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ON THE TRANSFORMATION OF OCEAN WAVE SPECTRA IN
SHALLOW WATER AND THE ESTIMATION OF THE BOTTOM
FRICTION FACTOR

By Yuichi Twacak! and Tadao KAKINUMA

Synopsis

One of the most important problems in coastal engineering is the transformation of waves
as they approach the shore through shallow water.

In this paper, from the damping of the significant wave heights and the transformation
of the wave spectra observed at Izumisano Coast and Hiezu Coast, the loss of wave energy due to
bottom friction is investigated quantitatively and the bottom friction factors of these coasts
are estimated. In estimating the bottom friction factor by the wave spectrum method, it is
assumed conveniently that each component wave propagates independently.

The values of bottom friction factors at Izumisano Coast estimated are 0.14 and 0.55 by the
significant wave method, and 0.013~0.054 and 0.25~0.55 by the wave spectrum method. At
Hiezu Coast, the values estimated are 0.027~0.16 and 0.040~0.44 respectively. It should be
noted that these values are much greater than 0,01 which was given by Bretschenider to be
generally used in forecasting shallow water coean waves.

It is found that the longer the significant wave period or the heigher the value of the accom-
panying-wave Reynolds number is, the smaller the value of bottom friction factor estimated
by the significant wave method is, and that these values are about ten~szventy times the theore-
tical values obtained in the laminar wave boundary layer theory. In addition, the values
estimated by the wave spectrum method seems to have the same tendency as by the significant
wave method except Data No. I-1, and are about ten ~ one hundred and twenty times the

theoretical.
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Fig. 1(a)~(e) Transformation of ecean wave spectra in shallow water.
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Table 1 Permeability coefficients of bottom sediment at Izumisano Coast.

Buttom sediment] Effective grain size Uniformity coefficient Permeability coefiicient
data number dy, (mm) deo/dsg k (cm/sec)

1 0.154 105 0.023
2 0.176 185 0.032
3 0.176 16.3 0.032
4 0.620 6.3 0.384
5 0.308 12.9 0.096
6 0.202 78 0.040
7 0.233 104 0.053
8 0.330 8.2 0.109
9 0.354 29 0.123
10 0.702 38 0.490
11 — — 10

12 — — 10 .
13 0.162 125 0.026
14 1.001 36 1.000

.00
0.95[
\\‘\
\\
VA
VA
090 \ \\‘
\
AN Rp)ra
\ e (B
\ N ——————————
~ (KE)s
\\\Q(El
1 |
0.850 5 10

Fig. 3 K, ratios at Izumisano Coast).
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Table 3 Permeability coefficients of bottom sediment at Hiezu Coast.

Bottom sediment Per'nileability coefﬁc’ient Effective grain o/l [ig;ffgg?g
data rumber |Permeability test, [Hazen’s formula,| size d;, (mm) dy/d
k, (cm/sec) k, (cm/sec) 60/ %10
1 0.0063 0.0066 0.081 1.05 1.7
2 0.0053 0.0059 0.077 112 1.9
3 0.0064 0.0056 0.075 087 2.0
4 0.0058 0.0009 0.031 0.15 43
5 0.0038 0.0034 0.058 0.90 2.5
6 0.0047 0.0005 0.022 0.11 6.6
7 0.016 0.0136 0.177 0385 2.3
8 0.026 0.019 0.138 0.73 1.9
9 0.029 0.024 0.156 083 2.3

a) KI[CXFBEE OBRIFTTHW: (K, (K)s OHEIL091~096 T, #hEh, T=Tsec L
U 4sec THRINETL D, F7z, (K)s/(K,), DIEIZ092~1.2TT, T=~3sec THR/NE155,
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ky (cm/sec) %A3RsH7- (Table 3), #H L7-EEEROARRIT 80~170cm® ThH 2, Table 3 243 &,
T UTRDIFEKFE by 13, HEFH deo/di BB L Z 2LUTOMEERT & X0, HEODNTNS
&5, Hazen OEBRAIC L2 BKBE ke E XA -TVED, 2BEIDOASNEARTE XTI
EHHTNSWEERT CE bbb,

