVMKAFMEZ =T 28, QD) OEH 57 X
T, FIIgHs/uflZZEMTE D 2 Linh, gHy/ul DN, 372D BLHDHRPu, DA & & 612 Toba
BB T 5258 &R, ZiUT EREOu, & HATPE 5 b & B e T 5,

DT, Bl oW CTHh D, Fig. F6(a), 0)IZZFNZFIB,,DRFENA & SEE N 277, (a) X
13U #R~ (€ = 1.6 x1073) |ZZ5H#4 L 7= Toba @ 3/2 AT 544%4B,, =0.0124, By, =0.0116,
Bigm + Bios =0.0138, Bigm — Biog =0.094 & Z AL HIZxtIET 2 RFEEI D WP % FL T, Byold 0.0035
~0.0246 & 720 JRWEEPHIZ /04T L, BEMERZEB o0 B FAIME B, 6 DA 20 %ITIET Do B, g 15
B, & [RIFRIZ Toba IZ35 1) D4R5LB, o L D 00/ S0,

Fig. F7(a)iXByq & Uy D HAIXIFS £ U oD /NN KIS 5 By D EEIE » FEYENR 2B om £ Brog &
Uy DB U 0 DEATR, (D) 13U 0I2ZE 2 CTHy & L7235 A ORIBRO M % 773, KHIZIX Takagaki 5031
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Table F1 Alist of sample number N, mean B,, and standard deviation B, of B data classified by

both u, segmentsand H; segments.

17 stations u, <03 m/s | 03<u, <06 m/s|u,=>0.6 m/s | Hs total
N, =5,703 N, =4,848 N, =5 N =10,556
Hy < 0.6 m B,, =0.0550 | B,, =0.0496 B,, =0.0525
B, =0.0084 B, =0.0067 B, =0.0081
N, =1,632 N, =10,310 Ng =328 N =12,270
0.6 <H; <09 m | B, =0.0659 | B,, =0.0606 B,, =0.0493 | B,, =0.0610
B, =0.0080 B, =0.0079 B, =0.0049 B, =0.0083
N, =75 N, =3,386 Ny =417 N =3,878
09<H;, <12 m | B, =0.0705 | B,, =0.0657 B, =0.0562 | B,, =0.0647
B, =0.0092 B, =0.0067 B, =0.0079 B, =0.0076
N, =3 N, =814 N, =935 N =1,752
Hy>12 m B,, =0.0665 B, =0.0630 | B,, =0.0647
B, =0.0064 B, =0.0059 B, =0.0065
N =7,413 N =19,358 N =1,685 N, =28,456
u, total B,, =0.0575 | B,, =0.0590 B,, =0.0586 | B,, =0.0586
B, =0.0096 B, =0.0094 B, =0.0083 B, =0.0094
100||||||||||||||| LN L B B B B B B N 25|||||||||||||||||||||||||||||
i / | N=28,456
I P=87.1% B;o,m=0.0116 B,0n,=0.0116
8ol ~——0.0138 ; 20t B195=0.0022 1
B'1omax=0.0246
P65.8% . B 10min=0.0035
60F 0.0124 15F " "Boodd 1
S| P=53.8% < e Blgy*Bipy =0.0138
| 00116 <Y N
40t 10F .
I N,=28,456
P=23.3% I |
20 0 0094 5
00‘ . ‘O‘.005. OIO1 . ‘0‘.61.5. OI02 0025 ‘(‘).03 00‘ . ‘0.005. IO.Oi O‘.01.5. 002 0025 .(‘).03
B10 B1O
(a) (b)

Fig. F6 (a) Cumulative distribution and (b) histogram of B,.

(233 < Byp =0.0112 (EAR) 38 X W, ZHa L 7= Toba @ 3/2 FHNCH T 5445 B,, =0.0124 (5%
Z5.-2 %, BioldUplZxt L CRIRE DR THA L, FEMEBgm b Uyon (2B LTI <m0 %
b2 RTORT, HEOVELLR, —F, )X TIEBlEH & & HITHMOIREZIAT HH, H DK
EWVIGEITITE B DM 23 B2, BBy g 1L Hem D KI5 THgp OELNX[H TR L7z D
B, HEVELLERWVEZ & D, PEEB g TU1omPEILICE > THHE VLD LRV, Heyy DE
fBIZ L » TR LD BIIE —E O E R T 2L ESEB, D& LRI TH D,
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Fig. F7 (a)Scatter-plotsbetweem B;, and U;, supplemented with B;gm, & Bios-Uiom relationand

(b) scatter-plots between B;, and H, supplemented with By, + Bjos-H;, relation.

Table F2 Alist of sample number N, mean By, and standard deviation By, of B;, data classified

by both U;, segmentsand H; segments.

17 stations Uo<75 m/s | 75< U, <15 m/s | Uj, =15 m/s | Hy total
Ny =3,969 Ny =6,563 Ny =24 N =10,556
H; < 0.6 m Biom =0.0107 | B;gm =0.0095 Biom =0.0077 | B;o; =0.0099
Bios =0.0018 | B;o, =0.0015 Bios =0.0008 | B;o, =0.0017
N, =1,368 Ny =10,550 N =353 N =12,271
0.6 <H; <09 m | Bygy, =0.0134 | Byg,, =0.0121 Biom =0.0094 | By, =0.0122
Bios =0.0018 | B;o, =0.0018 Bios =0.0011 | B;o, =0.0018
N, =74 N, =3,562 N, =242 N =3,878
09 <H; <1.2 m | Byg;, =0.0148 | By, =0.0135 Biom =0.0105 | B;g,, =0.0134
Bios =0.0017 | B;p, =0.0016 Bios =0.0013 | B;o, =0.0018
N, =2 N, =1,338 N, =411 N =1,751
Hy>12 m Biom =0.0140 Biom =0.0127 | B;g,, =0.0137
Bios =0.0015 Bios =0.0014 | B;o, =0.0016
N =5,413 N =22,013 N =1,030 N, =28,456
U,, total Biom =0.0114 | Byg,, =0.0117 Biom =0.0110 | B;q,, =0.0116
Bios =0.0022 | B;o, =0.0023 Bios =0.0020 | B;o, =0.0022

Table F2 13U,y &2 DU, <7.5m/s, @7.5m/s< U;y <15.0m/s, @U;q =15.0m/s ® 3 X[H & U, D&
XM (HOAHZ X 5453%8), HizDH, <0.6m, @0.6< H; <0.9m, ®0.9< H; <1.2m, @H; >1.2m O
4 XM & HDAXE (Uyg DT L D 535H) 1258 L THR72 By O & BHE O & KI8T~ D 5 (N), *F
PIEB o> TEUEMRZEB, 0o B L OA LD Table 6 125 2 7=2& NI T 2N HDOED—E%E"9, B
Zu, b HyCHPRL7= Table F1 O34 & [AEEIS, By D BB gm T Hem & & BTN L TIEE—ED
% & DDITK LT, Upgnllkt LTEHE D ZliEbd, Uy =15m/s TiETe LAY T 5, Uk
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Fig. F8(a)Scatter-plots betweem B and u, supplemented with B,, + B;-u,,, relation,
(b) scatter-plots between B and H, supplemented with B,, + B,-H,,, relation.
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Fig. F9(a)Scatter-plots betweem B;, and U, supplemented with B;, + Bios-Uiom relation and

(b) scatter-plots between B;, and H, supplemented with By, + Bjgs-Hs, relation.

L OH;D/NXETH D &, BiomlTHs & & BITHIIMER], Uyl & bICAEm A 525, D£ 0, H)
RELUpgW/NEWIZE, BygnldR&EL D, ZHUEB,OHEE LR L THDH, LA L, Mitsuyasullld
KUTEE DS ALF DOK(32) TlEgF /U % gH JUZ T ZEH L THU o ~D L D 3RWEEFENEZ o0,
Toba $25XB, o 1TH, & 5\ TU, & & BIZHMZ R L, Table F2 (281 U O A LRV, 20
AEEL OFFHIZ A B D _REETH D,

BT, ARICTBART- b)AWER IR 7 — ATkt 2 et R4 ~d, Fig. F8(a)ldB&u, O
M3 & Ou, O/NXICET 5 BO Y & AR 2B, £ By Ou, O ¥ w2 D 2k, (b) IXB & H
IZOWTORERZ RS, [FERIZ, Fig. F9(a) 1XBo & Uy DA X & U, D/ NX I BT 2 By D
P & BEEAR 22 By o + Broo DUy D BB U 00\ 21E D ZEAE,  (0) 1EB1o L HAZ DWW T DOFER A KT, By,
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Table F3 A list of sample number N, mean B,, and standard deviation B, of B data classified by

both u, segments and Hy; segments(wind waves +swell case).

wind waves + swell
) u, <03 m/s | 03<u,<06 m/s|u, =06 m/s H total
5 stations
Ny =3,113 Ng =1,558 Ny =6 N =4,677
H; £0.75 m B,, =0.0398 | B,, =0.0437 B, =0.0411
B, =0.0102 B, =0.0087 B, =0.0099
N, =955 Ny =3,126 Ng =68 N =4,149
0.75 < H; £ 1.25 m | B, =0.0478 | B,, =0.0493 B,, =0.0506 | B,, =0.0490
B, =0.0131 B, =0.0078 B, =0.0055 B, =0.0093
N, =139 N, =883 N =354 N =1,376
1.25 < H; < 1.75 m | B,, =0.0401 | B,, =0.0497 B,, =0.0507 | B,, =0.0490
B, =0.0109 B, =0.0093 B, =0.0043 B, =0.0090
N, =108 Ng =312 Ny =244 N =664
Hg > 1.75 m B, =0.0442 | B,, =0.0474 B, =0.0521 | B,, =0.0486
B, =0.0097 B, =0.0103 B, =0.0053 B, =0.0092
N =4,315 N =5,879 N =672 N, =10,866
u, total B,, =0.0417 | B,, =0.0478 B, =0.0512 | B,, =0.0456
B, =0.0114 B, =0.0088 B, =0.0049 B, =0.0103

RBom N TN ZE N Uy U om & & DITEELITHNN L TR L &2/ & < § 5 %8135 L UB,,°B1om P He,
BRI LD, ZFE-EOEE L 2FEEH 25, BEOEMRIL )N - NHFEIRT —
AZDEA LIRS D2, Wi, T bu,, U om TR D 5 283 b)AERIRILE 7 — 2 TLD D8
M E 5225 &0 9 EWT, a) s « WIBKRRS — R LREEZORIZT 5,

Table F3 /X Table F1 L[AEk DR Z T, 7272 L, SMNEMIIR &2 Z 8 L C, H,O 3 HIX [ % OH, <0.75
m, @0.75m< H; <1.25m, @1.25m< H; <1.75m, @H, >1.75m D 4 > & LT\W%, Fig. F8(a) &
(b) THI=X DT, BpldHg, & EDIZABE L TIIE—EME LY, u Jl oW THLEOHEKE L HIZA
H L72 D BRI Z R Ty Uy P Hen /DX HBNEIZOWT S, w28 L TREROME M Z & 5
DS, HeplZOWTH A S iEm 2 =3 b oo, & <IZu, <0.3m/s DFEMTITHAZET 2
BALMBA S — TR\, b)IMERRIEAF 7 — A TIE, Byldu, & & ICHIMEmEZ 5 2T, a)NE « W
MR — A LW ORMEZ R T DE D, u CH BN T 21 EB, KR E LR D03, £ DE T Toba
EHB =0.062 £V 72 D/ E W0, DIMERIRILE 7 — 21BN TH 9 2OfIKIEMFOEHAIC L > TT
LRI R DN EMT D E R E T2 K OISR A TV DR, KRE LTHER O RV koMK
W Toba fREBEAET 2 L O IEH L TWD D0 E LLzn,

ULOEBZROEREZ DD E, 2EDLITHD,

Da)Ni& - WIERIR 7 — A 2B\ TIE, Toba #REB D Hou, O/NMXFIBIEEIEITH, & & H IR,

LB RN ER T 5%, Wilcu, & & bICd 35, ZAUIB%EZ By, u. kU & T5%5A THIA
BRThsd, BOKE ZITH DN KE u, 28N ZWEIK T Toba E# By =0.062 %2 EE 508, EEEN S
WINLISAOH & u, OFEITIE 0.062 Z FRILZERN L 0D 2 &b, EEEHI DOV TDOBD Y-
fE1E 0.0586 & 0.062 LV /INEL 725D, Biopll DWW T HH Ul L CRED Z ENE 25D, 29 L
Hg & u, OZEACIZAE 9 BOZEE)E MitsuyasullZH-D < RERAUC K A BOZRE) LG T 503, Hy& Ul
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PEI By DZEALICEA L TiE, ZAnbTUIEL AL,
DN ER IR IEAT 7 — A TIL, BIZHJAZ DWW T a)NiE - WHEIEIR 7 — A L RO 2 H D8, w,il
&L CIEW o8 277, £72, BOfEIX Toba BB =0.062 ® 80 %fE/E L /NS, UgZ V5B,
DOELGE B TH D, WTHIC LA, bINERIRIETE 7 — A 2B 5 BB » a)NIE - PR IR 7 —
ADYE X VIRWEEIE, SR ORBENFERREIEZ LD LICLD LSS,

PAE, $EABERRDLENVOWIZAFEOMFE ZNAR IR L7272, iz nEReR-oTL
Fole, Sk, MROBEEIIED D L L HIZ, FREINTZRRKOMETH 2 REHIZ % 5 Toba &%k
DEBEFIRT — X DIENT D70 & T RSO BRMERET L OMEHIZ L > THRETT 2 0 ERH 5,

G. Kahma - Calkoen"® ! m#RE& I &k 2485t
BRCKCld fetchlaw & L C Kahma -+ Calkoen81iZ L DfRBRDNE5IH SN D Z ENZV, Thid SRk

I BT 2 BHBHIE R 2 FRE L TIREINTEBY, E =5x10%~4 x 10%2x% L TR TEEN
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E
94 = 6.5 x 1074 (G-1)
Uy
Tf” = 0.49F 027 (G-2)
L7=2»>T
H
‘iz = 0.102F%*% (G-13)
T 1
gup — 049 P;O.27 — 204(08)]‘:;027 (G _ 4)
ZIT, ®BAT, = 1L05TEZFAT 2L, K(G—HiX
T 1
g FO27 = 1.9436F077 G-5)

w,  1.05 x 0.49
(2720, Toba BB, ITRATERIND,

Hy /gT\"3/?
B, = (‘i—z) (‘Z ) = 0.102(1.05 x 0.49)3/2F0:045 = 376 x 10 2F 045 (G —6)

97275, Kahma * Calkoenl8IDFEER X (F, = 5 x 10*~4 x 10°) (Z5-3< Toba f2EB X EE & V9 &
D EOO4S |29 %, FOO4SIE X Mitsuyasulll DR A S CE 72 By X

By = 5.64 x 1072F%%%° : F = 1.6 x 10*~2 x 10° (G-17)
BT H_FREFIOD 2 FfEITHY L THEY, LVBOWE~OERFEEZET, FEICETHHEOE
By THD &,

Br,. =0.0612, Br, =0.0622 ; F, =5 x 10*

(BTKC =0.0722, Br, =0.0643 ; F, =2 x 10°
ToH %M b, F, =2 x10°Ti3 Kahma - Calkoen 2 453 <{E (Br,,.) 7% Mitsuyasu (255 < & (Br,,)
X0 Mo E, KRR L BITKE WV, WIHIZ LA Kahma « Calkoen OfRERIC LiuiE, Toba EHK
By =0.062 &9 BALRIZ Mitsuyasu OFERBRADLE LV —ESZ LV, £/, T,2 O EEMHMAT
D56 OB, 1%

G-8)

H\ /gT,\ ">/
By = (22)(222) =350 x 10-2F00% G-9)
P uz/\ u,

TREINDNPD, BrE D 7%NhEuv,
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Winds Measured at Coastal Stations in the Seto Inland Sea during a Year
Period before 1980 and Error Evaluation of their Hindcast Winds

LA IERE™ « Bprpyh—"" - R
Masataka YAMAGUCHI*, Hirokazu NONAKA ™ * and Yoshio HATADA ***

Wind data measured over the period from the 1950s to the 1970s at coastal stations in the Seto Inland Sea are very
valuable for investigating the wind characteristics in this period due to their scarcity. In this study, coastal wind data
acquired between 1958 and 1982 at Hikari station set on the tip of the sea wall in the Hikari Steel Mill of Shin-Nihon
Steel Manufacturing Co. Ltd., together with wind data from coastal stations in the Seto Inland Sea, such as those gathered
between 1952 and 1967 at Osaka jetty, are analyzed for annual maximum winds-based yearly variation, trend and return
values. Then, accuracy of SDP winds-based hindcast winds at these stations for many cases of strong storms is examined
through the comparison with the corresponding measurement data. The main conclusions are summarized as follows ;
1) Estimates of 50-year return wind speed may be 34 - 36 m/s at Hikari and vary from 21 to 43 m/s at each of the coastal
stations in the Inland Sea, depending on geographical situation. 2) Error statistics of wind speed and wind direction for
many storm cases indicate a reasonable accuracy of SDP winds-based hindcast not only at Hikari but also at coastal
stations in Western and Eastern areas of the Inland Sea, though to a lesser degree than the Yamaguchi et al.(2012) results

perhaps due to a difference in comparing conditions between the studies.

