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ON WAVE OBSERVATIONS AT HIEZU COAST
By Haruo HicucHl and Tadao KARKINUMA

Synopsis

Forecasting shallow water ocean waves is one of the most important problems in coastal
engineering at present. Nevertheless among the characteristics of shallow water ocean waves,
the wave height reduction due to bottom friction is not well known.

To make clear the transformation of shallow water ocean waves, the wave observations were
made at Hiezu Coast in 1963.

This paper presents the facilities and equipments used, the methods of wave observations,
and the results of wave observations analyzed by the significant wave method and the wave
spectrum method.

Ten wave data at the corresponding two or three stations could be obtained at Hiezu
Coast and all the wave data are compared with the theoretical values obtained by Longuet-Hig-

gins,
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Fig. 1. Topographic map of Hiezu Coast.
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Fig. 2. Stations of wave observation and bottom

material sampling.
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Fig. 3. Sketch of buoy for wave observation.
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(1) BRBEMNAT A

WRBEICHN. 7 413, B 60cm, X 45cmdD ¥ 7 A 4 I4£5cm X 6mmOBR T v S VEEEL,
ZDEickE1.95m, ¢ 25mm DR 4 I & - T, RIEMEIE R LIz 100 cm X 100cm D §EEHE 14
EVOFBLELEDIL, BEX 20m, ¢ 36mmD 7 LEFu—TEL SYTO0kg DLOVHY 1 a2 FETHOH, X
HICKRE20m, ¢ 32mm D7 LEF T -7 L > THNAOHE 74 2L 0501 bDTH 2, 741 DRE
i3 207kgT, MKRRI N T LFEBHOH 20cmD & AICH b, Fig. 3 3Z20EBEAE TS .

(2) 18 mmiB¥;# (Paillard Bolex H-16 Camera)
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ffxDb0, BLO—ERKIZL00mm, f: 630FHEL Y X4 E DD T, 131X 1,000mi37ihi AT
LARBETEDLIIIC LI, Ff, COFTIETIE, BEEENETELOT, #LEZHANT2 2</sec kil
BE3MMEEEE DOT .
(3) EEE DS

COEERRSL, BLEEZTKBTOERBLROZERICLZBDTHY Y, T TR, HiF3m, £
E35cmDEKE ¥ 1 7ic, BT cm, EX 3lem OFEXEXDRNL 723 KD SV TEY DU bD%EHE
AL,

(4) BAESHBLIURMET

JoEEHE LTR e vy v BB A FG s, BF BN ERICED DTN TH A0} 3AME
T, BERAOBU®C SIVABNEE L DOk, 1, REiHitry vEOLDT, nEy v v 3R
MBIEUERET & & I HEB/NERICEBE SN T 3,

3.8 WM H &

(1) BAMAORELHRBNATAOHRE (Fig. 2)
400m R N/c¥E IR ED 2 EAMATERE LT, BREBAICLHELRBANEL LT 71 DRA
HWEERE Lo, BRIMENKNTH 20, COBROKNIIKET 2RMEELZRL, BEANNEALH
FELT, /NEME2REPS T vy v MTE->THEHEL, 74 No.l, 74 No. 2, 5LU74 No. 3
F—EBREICRE U,
(2) Bro&@ A
74No. 1, 74 No. 2, X071 No. 3 ®LTF#EE%, Thsh, BEEN LOBRNE, S, 1,000mm
EHEL v XftE& O 16 mmiGE#E - T5mm HiE L v X4F & O 16mm |EBIC K -T2 3+ /sec TLIL1553H]
OB Ui,
(3) &R o 8 A
AERBREOEREN D S 50m OMAICH 2BERHOHRACC SOBPLE m 0F I, oeryy
4 BMRREG % & O, Hidid@E S €/, COBRMEIME 1ISmOE LI H B, /o, BREDBRPC
S L0k N oA H 2 BEERNER (Fig. DN, #E1ITm DFIFEEINTH oYY
v 3EMBEEE B LU vy YRIRBGOLEERER Lic, ik, BREOEARC S5 BER/NMNER
FTIRMHT, LA SOEEDDS T,
(4) BEMEHEIUCEHR
FEARR, vy FERALT, SBRERICE > THEEL:, EEOERRIZ, /JE#%E 74 Nol~7 4
No. 3 DHIRCZ > TESHE, Ly FIC Kk » TKEZRIE LIBBSITIE 570, 5, EERBUNL 2 fEAH»
S5FF vy MLk ->THREL:.