CDBHFICBOTIE, EKBKRBRIC E ABEKEE b 20, R (2) K&k -T, EABKILT
Ky 2Fdtzhs, WIhd Kp=1.000 Th - T, BEHREBERLTCIWEEDN S,

o) K, [CHFHEE WA HFENMNERICEY 2AMEE s BREN» OHE Lz, BEE/NERkiT
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By YEORRFNEEIN T Y, TXTOBERHCH LT, Wik & LT, iz NNE &
Bbhdp, NE Ot UThRIFREERD, BIRAIMALTOEA NNE 20T (K,)s/
(K,); OfEI30.99~1.00THY, NE D Ti2099~1.01TdH 3,

d) AREROMRELIUVEDHRICHTEERE REFERERE BRARCEOTE, Ei2sec 2
LRI LT, HEDHOABBERIC LI FEORBERIERLTLHO T b o1,

F7o, BOMBICONTTHSH, Bk O BEMBLOR[E, H—1 T3 101m/secc NNE, H—2
i3 94m/sec, NNE, H—3 {d 11.2m/sec, NNE, H—4 |3 105m/sec, NNE, H—5 {3 10.1 m/sec,
NNE, H—6 {3 11.2m/secc, NNE, H—7 {3 78m/sec,c, NE, H—8 {X 78m/sec, NNE, H—9 {1
90m/sec, NNE, H—10 i 80m/sec NE Th Y, FHLOFE2ICINIE, T NTOBEROERHA
155 3 TOERRABDORIC L ZBMITRTIBUT TH b, ¢ DR E DS BRAFEEEORHICA
D, BHEFHEICEOTE, BOMRIERALTIVERDNS, —F, BRI~ FAECENTHE, .
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Table 4 Values of bottom friction factors at Hiezu Coast.
Data T | H, | H. [df/f|
o | Method | oLy | AR BB (BDw/ (B | (BB (KD F VTN R
10 |057049 116] 0901 1266 | 0961 013 | 309 | 99x105
Wave 8 |053/044 1.12] 0993 1216 | 0921] 016 | 339 | 5.8%105
H-1 (1) | spectrum | 67 [046(0.39 1.18 | 0996 1120 | 0913 015 | 482 | 3.4x105
(g | method | 5703033 115 0997 1050 | 0927 020 | 704 | 1.7x10°
7
5 039032 123 0998 0995 | 0950/ 028 | 817 | 1.2x10°
wsiggflgi}?; 4 33 0.671 053 128 | 0998 1.023 0938 0.13‘ 385 | 41%10°
Wave | 10 |060[057 105 | 0991 1266 | 0961 012 | 358 | 1.3%108
o2 (1) | spectrum | 8 057|061 094 0993 1216 | 0.921] 0.060] 62.6 | 1.1x 108
cothod | 67 |049]0.46 1.00| 0996 1120 | 0913 0076 598 | 45x10°
n (3) 5.7 |0.42/0.35/ 1.22 0.997 1.050 0927| 025 | 642 | 2.0x105
ngfgﬁgf}‘l‘tﬁ 4 64 0.721 069 1.05| 099 1100 | 0915 0.059| 642 | 9.1%x10
Wave | 10 057060 096| 0991 1266 | 0961] 0.055 505 | 1.4x108
H-3 (1) | spectrum | 8 |060[063 095| 0993 1.216 | 0921] 0.052 568 | 1.1x10¢
@ method 045037 121 | 0998 0995 09500 0.25 | 81.9 | 1.7x10°
7
wi‘g:ﬁgi‘gg J 5708072 114 | 0997 1050 | 0927 0.083 456 | 87x105
10 |os6l056l 181 | 0991 1266 | 0961 017 | 284 | 1.3%x108
Wave 8 |076l061 1.25| 0993 1216 | 0921] 017 | 254 | 1.2x10°
H-4 (1) | spectrum | 6.7 |067(048 1.38 | 0996 1120 | 0913 022 | 31.2 | 5.5x%10°
L (a| methed | 57 |055042 132| 0997 1050 | 0927 025 | 453 | 3.0%10°
5 [052042 124 | 0998 0995 | 0950 022 | 644 | 2.2x10°
Significant | 57 098069 134 | 0997 1050 | 0927 061 | 264 | B6x105
10 loidoes| 108 | 0991 1266 | 0961] 011 | 200 | 1.8x105
Wave 8 |080/075 1.06| 0993 1216 | 0921] 0002 308 | 1.6x10°
67 1069056 124 | 0996 1120 | 0913| 015 | 35.1 | 7.0x10°
H-5 (1) spectrum
P 57 (054040 1.35 | 0997 1050 | 09827 028 | 579 | 27105
» (3)| method | 5 (052039 132 0998 0995 | 0950 030 | 57.0 | 1.9%x10°
44 o051]040| 127 | 0999 0938 | 0974 024 | 798 | 1.5%10°
wi‘g:‘fﬁ:i‘}’l‘(t 4 56 loszZo7| 115 | 0997 1.040 0929] 0.096] 423 | 9.0x 105
10 lozoloes| 1.07| 0901 1266 | 0961 011 | 321 | 17108