Key Words ; Measurement data of coastal winds, a year period of the 1950s-1970s, the Seto Inland Sea, Hikari and

several stations, return wind speeds, SDP winds-based hindcast winds, error evaluation.
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L% 1980 FELIETH D, 1980 FFELLRTOEEHI T D MREFFNIARE LT\ 5, WP CI
1980 FLARTC IV T H U DD R TRBLIIIEEI G LI TN D 2 E0h, 2 b DEEE DI
(2 &V SDP JEEEHT B < IR HUR OBLIIAR Y EE B O RS 2 BIBITRFT TE 5, ZOHT, Ak
T OHT A ARSI C SR T O BN, CHSENG CRUA S M7z BB BHT 1958 4F (4 H) ~1982 412 K& 551
HFROBMNEHEEITH Y, 1980 FLAFT T A LR Z B L7 ERICBERER L o> TV D, LL,
BLHFLESRFTEE O JFAIERERTTIC ITOWE SN TR LT, HEERMELOFTICH DR TH D,
b, ZRHIFREROEETHSH Z &b, BRHOEEHNIIE S BUEOMITIZIZZ KO hEEL, -
EHIZERMEITERVD, A b—LRFORE R KREE N DWW CTE 7 — 2B ARETH Y, 1F
BAFEZ T TITK T LTS, ZOE0, WP PNEOIRFEBIMLSIZ ST 2 &M H 2V T A b — LK EE]
HEROE AT — 2 b ML TIT > T D,

Z 2T, ABFETITEIRICET DERRKEEEZ ETe A b — ARFORKEGE - JEAIZEE 5 —5 2 1ER
L, & DORARFERCEE N 2B K O R 4 Wi NI S O Ot i O BLR LS. (E HIRAT &, RO
WEDIRERR) (BT D 1987 AELLETOE R B2 1952~1965 4E 0D Kk i 2220 2 1) 5 B H:—
HEFLL L BITHRRD,

DUNT, SERERFTELIM S 31T 2 BHHIE & SDP BB BHI S < B R GHER) Ok s 250
A b= ARHIOWTITY, T B 6D 7 DOORRZERRIE ORGP E A FEMICTE~, FHRE DR
RREEAT O,

\Z, WP NMEO RS, AR, ARG OO R LS TS S 4072 1980 AELARTO & ERS KON

1 &S PIOREFERFE O IV TO R W RIS O BEEH 6 U CREER E OB 21TV, RAZEFREE O M
SRR R A T~ D

2 BOBEAHOR

2.1 gARER

FBERET (LLF, e 5 9) ICBIT 2 RGEEEICOWTEI 2 &, ST CHieimo =7 U —
NEBGOM (BENH -T2, BEEELUIBAR) (12 pole NETHN, £ 2 3 FRRUBGEF & SR A F
DED 1T STV, EFITERD N & A R0 D T, EIHIBCHEM OB E Z T I R
FEABH S TWD LB 2 biD, B - JBMF oW FEEziE 8~10 m OFIHICH D EEZX HILDHN,
PETRVWOT, z=10m & L7z, ZAUFTZRHOKREFRISRIZIIT D b OPEFEEETH 5, JEE - J&m
FOERIT 1 RF 245 B, HEKREGER & Jfn (72721, Rkt B2 W Rt I AR H5)
LhZ N5, BIIEEIOWIMIL 1958 4= 4 A~1982 4D 25 4- T 5, Tsuchiya 0% 1958~1979 4D 2
R E R 2B 7 —2b L, IO RSET O=FE R385 BUECHHEL T DT I HWZDS, Y%
BEEHIFEERA T 4 7T O E L BRI T LE ST L) TH D,

Table 1134 EIOBEFTTHW S EEHIEEL B BRGE5 TSR O# TE =T, £/, ZONEZ
Fig. 11C5-2%, HAHIRIL 1980 AELIRTO & D & 1980 4EZ B2 5 & DD 2 FEME, 1980 AELAREDEEH %
LA SRPORGEEC AW vt (oF : JURTEE, @ik, #rEik, i, Ty, &5 L2hbist
OIS, Ih LR T JEIAHIE @ O DD 72 < IR FE R EUZITOA R BT LT
2% S A IR 5,

1980 AELART O L BMFLELI T RIS MT JR T 1978 4 1 A 1 HZBES STV D43, & 2 Tk 1978~1979
FDHDEFRL T2, EERIXFE O D VITE T — 2L LT A h— S RAFITHE L, *H]
DL TIFBIEEERAS L il £ TR HALTV D70y, BRI S 41TV D, A BRI X 2t >
WTIL 1979 FEE TO A h— A& W5, 612, RIS (FEz =40.6m) TIX 1953~1985 4F
O CEGE - J& D 6 KEFFNEE L B RCEGE « B R23E TR Y, PRI 2 @E Lz A h—2A
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OHHBIZHEHTH D, ZD1ED, &5 CHENZEEH 41 Table 1 Name and wind measurement conditions at
7o (1980 4R DT=, WAEREHENT OFEEIZIZ  each of coastal stations.
EAERBE LN E BT END N E 175 mis &

HiFE) TIL 1977~1980 4EIZ 9 g, 15> 1 H 2 [E]D#E] . , height
W, Z RS OBIIT 1 FE = & OB Ao TS, focation period | 1)
Table 2 (TYEICHVNTREUE « &A1 RFfHIRE R & Teshima 77~86% | 13
H e KR - JE AT DAl U 72 i R EGHU, » B ) Hikari 58~82 |10
6, (AM &R &otds KUK R ISR I8 1T 2 JRUH oKuchogoe 76~77% | 216
20 m/s LA ED R b — AR K EGRU, - &6, (POT & Hayase Bridge 00~03% | (50)
B o—% (WTs HBFEA HH‘%) hH %, [FIf Shioya 57~963% | 8.5
(2, R PNIEPE SRR & 2 WO IR RIS B D Ve T oFukuyama 67~79% | 34

A, BIREAEY, HEVES omﬂ);zﬂaeq:ye SR F1F T s~79% | 11
DA R EGE & HBEH B OBEE 5 2 5, 5 HUE O oShikama 76~79% | 175
1 A7JRGER AR T, B 2 ARSI A TRIE L T D Takasago 62~75 | (15)
1965 L7 B T 1950 AR D= EVBLRIEEH I, oEigashima ~75% | 13
PERIRET A, MR, £ U TR RISRICBIT 5 50 Gunge so<77% | 163
R EEFIROND, & <IT, KIRPEHRZEERIZBIT S Toui o~82% | 605
JEEAENN L 1952 2 E THl D iR RE EEGERTH Y, oShimk o—7o% | 1
I 2 Fr 72N 2 & DS BHERER DB TH 5, LB
IS DR EHIAT L TRV, 728, A HE Gl 17 Osaka 7 |
Osaka jetty 52~67 10

FHNZHS < 10 m & EJRHU, , ~ DO FELEEa (=
U,/(z/10)Y7) %52 %,

Table 212 JAuZ, Szl 55 1 A JE0H I X5 R T6515
FIED 37.0 m/s, 55 2 MEGEHIEER T7119 5HED 32.5
m/s, 3 NLERE T7617 BHRED 255 m/s Wb A
FUC LD AR LTS, LL, &1 ALJEEITE DORER

T e

Fukuyama

Matsuyama(meteo.) | 1890~ 21.5
o1 : 1980 AELAFED data % (LI F1 ST,
*F1 : SDP JAE K} & D Ll D Fef AT

(EEED - JRBLRIE B O RféAT)
() H#EEME (EMEZREIEARET)

Osaka jetty |

e Matsuyama

(mteo. obs.)
Shioya

Figure 1 Location of coastal stations for wind measurement in the Seto Inland Sea.
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Table 2(1) Alist of samples of annual maximum(AM) wind speed data and peaks over threshold (POT) wind speed

data at coastal measurement stations.

date Hikari Sadamisaki | Matsuyama Shioya Osaka jetty

v 1958~1982 1953~1985 1890~ 1957~ 1952~1967

M.D z =10m z =40.6m | z =21.5m z =8.5m z =10m

a=10 a =0.819 a =0.896 a =1.024 a=10

U, 6, | typ. MD | U, |MD | U, |MD | U, |MD | U,
m/s m/s m/s m/s m/s

1952 0324 | 137 0204 | 19.3

1953 T5302 | 0607 | 39.1 | 0112 | 13.9 0925 | 32.5

1954 T5412 | 0913 | 42.4 | 0926 | 24.7 0926 | 29.8

1955 T5522 | 0930 | 49.6 | 0130 | 16.1 0220 | 22.6

1956 T5609 | 0817 | 45.0 | 0910 | 19.6 0817 | 22.6

1957 0820 | 33.3 | 1213 | 16.5 | 1218 | 18.8 | 1213 | 20.8

1958. | 21.1 | W 0926 | 30.7 | 0302 | 15.5 | 0211 | 23.8 | 0121 | 23.9

12.26

1959. | 23.5 | SSE T5914 | 0917 | 37.3 | 0404 | 14.7 | 0917 | 19.6 | 0926 | 29.8

09.17 * * * *

1960. | 22.6 | SSW 1229 | 333 | 0420 | 13.4 | 0127 | 19.6 | 1205 | 21.0

12.12

1961. | 22.8 | SE 0916 | 43.7 | 0916 | 16.7 | 0125 | 21.5 | 0916 | 30.4

07.25

1962. | 19.7 | WNW 1230 | 28.8 | 0403 | 14.7 | 1205 | 25.5 | 0102 | 19.7

04.03

1963. | 23.8 | W 0121 | 29.8 | 0121 | 13.1 | 0119 | 27.0 | 0831 | 17.7

01.18

1964. | 20.1 | W 0925 | 47.5 | 0925 | 16.0 | 0326 | 21.3 | 0925 | 24.7

03.26

1965. | 37.0 | SSE T6515 | 0806 | 42.5 | 0806 | 12.9 | 0112 | 19.5 | 0917 | 30.0

08.06 * * * *

1966. | 19.2 | SE 0909 | 34.8 | 0319 | 12.6 | 0319 | 16.2 | 0319 | 19.8

06.17

1967. | 16.1 | WNW 0404 | 29.2 | 0525 | 10.3 | 1027 | 13.5 | 0323 | 16.7

04.03

1968. | 19.7 | WSW 0829 | 33.3 | 0114 | 12.5 | 0114 | 19.5

01.14

1969. | 142 | NW 0321 | 29.8 | 0822 | 12.5 | 1203 | 16.0

01.02

1970. | 25.2 | SSE T7009 | 0815 | 37.7 | 0821 | 23.2 | 0821 | 20.0

08.15 * * * A A
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Table 2(2) Alist of samples of annual maximum(AM) wind speed data and peaks over threshold (POT) wind speed

data at coastal measurement stations.

Hikari Sadamisaki | Matsuyama Shioya Osaka jetty
Ydate 1958~1982 1953~1985 1890~ 1957~ 1952~1967
z =10m z =40.6m | z=21.5m z =8.5m z =10m
Mb a=10 a=0819 | «=0896 | a=1.024 | a=10
u, | 6, |typ. |MD | U, |[MD | U, |MD | U, |MD | U,
m/s m/s m/s m/s m/s
1971. | 325 1S T7119 | 0805 | 50.0 | 0805 | 14.8 | 0104 | 16.0
08.05 * * * *
1972. | 18.0 | WNW 0723 | 41.7 | 0331 | 11.5 | 1130 | 18.0
03.31
1973. | 147 | N T7310 | 1207 | 31.3 | 1222 | 10.7 | 1119 | 18.0
08.17
1974. | 18.0 | SE T7406 | 0706 | 33.0 | 0604 | 12.7 | 0901 | 17.0
07.06 * * *
1975. | 22.6 | NNW 0128 | 27.0 | 0817 | 9.8 | 1222 | 14.5
04.08
1976. | 25.5 | ESE T7617 | 0913 | 39.6 | 0913 | 13.0 | 1208 | 16.0
09.13 * * * *
1977. | 21.7 | WSW 0330 | 253 | 0418 | 9.6 | 0418 | 14.5
04.17
1978. | 226 | W 0120 | 29.1 | 0406 | 10.7 | 0228 | 18.0
02.28
1979. | 21.1 | NW 0904 | 33.4 | 0930 | 13.2 | 0228 | 15.5
03.30
1980. | 22.6 | NW 0911 | 42.5 | 0911 | 12.7 17.5
12.03 ad
1981. | 21.6 | NW 0903 | 26.2 | 0326 | 10.5 | 0315 | 17.5
03.26
1982. | 18.0 0827 | 37.7 | 0925 | 13.4 | 0925 | 17.0
11.30
1983. 0612 | 29.0 | 0317 | 10.0 | 1117 | 18.0
1984. 0821 | 31.5 | 0821 | 10.3 | 0103 | 17.0
1985. 0831 | 36.0 | 0221 | 9.4 | 0221 | 17.5
1986. 0406 | 9.5 | 0104 | 16.0
1987. 0831 | 12.1 | 0202 | 17.0

Hikari AM; U, >30m/s: N,=2, 25~30m/s:2, 20~25m/s:12, <20m/s:9, N, =25, ad:addition
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B oHTRKREDO L HIZHEZ 5, £z, 20m/s iz 57— AT 25 FM T2 B THLHN D, FHTI
B2 1 EE D, 22T, T6515 5% 1965 48 A 6 A 4 FEHREA IR IC ERE% NNE A T
9 REIZJEBAME (FPORUE 960 hPa) Z 8T HAMRIZ Tz, 2372V EBT)OBNERETH Y, i b IRWELIIRUE
IXBARF (973.9 hPa) CTitdkSi7z, JHTIX 9823 hPa TH D, HBMOBEHE L OFFITTHI 50 km/h TH
LG, EATHRORRE > TS, HRBIEEIT TR (z =30.5m) T26.0m/s, BT (z =15mBRED,
IEREZREIEAR) T285m/s, JAE (z=99m) T258m/s DIFDy, fE LEOICHE (B 2dhi=5
EmIR (TH) T425m/s (10 m & EJEERY,, =34.8m/s) THHD, JITBIT 5 37.0m/s TR0k TH
LECHzD, £z, SN RKBRERED 329 m/s SRR I 0 /NS WFE L7ZEE 72> T
%, KRFITIL6 H 8 KFlZ 10.1 m/s (J&E[A) SE), 9 KFIZ 37.0m/s (SSE), 10 HK¢lZ20.8m/s (S), 11 KfIZ 19.3
m/s (S), THY, 9FRED 37.0 m/s BZEH L T D, EH S & L TIELO BB oA BUREOHE
Oy AR DOHEEFEFDE L OGEH S A O Al HE
PR EZEE LT, 9T 2Tm/s NZY T
RN EHERIT D,

—J3, TT119 Z1X 1971 48 7 5 H 10 Ff
A& I R R S & O T A Z AT |k
e (FULvSJE 950 hPa), N HaINCHEL T ME
i 38 > C A AR R T 72, Bl o Hikari POT U, >20m/s

Table 2(3) A list of samples of annual maximum(AM) wind
speed data and peaks over threshold (POT) wind speed data at

coastal measurement stations.

Osaka jetty POT

U, >20m/s
IERBLREIZ FEI T 972.7 hPa ﬂ%
R B B A R0 S date U, 0 date U,
= PRI 5 RO AT YMD. | ms | ¥ yMD., | mws | P
> OO I ORLE b, TR 1961327 | 220 | NW | 1953.6.7 20.8 | T5302
PEGH T FEIC 24.7 m/s, JEET 18.3 m/s = : — -
528 [ 220 | W (9.25 | 32.5) | T5313

L T6515 FHRIERE <20, Lo, &

FHIRC 50 m/s (Uyo =40.9 mfs) & 1953~ (7.25 | 22.8 | SE) 1954.9.18 20.20 | T5414

1985 4E17 3510 2 OBl 2 5 2 2. 1965.1.11 | 20.8 | NNW (9.26 | 29.8) | T5415
YeclE8 A5 A 13 BEZ 14.5m/s (RA S), 12.12 | 243 | WNW | 1955.1.30 | 204
14 B2 25.6 m/s (S), 15 T 30.5m/s (S), (8.6 | 37.0 | SSE) 1020 | 21.7 | T5526
16 L2 32.5m/s (S), 17 KEIZ 30.0m/s (S), 1976.1.5 | 24.1 | NW (2.20 | 22.6)
18 FFIZ 30.5m/s (S), 19 FFIZ 17.5m/s (S), 1028 | 205 | W 1956.1.28 | 21.6
20 FRFIZ 21.2m/s (S), 21 FFIC 14.0m/s (S) (9.13 | 25.5 | ESE) 229|218
&l B, M, &<IZ30ms BLEDORED | 197812 | 213 | SW (8.17 | 22.6) | T5609
ARBEFHIZN 3~4 ] & JERNC R <, ik 0.1 | 21.1 | SSE | 1957.12.18 | 205
IREfE] 1 REFRICAPN D22 L 7 S JRUs 4 A& 228 | 226 | W) (12.13 | 208)
i;i;}f;i@ ii;i?ggfﬁg;gi 1980.1026 | 21.3 | NW | 1958825 | 20.1 | T5817
- (123 | 22.6 | NW) 12.26 | 21.0
KIBGHEFARNZ BN T S IEAHT T30 m/s %
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325m/s 13H D IEEE B b,
DUNT, oD HS O KBTSk A A
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B, Wi ERONHE (8T8 (2% (date,  AM) (date, - AM)
P IR 35U T 1953~1985 AEDHRT (33 Hikari POT  U;o>20mvs; Ny=25(=2+2+12+9)
1E) T 40 m/s BLEOFR KRGS 9 [ Osaka jetty POT U;(>20m/s ; N=21(=3+2+6+10)
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TR BE LA 325 m/s (T5313 5, T ABE), 526K 304 m/s (T6118 5, 52 EAEM), &5 3L
8 30.0m/s (T6524 %), &5 4 (rfiE(1)29.8 m/s (T5415 5, JAFFRHAEE), 5 4 (fE(2)29.8 m/s (T5915 5,
BIBHRE) BAER LTS, 1950 4R E 1960 FERUITIFERB RPN THER L2 &0, Zhb0fH
JE\D SN O F F e FALd 2T BB T DR R BUREEERIZ B TV D,

Fig. 2 1ZFRRBUHDREZA AL (1958~1982 4F) DIEHMEHIR (1953~1985 ), #ALL (1952~1987
), HE (1957~1987 4F) 38 L OUKPREEFRZEEE (1952~1967 4F) ([ZOWTRd, BUSRGEERIL & B2 Ha L
TV, [Fl—4ETRE BB TE Uy — AZOME ML TOBIED, FERBIICKE WG (BE) %4
UTAFRIC B R4 2 BT & T2 T b, SR REEEOFZCITAHA & HIR LS, AR K RGE 3 [
IRCRE S RILT/HENL, SRR ISR TR OEE S D, £, WO OFE R KRHE
FHN RN B D £ 9 IR Z D,
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Figure 2 Yearly variations of measurement-based annual maximum(AM) wind speed at coastal stations in the Seto

Inland Sea.

2.2 {ERIZEEE & UIBIEDRZHT

TEIM BRI, AEAKUE S %D FAIFE & L THEHEO AM EEHZR 2 OtE ™ L D @A S
EfeHa, (=a/ags, a: AMERHZH TIDTZEMROARIE, ags : a? 95 %8, OABICL S L
> RORHEd, OFRXHEL (= 1,/1.6449), @Mann-Kendall {ENZHS< b Lo RIREFE U, © 3 FHICLD
T2, ZNOORIEAITERT &, |I| 21 THEAMISHEZR$EM (HAE) - B (@) fHm, 1] <1 TEm
L@y L, LHET L, Table 3 1THUSRID AM BEEHIXHT DM AENENT OfE R — B Z2 w3, AfdfHal:
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Table 3 Results of trend analysis for AM wind speed data sample at each of coastal stations.

it iod K ¢ I I
site eriods a

p yrs. | (mis)ly t t MK
Hikari 58-82 | 25 | -0.076 | -0.32 | -0.26 | -0.57

Sadamisaki | 53-85 | 33 | -0.210 | -1.27 | -1.11 | -1.23
Matsuyama | 52-87 | 36 | -0.182 | -2.68 | -2.80 | -2.90
Shioya 57-87 | 31 | -0.194 | -2.15 | -1.60 | -2.10
Osaka jetty | 52-67 | 16 | -0.312 | -0.65 | -0.60 | -0.71

*OL Hikari AM - Hikari AM - Hikari AM - Hikari POT
€ 40F k=25yrs. [ U5p=32.5m/s [ 1st missing [ N=25
= 30F | U =27.0m/s . 4 [ U,>20m/s
S ool FT-Il | i FT-Il [ FT-II
>t k=70 | Gumbel | k=40.0 | k=3.0
101 P =0.975[ P =0.979[ P =0.960[ P =0.980

0
0 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
U10 obs mss U10 obs mss U10 obs mss U10 obs mss
Figure 3 Quantile-quantile plots for samples of measurement-based AM and POT wind speed data at Hikari station.

