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Effects of the unequally-spaced arrangement of circular piles breakwater on wave characteristics

behind the breakwater were experimentally investiaated at the Hydraulic and Coastal Model Laboratory,

gn University. Twenty-two circular piles of 4.85

’/’:ear spacing of 1 time pile diameter and

By using a simple mathematic series

Department of Water Resources Engineeg
cm. in diameter arranged in two ro

different side-by-side clear spac®

—

function, 6-different pile breakwatz 'lde spacings were set systematically.

Each of two pile rows was arranc Spattern set previously, however, two pile
rows were laid out in a parai : %01 e models under this investigation,
namely models VO, V2, V4, V, . of the side-by-side spacing of the

first two piles in the first pile ro: e set from the least S1/D ratio to the

highest. Consequently, model V( of zero and model V10 would have the
highest S./D ratio of a pile diamete M <d out on the rigid bed wave basin under

the steady regular wave generated by } VT ith the wave steepness (HN/gTZ) ranged from

0.001 to 0.008

The experiment res F. Y ) in-equally spaced pile breakwater

models resulted in increasing i erved o nd the " ikwaters for wave steepnesses up to

=4

0.005 and then decreasing for hnﬁhﬂwave steepnes . The wave height through unequally-spaced pile

breakwater in Compﬂsuﬂ Q ‘anH\q ﬁj w m ﬂ‘ﬁ:antly different amounts. The

experiment results shollkd the average of m‘gxmum orbital veloc1ty decreased as the wave steepness

increased for m m rﬂﬁﬁ sgbqua ore non-uniformity of
the wave helghtqjlstrl ution behind the unequally spaced pile ater model. In addition, the observed

wave heights behind the breakwater of the closer space portion of the second row yielded lower wave
heights than the other half portion. Apparently, observed mean water levels for both with and without pile

breakwaters show unobvious change with neither wave steepness nor the S,/D ratio.
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2.2.1 N1INILANLURIARL
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h 2
KR (2-8)
2
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P = @IL(h + 1) dx (2-9)
2

E1 0
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LA A 2,

Q1N lppen 1966
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. L - ﬁ ¥ g A des
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7] 1845 (U.S. CERC, 1984) NAaUANsTaznasanuaaiiAwingy seiuinaiaaandaan

Y y 4 . y - ¥
NINNA TUUITI9AINENIARY (wave length) BB ANNT1NTRIAUAAL (wave crest) il

U NASTS
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HL HL HL
E=p,+K =£97 5 PIE _ PO (2-14)
16 16 8
4 a4 . 4, 4 N 4
e  E A WANUTINIDIAAUAD UL ANNNINAUARL
A o [ & Aﬂl 1 dl 1 v o/ dll
P. A WA UANEIINUDIAAUARNUN VUL ANNNINAUARL
a4 o . 4 4, N 4
K. A WANIUAAUIINUDIAAUABNTN VUL ANNNINAUARL
P A8 ATNUUILUUBIN
A ¥ 1
g A8 waaltNteaelan
H
L
UFNIUNAIINUG 2197 WANNURNNE (specific

energy) UTaANULNL

(2-15)

2.5 N1FNANTUIAITNA NS

ISR R AR TN a2 R TSIV R IR PR T TR INE AT EAY AR PEAV K

|
o 1

i v

adinlaivin Ui il 24 149AA Y AHIEIBUNALY
]

1

o 3 "F; O "
gegatadsnieliaalm= = nnavaauiuAay Tneld

Hansnasan 1l uLla9d Nz A UAINA1D
L7

il I ANINTNYINT

mLLﬂMmmmmﬂummaﬂwyﬂfawmim (variables Charactenzmg the fluid)

e QAANATU W VI AR e

(kinematRts viscosity of fluid, v) ) LazAusannussitiunasaaslan (acceleration due to

LWULR1ARINIUNIN ’JLLﬂﬁ‘lﬁH\i"’l

gravity, g)