Wave 8 (079078 1.01 | 0993 1216 | 0921 0071] 367 | 1.7x 108
H6 (1) | spectrum | 57 |044/040 111 | 0997 1050 | 0927 013 | 963 | 2.6x10°
()| method | 5 049037 131 | 0998 0995 | 0950 031 | 635 | 1.7x10°
7”7
44 052038 136 | 0999 0938 | 0974 035 | 66.6 | 1.3x10°
wsgfgﬁg?}?; 4 58082077 106 | 0007 1060 | 0925 0064 599 | 1.1x10°
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Dat T | H,| H. d
e | Method | 3| Bl o a b (K00 (B (Kow (s 1| f YA R
10 |0.72 063 1.15 0.991 1.266 0961 014 | 268 | 1.6x10°
8 069062 112 | 0993 1.216 0921 0.13 | 31.6 | 1.1X10°
Wave 6.7 |1.05/0.91 1.15 0.996 1.120 0913 0.075| 25.1 | 1.8X 105
H-7 (1) | spectrum 5.7 11.45/1.12} 1.29 0.997 1.050 0.927] 0.090| 17.8 | 2.1x10°
., (3| method 5 |1.35/090 1.51 0998 0995 0950 0.18 | 180 | 1.1x 105
4.4 |1.06/0.60| 1.76 0.999 0938 0974 039 | 230 | 35x105
4 083056 1.47 0.999 0927 0.988| 041 | 354 | 2.3x10°5
Significant
wognificant | 53111096 117 | 0998 1.020 [ 0.938[ 0.027] 333 | 1.2x108
10 |0.57/052 1.09 0.991 1.266 0961 015 | 352 | 1.1x10°
Wave 8 |0.59 055 1.08 0.993 1216 0921 013 | 383 | 8.8x10°
H-8 (1) | spectrum 6.7 1092071 1.29 0.996 1.120 0913 013 | 23.3 | 1.2x10°
. @ method 571119089 1.33 | 0997 1.050 0027 011 | 202 | 1.3 108
5 |1.03/0.87 1.18 0.998 0995 0.950| 0.083 37.4 | 9.4x10°
Significant
waa oA d 54 |1.03(081 1.26 0.998 1.030 0936 0.12 | 26.1 | 85x10°
10 058060 098 | 0991 1.266 0961 0.091) 436 | 1.3x10¢
8 |0.65068 095 0.993 1216 0.921| 0.059 53.6 | 1.3% 108
Wave 6.7 |0.44/090 1.04 0.996 1.120 0.913| 0.048 384 | 1.7 x10°
H-9 (1) | spectrum | 5.7 [1.05/095 1.11 0.997 1.050 0929 0057 37.3 | 1.4x 108
5
(3| method 5 1092073 1.26 0.998 0995 0950 0.13 | 35.0 | 6.7 X 10
44 (078052 1.50 0.999 0938 0974 034 | 354 | 2.5x10°
4 068053 1.28| 0999 0927 0988 025 | 62.3 | 2.0x10°
Significant ]
Significant | 5 '0.97‘ 0.83( 1.17| 0.997 1.040 { 0.9291 0.001] 324 | 1.2x10
10 |0.51/0.54 0.87 0.991 1.266 0961 0.040, 930 |1.3x10°
8 068064 1.05] 0993 1.216 0921 0096 346 | 1.2x10°
Wave 6.7 1097/090 1.08 0.996 1.120 0913 0067 31.0 | 1.7x10°
H-10(1) | spectrum 5.7 |1.07/093 1.16 0.997 1.050 0927 0.084 306 | 1.4x10°
. (3| method 5 1.00/0.65 1.54 0.998 0995 0950| 0.28 | 245 | 55x10°
44 {080/ 0.50 1.59 0.999 0938 0974| 044 | 325 | 24x10°
4 066052 1.25 0.999 0927 0988 013 | 71.4 | 2.0x10°
Significant
o g 601092085 1.08 0.997 1.080 0921 0.058 41.6 |1.3x10°
Note : #;=11.8m, #;=3.4m. The values of f for |df/f|>>100% are eliminated. The values

of T in significant wave metnod are the mean values of the wave periods offshoreside
and onshoreside.
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Fig. 4 Relationship of bottom friction factor against wave period.
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Fig. 5 Relationship of bottom friction factor against accompanying-wave
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+(Rer)2]/2 & U7 (Table 1 1 ktf2, Fig. 5),
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