4.8 A B R

(1 A o & #©
Table 1 {3, Z S>hicBEREMCIGT 2% LRAMET 2 DIRLAABEBRTH %,
(2) BEM#HFEIUER
BEME : 19634108 6 HICEH U TALEERIC LT, 74 No.1 & 74 No. 2, 74 No. 2 &7
4 No. 3, 5XU 7 M No. 1 &7 4 No3DOMDOFEIPFERARIT, ThLh, 592x1073, 1.69X1072 BXLU
1.10x10°2C¢% 3 (Fig. 4),
JBEH :19634E 9 2SR ICIF L CAEEBE 9 aho, heh 100gr s 0L, HESLBWL
BOB/ICE 5> TIBHHSB NI 20 B30, 202 ) — MEEL AV XU ERRAEES 2
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Table 1. Wind data.
Date and time | Wind speed at Wind at Hiezu primary school
Hiezu Coast (m/s) | Speed (m/s) Direction
3rd, 0800 — 04 S
» 0900 — — NE
~ 1000 — 54 NE
~» 1100 — 8.0 NNE
7 1130 12.2 — —
~» 1200 10.1 73 NNE
» 1230 9.4 — -
» 1300 108 59 NNE
» 1330 108 - -
» 1400 10.8 7.3 NNE
7 1430 11.2 — —
7 1500 105 59 NNE
» 1530 938 —_ —
» 1600 10.1 7.3 NNE
» 1630 11.2 —— —
» 1700 9.4 6.9 NNE
5th, 1000 7.8 5.2 NE
» 1100 7.8 69 NNE
» 1200 9.0 5.0 NNE
» 1300 8.1 71 NE
Buoy No.3 Buoy No.2 BuoyNo. |
500
o (m)
2
4
6
8
10 ]
12(m)
Fig. 4. Bottom topography (Buoy No. 3-2-1).
Table 2. Size-distributions of bottom material.
Bottom
sampling number 1 2 8 4 5 6 7 8 9
Median dso(mm) 0.156| 0.138/ 0.141] 0111 0.125 0.094] 0.193 0.227| 0.322
diameter | ¢s,(¢p-scale) 2.67 2.85 2.82 2.98 277 2.90 2.36 2.20 1.69
Standard deviation B . - _ _ _
o6 ($-scale) —0.46 | —0.50 | —0.5¢ 0.73 0.68 1.10 0.55 0.59 0.65
dyo(mm) 0.081 0.077, 0.075] 0.031] 0.058 0.022| 0117 0.138 0.156
deo/dyo 1.7 1.9 2.0 4.3 25 6.6 2.3 1.9 2.3
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Table 3. Conditions for wave data at Hiezu Coast.
. Data and time | Water Depth
Data number Station (1963, Oct.) (m)
H-1(0Q) 1
H-1(2) 2 3rd, 12 09
H-1(3) 3
H-2(1) 1
H-2(3) 3 3rd, 12 35
H-3(@1) 1
H -3 (2) 2 3rd, 14 14
H -3 (3) 3
H-4() 1
H-4(2) 2 3rd, 15 21 (1) : 11. 8
H -4 (3) 3
H -5 () 1 .
H -5 (3) 3 3rd, 1614 | (2) : 9.4
H -6 () 1
H -6 (3) 3 3rd, 16 32 3 : 3.4
H-7(Q) 1
H-7(2 2 3rd, 10 42
H-7(3) 3
H -8 (1) 1
H -8 (2) 2 5th, 11 03
H -8(3) 3
H-9 1
H -9 (2 2 5th, 11 56
H -9 (3) 3
H -10 (1) 1
H -10 (2) 2 5th, 12 15
H -10 (3) 3
Table 4. Scales of projected flag.