RIREGEROCTAEE & 0, AM BEORER 2B MER N B D, BIREBBREESE 25 &, ok, K
Bk S 28R CRER OIS B RE A TN X R S eV olaxt LT, ERIFCHHWADOEMEEN, R
ERRILTHRWADEM AT SR S D, BT 51, 52 DB U RIS A B 7 il E
MARHSNDHAE L H D2, EERSENZ Lovs, BAZENCE L ThRi&miaitim 4152 ol iat
Th Ao, ZITIFHEMEESOFEELZEET, WE OWEMRITZ1T 5,

Fig. 313G BIT DERREE (AM) Bk L OWRREE (POT) ERHI T 2 MqEse s HEHT X v 157~
B IS Q-Q Iy NlE G2 5, MMEFGHITIZIL, Befis A2 Gumbel 534, 27 FEAOTZIR
Rtk % > Weibull 2347, 20 FHEOIAMKAI k% & FT- WA OFE 48 FiE, (i - RERHOHF A
BN 2 T, Bt O5@R A MBI SRR RE, FEBEREO S (RS OHEE % jackknife 1512
£ % Yamaguchi - Hatada"\OE7 /L& WD, EEHMEEK =25 4 & T D4R R REUEEEHE, OERHEN =25

Ak, @F | AU =37.0 mis & 27.0 mis LB Z, UL =325 mis & LI=N =25 OREEL @F 1
B ERU OV 2 LU R =32.5 mis & 0 KE VA, ZOMITARHE LT8R GF 1 AKX o 3
WY, POT EEFCIIN =25, EEHAEN, =250 & L CENTNOEEOMNT 21T 7=, Sy mlTgr =
LICEDY, MEREp b 1ITEWE SRRV, BEMEIL 4P EM TIZFIRIN TN DL Enb, flsy
ﬁ@ﬁAWiﬁ<@w

Table 4 (TAHLSICH T DERKEE (AM) Bk LU & KIREEHRISRIZEBIT DU, >20 m/s DR
JEGE (POT) &HH _xﬁ%@{ﬁﬁﬁﬁﬂﬁﬁ%@* EhH 25, FHSOEEz miZBT 58EEY, X 1/7
FANT LD 10 m @ERKU,, L LTHY, z m TORK 1A & ﬂ%uz(”, 10 m %ﬁ?f@%né)uf;)
TRLTND, RITERIIABEIREp, Bl A ORIk (W I Weibull 5347, F (% FT- A0 A,
Gumbel 734f), 50 Eﬁ”@fﬁﬂ@um & X OIEHERZEU 505 B8 LOEEMREL (C, = Usge/Uso D%IE) T Efz%.’)

FIHTIE, @HEO AM EFF (Hikari(2)) T 50 FAEREGH & 2 OFEERZIUs £ Usgy =36.314.5 m/s
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Table 4 Alist of results of extreme value analyses for AM and POT wind speed data samples at each of coastal stations.

U.
z K | N|Uu®|ud date px | Opt. | Usy | Usey | =2
: ~ U
site period 50 Remarks
m yIS. m/s | m/s | (YMD) | 103 k m/s | m/s
%
POT, Ny =250,
Hikari (1) | 10.0 | 58-82 | 25 251 37.0 | 37.0 | 65.8.6 980 | F3.0 356 | 49 139
U, >20m's

Hikari (2) | 10.0 | 58-82 | 25 | 25 | 37.0 | 37.0 | 65.8.6 975 | F1.0 | 363 | 45 125 | AM

Hikari (3) | 10.0 | 58-82 | 25 | 25 | 325 | 325 | 71.85 979 | G 319 | 2.7 84 AM, 37.0m/s—27.0m/s

Hikari (4) | 10.0 | 58-82 | 25 | 24 | 325 | 325 | 71.85 960 | F40.0 | 33.8 | 4.0 119 | AM, Ist. missing

Sada-

40.6 | 53-85 | 33 33 | 50.0 | 409 | 71.85 991 | W2.0 | 428 | 2.0 4.6 AM
misaki
Matsu-

21.5 | 52-87 | 36 36 | 24.7 | 22.1 | 549.26 | 987 | F7.0 213 | 22 102 | AM
yama

Shioya 8.5 57-87 | 31 31 | 27.0 | 27.6 | 63.1.19 | 990 | F125 | 27.6 | 2.0 72 AM, add. 17.5m/s(1980)

Osaka
10.0 | 52-67 16 16 | 325 | 32,5 | 53.9.25 969 | W22 | 356 | 2.2 6.2 AM

Jetty(1)

Osaka POT, Ny =250,
10.0 | 52-67 16 21 | 325 | 325 | 53925 965 | W10 359 | 24 6.6

Jetty(2) U, >20nvs

Opt. : Optimum distribution ; F : FT-II Type, W : Weibull, G : Gumbel

(EERERC, =12.5%), POT &#t (Hikari(4)) T 35.6+4.9m/s (C, =13.9%) TH LD, WMELHI L HUs,
DFET 0.7 m/s E/NE W, 3 FEED AM EEFCIE, 5 1 ALEUE 37.0 m/s D 27.0 mf/s ~D A2 /)~ (Hikari(3))
UK T (44m/s) DB HT Ugo, DI (1.8mvs) AT TEY, H IAREDOEE N Uy & Usor M
ETREITRE N, B 1 AMEE K E T 28T (Hikari(4)) TldUsg £ Usoe =33.844.0 m/s (C, =11.9 %)
L, D72 0 EEIZREAE LTV D L 9 I D, - KRR T, 55 1 (RE 2 U =32.5mss
ELTHI 30 mis ITEET D AM BRI 5 B L TWD Z &b, KESOMITIEMICH E VHEZFIH720
Weibull 5347 (k =2.2) TEEN, Usy + Usgy =35.6422m/s (C, =62%) & ZBEMRE IV NSV, IMZ T, S
DA LRBEIC, AM BB E POT BEHZ IS Ugy & Uspy BB DHEEMENFE T RKEWVHOD, O
INEWY,

B, OHSEOEREHD L, S (36.3m/s 7213 33.8m/s) CARPHEH 2R (35.6m/s) & T,
Uso lIVEHIF (428 mis) TEVKREL, HE 27.6 ms) TRV /hSWMEE L5, diffficd o800 (21.3
m/s) TliHUsy i —fE/h sy,

HWEANIEZ 31T D 50 AERERIRHEU g DZEMI0 AR 27~ Lz L BRIOFER: (Fig. 30) T, MM E LTOf
TUso =32~33 m/s, KIRHEAHRIIECTU, =31~33 m/s, TEIRCUS, =40~42 m/s & 5-%, BRIEEHIIE
S Ugp & L HGT 5, L LEER THUg, =30~33m/s & & 0, BHEICEESEL Y 5Sm/s FLE
KEV,

3. SDP AEMIZED FHER & HRIED L

3.1 SDP REHICE D EFHER
TTICT . WE TR LI, L0 BINEPNTE - A IR ERRE R T 1~3 B S LI idE Sh
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72 10 Sy E O EGHEE R (SDP BVE R (236 2 BRSO E > FEEENARE L0, Zh
HOEGH - BA] (SDP E) &R & AMERSCIR 5 RFEMLR T H 2 72 NCEP/NCAR & %5 & ECMWF (2L 5
Fif R AT RN B BE 7 VR Z AL ZRA A T2 G - IR Rk 2 22 T T L Ot SR sEIl N Of 358 & 1
OB IS T B JEGE « EE 23R eD, DOUWNTIZOHS 1 BEPEH R & BURIEH D SRR L7z 2 fEO
[EFECA 5 1 BePEEHRRGRICEH L g B & i O BLIIAR 2 BURIC AL, S HICZ b 2K RH I
S22 MR U CHE B0 AT 25k D 5 kA B LTz, & L CRIIIE RIS B LD 1980 4ELIRE A /5 & L
TREMERFCA b— ARFERHI 3 U CRHFER & BUANR & O [RF 72 P 21T, Z O JHEOHNEZ iR L
Too MERK U7 ERGATERIOBIRILE 77 — % 235 b A7z 1961~2005 A0 45 1], WeEFIRREE 1 R
ThD, BiREE - AT HBIFZNCR BT 1B 2 & ORRIIOT — 4% L LTIV IAA TS,

3.2 RIZHE T EHEER & ERRD LLE

ZZTIERET, WRRO TRICHYS M50 SDP BRSO ER A IR T DEFEE S AR L,
BLIE & DL « BF AT 9

Fig. 41306123617 2 EHRR & BHIRORIRFZEL ot A 2 SOIRKE - ZEEIERE (D1964 43 H 26 H~
28 H, @1970 =12 H 12~14 H) BELO2 >OHERE (BT7009 5 : 1970 48 A 14~16 H, @T7119 &
R 197148 A 4~6 H) 12O\ TH X5, 2 DORKUE « ZRHIEIRHZ DU CIEE o Bk - B mksRa0E
KR EFELTWND L IICHhZR D, 2 DOBEBIRHI DUV T HAEE TITRRFZ I3 3 5 i OIS
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Figure 4 Comparison between hindcast and measurement for time variation of wind speed and direction during a storm

at Hikari station.
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(AR D DBy, MBAKOAE Eayy, 2 FVE CEHR) ey (wvs), JERITARD 2 FHBERE P, ,
IR D Aficftagg, 2 FeFHih7Eay (°) D 6 DOMAEIFIEL LR b — AR KB U0, (=
Ul an/USES () DEFT SEEAT S, 12721, 2 FeEHsET A b — AW o SEHREEULS 5 L O 100°
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TLHOOPHELWEDHD, 29 LI b, FERIRBAKIZL5EAx DF = 7 b UETH S,

512, FFEEEBHIROM G0 LWEAICIE, TOREREIZ S OREREICL > TR
FRINDHD, ZOREFIZALD D78  TEITOR0MR2 0 BN HGEIZIE, REIC L DHIRY R, RV
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Figure 5 Scatter diagrams between hindcast and measured values for wind speed and wind direction during a storm at

Hikari station.
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Figure 6 Histograms of 7 error indices for wind speed and wind direction at Hikari station.

5, EHRREAEINENEITE AR, 2B U THD L, SRR S BURE O SEE 1TV, #
BNZRWE B E 220, ot ERETHNZ THIYENR) (Cd51) 2 BBLIIEEH I EL I DS A 5215 72\ R R
FERZEEICRFELTND L OICAX DTN E D, INFRICK L THOEERBENG LU0 HPORE
PO TRENDIZEDREENE LI TRV, ZAUTFREUSIZEJE S TR WELIIHLRUE L O #if o
BN L 500 LR,

3.3 RN AFEMEIZEITHETER & ERIEDLLE

Table 5 |3WET PN FEOA BN RIS T D AR & BHAED 51572 7 DORREEIEIZ DWW T O
filim & AEYER 220 O 100 HEZAEAGEHEN =7 OMUETH 2%, RICITEFNBOEEMER (FZE0 61
RICED 5 HSIC RSB T @I SRR A N2 7 7 ) & R (BB S KIKICE D 7
M) BIoddEk G 14 #i) 1231 2R D ONS I 0 S RIS & SEHRIZ DU T 1980 AELIRE
DEEHZOWTHRIZFAREOFER S 5 2 D, AEAREEEUIIFEHEVHE TN =88 (L1 HRICIEHEMHRORE R %
JNZ TN =636), HERHHE TN =46 (11O BRITIEIN =215), 2 TN =134 TH D05, 1980 FLLED
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MO ROTZ T OORRZEFEREDOBE AT CEAME AR AR &) 2R,

i‘«%ODf*%iaotUl%llﬁ/k?fé L, DEDZENEZD,
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Engﬁﬁﬁmm§1Kﬁ<,5U&@¢ﬂﬁmpi%%ﬁﬂﬁﬁ¥a#0 WZHEWIEE, BWEEEZRT &0 8
S G, Table b CIIARXHIZ @IS & £ 9 mCa lZREE (T T2, RETRIN DmCo IS4
L CED Y, TR TOBEREIC OV THROEZ b OMAITZRY, 2 OF TREIOEA S\ #ui N
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QXY REVYHR COEBFER L LT, FEEMHROEEE 22 &, HgIOBE X 0 HEHICRE LIk
ERFELENTODEN, Fig. ThHbnd 518, pyopy DEBFFHANIAL, 2 FVEERRETH H6,°6, D
EARE, £z, HERMER CIIESREHRIC XTI mUVIEEE2 R REN L <, Fig 81cBIT 5%
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Table 5 Mean and standard deviation for each of winds-related 7 error indices at coastal stations in Western, Eastern
and full areas of the Seto Inland Sea.

location data | py X 102 | agy X 102 | Gy X 102 | Upeye X 102 | pg X 102 | agp X 10% | 65 X 107
N m o m o m o m o m o m o m o
Ieshima 71 64 16 89 | 17| 35 11 110 19 8 | 10| 106 8| 42| 12
Hikari 15] 68 11 100 | 20| 41 12 98 221 91 4 95| 17| 42| 12
OKuchogoe 81 66 11 101 | 21| 41 12 108 231 89| 14| 107 | 12| 38| 13
Shioya 29 68| 14 791 14| 39 9 95 171 87 9 98 | 13| 49| 15
OFukuyama 191 70 13 82 8| 34 5 87 12| 87| 12| 102 8| 31 7
West. 88| 67 14 87| 17| 38 10 96 19 ] 88 11 99 | 13| 43 14
Yama* 636 72 13 97 | 11| 28 7 102 141 95 4 99 71 26 7
(OShikama 61 77 14 99 91 30 9 102 13] 91 8| 100 31 27| 10
Takasago 11] 78 9 9% | 23| 36| 14 91 221 95 51 102 10| 32| 14
Tsui 91 64| 16 971 24| 40| 11 109 241 85| 12 98 6 29 7
Osaka 111 76 14 114 5| 31 5 120 12| 93 8 95 5| 26 6
East 461 72 15 99 | 20| 36 11 104 241 90 | 11 99 8| 31 11
Yama* 2151 76 12 97 | 12| 29 6 106 151 96 4 99 51 21 6
Seto 1341 69 15 91 19 37| 10 99 22| 88 11 9| 11| 39| 14
Yama* : Yamaguchi - Hatada + Ohfuku + Nonaka(2012) 21,
I hviss || 1| Shan [ TSBT8 S e | L ey § O
30r m=067: | 1 | 30 D1 N=88 301 i =g 301 C| =88
20t et L4 2o T m08n 200 i G, w08 5
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Figure 7 Histograms of 7 error indices for wind speeds and wind directions at 10 coastal stations in the Western Seto

Inland Sea.
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Figure 8 Histograms of 7 error indices for wind speeds and wind directions at 7 coastal stations in the Eastern Seto

Inland Sea.
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Figure 9 Histograms of 7 error indices for wind speeds and wind directions at 17 coastal stations in the Seto Inland

Sea.

RIS, AU, (L0 SPORER T EHU S OBLRE O R S B B O FH LR TR ST
HOITK LT, ABEE7ICRG & Uiz i LR O B1HHINEEEH ZBLRIFE Y B & (3N L7 &R Ch 0, Bl
FHYJE CHRE S W EIHIE OB E 555 5 Z L7 B2 L b LHEHIS D, 728, agylZBE L CHEXHRY
(NSWEE E 2 2R OFERZRS &, 100 fFEE LTDay, Pmit 91 IZHIZ, 6,DOmit 40 12, ol 12
WD TR ED, tMOBEIIIIEEDSRN LD, FEEREE TORERE O AR ZbIT 0,
@R (BEE) THD L, &AM & EER TR & HGHESI 31 2 EDOR D% & v, Fig.
9 DB MICBNTHEFENLD L2 SO0, XHBNEDERND DR 720, BENRGMIELI
TWa,

66



4. %% a8

AT TR REROMEI T SED L 9 THh D,
1)t (BUERFTOMNT CHIZEST) 123\ T 1958~1982 4EIZ UG S 7= 70 Fevi B mBLARE BHdm W ISR %
HOZ EnG, ZOHMOLYFMSEILOREEEZ NS ) 2 THERICHETH D, ZOEEHTISL 50 4
TR RO L, [EHAPEICEERT 2787 T6515 HF D 1 AEDEEDOHITIZ LY 34m/is &5\ T 36 mvs &Gl
IND, ZOfEIL SDP JRE B BAFEE & U THEE LB L Y 2~3 mis REWREE TIRIEXHGT 5.
2)1960 AEARA s & 3 2307 PSRRI O T BTN HLR S KL OVKBRHs R ZEER T 35 1T 2 v = RVBLRIN B R
(25 < 50 AR EGE I I I C 43 m/s, HIRZEEET 36 m/s Z & V), SDP JEZE R & 2K 6O 7o BLHIFE Y &

GHEE) 1235 < 50 4EpesR G & SIS TxREST 503, WS NG SRk S O R T 5 ms, 2
IRGE T 10 m/s (RVMEE 53 2, ZAUTBHEEHI & F i 5 HiE O 3P BLITE R ORI B IS
EIFET DL ZARRKRENVEHERIESND,
3)HE T NHED I FHLSIZ I 53 & LT 1980 4LLAT SDP VG EHZ FED < FHARD 7 D DREZEFREE CfX;
R INDREEITE LAY, 1980 FFELAREOE R A x5 & L CoaEEEds KOS O 1R LRI Z 38 1T
% 7 OORRERIEE F LD A SRR L D LR, Z AL 1980 AELLRTOEBLHIE O S
N2 C, W BRSO VERICERE AV 2 ih R O F R & BLEE O bl 2 S < 1L BRORER &, 1
ERGAR DVERUZ TN R R SRR O FHRLEL & LR L2 5SS < ARMFIEDOAER & DFEIC L 5 &
TANRKENVEHEIEND,

Z F X #

[1] P IERE « KA@ 5 - BpHpis— - JEEES - BBl « SDP JEVEEE -V ZNE - PIVEICISIT 2 45 42
O ERSGAT — 42 v bOVER, TR SCE B2 (+ 15, Vol.B2-65, No.1, pp.186-190, 2009.
[2] U TERE - JEES - KEE 5 - WS — W EICISIT 5 1961~2005 0D A b — ARFEGE - 31 &5
O & BMEOFHE, T Yy —J /0 (BIERY), #1134, pp.93-128, 2012.
[3] A DU E 7 s s L S igsplr « 7 A AT GUES - BN 62 AREElg I BB 2 2Rt
HWEE, 290p., 1988.
[4] IR ILH R G R - BIROKRES, 257p., 1992
[5] JEaE 5 — PRI R At P ARASRR G RS T © KBRHE DI, 45p., 1969.
[6] Tsuchiya, Y., Yamaguchi, M., Kawata, Y., Shibano T. and T. Yamashita : Prediction of beach erosion at Murozumi
beach, Natur. Disas. Scie., Vol.2, No.1, pp.33-68, 1980.
[7] % 2% - MTNFRE - 6°F 1 BAROTHRIR - BAKERSRYIICBIT DYy 7 KONk L RICBET %
WF9E, KT FamCHE, 5546 &, pp.121-126, 2002.
[8] $iASR— : RGHtat: (BB 5, HIAEAE, 314p., 1975.
[9] #ALL ¥ - ARG — : UNIX/Windows/Macintosh % - 7= 32 | KT — & M5 2 Wi, 4 EFE, 118p,
2008.
[10] Yamaguchi, M. and Y. Hatada : An extremal analysis system and its application to the estimation of extremes of
meteorological and oceanographic elements around the coasts of Japan, Proc. WAVES97, Vol. 2, pp. 932-946.,
1997.

67



T¥Vvy—F)L HH14%
201543 H

= 3 AR IRHEE T T L SWAN DEAZRE OFHE

Performance of the Third Generation Wave Model SWAN
in Ideal Generation Condition

HIFIERAE™ « BPARys—" « R AR - SRS T

Masataka YAMAGUCHI™, Hirokazu NONAKA **,
Yoshihiro UTSUNOMIYA*** and Yoshio HATADA ****

Basic performance of SWAN model based on WAMCycle 3 formulations, a state of the art third generation wave
model, with 4 modes related to stationarity and dimension is investigated through numerical simulations under given
uniform winds blowing normally to a coastline (ideal generation condition). The main accomplishments are as follows.
(1)The 4 modes of SWAN each yield a slightly different wave growth including the equilibrium condition. (2)The
Westhuysen(2007) results regarding the relation between dimensionless wave energy &* or dimensionless peak
frequency f; and dimensionless fetch F*, which cover empirically-established wave growth, are well reproduced by
use of either stationary one dimensional(sz-1d) or two dimensional(st-2d) mode of SWAN with coefficient § =0 in the
dissipation term. However, the ratio of peak period-moment based-mean period with -1 order is much greater than the
empirical value of 1.05. (3)Wave growth by SWAN is strongly affected by the choice of the coefficient § in the
dissipation term and time increment At used in non-stationary(nst) mode. (4)Wave growth curves by nst-2d mode of
SWAN with § =1 are almost free from the given wind speed and provide overgrowth of both the Westhuysen(2007)
results and the empirical results, whereas the wave period ratio is much closer to an empirical value of 1.05. (5) The Toba
constant By of 0.062 in 3/2 power law may be roughly reproduced by nst-mode of SWAN with § =1, although the
calculated coefficient varies within a range of +35 % for mean of 0.070. (6)Experiment-based relation of & fp3 /g =const.
for extremely high wind speeds is not produced by SWAN computation with any mode at all, which may pose a serious

problem to be solved in the very near future.

Key Words ; SWAN, state-of-the-art third generation wave model, ideal generation condition, model performance,
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7 /L SWANU! (Simulating WAves Nearshore) [Z75177 % WAM 01438 D WAVEWATCH3 (WW3) & [AfRIC
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FARE— F& LT Westhuysen HPEIDFHRFEROFEAZ HRY L LI2ER 2 ot (st-2d) E— RBLOEH 1
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Figure 1 Relations between (a) e*-F*, (b) f;-F* and (¢) T,-T;,,—1, based on 4 different modes of SWAN with A
term for either § =1 case or § =0 case (U;, =20 m/s, t =48 h).
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Figure 2 Relation between &£*-F* based on non-stationary one-dimensional(nst-1d) and non- stationary two-
dimensional(nst-2d) modes of SWAN with A term for § =1 and & =0 cases (U, =20 m/s, t =48 h).
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Figure 3 Relation between f,/-F* based on nst-1d and nst-2d modes of SWAN with A term for § =1 and § =0
cases (U;o =20 m/s, t =48 h).
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Figure 4 Relations between (a) H(§ =1)-H(8 =0), (b) T,(6 =1)-T,(6 = 0) and (C) Tp_1(6 = 1)-
Tin—1,0(8 = 0) based on nst-2d mode of SWAN with A termand § =0 or § =1(U;, =20 /s, t =48 h).
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Figure 5 Effectof A termonany of H, T, and Tp,_,, based on nst-2d mode of SWAN with § =1(t =48 h).
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Figure 6 Reproduction of (a)&*-F* relationand (b) f,-F* relation by Westhuysen et al.(2007) using stationary
two-dimensional(st-2d) mode of SWAN with A term and § =0(U;, =10 m/s ; Ax =1 m, 5 m, 50 m, 500 m, 5
km, 50 km and 500 km).
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Figure 7 Reproduction of (a) e*-F* relationand (b) f,/-F* relation by Westhuysen et al.(2007) using s¢-2d mode
of SWAN associated with parametric generation in place of A term and § =0(U;o =10 m/s; Ax =1 m, 5 m, 50
m, 500 m, 5 km, 50 km and 500 km).
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Figure 8 Reproduction of (a) e*-F* relation and (b) f,/-F* relation by Westhuysen et al.(2007) using stationary
one-dimensional(sz-1d) mode of SWAN associated with parametric generation term and § = 0(U;, =10 m/s ;

Ax =1m, 5 m, 50 m, 500 m, 5 km, 50 km and 500 km).
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Figure 9 Relation between T, and T,,_;, based on either st-1d or st-2d mode of SWAN associated with

parametric generation term and 6 =0(U;, =20 m/s).
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Figure 10 Reproduction of £*-F* relation by Mase et al.(2001) based on nst-2d mode of SWAN associated with
parametric generation term and § =0(U;, =20 m/s, t =48h).
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Figure 11 Effect of time increment At or space
increment Ax on &*-t* relation based on ns-2d mode
of SWAN with A term and & = 1(U;y =20 m/s,
t =48 hand At =2 min, 5 min, 10 min for Ax =5 km or
Ax =5 km, 10 km for At =10 min).
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Figure 12 Relations between (a) ¢* and F* and (b) f, and F* based on nst-2d mode of SWAN with A term
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Figure 13 Relationbetween T, and T,,_;, obtained under 7 wind speed conditions using nsz-2d mode of SWAN
with 4 termand § =1.
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Figure 14 Relations between (a) # and F and (b)T, and F based on nsi-2d mode of SWAN with A term and
6 = 1under wind speed condition of any of U;, =5 m/s, 10 m/s, 20 m/s, 30 m/s, 40 m/s, 50 m/s and 60m/s (t =96
h for U;o =5 m/s, 10 m/s and t =48 h for 20 m/s to 60 m/s).
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. =6.84 x107° ; F = 25~3,200 (8)
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Figure 15 Relations between (a)ef,’/gu. and F*, (b)By, and F*, (c)By and F* and (d)ef,’/gU;, and
F based on nst-2d mode of SWAN with A termand & =1 under wind speed condition of any of U;, =5 m/s, 10
m/s, 20 m/s, 30 m/s, 40 m/s, 50 m/s and 60 m/s(t =96 h for U;, =5 m/s, 10 m/s and t =48 h for 20 /s to 60 m/s).
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Figure 16 Relations between (a) ef,’/g and u, with a parameter of F and (b) ef;}/gu, and u, with a
parameter of F obtained under 7 wind speed conditions of U;, =5 m/s, 10 m/s, 20 m/s, 30 m/s, 40 m/s, 50 m/s and
60 m/s using nst-2d mode of SWAN with A termand § =1(t =96 h for U;, =5 m/s, 10 m/s and ¢t =48 h for 20 m/s
to 60 m/s).
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1. BERE - BERXADOFZEDRKRET

ZIZTIE, Upp =20 m/s DFMFOH L2 SWAN (ATEH D) XL DIEEH 2 ot (nst-2d) FHHEZARLE.
THET L 7=@Komen 2. (p =2, § =1) TOWu AU L 25HE L 0@2 AU L HC,0E4A, (Blanssen
2 (default fEC 5, = 4.5, § =0.5) DA, @Westhuysen 5PIDJEE (default fEC,5, = 5% 1075, B, = 1.75 X
1073) TWu ARIZ L HC,DEHD 4 /r—AZDWTAL =10 43 TfTo 72, 22T, Zijlema HUNZ X 5TIC
B2 2 k=i

Cq = (0.55+2.970 — 1.490%) x 1072 ; U = Uyo/Uyes, Upey =31.5 mis Q)
TRIND o Upep (FHMEREHTH 5, 3(9)FT = 1(Uyo = 3.15m/s) TCy = 2.03 x 1073(u, = 1.424 m/s) D
RKfEZ &Y, Uy =5m/s T0.98 X 1073(u, = 0.157 m/s)iZ, U;, =60m/s CT0.80 X 1073 (u, = 1.698 m/s)
AT 5, 12721, Uy =25m/s T1.97 x1073(u, = 1.109 m/s), U, =40 m/s T1.92x 1073(u, =
1.752m/s), U;o =50 m/s T1.51 x 1073(u, = 1.943 m/s) TH L5, Uy =25~40 m/s DI DC, DZEAIE
IV, WFRIZL A, Uy >31.5 m/s TCIERADT 5, £z, Uy =51 m/s TCy =145%x1073(u, =
1.944 m/s) &, u, & LTORKI 1.944 m/s & & VU o >51 m/s Tllu oL /h&<7ed, T77bb,
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Figure Al Relations between (a) H and't, (b)T, and ¢, (c)e* and F* and (d) f, and F* based on nst-2d mode
of SWAN with § =1 under wind speed condition of 20 m/s with t=48 hours duration, in cases where any of 5

combinations between dissipation term and C,; formula is used.
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Figure A2 Relation between T,, and T,,_;, obtained under 20 m/s wind speed condition(t=48 h) using nsz-2d mode
of SWAN with any of (a) Komen formulation(§ =1)and Wu C,; formula, (b) Janssen formulation and (¢) Westhuysen

formulation and Wu C,; formula.
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Figure A4 Relations between (a)e* and F*, (b) f, and F*, (¢) &*f,;® and F*, (d)B; and F*, (e)H and F
and (f)T,,_1 and F based on nst-2d mode of SWAN with § =1 and 2nd order polynomial for C; under wind speed
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Figure A5 Relations between (a) £f;/g and Uy, with a parameter of F and (b) ef,}/gU,, and Uy, witha
parameter of F obtained under 7 wind speed conditions of U;, =5 m/s, 10 m/s, 20 m/s, 30 m/s, 40 m/s, 50 m/s and 60
m/s using nst-2d mode of SWAN with § =1, in cases where either the 2nd order polynomial formula or the Wu formula
for C; evaluation is applied(t=96 h for U;,=5 m/s, 10 m/s and t=48 h for 20 m/s to 60 m/s).
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Hindcasting High Waves in the Japan Sea Generated by Recent Severe Storms
P IERE™ « Bprhi—"" « JE a2
Masataka YAMAGUCHI*, Hirokazu NONAKA ™ * and Yoshio HATADA ***

Wave hindcasting in the Japan Sea using either the 2nd generation model YH3 or the 3rd generation model SWAN
was conducted for each of the 8 severe storms which brought about very large waves along the Japanese coastal areas
and/or swell-like high waves along the east coastal areas of Korea, in cases where hourly sea wind distribution is taken
from the MSM(meso-scale model)-based winds products provided by JMA(Japan Meteorological Agency). The
accuracy of each wave model is discussed on the basis of the comparison between hindcasts and measurements for the
time variations of wave height and wave period at any of many stations deployed along not only the Japanese coast but
also the Korean east coast, and then spatial distribution of the storm-generated maximum wave height was investigated.
The main results are as follows. 1)both models reproduce well the time variations of wind waves measured during a
storm and SWAN model yields a slightly better estimate than YH3. 2)in a general sense, either of the models evaluates
well the swell-like high waves along the east coast of Korea but gives poor verification for the swell-like waves called
"Yorimawari-nami' in Toyama Bay associated with February-Storm in 2008 as did previous studies. 3)estimate for the
largest maximum wave height generated by the concerned 8 severe storms is over 13 m in the offshore area of the Tohoku

region, while it reaches over 9 m in the northern offshore area of the east coast of Korean Peninsula.

Key Words ; Japan Sea, recent severe storms, wind waves, swell-like waves, Japanese coast, east coast of Korea, MSM-

based winds, YH3 and SWAN wave models.

1. #&

il

BT, DODME D AR R TR 2 ST R & FERICBEER R ICET 570y, HDH VI
FEDDIFZEDRFEPARN AT D Z LD RLIRNT END, IRFEOBISOHHR B2 5 ORIR A
(ZHFHR - Al 2 BB BTV D, 7, MEORET GUF) TIXHAREZSET 5 0120 R
RIS Z 0 KRB FE PR IRLAEC T2 80 h, FRRORIICH D,

MR S LIciRILZ B3 2 72 O OBIRHERIIFRI O D1EETH - 7273, B TlEm WO E DK S
et G DESTERD ORE & A, BIOmELSNE 3 HROBRERET 107 ) =Y 7 M L

B AR
Prof. Emeritus, Ehime University
(AT BIERE LB TR

(former) Department of Civil and Environmental Engineering, Faculty of Engineering, Ehime University
EIRRTFR P TR (T5R) AR TR
Engineering for Production and Environment, Graduate School of Science and Engineering, Ehime University

JEfEsH SRk 26 4£10 F 31 H

Annual Journal of Eng.,
Ehime Univ., XIV, Mar., 2015 94



LCORBIC L > T, HITFIRIATA DIEE L R0 9ob D, Tibb, AAMRE %Y Ui ©
1%, EERBEOKEERE ANSEME LiZ A VREET /L (MM5, WRF 72 8) |2 & 2% s fgde o
JRGFHR & 55 3 RO IRHERE T /L (WAM, WAVEWATCH3 (WW3), SWAN) |2 X % iRHERL A /LA
72 A b —AEREIRAERL M TON TE 7203, A VKRBT VORI 0 OB, & AN MNIE L 7
Do LnL, K[REJTIE2002 4 5 7 15 HLARRZE IS EAx =10km, FefHIEIRE 6 FRf]oD () MEATIREERS
LT E 0 () THRIEEEIOARZBRLE L TLSE, W< DO 25T 2007 4F 11 A 21 BT
HOBARIREEA =5 km, WERIRINR 3 BERIOMENTISLOR & | SRR THRISERERIEL TR Y, KEET
LD E AL S & BEEIRISR DO 0 2 0 OB L 2 13> T\ D, LN -T, ZubDREEZ A
RKINTHDHE 3 HROBRIEFETN~DANEKMAEE T D EITL-T, AVREETNOEM R LIC
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@20124-4 A 3 A~4 B ; #L - Jbbein e CRERE R R M A

LI EDOFFATEE B & TG B 2 /A D TAt =1h Z & O EESRER L 5, T72bb, AV X
=BTV (MSM) (L7 N22.4°~N47.6°, HPE J7 0] E120°~E150°DfEk, f#4% 0.05°%0.0625°,
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Figure 1 Area of MSM-based sea wind distribution data in the Japan Sea provided by JMA(Japan Meteorological

Agency) and wave hindcasting area of the Japan Sea with location of wave measurement stations of Japanese coasts
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Figure 2 Location of wave measurement stations along Japanese coast facing the Japan Sea.
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Figure 3 Comparison between hindcasts and measurements for time variations of (significant) wave height H and

(significant)wave period T at Sakata station during 2012.4.3-4 Storm, in cases where (a) YH3 and SWAN wave
models or (b) 5 kinds of SWAN models are applied.
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Figure 4 Comparison between hindcasts and measurements for time variations of wave height H and wave period T

at each of 8 measurement stations during 2012.4.3-4 Storm, in cases where YH3 and SWAN wave models are applied.
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Figure 5 Scatter plot between hindcasts and measurements for any of time-varying wave height H, time-varying wave

period T and maximum (significant) wave height during a storm H,,,, under various wave model conditions in

2012.4.3-4 Storm case(1).

101



15— 7T 15—/ 15—
[ L2012.04.03-04 ] [ L2012.04.03-04 . ] [ L2012.04.03-04
— o
e By o - $=0.904 0
ol a=1.102 %, 9 1 L 8, 20 ] 2l a=0962 |
o o, ~ o) o
eI 37, ! )
< [°] ~ 8’000 ©
L ° o | 00 | o
© o 2 S = o o
BN Z%W =T °© §>< °
St St ° a8 o
st { s S Ts
i SWAN-Ta 1 i 1
i Zobs. o : SWAN-Ta | ! SWAN-Ta
i ‘ ] L K —obs. ] L —obs.
% TS i s o T T T s g0 s % T T s e a0 s
Hobs (m) Tobs (S) Hsg)s( (m)
15— 7 15— 15———"———"—T—T T
[ L2012.04.03-04 ] [ L2012.04.03-04 . ] [ L2012.04.03-04
— o
L p=0.962 3 Sg,f%‘”o 1 I p'_%zﬁ 1 I p=0.905 o
ol a=1.092 %2 9 1 o 8 S B |
- a° S, = o
<l w1 e £ SR
L 4 L 00 ] - o
2 ° 2 ° z ° S
2] o 1 & ; S0 .
st ° 1 &6t i T 5
i SWAN-Iw 1 i 1 i
i obs. : SWAN-Iw - SWAN-Iw
A : ] L K —obs. ] L —obs.
N L A A N
Hobs (m) Tobs (S) H;:)S( (m)
15 T 15 T 15 — T T
[ 12012.04.03-04 ] [ 12012.04.03-04 ] [ L2012.04.03-04
l I =0.951 ¥ ] I
L »=0.960 ;’ %224 p o0 =0.907 ;
r — o E - =0. 4 L
10k a,=1.024 o @QQ)O% | 10k 0 ° : R T a,=0.882 ° i
El °, 1 21 tbd"%f N © o
~ 8 1 S F ©00 L F
3! o | ! A §§ [ 05° ©
st 5 {1 st : T &
i WAN-Zi 1 i - I .
i S 4] : SWAN-Zi . - SWAN-Zi
3 1 3 K —obs. 1 3 —obs.
R N L I I I A A N
Hobs (m) Tobs (S) Hzgi (m)
15— 7 15— 15—/
[ 12012.04.03-04 g0 /] [ L2012.04.03-04 o 1 [ L2012.04.03-04  _ o
I o2 8o ] P ] I
[ p=0956 B0 ] oo ] [ p=0872
[ a=1137 8358 1 [ 70987 ¢ ] = - 4
10f o=1- 0 S Bo 4 10k 3 4 E10f a,=1.059 o i
e o, 98 B TS 1 @t 3 s [ %
~ | ° 1 - | 5% S | o
s N 3 & 3 o @
<] ) 1 S0 o
s 1 & ; ] =4
& SWAN-Ja 1 I 1 I
o obs. : SWAN-Ja - SWAN-Ja
[ | | K —obs. | L —obs.
% T o s % T T T s g0 s T T s e 0 s
Hobs (m) Tobs (S) H:_Zi (m)

Figure 5 Scatter plot between hindcasts and measurements for any of time-varying wave height H, time-varying wave
period T and maximum (significant) wave height during a storm H,,,, under various wave model conditions in

2012.4.3-4 Storm case(2).
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Figure b Scatter plot between hindcasts and measurements for any of time-varying wave height H, time-varying wave
period T and maximum (significant) wave height during a storm H,,,, under various wave model conditions in

2012.4.3-4 Storm case(3).

Fig. 6 13 KR H gy D2ERI53AT % YH3, SWAN-St, SWAN-Wu, SWAN-MK, SWAN-Ta, SWAN-Iw,
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FHHF SR LI DO TH D, ZIUTLDE, WTNOET AL THRKEOMEER (((x) =59, j(y) =147)
RN R ORRIEDTERINTIY, & 26RO REAISCHAEE BRI AT TR PR ISR R &3
W3 222054 % & Do BRI DI KRIEH g & ZAUTHE D JARAT e % Table 212525, e KiE
DOFKAEIZ YH3 T 13.01m, SWAN-St T 13.16 m L IEIExHET 523, SWAN-Wu T 15.12m & 2272 b K& <
72¥), SWAN-Ta, SWAN-Iw, SWAN-MK THIEDfE 14.32~14.44m % & %, SWAN-WZ, SWAN-Zi, SWAN-
WW TlE 12.37~12.82m ThH D, L7 L, Janssen DFEEHE AL %5 SWAN-Ja TIL 1547m % & U, SWAN-
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Table 1 Alist of error indices for wave height, wave period and maximum wave height indicated in Figure 5.