E:xtnaber H- 1(D[H- 1(2)|H- 1(3)|H- 2(1)[H- 2(3)[H- 3(1)[H- 3(2)|H- 3(3)|H~- 4(1)
Scale of 8.35 12.69
Projected flag (cm) 9.08 139 ! 1.85 8.72’ 1.75 (834) | (12.55) 1.67 7.24
]r?irtx?ber H- 4<2>1H—4 (8)|H-5 (1)|H- 5(3)/H- 6(1)|H- 6<3>|H- 7<1>]H— 7(2)‘}{—7 (3)
Scale of 1.67 7.53 7.56 !
projected flag (cm) 12.80‘ (1.68) | (7.70) 1.64 (7.65) 1.62| 7.74] 0.680‘ 1.68
g:r?ber H- 8(1)[H- 8(2)|H- 8(3)H- 9(1){H~ 9(2) H—9(s3)‘H—10(1) H-10(2)|H-10(3)
Scale of 7.75 0.690
oroisciad fiag (cm) | 785 | 0708 | 173 | JTIS| O8O | 160 | 778 | 0678 165
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WT, FOKXxX|E 1.20mm, 0.85mm, 0.60 mm, Table 5. Number of waves in each wave datum.
040 mm, 030mm, 0.15mm, 011 mm, 0.088m
m, 0075mm Tk %, Fig.2 375 LI-EED Data Numbers of waves
BEAEERLIZBDTHY, Table 2 ZEEORK number (i) (ii)
PETR L7 b DTH 5o @ | 224 (153) .
(3) BROEH H- 1 (2) 131 (96) 70
Table 3 {32 oh7cfi i BERHCHT 238 & (3)| 107 (7.8 69
AT - | 176 H)129) 66
a) AHGEHFEICLAZER 16mmiGEBICK - H- 2 g 173 (138) o
TE otr7 4 va%k, E# (Elmo DM 16 mm
FUBL, 1 I7EDBTES LI LSO (1| 221 (132) 87
FoTlawclihEL, 740 EFaseg B0 3 B 202 U3 n
H& o1z, Table 4 374 DHED It B ¥ DK X & | 24 A58 s
X%, 2 TO—LDETRLUbDTH B, ik 1) 222 (143) 8
DABIHT 275 LIt REMBERBRA < b v H- 4 (2 181 (108) 86
%5 50BN 5 AHORRICHT B RENHE @ 204 4D 67
ERDI-HOTTH B0, WMEDEMBEE TS )] 177 (104) 58
BAIHE, BEOMEE () MCRLTH b, H= 5 ) 208 (142) 68
2 Lt EBRERICI - TRIFL, 88 | 190 @17 83
Wi Hys BXOERBEAY Tn LLBIC, % H- 6 3y 149 115 64
BAES Him :!8&0“1%]39% Tiwr BAE & I?m @ 173 (132) 60
ax B XOAM Tmax TEWHE Hmean BECE o 7 )| 136 ( 04) 72
1] Tumean #8HiL7c, Table 5 3% H K>S @ | 166 (91) 66
LU EomEEERT. £, O o ()
HOMF, REOLREmNMETEEOLE g; 132 ggi; ;‘g
SDTHY, @)m&ﬁZfarw®%ﬁm$ 3 T (128) 5
W BEEICHIET 55 DT, L&OKE LI Smin
<52 Q| 176 (143) 62
Table 6 |3, Table 5 @ (i) & (i) ic WK H- 9 (2| 207 (136) 61
LTkl AR S L OENDOLE AT | 15 (139 o
SEYFE 1% Longuet - Higgins® OBEHRMBEL &L b (1 184 (144) 63
CRLIBDTH D, £, Eld bITDNBE H-10 (2)| 206 (144) 60
515 1,000 3D 5id & DED variance D 25T 3 180 (14.5) 62