H T 5 o

model
p Qo p o p o

YH3 0.945 | 1.122 | 0.947 | 0.968 | 0.889 | 0.956
SWAN-St 0.959 | 1.088 | 0.949 | 0.989 | 0.912 | 0.930
SWAN-Wu | 0.962 | 1.149 | 0.952 | 1.013 | 0.902 | 1.016
SWAN-MK | 0.962 | 1.057 | 0.955 | 0.981 | 0.897 | 0.948
SWAN-Ta 0.962 | 1.102 | 0.951 | 0.993 | 0.904 | 0.962
SWAN-Iw 0.962 | 1.092 | 0.952 | 0.991 | 0.905 | 0.959
SWAN-Zi 0.960 | 1.024 | 0.951 | 0.964 | 0.907 | 0.882
SWAN-Ja 0.956 | 1.137 | 0.943 | 0.987 | 0.872 | 1.059
SWAN-WW | 0.955 | 1.045 | 0.946 | 0.923 | 0.906 | 0.918
SWAN-WZ | 0.957 | 0.980 | 0.948 | 0.900 | 0.901 | 0.869
SWAN-D5 | 0.960 | 1.094 | 0.950 | 0.987 | 0.916 | 0.941

Table 2 Alist of spatially largest maximum wave height H,,,.y associated with corresponding wave period Ty m

during a storm and appearance location under various model condition in 2012.4.3-4 Storm case.

model Hnaxy (M) | Tmaxm () | &, J
YH3 13.01 13.7 59, 147
SWAN-St 13.16 13.6 "
SWAN-Wu | 15.12 144 n
SWAN-MK | 14.44 14.1 "
SWAN-Ta 14.32 14.1 "
SWAN-Iw 14.32 14.1 "
SWAN-Zi 12.68 134 n
SWAN-Ja 15.47 13.8 "
SWAN-WW | 12.82 12.9 "
SWAN-WZ | 12.37 12.7 N
SWAN-D5 13.23 13.6 119,292

JE 0.1°00 SWAN-St @ 13.16 m & 1F & A EED LR,

UEOREREERNT DL, BEER RO EE P& 2 A U7z YR KERFO RIS LT SWAN

(Comax = 2.1 x1073) OFEEIL YH3 & [RIERICD e 0 BAFTHY, LA YH3 LV ETEWVD, @HT 5
CaRUIT KV RKREED DRV BT HZ D, WTILEHWNDREDHENIE S Z &0 Wu K (Camax =
2.5 X 1073) 12X 5C,<0 Janssen |2 K B FEEHEE WD &, TN R R NEENEHND Z &M
S A5, EIANBICER IR R TIPSR EE 0.1° L 0.05°12 X A HEREAERICH F 0 E T A LR,

725, OPNTZ DA b — LD H ARUHRFIZIT 2 I mBLNE B & PR R 2 Tl & il 2 %
OfcEEm & ORRERTIL T D, £z, Leel NTIEIRHERRE R4 LI IRITE L OFRKH FHO GPS iR
FEoER L R L C, TORLMEEMRT D L L BIZ, BRI DERFEA B L T D,
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Figure 7 Comparison between hindcasts and measurements for time variations of wave height H and wave period T
at each of 2 Japanese and 4 Korean east coastal stations during 2010.12.28-2011.1.2 Storm, in cases where YH3 and

SWAN wave models are applied.
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Figure 8 Scatter plot between hindcasts and measurements for any of wave height H, wave period T and maximum
wave height during a storm H,,,, at measurement stations along Japanese coast or east coast of Korea in 2010.12.28-

2011.1.2 Storm, in cases where YH3 and SWAN-St wave models are applied.
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Table 3 Alist of error indices for wave height, wave period and maximum wave height indicated in Figure 8.

H T

Hona

p o p Qo p Qo
YH3(Japan) | 0.839 | 1.201 | 0.461 | 0.952 | 0.621 | 1.063

SWAN(Japan) | 0.873 | 0.990 | 0.549 | 0.915 | 0.651 | 0.915
YH3(Korea) | 0.848 | 1.132 | 0.876 | 0.906 | 0.471 | 0.909

SWAN(Korea) | 0.886 | 0.907 | 0.786 | 0.905 | 0.557 | 0.811

model(loc.)

Fig. 9 13RI EDZEM AT % YH3 & SWAN-St IZOWTH-2 %, WEF /T K B2 AT L < ElTwn
Do T, Wl XALRE PR & AU AR E B O R E ST TN L, M $ NE %
&5, YH3 Tl 6m EEIRO 72 53 7m @ik AR A > TV A, —J7, SWAN-St Tl HAWEOTE
PV T 6 m JEEIN A3 5728, SEEHFEOHEPE TO 7Tm BUITRATHIZ b A b7, B4 51T, YH3
2% SWAN-St L 0 00K E W (AARMECIER R TR 0.75m) 2T TWD Z En3bnd, EEICkT 5
BUIE R L OIS EHTH, YH3 BDOVCKREOOHEFEZ 52 T\ D, KA, BRSO R KM H paxm
EAHE T D ST ooy 8 L O DHHNLIE (i(x), j(y)) (T YH3 T7.30m, 10.7s, (66, 66), SWAN-St T
6.88m, 102s, (72, 66) Th b, LLEDL T, ZDOA h—LRHZIZHAUFEOTERE N oM E R T H
RO VERIRDBE LT T D, ZOREIEL YH3 ° SWAN-StIZ L > THLHRREL EFH IS L5289,

45

—
L Hypax(m), SWAN-St
| L20101228-20110102 g

10m S

1am
Ax=11km

[ Ay=8.5km - /7/
50 | 121x201 .~/ /
;¢ g

i(x)

AT

100 |~

(a) YH3 (b) SWAN-St

Figure 9 Spatial distribution of maximum wave height H,,,, during 2010.12.28-2011.1.2 Storm hindcasted with
(a) YH3 wave model or (b) SWAN-St wave model.
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Figure 10 Comparison between hindcasts and measurements for time variations of wave height H and wave period

T at each of 8 measurement stations during 2008.2.23-24 Storm, in cases where YH3 and SWAN wave models are

applied.
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Figure 11 Comparison between hindcasts and measurements for time variations of wave height H and wave period
T at each of 5 measurement stations along east coast of Korea during 2008.2.23-24 Storm, in cases where YH3 and

SWAN wave models are applied.
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Figure 12 Comparison between hindcasts and measurements for time variations of wave height H and wave period
T at each of 3 Japanese coastal stations and 1 Korean east coastal station during 2008.2.23-24 Storm, in cases where

YH3 and SWAN wave models with doubled space resolution are applied.
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Figure 13 Scatter plot between hindcasts and measurements for any of wave height H, wave period T and maximum

wave height during a storm H,,,, at measurement stations along Japanese coast and east coast of Korea in 2008.02.22-

24 Storm, in cases where YH3 and SWAN-St wave models are applied.
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Table 4 Alist of error indices for wave height, wave period and maximum wave height indicated in Figure 13.

H T Hpax

model(loc.)
p o p o p Qo

YH3(Japan) | 0.963 | 1.103 | 0.909 | 0.945 | 0.834 | 1.049
SWAN(Japan) | 0.968 | 1.050 | 0.939 | 0.976 | 0.872 | 0.998
YH3(Korea) | 0.860 | 1.038 | 0.860 | 0.780 | 0.743 | 0.878
SWAN(Korea) | 0.859 | 0.928 | 0.857 | 0.839 | 0.697 | 0.805
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Figure 14 Spatial distribution of maximum wave height H,,,, during 2008.02.22-24 Storm hindcasted with (a) YH3
wave model or (b) SWAN-St wave model.
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Figure 15 Comparison between hindcasts and measurements for time variations of wave height H and wave period

T at each of 4 measurement stations along Japanese coast during 2007.2.14-16 Storm, in cases where YH3 and SWAN

wave models are applied.
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Figure 16 Scatter plot between hindcasts and measurements for any of wave height H, wave period T and maximum

(significant) wave height during a storm H,,,, at 12 measurement stations along Japanese coast in 2007.2.14-16

Storm case, in cases where YH3 and SWAN-St wave models are applied.
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Table 5 Alist of error indices for wave height, wave period and maximum wave height indicated in Figure 16.

H T Hinax
P Qo P Qo 14 Qo
YH3 | 0954 | 1.053 | 0.938 | 0.954 | 0.924 | 0.964
SWAN | 0.955 | 0.985 | 0.939 | 0.989 | 0.922 | 0.957

model

1 50 100 ity) 150

b Hmax(m), YH3, 12007021416

i(x)

100 |

(a) YH3 (b) SWAN-St

Figure 14 Spatial distribution of maximum wave height H,,,, during2007.02.14-16 Storm hindcasted with (a) YH3
wave model or (b) SWAN-St wave model.
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Figure 18 Comparison between hindcasts and measurements for time variations of wave height H and wave period
T at each of 4 measurement stations along Japanese coast during 2007.1.6-8 Storm, in cases where YH3 and SWAN

wave models are applied.
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Figure 19 Scatter plot between hindcasts and measurements for any of wave height H, wave period T and maximum
(significant) wave height during a storm H,,,, at 10 measurement stations along Japanese coast in 2007.1.6-8 Storm

case, in cases where YH3 and SWAN-St wave models are applied.
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Table 6 Alist of error indices for wave height, wave period and maximum wave height indicated in Figure 19.
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model

p Qo
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Figure 20 Spatial distribution of maximum wave height H,,,, during 2007.1.6-8 Storm hindcasted with (a) YH3
wave model or (b) SWAN-St wave model.
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Figure 21 Comparison between hindcasts and measurements for time variations of wave height H and wave period
T ateach of4 measurement stations along Japanese coast during 2006.10.22-25 Storm, in cases where YH3 and SWAN

wave models are applied.
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Figure 22 Scatter plot between hindcasts and measurements for any of wave height H, wave period T and maximum
(significant) wave height during a storm H,,, at 8 measurement stations along Japanese coast in 2006.10.22-25

Storm, in cases where YH3 and SWAN-St wave models are applied.

Table 7 Alist of error indices for wave height, wave period and maximum wave height indicated in Figure 22.

H T 5 o

model
p Qo p o p o

YH3 | 0.940 | 1.094 | 0.841 | 0.912 | 0.990 | 0.973
SWAN | 0.952 | 0.948 | 0.873 | 0.957 | 0.974 | 0.880
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Figure 23 Comparison between hindcasts and measurements for time variations of wave height H and wave period

T at each of 5 measurement stations along east coast of Korea during 2006.10.22-24 Storm, in cases where YH3 and

SWAN wave models are applied.
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Figure 24 Scatter plot between hindcasts and measurements for any of wave height H, wave period T and maximum
wave height during a storm H,,,, at 5 measurement stations along east coast of Korea in 2006.10.22-24 Storm, in cases

where YH3 and SWAN-St wave models are applied.

Table 8 Alist of error indices for wave height, wave period and maximum wave height indicated in Figure 24.

H T Hpax

model
P Qo p Qo p Qo

YH3 | 0.925 | 0.985 | 0.921 | 0.887 | 0.604 | 0.936
SWAN | 0.938 | 0.907 | 0.914 | 0.893 | 0.583 | 0.942
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AU72 Kim + LeePUN B R L TV D DT, BIISIFOMEIIAHATH S, ZNODRIZE D &, W
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Figure 25 Comparison between hindcasts and measurements for time variations of wave height H and wave period
T at each of 3 measurement stations at far-offshore and onshore locations of east coast of Korea during 2006.10.22-25

Storm, in cases where YH3 and SWAN wave models are applied.
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Figure 26 Spatial distribution of maximum wave height H,,,, during2006.10.22-25 Storm hindcasted with (a) YH3
wave model or (b) SWAN-St wave model.
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Figure 27 Comparison between hindcasts and measurements for time variations of wave height H and wave period
T ateach of 6 measurement stations along Japanese coast during 2004.11.26-28 Storm, in cases where YH3 and SWAN

wave models are applied.
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Figure 28 Scatter plot between hindcasts and measurements for any of wave height H, wave period T and maximum

(significant) wave height during a storm H,,,, at 10 measurement stations along Japanese coast in 2004.11.26-28

Storm, in cases where YH3 and SWAN-St wave models are applied.

Table 9 Alist of error indices for wave height, wave period and maximum wave height indicated in Figure 28.

a
o

100 [

H T H
model i
P Qo P Qo p Qo
YH3 | 0919 | 1.007 | 0.737 | 0.901 | 0.958 | 0.906
SWAN | 0.927 | 0.898 | 0.721 | 0.828 | 0.937 | 0.907
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Figure 29 Spatial distribution of maximum wave height H,,,, during2004.11.26-28 Storm hindcasted with (a) YH3
wave model or (b) SWAN-St wave model.
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Figure 30 Comparison between hindcasts and measurements for time variations of wave height H and wave period
T ateach of 6 measurement stations along Japanese coast during 2003.12.17-20 Storm, in cases where YH3 and SWAN

wave models are applied.
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Figure 31 Scatter plot between hindcasts and measurements for any of wave height H, wave period T and maximum
(significant) wave height during a storm H,,,, at 10 measurement stations along Japanese coast in 2003.12.17-20

Storm, in cases where YH3 and SWAN-St wave models are applied.

Table 10 A list of error indices for wave height, wave period and maximum wave height indicated in Figure 31.

H T Hoax
model
p Qo p Qo p Qo
YH3 | 0.506 | 0.938 | 0.417 | 0.880 | 0.724 | 0.874
SWAN | 0.484 | 0.788 | 0.405 | 0.758 | 0.592 | 0.814
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Figure 32 Spatial distribution of maximum wave height H,,, during2003.12.17-20 Storm hindcasted with (a) YH3
wave model or (b) SWAN-St wave model.
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Table 11 Summary of error statistics for each of 8 storm cases at measurement stations along the Japan coast and east

coast of Korea.
YH3(Japan) SWAN-St(Japan)
No. storm
H T Hoppax H T Hopax

(year)
p Qo P Qo 14 Qo 14 Qo P QAo P Qo
®2012 0.945 | 1.122 | 0.947 | 0.968 | 0.889 | 0.956 | 0.959 | 1.088 | 0.949 | 0.989 | 0.912 | 0.930
(2010-2011 | 0.839 | 1.201 | 0.461 | 0.952 | 0.621 | 1.063 | 0.873 | 0.990 | 0.549 | 0.915 | 0.651 | 0.915
©2008 0.963 | 1.103 | 0.909 | 0.945 | 0.834 | 1.049 | 0.968 | 1.050 | 0.939 | 0.976 | 0.872 | 0.998

(20072 0.954 | 1.053 | 0.938 | 0.954 | 0.924 | 0.964 | 0.955 | 0.985 | 0.939 | 0.989 | 0.922 | 0.957
@2007-1 0935 | 1.114 | 0.922 | 0.962 | 0.829 | 0.976 | 0.944 | 1.038 | 0.928 | 0.969 | 0.842 | 0.975

(32006 0.940 | 1.094 | 0.841 | 0.912 | 0.990 | 0.973 1 0.952 | 0.948 | 0.873 | 0.957 | 0.974 | 0.880
22004 0.919 | 1.007 | 0.737 | 0.901 | 0.958 | 0.906 | 0.927 | 0.898 | 0.721 | 0.828 | 0.937 | 0.907
2003 0.506 | 0.938 | 0.417 | 0.880 | 0.724 | 0.875 | 0.484 | 0.788 | 0.405 | 0.758 | 0.592 | 0.814
YH3(Korea) SWAN-St(Korea)
No. storm
H T Hppax H T Hoppax
(year)
p o p o p Qo p o p o p Qo

(02010-2011 | 0.848 | 1.132 | 0.876 | 0.906 | 0.471 | 0.909 | 0.886 | 0.907 | 0.786 | 0.905 | 0.557 | 0.881
©2008 0.860 | 1.038 | 0.860 | 0.780 | 0.743 | 0.878 | 0.859 | 0.928 | 0.857 | 0.839 | 0.697 | 0.805
(32006 0.925 | 0.985 | 0.921 | 0.887 | 0.604 | 0.936 | 0.938 | 0.907 | 0.914 | 0.893 | 0.583 | 0.942
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Figure 33 Scatter plot between hindcast and measurement for maximum wave height during a storm H,,,, at all
measurement stations along Japanese coast in 7 severe storm cases over the year period from 2004 to 2012, in cases

where YH3 and SWAN-St wave models are applied.
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Figure 34 Spatial distribution of maximum wave height H,,,, generated by 7 severe storms over the period
from 2004 to 2012 hindcasted with (a) YH3 wave model and (b) SWAN-St wave model.
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Figure Al Spatial distribution of maximum wave height H,,,, during 2008.02.22-24 Storm hindcasted with SWAN-
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Figure B1 Spatial distribution of maximum wave height H,,,, during tentatively wind speed-increased 2012.04.03-
04 Storm hindcasted by use of SWAN-St or YH3 under MSM-based winds conditions.

Table B1 Alist of spatially largest maximum wave height H,, ., associated with corresponding wave period Ty, g
and appearance location based on wave hindcasts by SWAN-St or YH3 in tentatively wind speed-increased 2014.04.03-
04 Storm.

Hopaxem (M) Tonaxm (5) location
a | SWAN(YH3) | SWAN(YH3) | (SWAN), (YH3)

1.0 | 13.16(13.01) | 13.6(13.7) (59,147), (59,147)
1.1 | 15.29(15.07) | 14.5(14.5,14.6) | (59,147), (58,143)

(58,144)
1.15 | 16.37(16.15) | 15.0(15.1) (59,147), (58,148)
1.2 | 17.48(17.40) | 15.3(15.6) (59,147), (57,145)
1.25 | 18.60(18.31) | 15.8(15.7) (59,147), (59,140)
1.3 | 19.69(19.35) | 16.2(16.4) (59,147), (59,144)

DIRS1E SWAN OB/ NS 72 o TEY, 3 WITAINTITR KRR R O ZER 534 1S SWAN O 72328 H LT
R A O,

IARR IR R B OHEEIC B W CRUEOE N A EORREIZRAE S 5 _XZ DB 51 TRV, 20% (@ =1.2)
ETHUE, WRAMRKUEREO R ARBGER 31 m/s 1% LCHI 37 m/s (2720, S L HARE TE ARUVME TR,
SWAN IZ X D558, a =1212%F L THpgey =1748m TH D, SZEEE (@ =1.0) 12T DH ey =13.16
m £V 432 m K& 5, BENRKIEET /ML D 10 TFEMOY I 2 b— 3 THL D R RKEGE
1340 m/s LAF, Hpgen!E 16 m, a =12 & L72SAICIT g (3 1748 m THHND, a =12 & L72EE
Hoaen ! E 2% ImBAE EED B,
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Figure B2 Spatial distribution of maximum wave height H,,,, during tentatively course-changed 2012.04.03-04
Storm hindcasted by use of SWAN-St under MSM-based winds conditions.

Table B2 A list of spatially largest maximum wave height H,4. With corresponding wave period Tppq,n and

appearance location based on wave hindcasts by SWAN -St in tentatively wind speed-increased 2014.04.03-04 Storm.