%0, Longuet-Higgins ¢ L1, E L&
HEEE ORI ED & S ISBEND 5.
Hy, =2832\E,
Hl/lO =3600\/E ............................................................................................. ( 1 )
Hopean=1772/E.
iq:l» Hx/a: Hl/lo: Hch()r Hmean 0)*%@ (111) (Dﬁ?‘bi, (1) ﬁtCJ:o’CSfZ&)tB@’C%O, Hmax
o (i) O¥KEE, Table 5§ TRLA (1) OROBEEELERLT, €5 LIEROBRICEOTHELS
ABARBEERDICBDTH %o
B, Trp BEBX<Z Frvoe—27icdibd 2880<T, () M OBEZIE, Darbyshire® pijb i

J— 7 —
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TOEE S ORILET 3RICBOTRABRR, TjH=114Ty; LEoT Tys DOEELLODTH B,

FHEAKY (Table b) (CXHGT 2R EKE (Table HEDBFEHLOANE, TRTERERTH S,
REEEHEOD LI, Longuet-Higgins OERHE L D ABRINICT/NIWVEERT,

¥z, Table 7 (3, Table § @ (i) B&L (i) KR ETLEBEHRELLE LI HDTH S, LD
EEHDL, BRACI b VvORBICANZER (D) (L&ORZ : Smin) hOE M UAEBEFESES
B, 720 TOOES, Table 5 O (1) © () FRIGRL-BRETOBER (1) (GEHROEX: 9min~15
min) HOEB UEDIRIZ10%IRICH B T Ehhh b,

Fig. 5 {3, Table § iHoblr (i) OBEMGS, BENES Hys W8T 3FBE Huean ¥

Table 6. Comparison of observed wave data with theoretical

H- 1(1)|H- 1(2)|H- 1(3)[H- 2(1)H- 2(3)| H- 3(1)|H- 3(2) | H- 3(3) | H- 4(1)

E 6816 | 6778 | 4925 6860 | 5974 | 8241 | 9271 7685| 12370

(i)| 673| 675| 526 75| 684 81.8 782 720 925

Hy, (ii)| 647| 644| 521| 694| 629 79.9 82.6 69.9 925
Gii) | 739| 739 e628| 769 672 81.3 86.3 785 99.6

(i)| 76| 822| 61.8| 80| 843 1056 945 957 | 1132

Hyng Gi)| 765| 805| 593| 847 767 949 | 1002 898 | 1134
(i) | 940 | 937| 799| 977 | 80| 103 109 997 | 1266

(i)| 1056| 972 800| 1031 | 1085| 1318 133.8 1376 1408
Hipmax (i) 925| 930| 651| 989| 914 131.9| 1339 1257 | 1408
Gii) | 1213| 1138| 961 | 1212 1003 | 1318| 1303 1266 | 1536

(i)| 454| 449| 366| 478| 448| 525 50.7 473 51.1

Hoew (i) | 435| 418 368| 469 421 442 5438 441 59.3
Gii) | 463 | 461 | 39.4| 481, 434| 509 54.0 491 62.3
Hyjsmean (i) 148 150 143 149 152 155 1.54 152 1.81
H,/so/mean (1) 170, 186 168 184 188 201 1.86 2.02 221
Hoo/Hus (i) 115 121 124 123 123 129 1.32 132 122
Hpmax/ (i) 2.32 2.16 2.18 2.15 242 2.51 2.63 2.90 3.78
Hunean (i) 262 247 244 252 252 2.59 258 258 2.64
(i) 5.1 61 55 6.4 6.3 52 53 6.0 52

T Gi) 47 5.7 52 6.0 59 51 5.4 53 49
(i) 58 6.8 6.2 6.1 6.9 5.3 6.3 6.8 6.3

T Gi) 58| 73| 51 70| 69 49 59 55 59
(i) 68 44| 87| 16| 85 68 7.0 97 30

Tmax (1) 8.6 54 49 46 83 6.5 7.0 43 3.0
(i) a1 44 44 44| 48 48 39 43 39

Tomean (i ) 34 42 43 45 43 35 42 40 39
T, 8.0(5.7)[10.0{6.8)[10.0(6.2)| 8.0(7.2)| 8.0(7.1)| 8.0(58)| 80(59)| 80(67) 80(59)

_8~



WO, ## : BEEERICED 3 RBERAICONT 467

KB Hipne BLURAES Huax OHEHRE, BHMAERILTRDIOIDTH S, chickiud, &
BA & I3BRIES, DEFOBRBRAMBI SN S,
Hinean="0.65H, /g, -+++++++++esesestssesesetesetestntnitatssenessssassssssssnssssssssnsssnssasssssasesasasssananes
Hyig=1.25H, jg, -ersereeneeses
Hppax=157H,/3+20%.
Fig. 8 {3, Tableb L hob LA (1) BIU () oBRD S, BREERY Ty EEEFY Theand
BRESHLLLLBDTH S, COMESSBE, (1) (D) ORAMEL, REZHPEHESDOTNEH,
Tnean=0.75T /3 LW S BBENBZL 5N 5.

values obtained by Longuet-Higgins.