Hpaxm (M) | Trraaen (5) location
course change | SWAN SWAN (SWAN)
N1° 12.61 134 (48,146), (49,146)
NO0.5° 12.56 13.3 (53,145), (54,145)
0° 13.16 13.6 (59,147)
S0.5° 12.37 13.3 (59,147)
S1° 11.25 12.3,12.2 | (69,132),(70,132)
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Re-Evaluating Extremes of Typhoon-Generated Wave Heights
in the East China Sea(Supplement)

I AIERE® - BprRyE—F I ES
Masataka YAMAGUCHI ™, Hirokazu NONAKA** and Yoshio HATADA * **

Nonaka et al.(2013) re-evaluated extremes of (significant) wave height such as historical maximum wave height over
the past 65 years and 100-year return wave height based on the hindcasting of typhoon- and low pressure-generated
waves in the East China Sea connected to the Pacific Ocean. However, typhoon T1102 in 2011 was overlooked in the
candidates of the intense typhoons in cases where the wave hindcasting was to be made, in spite of the fact that T1102
might have brought about the highest waves in some areas of the East China Sea. This study shows that T1102 gave rise
to a 1.5 m or less increase of the historical maximum wave height and 0.5 m or less increase of the 100-year return wave
height in a strip of sea area from southwest of Okinawa Island to Ishigaki Island which are closely situated to the typhoon
track. Also, it indicates that the effect of either wave model difference such as YH3 and SWAN or input winds difference
such as typhoon model winds and analysis-prediction combined-winds on T1102-generated maximum wave height
distribution is not so significant, in cases where the wave height difference is less than 2 m at most. In addition, the
possibility of new occurrences of the historical maximum wave height in the East China Sea associated with the most

recent typhoon T1408 is preliminarily investigated based on similar wave hindcasting.

Key Words ; East China Sea, re-evaluation, extremes of wave heights, Typhoon1102, Typhoon1408, YH3 and SWAN

wave models, typhoon model winds, analysis-prediction winds.
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Fig. 3 Spatial distribution of T1102-generated maximum (significant) wave height on hindcasting area with grid
distance of any of (a) 40 km, (b) 10 km and (¢) 5 km.
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Fig. 4 Contour lines of water depth in the sea areas around Okinawa Islands on 5 km distance grid and locations of 5

measurement stations of coastal waves.
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Fig. 5 Comparison between YH3 model-based hindcasts on 5 km grid and measurements for time variations of

wave heights and wave periods at 5 coastal stations during T1102.
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Fig. 6 Spatial distribution of maximum wave height H;:8-12 over 65 years from 1948 to 2012 (a) and effect of T1102-
generated wave height on the distribution expressed by either (b) difference AH:3-12 or (c)normalized relative
difference AH3-12(40 km grid).
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Fig. 7 Spatial distribution of maximum wave height H, 812 over 65 years from 1948 to 2012 (a) and effect of
T1102-generated wave height on the distribution expressed by either (b) difference AH:3 12 or (c) normalized

relative difference AHXE-12 (10 km grid).
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Fig. 8 Spatial distribution of 100-year return wave height H,q, (a) and effect of T1102-generated wave height
on the distribution of Hjy, expressed by (b)difference AH;y, and (C)normalized relative difference
AH, (40 km grid).
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Fig. 9 Spatial distribution of standard deviation of 100-year return wave height H; o, (@) and effect of T1102-
generated wave height on the distribution of H;,,, expressed by either (b) difference AH, o, 0r (¢) normalized

relative difference AH, o, (40 km grid).
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Fig. 10 Spatial distribution of 100-year return wave height H,, (@) and effect of T1102-generated wave height
on the distribution of H;o, expressed by (b)difference AH;y, and (c)normalized relative difference

AH, (10 km grid).
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Fig. A1 Spatial distribution of T1408-generated maximum wave height on hindcasting area with grid distance of any of
(@) 40 km, (b) 10 km and (c) 5 km.
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Figure A7 Comparison between YH3- or SWAN-based hindcasts on either 11 km grid (YH3) or 0.1° grid(SWAN) and
measurements for time variations of wave heights and wave periods at 5 coastal stations during T1408, in cases where

the combination of MSM- and GSM-based winds condition is used.
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Figure A8 Spatial distribution of maximum wind speed during T1408 based on (a) typhoon model winds and
(b) MSM-GSM-combined winds.
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Figure A9 Comparison between typhoon model-based or MSM.GSM-based wind data and measurements for time

variations of wind speed and wind direction at 5 coastal stations during T1408.
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Figure A10 Time-space variations of T1408-generated wave heights estimated using any of (a) YH3 wave model
under typhoon-model winds, (b) YH3 wave model with MSM-GSM-based winds and (c) SWAN with MSM-GSM-
based winds at (1)July 7, 21:00, (2)July 8, 12:00 and (3)July 9, 0:00 in 2014.
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Figure A11 Spatial distribution of T1408-generated maximum wave height estimated using any of (a) YH3 wave
model with sea wind coefficient of 0.7 in typhoon model winds, (b) YH3 wave model with sea wind coefficient of 0.75
in typhoon model winds, (c) SWAN wave model with Komen formulation and parabolic-type C, formula under
MSM-GSM-based winds condition and (d) SWAN wave model with Westhuysen formulation and parabolic-type C,
formula under MSM-GSM-based winds condition.
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Fig. A12 Spatial distribution of T1408-geneated maximum wave heights estimated using SWAN wave model associated

with ECMWF winds and that of maximum wave heights-generated(quasi-maximum) winds.
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Fig. A13 Spatial distribution of T1408-geneated maximum wave heights estimated using SWAN wave model associated

with NCEP winds and that of maximum wave heights-generated(quasi-maximum) winds.
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Fig. B1 Three hourly track and central pressure of T1216
in the East China Sea.
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Fig. B2 Spatial distribution of T1216-generated maximum
wave height on hindcasting area with grid distance of 40
km(after Nonaka et al'l).
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Fig. B3 Spatial distribution of T1216-generated maximum wave height on whole and zoomed areas estimated using
either YH3 model or SWAN model under the combination of MSM- and GSM-based winds condition.
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Fig. B8 Spatial distribution of T1216-generated maximum wave height on either (a) zoomed area (3'grid) or (b) focused
area(0.5' grid) estimated using SWAM wave model with the Wu C; formula and the Komen formulation under MSM-
based winds condition, in cases where directional spectra estimated using SWAN on larger domain are given on the

outer open boundary of smaller domain.
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Fig. B9 Location of wind measurement stations set at light houses on islands facing the East China Sea.
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Fig. B11 Scatter plot of MSM winds data and measurement data for hourly wind speed and wind direction at light

house.

FFHIT B TR E A %, MSM B REmHLE TR SKHIST 2 2 &E03bhnd,

Table B1 % MSM JEEEAUSY =10 m/s DR SIZOW T B COFIEE R & MSM RUE KL v k7= 10
m &R ES K OYRIANZ B3 5 RAZEEIE O S — B & H153E 5 (No.1~No.15), Hugigs, Jan - JRGsG
OWEEEE (h m) & & HITH2 5, PREREISHBEREp, MBIV CER A E S BEARO Al Ea, 35
F 2 FVHPEF R TH 0, JHHE - A L CENEIIRTU L0 %35, BB LT,
Z DIFEH MSM JRE S K OB EH 09~ 2 e REGHRUSY,,  UShs, & Wi# DU, /ugks. & 5% 5, it
DX, BIEEIT1/7FANOBEHIZ LY 10 m mERGEU,  IZE# L T\ 5, £7o, Fig B12 13474
Eots (6) Bl7ay b2 %, BEIB L COMNZERIRDp, 23/ SO o 3800 RG2S MSM R X
VBN EED 72O TH Y, ZOBNAMIETIUTHEBITRWICH T2 3Ch D, BT 258
I (AMeDAS M) TiX, W& OMFENFIE BT 52 Lo, @IUZEEFIRZIS 1T 5 BHAIEGE ORI SER

Table B1 Alist of error statistics on winds (light house).

No. light L U 0

house pu | Gou | ou | Upiax | Unie | Usiax/Upiax | Po Qog | Og
1 Irisaki 82 0920|103 12| 180 | 17.8 1.01 0.998 | 1.01 | 10
2 Hirakubosaki 75 10829 | 1.14 ] 22| 180 | 165 1.09 0.996 | 1.06 | 17
3 Ikemashima 34 10797 | 114 | 26| 187 | 16.0 1.17 0.997 | 1.02 | 13
4 Kumeshima 54 | 0917 | 128 | 43| 245 | 220 1.11 0.998 | 1.04 | 17
5 Ikeijima 53 0871|137 69| 329 299 1.10 0.992 | 1.01 | 13
6 Iheyajima 117 1 0858 | 1.21 | 6.6 | 37.8 | 40.1 0.94 0.931 | 1.00 | 26
7 Kunigamisaki | 64 | 0974 | 1.12 | 32| 355 | 33.0 1.07 0.950 | 0.91 | 31
8 Kasarisaki 60 10794 |120| 62| 302 | 268 1.12 0.972 | 1.00 | 11
9 Nakanoshima | 65 | 0.865 | 1.06 | 32| 20.0| 215 0.93 0.959 | 1.20 | 46
10 | Nishinoomote | 15 | 0.865 | 1.26 | 3.6 | 20.0 | 16.0 1.25 0.962 | 1.00 | 8
11 | Kusagakishima | 141 | 0.743 | 146 | 7.6 | 33.0 | 24.0 1.38 0977 | 1.05 | 20
12 | Satamisaki 67 10678 |135| 56| 248 | 175 1.42 0.952 | 098 | 18
13 | Itesaki 84 0882|130 | 66| 268 | 266 1.01 0.967 | 1.01 | 22
14 | Shikisakimisaki | 57 | 0.351 | 1.11 | 54| 194 | 187 1.04 0.970 | 1.01 | 10
15 | Oosezaki 2511 0.729 | 2.63 | 145 | 39.8 | 202 1.97 0.958 | 1.07 | 34

o

. ) ! bs . .
h:m, oy:m/s, Ui, Ul :m/s, adg:
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Fig. B12 Location-separated plot of error statistics on winds (light house).
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Fig. B13 Location of wind measurement stations set at AMeDAS points on islands facing the East China Sea.
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BAIl 3~4 m KEV, ZIULMSM - GSM AAE, & <12 MSM JED EGE ) 5 BE T /L RO BIEZ 6 m/s
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Table B2 A list of error statistics on winds (AMeDAS point on airport).

No. AMeDAS h v o

Pu | Qv | ou | Ubiax | Unlee | Usiax/Usiae | Po Qoo | Og
1 Kyuutou 5510514222 | 10.1 | 227 | 11.0 2.07 0.965 | 1.01 | 10
2 Kitadaitou 2910958 | 1.57 | 63| 223 | 149 1.49 09771099 | 7
3 Ashimine 1010909 | 1.33 | 53| 314 | 240 1.31 0.994 | 1.03 | 15
4 Kerama 5510836 | 211 | 95| 256 | 15.6 1.64 0.995 | 1.02 | 15
5 Kitahara 1410925 | 1.19 | 33| 245 219 1.12 0.997 | 0.98 | 11
6 Aguni 1910850 | 1.93 | 9.0 | 299 | 1438 2.02 0.997 | 0.97 | 13
7 Shitaabaru 2310738 | 1.60 | 54| 175 10.7 1.63 0.997 | 0.98 | 11
8 Tokorono 2310920 | 142 | 45| 180 | 13.1 1.37 0.996 | 1.00 | 13
9 Nakasuji 2010710 | 1.62 | 59| 174 | 11.7 1.49 0.996 | 0.97 | 12
10 | Kagamihara 5310764201 70| 17.1 8.5 2.01 0.998 | 0.98 | 10
11 | Shimoji 1810832 | 1.11 | 19| 17.8 | 16.1 1.11 0997 | 1.01 | 11
12 | Yoronjima 22 10889 | 1.49 | 8.8 | 394 | 345 1.14 0.985 | 0.96 | 17
13 | Okinoerabu 3710901 | 142 | 7.1 | 355 | 250 1.42 0.976 | 0.97 | 16
14 | Amagi 8 |1089% | 1.17 | 38| 300 | 277 1.08 0.988 | 0.97 | 13
15 | Kikaijima 1510928 | 197 | 96| 298| 158 1.89 0.989 | 0.97 | 11
16 | Kasari 1410908 | 1.16 | 34| 27.7| 232 1.19 0989 | 0.99 | 8
17 | Yakushima 44 10665 | 1.12 | 1.7 | 142 | 125 1.14 0.909 | 098 | 9
18 | Nakatane 2410821 | 201 | 74| 189 9.3 2.02 0.964 | 0.96 | 12
19 | Kashiragashima | 87 | 0.932 | 1.98 | 9.9 | 324 | 19.8 1.64 0.991 | 0.97 | 16
20 | Kamioodu 8510865 | 147 | 64| 256 | 177 1.45 0983 | 0.95 | 17

o

. . 1 bs . )
h:m, oy :m/s, U, U, :m/s, agg:

3)MSM * GSM ARESIED b L1 2 IRATERDC, s LT Westhuysen 512 K 205 - JlE% v
% SWAN IZ LAUE, Hppem!E 16m55E 720, FFLO SWAN (C; <2.1x 1073925 Wu DC,;7 & Komen
IZ XD DR - W) OFERED 08m/hE< D,

A)HBHR AR 2 3B\ CEUE O] 213725 72 MSM + GSM ARG T YH3 IC X D H gy 13 166 m % &
D, SWAN IZ L DEICITVMEE 525, ZAUE, SWAN O X 9 ([ZEEEHREF RO O3 EEHEHT 5 &
& B ITHEE OEIUREC I FIMEARRET D Z LIS T 5 B2 b,

5)T1216 FfIZIE, MSM BUTSC 60 O ITHleE 5, AL EHI20NT TET 2476 TOBMR & 2272 v X
SFFETHI LD, ZORBEIIDZRVEWES 25, LL, JUNETETD S ALFEE O G m B A7
T HAETIE MSM R IR Z e 0 EE D DMEAICH D, 72721, KT BRI AT 0O 58
T - RRERFET LT, WERTHD MSM BORE AT UHIAE L7722 S 123 570,
6)T1216 FEZiX, MSM BULHE > HEIH L7- AMeDAS Bl 20 #if (ZZHEICIRE) O H B 4~5 i TL
DR & 5 AT, MoOME TILRKRZ2RHME & 72> TV ET, RSB 28RO A & KRR
725, ZAUEL MSM JEEBHZIXBLIEEEHZ & F 405 RPTHIIE O A3 IR S L TR N Z & IT &
LHEHERIESND,

TR FEOBRIHLSIZI T DR EZ FET 27201218, SIS T CORRIER N SLETH D,
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Fig. B14 Location-separated plot of error statistics on winds (AMeDAS point on airport).
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Fig. B15 Comparison between hindcasts and measurements for time variations of wave height and wave period at

Ioujima station.
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CaO-ALO;-Si0, 5 RDM 7 ILH ) HIZRIFT ALO; DFEE

Effect of Al,O; on Alkali Resistance of CaO—-Al,05-S10, Glasses

EREAET, R
Shoji TAKAHASHI “and Hiromichi TAKEBE™

The alkali resistance of CaO—-Al,0;—SiO, (CAS) glasses in a series of (50-x)CaO—xAl,03;—50Si0, with x = 5-30
mol% was studied by MCC-2 static leaching method. CAS plate samples with a size of 9X9X2 mm were
immersed in 1.3 mol/L NaOH aqueous solution at 180 °C for 72 h. The weight loss increased with increasing
[A1,05])/[Ca0] molar ratio for CAS glasses. Especially CAS glasses with [Al,05]/[Ca0O] > 0.8 had relatively poor
alkali resistance. After alkali resistance tests, a white-color layer appeared on the surface of glass samples. The
results of SEM-EDX and XRD analyses revealed that an alumina-depleted intermediate layer with a main phase
of tobermorite was formed between surface layer and glass part. IR spectra indicated that the CAS glasses with
[Al,O;]/[Ca0] > 0.8 contained mainly mixed-anion structures of SiO4 and AlO, tetrahedra with ring-type
morphology and the intermediated layer consisted of a similar mixed-anion structure and —OH, H,O, and CO>
absorption bands. The formation conditions of alumina tobermorite in the intermediate layer were discussed in

terms of glass and crystalline structures.

Key words : Calcium aluminosilicate glass, Alkali resistance, Composition, Tobermorite, Structure
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% 10-60 mo% & ¥e, [ALO;)/[Ca0] < 1.0 7>5[ALO5]/[Ca0] = 1.0 DFLIKD CAS BT AT DN THE,
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[ALO;]/[Ca0]=1.0 &85 L LTELT B Z &ENbholz, 72, [ALO;)/[Ca0]> 1.0 DFLAIE TliE ALO;
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ISz JR R S5 IR WIUHE S BT 2 IC iR BTz,
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Z ZCARMIZETIE, [ALOs)/[Ca0] E/V b Z 2 L S 17 CAS H 7 AlZxt LTt 7 /v 4 U A FEm L,
ALO; DEINAM T L F7 VPR RIE T L H T ZREE DA S EZE Lz, W7 v Vo
NaOH /KIEHR 2 2RI, H 7 ARELOEEE(IC XL VITo72, £72 SEM-EDX ZHW\ it 7 /v U
KRBT ON T AFEEZBIZR L, TR~y U7 %2175 2 & THRRICH Y G0 Z iz > T
WA AEIT o7,

2. REBAEK

AKWFZETHNZ CAS T ZAD#EL T (50-x)Ca0-xAL05-50Si0, (x = 5, 10, 12.5, 15, 18.7, 20, 20.6, 22.2,
23.7,25,30 mol%) T 5, CAS H T A|TiAmA I TIERL L 7=

it 7 v A U PEORHEIL, MCC-2 (FfiiR HRRERIE) I TiTHo T2, A7 v L AR ERSNICE &7
TR URBEREL, TORBNICIx9Ix2mm DA T AREET 7a R THD L%, 1.3 mol/L
NaOH KIEEHIZIR L7z GRERAT pH~13.2), D%, MHERZ EIRMAOFIZALL, 180 °C 12T 72 Ik
MHRIESE D Z L TWT AT VRBRZIT 7=, 7 v VikBRig, 77 AkElo & & Ba2 7,
Fiz, HRICTERT D2, M7 H Y RBBITTER S i H T AREER T O AWEEREIZOWT,
SEM-EDX (JSM-6510LA, JEOL #) Z W CalkHirmiZ 8l L, th~y B 7 &2{To7z, ZO®BRE
B JEIZOUN T, XRD (X Pert Powder, PANalytical ) 73#Hr 247\, 7 — U =8 W RIM 5 K SEEE R FTIR (IR
Prestige-21, BHHLERTRL) & F\NC KBr JEHUSCIES & 0 A IEMNT 217 o 7o, AEEMRAT OBSIZIX 7
v U RERETD 7T T A5 FEEIC V2, 7238 KBr Byok & BB ERE E 0 EERAIT 10 1 1 OF|
AL L,

3. EERER

3.1 EEZIE

CAS #'Z ZADiit 7 71 Y 3 ER A% O FE
Bl 7 Fig.1 ({3, BRATO A 7 AGUEHI M
HHTH 508 (Figl (a)), kBRiE D H T 250k}
FEGOLEEE I E DTS (Figl (b)), =
o B O OM A B o E kX
(50-x)CaO—xALOs-508i0, # T A RFD 4T D
FHAC TR B LT,

Fig.2 (a), (b) &, M7 /v UERER%Z DA Z A Fig.1 Glass samples of (a) before and (b) after alkali
REHZ DWW CEHRW AV E (%) & HALKRBEA  resistance tests.
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bz OEELEE (kg/mm’) D[ALO;]/[CaO] E/NICH T HEAEZ R LT WD, EMEMICIE
[AL,O;)/[Ca0] E/LELDHN & LICHBERAD EIFHE AR L TWD, £72 [ALOs)/[Ca0] > 1.0 TlXEH &R/
BEPEIZHEML TV 5,

~ @

Weightloss (%)
[3+] w £ (8] (o]

16

(a)

o

12
10

Weightloss (X 10”° kg/mm)
£ [=2] [==]

La+]

(b)

o
o
o

0 . + L 0 L I 1
0 05 1.0 15 2.0 0 0.5 1.0 1.5 2.0

[Al203])/[Ca0] molar ratio [Al203]/[Ca0] molar ratio

Fig.2 Variations of weight loss as a function of [Al,05]/[CaO] molar ratio in (50-x)CaO—xAl,03;—50Si0,
glasses (x =5, 12.5, 15, 18.7, 20.6, 22.2, 23.7, 25, 30 mol%) after alkali resistance tests. (a) Weight loss (%)

and (b) weight loss per a unit area.