H- 4(2)H- 4(3)[H- 5(1)[H- 5(3)[H~ 6(1)|H~ 6(3)|H- 7(1)|H- 7(2)| H- 7(3) | H- 8(1) | H-8 (2)

692. | 7928 | 12480 8333 | 9945 | 8129 | 23153 | 23170 1523.3 1546.5 1619.7

067.9 689 81.9 711 81.8 770 | 1114 1177 95.5 1032 1138
65.5 726 819 733 79.7 735 | 1162 1194 108.4 1108 1175
744 79.6 | 100.0 81.7 829. 80.6 | 136.2 136.3 1105 1113 1139

874 85.7 | 102.7 84.6 105.6 955 | 1403 161.8 1194 1249 1274
80.3 85.7 | 1014 854 988 | 1012 | 1526 149.2 1325 129.9 132.3
946 | 1013 | 1271 103.8 1134 1025 | 1731 1732 1404 1415 1448

1326 | 1138 1638 1164 174.2 117.3 183.5 2354 1493 147.8 141.6
107.6 952 | 1638 97.6 117.7 1111 1835 238.7 150.6 147.8 147.0
1100 | 1130 | 1327 116.6 125.2 1309 180.5 187.1 153.8 163.1 1844

304 46.7 533 49.0 52.8 50.3 722 88.3 478 67.5 85.0
43.0 494 52.0 488 53.8 49.4 809 89.5 723 72.6 73.5
46.6 498 62.5 51.1 55.8 504 85.2 85.2 69.1 69.6 71.2
2.23) 1.47 1.53 1.45 1.54 1.53 1.54 1.33 1.99 1.52 1.33
2.87] 1.83 1.92 172 2.00 1.90| 1.94 1.83 249 1.85 1.49
1.28] 124 125 118 1.29 1.24 1.25 1.37 1.25 1.21 112
4.36 243 3.07 2.37 3.29 2.33 2.54) 2.66 312 2.18 1.66
2.60 2.61 259 2.62 2.61 2.55) 2.59 2.52 2.58 2.52 2.59
47 6.2 49 6.3 49 6.7 55 5.2 5.0 5.6 55
45 5.7 5.0 6.0 55 7.0 52 54 . 5.2 5.6 59
52| . 69 59 7.0 5.9 7.0 54 5.3 49 5.7 5.7
5.0 6.6 5.7 6.0 6.1 6.7 55 5.7 5.4 6.1 5.7
5.0 71 8.3 7.8 35 8.7 54 77 . 65 5.1 6.2
8.8 8.8 83 77 8.5 73 54 7.7 6.5 5.1 6.2
4.6 43 35 41 3.7 4.7 46 42 33 46 44
33 44 35 4.2 42 4.7 49 41 . 44 49 5.5

8.0(54) 8.0(7.1)| 8.0(5.6)| 8.0(7.2)| 8.0(5.6)| 8.0(7.6) 5.7(6:3)| 57(59)| 57(5.7) 5.7(64) 57(63)

_9.__
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b) WEARZ FAEICLZEE HBRLZ FVOFHEIR, Tukey OFE #E (19497) % FT,
HEAPEOBFHEM KDC-1 1T L - TITHE o710 iEDZA E DR IZ 05sec i2E D, HAEDERE
6007, lag %40 & LT, HHEIZFB0E Lice COFICELCEE, BR—21 %308 TH 5.

Fig. 1 i3, E—BAEHCILT, AL VHEBELY lag 2 B—ic LT, 109, #1500, 8L
%5 AHOLEEANTROALBERARI rVvO—FTHY, HEICEAREEK f (sec™!) 520EAEART
(sec), W T 7V ¥ —HE E; (cm¥sec) & - THob LT3,

Fig. 813, WEEBEUONET 2 2~ 3 ATORBICET AR BRARI P VOERERLLDOT, &
BTOIANVE—TWER T 2700, b TEERBERTHZ, K,

Table 6 (Continued).