Surface layer

(a) Image & 1k e

30 ym AK ————————30m SiK

Fig.3 A typical image of cross section and element mapping by using SEM-EDX for a 25mol%
Ca0-25mol% Al,05—50mol% SiO, glass after the alkali resistance test. (a) SEM image, (b) Na, (c) Ca, (d)
Al, and (e) Si.

3.2 SEM-EDX IZ &k HEAFI MmN E

M7 v H ) REBR%E DT T 2AREHIVTh G AROEEEIC L > THEbh TV (Figl (b)), = DEH
& & 777 ZH5y & OWrifi 2 SEM-EDX 12 & - THI%E Lo R % Fig.3 127”3, Fig.3 (a) @ SEM 415,
i 7 7 U akBREE D CAS BT Ak, BEREEH T Ay LT TNWDEZ ENmbb, £7- EDX

177



Table 1 Composition analysis of intermediate layer by using SEM-EDX.

[AL O3] Composition of intermediate layer (mol%)
Glass composition (mol%)

[CaO] Na,O CaO ALO; SiO,
45Ca0-5A1,0;-508Si0, 0.1 1.4 55.4 0.5 42.7
37.5Ca0-12.5A1,0;-508Si0, 0.3 0.0 47.1 1.0 51.9
35Ca0-15A1,05-508i10, 0.4 1.4 51.0 1.0 46.6
29.4Ca0-20.6A1,0;-50Si0, 0.7 0.7 513 1.8 46.3
27.8Ca0-22.2A1,0;-508i0, 0.8 6.8 47.2 24 43.7
26.3Ca0-23.7A1,0;-50Si0, 0.9 9.4 42.8 2.5 453
25Ca0-25A1,05-508i10, 1.0 1.6 483 2.8 473
20Ca0-30A1,05-508i10, 1.5 3.6 46.9 5.0 44.6

LD B~y BT ORERNLEEREIX, NagBEDSWEME (Surface layer) &, T A5
AT ALOs A &NV 72 < Ca0 & Si0, DEH &R LW HRE (Intermediate layer) (24030 S5,
Table 1 \Z/R 3 O SSHT OFERN DO D L D12, HREIL ALO; % 0.5-5 mol% & A L, CaO
& Si0, & 42-55 mol% & A TU 5, Fig3 (d) @ Al DEHFE~ v B2 7 TIEHEE & H T A5 O R mic
Al BENEELTWDEAHR SIS, ZOBITWTNO [ALO;)/[Ca0] E/VHORENI BT L
WEINTEY, TOEARTK 10um TH o7,
F - REDOEARE, [ALOs)/[Ca0] E/ LD &

O Tobermorite ¥/ Hydroxo cyclohexasilane 00 Ca(OH). > Paranatrolite

EHITEM L TV 5 (Figd), H1Z [ALOs)/[Ca0] = e -
0.1-0.7 DM CIEFMBOEAA 10 mBETHS |01 § A o
. X
3, [ALO)[Ca0] = 0.8 Tt 40 um LA EDE L% 4 L >
Tna, A
[ 0-3 atnas
— 100
3 »
i 80 06 A&L |
&
2
g 60 | . 0.7
? y ° _J&A A
£ 2} o
= 0.8 C o o
g 20
E | o o
= : - . 09 Lo oo o
0 0.5 1.0 15 2.0
[Al203)/[[Ca0] molar ratio o
o]
Fig.4 Variation of thickness of intermediate layer as a i — N
function of [ALO;]/[CaO] molar ratio in 0 o
] 150 o 00 o ©
(50-x)Ca0—xAl,05-50Si0, glasses. : | :
20 30 40 50
2 Theta (" )
3.3 HEEIZHE T HHERMEDOREE Fig.5 XRD patterns of intermediate layers in

Fig5 21X Mg o XRD N4% — v %R, (50-x)Ca0-xAl,05—50Si0, glasses after alkali
[ALO;)/[Ca0] =0.1 D CAS 777 AIZOWTIL, B K2 resistance tests.

178



XV a~FHF LT, Ca(OH), KOVITF hr T4 b (NayO-ALOs-3Si0,-3H,0) 3 H ST 5,
[AL,O;)/[Ca0]=0.3-0.7 CIX XRD E'—Z/ N7 u— RCTh 1, ZORBNREEETH -7, [ALO;]/[Ca0] =
0.8 705 R RET Ak (5Ca0-6Si0,-H,0) D E— 27 BSHEL LEAD, [ALOs)[Ca0] =0.9 TiE hSE T A

rDOE— 7 NIREIZFED HILTWNW D,

3.4 IRIZk BHE &M

it 7 V77 U PEDOFRERZ TR S5 PR IZ OV T IR A7 hUIZ X 0 BEXEMAT 24T - 72 IR A2
7 MVOFHMOBRIZ, RS O A SRR Y 9 2 & 23T E 72 DIE[ALO;)/[Ca0] = 0.3, 0.6, 0.9  }%
1.0 D CAS H T A Th-7=72%, Fig6 [T D 4 SOMEKIZHONT DR R %Z R LT-, Figé (a)&
b) XEnEnm T s VRBRETO T 7 A LREED IR A7 hLERL TS, Figé (a) T,
960-970 cm™ |Z Si-O v3 IREN & — 7 S HHEL L TR0, Zo e —271% ((Si, A,0s,)" (n 1355 R
PRAEEICIRIE S5 Figs (b) 128 W TH RO FEIRIC Si-O v IRENC L 5 B — 7 iR T& 5
ZEDD, (Sih0s)T F IS, ADLO5,)” DERIEEINER STV D LS D, £72, Fig.6 (b)
O HEEIZ1E 3500-3400 cm™ [2-OH 512 X 2 IREIOWIHPI L 1640 cm™ @ H,0 (2 X 5 A A RS %
W0 1450 em™ FHTIE COZ DIREI OWRILH PR3 HERR S D, — 7 Fig.6 (a) DIt 7 /v 7 URBRETOH T A
AREFTIE, 2D ORIGHITMER S NN LA b D,

(a) Glass Si. AN (b) Inter mediate layer
InU3n 2-
[Al203] (S A [Alz05] €O
~ | [€a0] VIl < |ca0] ;
; : ; -Q
s s
8|03 8 |03/
g $ |
7] °
x x i
5 g |
£ g |09
x 0.9 o 7
x x i
[ [
3| 10 3 |10
¥ : x|~

4000 3600 3200 2800 2400 2000 1600 1200 800 400 4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm™) Wavenumber (cm™)

Fig.6 Infrared spectra of (a) glass and (b) intermediate layer for (50-x)CaO-xAl,0;-508Si0, glasses.

4. ER
41 BEEFVRUVFRERODEAZEL

TFAEEEAT T ADMT v VHEIZ DN T, SiOHERIZE DT T ARy hU—2 B-OH IZL - T
Gir s s 2 & TG HET Z P ALO; BABNEWVIE LM T A UMMNMET 52 En3mbhnT
WBEME D g7 B ORI pH IC L > TH T 2 b DR BENET 5 Z L RHmES LTV AR,
AHFFETD CAS H T ADIMMT V71V RERICEHB N T, [ALOs)/[Ca0] E/LEEDHINN (ALO; & A B D HIN)
(CEWE VD & L PR ORI LT, FF12 [ALOs)/[Ca0] =0.8 TH M8 D JE A AN THZE (2 HE K
LTHEY, [ALO;)/[Ca0] =1.0 D CAS H T AZH~T [ALOs)/[Ca0] > 1.0 D CAS H 7 A D &E &R/ &
TELSERLE,
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AR B2 35T, [ALO;]/[Ca0] > 1.0 @ CAS # F Z TiE AlO, MU AR+ 052 L % Al-0-Al
AR AlOs MEFEL Tz, AO-Al OFEAI D3 Si0-Al F5APN L v R Z2ETH Y, Si0, %%
BIZE T Nay0-ALOs-SIiO, H' T AR CaO-ALOy-SiO, T A TIHIF L A EFMELR Y, F12,
[AL,05)/[Ca0] > 1.0 DAL TIE, AlLO; 2% AlO, WA Z %3 5 DI B A B E LA 4> D Ca**
MART HT20DIZ, AlOy LISMZ AlOs NEKT 5 Z EBHEREINTWD, ZOREER AI-O-Al fid
DIFAE L ZHUTHED CAS T T AHTD ALO; DRI L~V TOIRIE, F£ 72 AlOs Z iR D fA(E AN it
TVH Y RERICI T D R 2 S, i & 4T ALO; AR DA L7 FRIE O EAR N E L <
LiebDeEZx N5,

4.2 HREIEQORH

SEM-EDX (Z L /R0, M7 V7 Uiklktg O H 7 AGEI R E IR SN D28 BT, £EE L
)8 TR S LT e, RIS NaOH KIEIR & F\ W 2728012, R iffE CTld NaOH 234 7 AR mIT A&
L, Na ZHEBIZERTEI RSz bo e HESNS, FRBEMICH D ED Na B S, Al
DPEHE L TWDERT R ABND Z 0D, BRI TH D NaOH KRN Al BEH L, Na 234 7 A4

WCADIAATWEZEDEEZ LD, LA Table 1 OFREEOMAIC LAUE, ALO; DIEH L71-45 &
(F9 4-25 mol%) DT X TR DOIEEE L7z Na,O DA THiHOILTNDH DT ifoc< Na,O 133K
mol% g FNTCWAHEITTH o7, 2T, ALO; WIEH L7=BIIER S 2 FiEE Tk, B ED
T2 DIZ NayO 721 T2 < HO 3 7 AHIZADIAA TV D b D EHEII S D, ifctﬁﬁaﬁ)%bi, SEM-EDX
W2 KBTS 0.5-5 mol%® ALO; & 45-50 mol%? CaO TN SiO, BRI N TWD Z &EMNbhro
2o BRI ORI I, [ALO,)/[Ca0] E/V DB RO BB BN L TWA Z &b,
W7 AR D ALO; A BMEJERIZEEH L, ALOs A BEOD I WHERER SN b D B2 6D,

HHRETE RS (k5 XRD DR 5 1%, [ALOs)/[Ca0] = 0.1 TIF-OH &2 &Trt Fuf V7 o~
FH T L Ca(OH), KUVITF b F 4 kb (Na,0-AlL0;-3Si0,-3H,0) D[R B — 7 M3 HH S vz,
[AL,O;]/[Ca0] = 0.3-0.7 Ti¥7 v— KRR e —27 2/~ L, [ALO;)/[Ca0] =0.8 5 hSET A k&2
LD RO E— 7 DR I TWND

R RE T A R L 5Ca0-6Si0,-5H,0 DALZERLK THR S DK OFERHT, SiY o8y AP L &
ENETAIF FARETA R (10Ca0-ALOs—10Si0,~11H,0) Dl b fE(E L PO 28 554 XRD 12
X aEFre—27 NEERLCTH D, Table 1 :fa“tfﬂf"ﬂ)% MERIX ALO; ZHATEY, KRERTHD
NIRRT L2 F FSET A OIS B F7- B ISk LT IR 406 K A4
TEMRAT 24T - T2 5%, W5 3500-3400 cm™ & 1640 cm™ (2-OH %&£ & H,0 IC LA EAIREI O ¥ — 27 RNEh
FHHBLIZZ &b b, KRN ERSNZLO L W5 Z LR TE D, K 970-960 cm™ & IR
W HENE SEOIRENC X A D TH Y, ZOWILE — 7 13 (Siy0s)> F721F Si D—E3 Al IZEH SN
7= ((Si, A0, DOBRAIRIEEIIRIE SN D, Fig6 (a), (b) ODWTHIZEWT Y, [RS8
WHEEIC LD = BHBLLTWDZ EE, HTAELE META M ERfEmHET2HMBEDRA
FUoREE L NEP LTS Z 2R LTS,

Fig.7 1213 CAS T AHFIZEEND 7 A BEtEIEA A DIFREL ST T A b ORGSR L7z
191 B L0, 40-60 mol% ™ Si0, % e CAS H T AIZDWTCIE, [ALO;]/[Ca0] =0.6 DHLAIKIZF 1
T Fig.7 (a), (b) (28T (Si,07) & (SinOs,)™ D7 A BetfaA A Mk S, [AL0s)/[Ca0]>0.6 T
1T Fig.7 (¢) \Z7RT ((Si, Al),Os)* DBRRMER & 2T Fig7 (d) DT X bty N T —2 BERAENT
WA ZEERIE LI, Fig7 (e) lR-T X1, META FOREEEIII LY T LA A4 E L SiO,
WIEAD N EERNS R DEIREETH L Z LD, [ALOs)/[Ca0] =0.6 THEL D BRI 2 ER 4 1S
HLLL WD, - T, [ALOs)/[Ca0] E/LEEAKE U CAS 73“7 z,fﬂﬁjzf rRET A MBS NTZZ
LIL CAS T T ZADERRIEED FNET A D OJRFEEICEENTENZ S IZREEERH D D EE R

180



LD, F7z, Table 1 I\ THAR AT OFERN L FEIZIT ALO; WV EEZFN TS, ZORMAL
HroofE B & Sio, WEARD N\ BERZ B SiY e APREHR I N T L IF FSET A b Ofs P 2345
ETHZEEEDLEDLZLICLY, THRBICBT 2 TEARARERMIZIT LI F FRETAL M THD &
Wrans,

4.3 FINETA FOEREH

FRETA FOFERIE, ATITROHTAREDET I v 7 AMBEKBEK TS Z L TESHITED
NHLEMTHY, EARIZIX Ca(OH), L IEME Si0, #RAL, A— 7 L—THTKRERIESHED
ZETARBREN B

INETICEF AT ZVREHAT 7 (Ca0-AL05-Si0, 5R) 16 L TKEVE v 7L RiEEZ WD 2
ETHRETA FOREREAR LIZREPTNH 0, 20 2T ZHKIT Si0, & 50 mol% FRJEE 4, ALO;
% 10-15 mol%FEE & /U726 D Th %, £72, Matekons HE%E Ca0, SiO,—H,0 K U y-ALO; E /LD
% [CaO]/[SiO,+ALO;] = 0.83 73> [ALO;]/[SiO,+ALOs] =0 F721% 0.025 & LT, & 5|2 NaOH Z ¥RAN
L, 175 °C OFAFAKIE T TR RNETA FOKAEHEIT> TV 5D, 5 0HEPICIX, NaOH 78 b
NET A FOYIIVERIBRICIB W THEERERZHE S A, bANET A FoOfERrH L BREEITT 5
& NaOH ORI/ NEL 20, F72 ALO; ZMA 5 Z L THEFHD MXETTA b SiYO—EA
APIZERR LIS 5 & LT 5, AAFFE T, (50-x)Ca0—xAL05-50Si0, H T A2 T 180
°C DIt EA#H1IZ 1.3 mol/L NaOH /KR M4 Chit 7 v 7 ViR A 1T > Tk v, ZOifi7 /v VR
DEAER B RETA OB HLERFMITEN IS,  SiYO—82 AP ICE#RShZT7 LI ) b
NETA MRERENTZHDEEZ NS,

h-4

(@) (Si07)"
Si0y
(d) Random network l
BaoBafd AlO,
0,030,03;0,0 o
(b) (SiznOsn)™"
Ca2+
|
0*0°0°0°0%*0
‘0.0‘O’O‘O’O .
(c) ((Si, AD),05,)" (e) Tobermorite-1.1 nm

Fig.7 Schematic structures of silicate anions: (a) (Si,O7)® dimer, (b) (Si»,0s,)™" discrete, (c) ((Si, Al),03,)*
ring structure, (d) random network, and (e) 5CaO—-6SiO,—5H,0 tobermorite.
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b. #4

il

AWFGETIE, [ALOs)/[CaO] DE/NLEE A & H T2 & & D(50-x)Ca0-xAL05-508i0, H 7 A(x = 5-30
mol%) ([ZOWTIH 7 VB ViR Z T o7z, ZOFER, MW7 vl VB o 7T ARHIAWEARE T
B, ZOEERII Na#EREKELE CaO LT SIO, # EIZEGLHMBEN SR SN TND I &N
Do, BT AREtO EEREAD & & FEEOERZNTILE [ALOs/[Ca0] E /LD & ILITH K
L72. ¥FIT [ALOs]/[CaO] =0.8 DFEIR CILE & CH g OEANBE TN L Tz,

IR 53910 X DAETEMRNT 3 5, 1 T AFEFCIT Si0, KO8 AlO, UFEI 2B EL D ((Si, Al),Os,)> DBHIE
%L@ﬁjﬁk%ﬁﬁwb, it 7 v 71 U 3B O P REICIE (S1,05)" E721E ((Si, AD,Os)” DOBRRARIER
-OH%,mO@%%%@@mﬁ# WEnTH5

XRD & SEM-EDX (2 L D082 At = &T [ALO;])/[Ca0] =0.8 OHAELEIE ClX )=z
Twifkﬂ%74bﬂf&ﬁmWebfﬁﬁémfwé :@mm%#?i(msﬁﬁz@*y%
Uwﬁw—%%%ﬁﬁé(ﬁlm@w DERAEIED b NET A N OGS ISH S HICEEIL TF

, M7 v U ERERT ALO; k%) ﬁNwH*/&$Cmm¢6kk%:m0#ﬁ7X@“EﬂTé:
&ki@,Twszﬂ%74b#%méﬂt%®t%i%héo

6. 51X

[1] K. Inoue, O. Matsuda, M. Daimon, and R. Kondo : Study on Alkali Corrosion of ZrO, Containing Silicate
Glass, Yogyo-Kyokai-Shi, 88, 11, pp. 16-21, 1980.

[2] K. Kamiya, S. Sakka, and Y. Tatemichi : Preparation of Glass Fibres of the ZrO,-SiO, and
Na,0O-ZrO,-Si0, Systems from Metal Alkoxides and Their Resistance to Alkaline Solution, Journal of
Materials Science, 15, pp. 1765-1771, 1980.

[3] &R, MZE, ERHSF, VEARMR, SR REEH AT A UM T A DB, HUR
BN TN o 2 —WF5EE S, 26, pp. 77-80, 1997.

[4] H. Ohta and Y. Suzuki : Chemical Durability of Glasses in the Systems, Reports Res. Lab. Asahi Glass Co.
Ltd., 30, 1, pp. 11-23, 1980.

[5] T. Ishikawa, T. Takagi, Y. Kawamoto, and S. Tsuchihashi : Corrosion of Na,0—-CaO-SiO, Glass by
Alkaline Solution, Journal of the Ceramic Society of Japan, 87, 1, pp. 57-63, 1979.

[6] A. Paul and M. S. Zaman : The Relative Influences of Al,O; and Fe,O; on the Chemical Durability of
Silicate Glasses at Different pH Values, Journal of Materials Science, 13, pp. 14991502, 1978.

[7] E.D. Lacy : Aluminum in Glasses and in Melts, Physics and Chemistry of Glasses, 4, 6, 234-238, 1963.

[8] B.O. Mysen: Structure and Properties of Silicate Melts, 1988.