(1), (2), BLU

] } Theoretical value
H- 8/3)|H- 9(1)|H- 9(2)|H- 9(3)|H-10(1){H-10(2)|H-10(3)| obtained by
Longuet-Higgins
E 11305 | 16588 | 1862.2 | 12156 | 1537.6 | 15151 | 10969
(i) 809 970 | 101.5 826 924 88.2 854
H, G1) 867 | 1042 | 1117 855 99.6 | 1029 915
(iii) 951 | 1152 | 1222 986 | 111.0| 1102 937
(i) | 1040| 1191 | 1305| 1062 | 1157 | 1176 | 1098
Hy /iy (ii)| 1040 | 1249 | 1323 | 1180 | 1234 1323 | 1098
(i) | 1209 | 1465 ] 1553 | 1254 | 1411 | 1401 | 1191
(i) | 1272 | 1445 | 1450 | 1652 | 151.6| 1617 | 1342
Hiax (ii) | 1214| 1443 | 1470| 1298 | 151.6| 1617 | 1220
(iii) | 1811 | 1571 | 1665 | 1338 | 150.6 | 144.6 | 1383
(i) 578 66.4 585 54.3 63.0 588 61.0
Hmean (1) 57.8 66.0 735 59.0 63.0 735 57.3
(iii) 59.5 72.1 76.4 61.7 69.4 689 586
Hyjs/mean (i) 139 146] 175 152 146 150 140 1.60
Hi/10/mean (1) 1.79 1.79 2.25 1.95 1.83 2.00 1.80 2.03
Hypno/Hys (1) 1.28 1.22 1.28 128 1.25) 1.33 1.28 1.27
Hmean/ (i) 2.20 2.17 2.50 3.04 2.40 2.75 2.20
Hpax (i) 2.58 2.59 2.62 2.59 2.60 2.62 2.60
(i) 5.2 5.1 5.5 6.1 5.7 5.5 62 | (Note 1)Tmax :
Ty (i) 52 58 5.8 59 55 6.0 66 | Wave period of
(i) 6.1 59 59 59 59 55 57 | Hmax-wave
Tirso (i) 58 57 5.6 60 59 5.2 65 (Note 2)
(i) 6.0 5.6 74 55 5.8 59 67| Hicm, E:cm?
Tmax  (iy) 49 5.1 64 68 58 59 62| T:sec
(i) 45 49 39 48 47 42 48
Tmean  (; ) 5.0 47 5.0 6.1 46 48 47
Ts, 5.7(59)| 5.7(5.8)| 5.7(6.3)| 5.7(7.0)| 5.7(6.5)| 5.7(6.3) 5.7(7.1)
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Table 7. Comparison between observed wave heights for (i) and (ii) in Table 5.

Data number H- 1(1)[H- 1(2)[H- 1(3)|H- 2(1)[H- 2(3)|H- 3(1)|H- 3(2)[H- 3(3)| H- 4(1)
H,;3(ii)/Hy (1) 0.96 0.95 0.99 0.97 091 097 1.05 0.97 1.00
H, /0(i1)/H, /1,(1) 0.98 0.97 0.95 0.96 0.90 0.89 1.06 0.93 1.00
Hpean(i1)/Hmax (1) 0.95 093 1.00 098 0.93 0.84 1.08 0.93 1.16

H- 4(2)H- 43)|H- 5(1)|H- 5(3)|H- 6(1)|H- 6(3)|H- 7(1)]1{- 7(2)' H- 7(3)
H,;(ii)/Hy;5(1) 096 | 1.05 1.00 1.03 0.97 095 1.04 1.01 1.13
Hy0(i1)/Hy (1) 091 1.00 098 1.00 0.94 1.06 1.08 092 1.10
Hpyean(ii)/Hmax(i) 1.41 1.05 091 0.99 1.02 0.98 1.12 1.01 1.51
H-8 (1)|H- 8(2)H~- 8(3)|H- 9(1)|H- 9(2)|H~- 9(3)H-10(1)|H-10(2)] H-10(3)
H,,,(ii)/H, (1) 1.07 1.03 1.07 1.07 1.10 1.03 1.07 1.16 1.07
Hyso(i1)/Hyo(3) 104 | 103| 100 1.04| 1.01| 1a11| 106 112 1.00
Hpean(it)/Hpax(1) 1.07 0.86 1.00 0.99 1.26 1.08 1.00 1.25 0.93
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Fig. 8 (a)~(j) Wave spectra at Hiezu Coast
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