[9] E.F. Riebling : Structure of Sodium Aluminosilicate Melts Containing at Least 50 mole % SiO, at 1500 °C ,
The Journal of Chemical Physics, 44, 8, pp. 2857-2865, 1965.

[10] M. J. Toplis, D. B. Dingwell, and T. Lenci : Peraluminous Viscosity Maxima in Na,0—-Al,0;-SiO, Liquids:
The Role of Triclusters in Tectosilicate Melts, Geochimica et Cosmochimica Acta, 61, 13, pp. 2605-2612,
1997.

[11] D. R. Neuville, L. Cormier, and D. Massiot : Al Coordination and Speciation in Calcium Aluminosilicate
Glasses: Effect of Composition Determined by *’Al MQ-MAS NMR and Raman Spectroscopy, Chemical
Geology, 229, pp. 173-185, 2006.

[12] M. Okuno, N. Zotov, M. Schmucker, and H. Schneider : Structure of SiO,—Al,O3 Glasses: Combined X-ray
Diffraction, IR and Raman Studies, Journal of Non-Crystalline Solids, 351, pp. 1032—-1038, 2005.

182



[13] S. Takahashi, K. Ueda, A. Saitoh, and H. Takebe : Compositional Dependence of the Thermal Properties and
Structure of CaO—-Al,03-Si0, Glasses with a Molar Ratio of CaO/Al,O3, Journal of MMIJ, 128, 3, 150-154,
2012.

[14] S. Takahashi, D. R. Neuville, and H. Takebe: Thermal Properties, Density and Structure of Percalcic and
Peraluminus CaO-Al,05-Si0, Glasses, Journal of Non-Crystalline Solids, submitted.

[15] W. Loewenstein, M. Loewenstein, and C. S. Paulo : The Distribution of Aluminum in the Tetrahedra of
Silicates and Aluminates, American Mineralogist, 39, pp. 92-96, 1954.

[16] J. F. Stebbins, S. K. Lee, and J. V. Oglesby : Al-O-Al Oxygen Sites in Crystalline Aluminates and
Aluminosilicate Glasses: High-Resolution Oxygen-17 NMR Results, American Mineralogist, 84, pp.
983-986, 1999.

[17] J. F. Stebbins and Z. Xu : NMR Evidence for Excess Non-bridging Oxygen in an Aluminosilicate Glass,
Nature, 390, 6, pp. 60-62, 1997.

[18] L. M. Thompson and J. F. Stebbins : Non-stoichiometric Non-bridging Oxygens and Five Coordinated
Aluminum in Alkaline Earth Aluminosilicate Glasses: Effect of Modifier Cation Size, Journal of
Non-Crystalline Solids, 358, pp. 17831789, 2012.

[19] T. Yanagase and Y. Suginohara : Physical Properties and Structure of Slag Melt, Tetsu-to-Hagane, 57, pp.
142-157,1971.

[20] T. Yanagase and Y. Suginohara : On the Infrared Absorption Spectra of Glasses in system CaO—Al,03-SiO,,
Journal of the Japan Institute of Metals, 33, pp. 443-448, 19609.

[21] K. Nakamoto : Infrared and Raman Spectra of Inorganic and Coordination Compounds, Forth Edition, A
Wiley-Interscience Publication, 1986.

[22] P. F. McMilan and R. L. Remmele, Jr. : Hydroxyl Sites in SiO, Glass: A Note on Infrared and Raman
Spectra, American Mineralogist, 71, pp. 772—778, 1986.

[23] R. H. Doremus: Glass Science, Wiley-Interscience Publication, 1973.

[24] P. J. Dirken, S. C. Kohn, M. E. Smith, and E. R. H. van Eck: Complete Resolution of Si—O-Si and Si—O-Al
Fragments in an Aluminosilicate Glass by 'O Multiple Quantum Magic Angle Spinning NMR
Spectroscopy, Chemical Physics Letters, 266, pp. 568—574, 1997.

[25] S. Merlino, E. Bonaccorsi, and T. Armbruster: Tobermorites: Their Real Structure and Other-Disorder (OD)
Character, American Mineralogist, 84, pp. 1613-1621, 1999.

[26] S. Yamazaki and H. Toraya: Determination of Positions of Zeolitic Calcium Atoms and Water Molecules in
Hydrothermally Formed Aluminum-Substituted Tobermorite-1.1 nm Using Synchrotron Radiation Powder
Diffraction Data, Journal of the American Ceramic Society, 84, 11, pp. 2685-2690, 2001.

[27] SERTZIE, RIRIEZ, &fGER], YCHEE : 11 A tobermorite DAERGIEFE & HFEWE, SLMMEE 14
%2 5, pp. 172—180, 1980.

[28] T. Yoshikawa, M. Hosokawa, and T. Tanaka: MgO Effect on Hydrothermal Solidification of Blast Furnace
Slag, ISIJ International, 48, 5, pp. 557-562, 2008.

[29] Z. Jing, K. Suzuki, and T. Hashida: Solidification of Coal Fly Ash Using Hydrothermal Processing Method,
Journal Materials Science, 41, pp. 1579—1584, 2006.

[30] G. Matekonis, R. Siauciunas, and D. Vaiciukyniene: Hydrothermal Synthesis and Characterization of Na"
and [AI’" + Na']-Substituted Tobermorite in CaO-SiO,-nH,0-H,0 system, ISSN 1392-1320 Materials
Science, 16, 3, pp. 242-248, 2010.

183



BFRF LA L2 —F VR R AR

TR 1 94 H 1 H
K EE SR E

1. BRERFTEN LYYy — T AOFITHE

FIRRF T LR v — TS, BRERERFGE TANER (T5%) #E - T
B (UT ITFREE] Lo, ) RUIMBEMHEICL D, TEEMROMAINT, 2o, Eh
TR DR IR AETDHZEHANE LTHAITT 20D &35,

2. FRRFTERLFEY v — T Otk

ERRF THMLEY Y — T VOMRET, BRARTFERFHE TEUER (T55%R) JKHRER
2 (LT TEmEER] Lo, ) BINICHTS,

WEEIC Y 7o DINMEBRIL, WMXOZH, BEOWRE, RMEE1T.

3. W
LI, FEE B R S O R S & T D,
fREERmSE, kot L35,
(1) TFERBEDFHRNCLDFRHELZE LI RERE E L OZb0
(2) TERBENFHSOBBIRECTR L, Jeufoffseic B+ o, RalEoNE 2 F
WELELO (2720, EEHEICEL T, PEENFINCEHEOEREEDLZ &, )
Q) FAENFHROFREEEZE L LEEABEHEN T L Db
(4) Ka—ANHET Hm
(5) YHAEEROEFRE T EBEIC X DRI 553
(6) Zofh, [KREESTRDIZHD

(1)~ GV D FHRIE, AR ORGP ZE IR R D

(4) DF a2 —AHEER UL, Fa—A3WUNE L, FHROMBEGEICRELZNEFO L E 2
—HERL T, KT —ANEL D ET D,

— xRS, WA TT AT TICEORERO b O, EHESEOBAGEN, ENFERT
DO IEFHEE, PR E IS EEREY VAR A TO#ESEEE LD bD LT D,

4. FRSCHVE B OGR SC— PR

FOUIE,  [BIRRF T LY v — T VEERRE ) (TR EERT 5,

fRERRE G, (5) MUMFEROEFRM T EHEIC L 2 FEICBET 2533 TiE1 5
NR=Tk, TOMOGHLTIE1L OR_X=CEBR 2N E&2FAIET5, 2120, KEEESN
VELERDIZGEIXZOIRY TRy,

5. EVEHE
(1) BfEENT-HRTOEFEREL, KRREESICRBT S, -FL, EEHSPAEORESL
HE, FIER, BRZEOETHHT A Z LiFEL AR,
(2) RFEFH T, BRICEL, EEESEES O 1) Z2aBRES8~RHT 5,

184



6.

7.

FIRERF T T HY v — IV OERL

Ty —F L, MHEREZERLARWT, 2TOHRIE 1HOCD—ROME4% - TE
E‘Z‘j—éo

PERRRH R A

(1) #REHE, BREICHRED DEREZAHIELENTEDHLOT D,

72721, AHRE 3O MHEeEfmsr) B L X, BREEoal izt s,

Q) EfEILICD —ROMEOXLENEZINHEESICHET S, 728, CD—ROMZD

VBERHEN 1 OMEBZ D HDIZHONWTIE, BEENIRED AR E+AHET S,
. TRHER

HEHEREL, TV F L7740 Word%) MORPDF 77 ALET 5,
. ERE R

(1) HIAfKED) A SHI31H (FIEOHIAEICLY B LIAT, )

(2) JERaHE kY] HHE10H31H

(3) JEURE D HIA S Je O H G

INRE B
ZHEAEHH

10.

11.

SHEEH RIX, BRREERPERZZELICH LT 5,
A SO D PRI OWTE, INREBRA THRET 5,

Z OO IEF FIH

185



H H
B i
H H
B i
H H
B i ‘
H H
& i :
% w %waw&ﬁ¢xa (H =) % e WO | %o _ . N
m M o (B I BT * s
i = T AW By | R
T
v —o

F YOI — A T

186



(B 1)

PR E

TER L T LY v —F B G AFLOLL T DO LD
FAEMELS, BRI TR (L55R) INREE RIS
W= L FE9,

if SCeH H

RFEH KA

187



BIRRKF T LD ¥ — Fbam XM 7 128D D MR IZONT

IR NP T T Y — Vi SCRAMRBURRR 7 12 O 2 B R E IOV T, Thd

DEBY ETD,

AL

1. 70 (1) IZED DHHE

— AR SR D EREHE, RO LB &5,

1 _X—=H7- 0 ORRE O 900 M

ek, BRRPERFEHETEMEN (TFR) #HEB - THMBENUEES L 0D —fk

Fefmim CIFR D BFEHT, oo, AHIERVLD LT 5,

2. W7D (2) ITEDHCD—ROMEDOVLEKEN 1 OKMERBZDHH DITIRLBRE
BRI OB REHTOCD —ROMEDOER M EIZ1 0 L L, “hxiBx
HEBEVE LT HEAE, HREARL L, AREIROLEEBY LT 5,

i 120 oRfREAMH 20 0H

(REHkE : Frk1 841 2H20H, EKFEEBSIE SRk 1 944 A 1 HEFT)

188



BRI TR LH Y — Lt ST

1. — e EFH

(1) fEEHMmC, —MEfmmce b, FAE L TMCERITR G e+ 5,

Q) FflZZDOEECD—ROMENENDZDOT, FRIZAV P FLT7 740 (Wo r d%)
LOPDEF 77 A VTCiRETDHZ L,

(3) HEEEMmM Y, YRFEROEFIRE T EHEIC L 22 5CIcBT imsC ik, X
FEED15X—V%, TOMOHLTIE, 10—V EBARVWI ERFEAIET S, 7=
7L, EREESVVLELBDIHEIEL, ZORY TRV,

4) FfZA-4x MW, ~— 2 3MmL, #XEHICE2 0m, T3 0m, A4 2 5me T
%

(5) FNSCTIEIM SR & 72132 TS 35 T4, 930 Cld Times New Roman & 7213%
MUY T 5 0FeE 35,

6) XFHA X%, HIZ 148148 (T o 7K, BIBEIZ1I 2814 b (v 71K),
FEHERAITL2HFAbEL, WInbHRRIZ ET5, 5, BRLEEEEORHL (F
RKfiz) , WREREBICKLERAHL (F@mfiz) X1 2818 (T 7K &35,
R, ¥—U— 8, Kin, #E, SIHmC HEEnITnb 1 0RA 2 e 5,

(7) R, ¥—U—F, Kim, #FF, gIHE@wL, FETnFhd 1EMT, 1THRIEL 6
KAV RNET 5,

2. KLz DEX)

(1) EH, EHERA, B0, ¥—U— K, Kig, #HEE sIHGRL (FEolas 45,

(2) FROHE 1 _X—UIZEE, FEXA 2R IH 2 Ciid, BB RONEH (B , #igdk
FEEICEE T 2 &, BXLHEE TS 2 L

(3) EEIXfEE (2 OFRELN) T, TONEEZLLRTLOET L L, BCEAICE
D RKILT, NLFOENFIZONTIE, flzzBoz &,

(4) ZEHRKALOFNS, Tby,) £72%/12, TABSTRACT] ORI LZEZMITFRNI &,

(5) FEEEMMXTIE, TOMIDEERMRLTHL I 2R, Hiltk 7o
TR 1 XV OMEE LTHRET S Z &,

(6) ZEHY
PESCTHIFED B, FER, Rz 15 OFEREICE LD L,

(7) Kiw

D Rk, a5, £, BREER, L0, @, 2B, fEOIEET5, Zh
BRHLIEZ, FvvrkEl, XOBU X —IIMESTH I L, HBEZG UL LE
DFHZ L, MERBLL Iy 7KL L, CHEICMESIT S Z &,

2) P CIEHEM ALY AT Z AV, OBBRRE LY AGEL, MRIEHEnRSn
WwWeTanz Lk,

3) RMBUZREWERBUTRET, EHELZNBICRLRNVEICTHZ L, X, FHEEOK
FRIFIREZL BT L2 38T 5 2 L, BT, FEOGmE OREMICHNERFREIZ &
EDDHZl, BEXOKEOBIL, F@XXOM, ®X%R/MH7, HIZ Fig.l, Table 1 72
ELRT A7 TR, BXTHH G0 #2052 L, XH T, Figl, Table 1 72 &
LRTHZ L,

4) fxXoyEE, AEgealL, I, ) KO T, 1 L, ENER1IEZHNWSZ &,

189



5) RXHIZHATHRFICE, HTHBEEMTDZ L,
6) HALXEFDOTLEEHNWD Z &,
7) Bk EESEICTDH L,

(8) #EFEDOFLIR
B EOMB e &2 T 125A121F, KAXORKZIZTHTHZ L,

(9) SIHHk
1) MFRENFICEZEBERO S 2 EE R AR T2 &, 26 OEkIE, ACHCF
OFEBICES (1], [1] — [3] (L, ZNOEARLORBICELDDHZ L,
2) SIAXCROFANL U THEEDS AL, EFA, 58, M54, &, 5 (F738ITH,
HDHNEEROFITH) , -V~ TX—=V, %, FLHEITAROYLEE, FE
4, Th, =T, BITE, BITEERLRT L,

(10) fF&k
BAOFFE, FEBREE EOFEMRTANLERIGAEIIE, kT 5,

(11) Zofl

(REFtkiE : Y1841 2H20H, KHREZESIE Wk 1 944 A 1 A MifT)

190



T2V v — F VB R AR O JA
<UHRBIT 5o >

A Sample of Manuscript of Submitted Paper to Journal of Engineering
Lt HThH, >

I
<115 H\ T 5. >
Kougaku EHIME™
<115 H\ T 5, >
Abstract: All manuscripts must be produced clearly on good quality plain white A4-size(297mm X 210mm)
sheets, and accurately within the dimensions as shown on these pages. Manuscripts should be submitted in
camera-ready style for the screening and publication. The manuscript is accepted for publication after the
format check of the editorial board. Thus, the authors are asked to read these instructions carefully for
quicker acceptance of your manuscript. The printer should be a laser/jet,but dot -printers are unacceptable.
<115 H\F 5. >
Key words : Original paper, Guideline for manuscript
LT DHIT B >

1. #&

Jill]

<17 HT 5. >

LAY X —F Vi, LB B R ORI IS X 5, TABROMAIN T, OB 72T
FEDWRZINS AL T A L2 HWE LTHATI NS, BARRIZIE, 1RO T E 2 SEL, 2
(N3 N TE S aeg

<17 dHF 5. >

2. & s &

I, FE AR S O — kR S E T B o
2.1 fEERER
frE it ix, JHEHlE L TROWTRATRITE S S 420,
(1) THBEEVFHRICL2FREFLZHLMEEREZ I L2200
(2) TAAERECEAEM R OFFEEICEA L7z, Jumpiseic B3 2 M3, RIHFONEZMmILL 72
bo (72720, FFHICE LTI, HEEFFRNICEHROKREZ/TVL I L)

(3) AR RORG ROF LU &L LR RHED T L7 b 0
W) HERDHIET Bk

(5) WIAEHEDBMBLIT X 5 AT DI 2 5

6) Zof, WEERETRDLLO
2.2 —f 1t

— iR E, A TT A T T ICEORERO b O, EREHEOMA#E, ENEROLH

* OAZEATE BO0% HOO0OTF 2000)pp.AAN-O0  ITH#I Y —FVEREERI D 5IH
= ORINT SR 3 FIRRY TR OO%F
** Department of Mechanical Engineering, Ehime University, Matsuyama, Japan. E-mail

AU T O O A SO S I =

191



N, PR E IO ER Y VRV Y ATO#ESE 2T Db DET S,

3. RENHELDIE

FfsoEExHiE, BEBREBLOERAELOBKICHE). F1XR=VBIORREIARAR=VIC
RYRARZSHT 5, X—IJELAIZ 25mm, [ 20mm, F 30mm A~v—Ira2 e, 1BMET S,
W B L OEROGE, ROFHEF SN LT LT 5.

(DI EY (1481 2 b)

(2) Jescs (14 KA~ b)
B)fixFEES 1284 1)

(4) FExFEEHELY 12K4 2 1)

(5) L EE (10 KA~ M)

(6) EXF—7—F (10 KA~ )

TREBAGR S CRICIBR S N2 a5
RN LED D DY6, BiN—UBEBRT
5T,

ARL (10 KA~ ) iF, RAROLHICER
(1)~(6) Z itk L72f812, 147227 CEHEIRD
%o

X, £BIOGHEIZ, RAO XS I
ZOFE FUY AK, KO & HEN

600 ,

— | | | [ [

[ = .

o

= 500 _
Q o -
© 400 | —

£

> ol L 1
& 300 -
» - e .
©2200f ¢ -

5 Fi

s 1 e |
O 100 o — Average line (All data) —

m i 8 O | — — Average line (IC data) |

1 | | | | |

0
0 005 01 015 02 025 03 0.35
Thickness of interlayer ¢ (mm)

Fig.1. Relationship between interlayer thickness
and bending strength.

MEZH DTS, M- REIL, H2VIEN, REALIIFTULEHBEZD TS L)I1CT 5, 7T
—GHEEROYEE, WMEZHETTOLEEDPROONTLE IRV BRI EPTELN, <

MR D B IIEFAMTH 5,

4. 5|

(1] [HERE]

A X #

HEN, P, MR, &, 7, pp BIBR— Y~ T R=D, 4

[HATA
HFH, wH N—U, BT AT
21 Z%Hi

(1] B AHS  Ra g WESe

24
Ak,

40, 2, pp.120-125, 1955.

[2] R.P. Feynman : Slow Electrons in a Polar Crystal, Phys. Rev., 97, 3, pp. 660-665, 1955.

EQA B

[3] R.P.Feynman : Slow Electrons in a Polar Crystal, Phys. Rev., 97, pp. 660-665, Mar., 1955.

(4] HR—HB : @M, pp.123-135,

F— 4%k, 1966.

[5] J. A.Smith : in “Electricity and Magnetism” pp.300-305, Cambridge University Press.

London, 1950.

192



	愛媛大学工学部工学ジャ－ナル論文投稿規程
	工学ジャ－ナル論文申込書
	著作権委譲書
	愛媛大学工学部工学ジャ－ナル論文投稿規程第７に定める投稿料等経費について
	愛媛大学工学部工学ジャ－ナル論文執筆規程
	工学ジャーナル投稿原稿の見本