2) fautlsiinandesiunnidneuzaeedaniiesin (variables characterizing the bed
material) Usznaumae 1uadaniadiin (sediment size, d,,), AMNNUILULIBITARNTIDILN
(density of the sediment, p,), N1INILANLIUIAUDITAATIAIUN (size distribution), ANy

1093807181 (grain form) LATULINAIAATENINNIAATIBUN (cohesion of material)
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3) FlaudsNineadaariumau (variables characterizing of wave) Usznavusiag A
q\mmﬁau (wave height, H) ANLARL (wave period, T) ANNENIARL (wave length, L)
iAmn37239AAU (wave direction, ¢,) AIINANUN (depth of water, h) WATAMNAIABENTDY

7184911 (bed slope, m)

o dl dl v o o :ﬂl o dll < .
4) m']LLﬂﬁ“V]LﬂﬂQﬂﬂﬂﬂUﬂm@ﬂHmzﬂlﬂﬁLﬂlﬂuﬂuﬂ@uLLUUL@quN (variables
characterizing of pile breakwater) tsznavusas 1519289141194 (pile shape) LUafidus

ANHNTUTIBNLALTN (percentage area gfynerforation, p) YuBENABLATLEH (inclination of

pile, B) TUIALKUNIUALETNATL er, D) 1899195 WINUA NI N WARSFI U

(clear spacing between ths 7,‘?“]34 (rows of piles) TBIINTENING
ILD2 (center to center bets e ﬁfammﬁﬂuﬁuﬂﬁu (length of
pile breakwater, L) R & pile breakwater) LAZANWIL

VAN (number of pile:

L UAUNIN UINAZNANTNF

RIESTEEEL RO REEYY i N euaznsiiaazd aiunng

dNEABNIIIATIZAFIALLT

o .
o a ¥ o o o

FRANNAT UL RN RATT,
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Sk TrnUsasArasnisAnmn Agld

Wdfluinanug

Soe

1)

2) Jan7i991) ;f £19UDITI 9N

X

3) NANINVRIA _I : U P autunngtngNe

q

4) ANHULUDILT uﬂuﬂ@ﬂmmmaumwﬂmmm Lé‘l']L"IJN’J’W\‘]ﬂ?_IGLNLLuQﬁ\i AITNENI

s N TNYNG WBIN3

muum@%msmmﬂmmz‘muy‘u 2 LLﬂQWNﬁEﬂ\‘I?”WY]\‘ILLDQWﬂU 1 1Y1N29TUA

s QAR TUNAVINA R B

'j‘“’WJ'NL‘ZaW]Nﬂ’]ﬁ‘LWM/Z\]WlIu’Wﬂﬂ]@\i’)’]\?i‘“"lﬂ’)’]\‘]LZQ’W[E]’]LI@’]WLIL‘]']LL“M‘LNLZQ’WILWN/@@ Wudngdau

1’71whﬁu’LugﬂLLuuzmma?wﬂmL%\il,éfw,l,uud'm“] azlf1andung (2-16)
S..,=S.+A (2-16)

dl A 1 1 1 o o ¢=ll .
R S, AR TANINTEUINNAIAIAUN i+1

A 1 ' ! < o o all .
S A TANINIEUIMNINAIAUN i
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A A NAFNTAIINNTITUINENFIN T

S,-S,
Tned A wiafy 207> | louwnu luaunns (2-16) azl4l
n-

+SS
n-1

S..;=S, (2-17)

A ! ' o o dl
S, AB TANINIEUINEIRALN 1
S, A8 daeinszudnaaasugaiig

312195 MINUANTINN A MFAazwng (11

ANFUNANTRIINNTE 2lFannannig (2-18)  @afeg

v v
AMUUAATTDIINNTZUIN M0 A TN UAANTA99199 21T

@RIALN 1 (S,) B M N UDINTAA LTI TN

Windw (0 019 1b) T2 N N9AA FENULLTR999E WY
WAWINAUWNAL 1 Wiz ", ' N LaninuAugnataaLdn) Aeiy
FRITNTZUINBANAN A AT (= “\ WK T ihaesauaddy (0 D1 1D)

waztH AN TaeIn9send Az s Tac K2 inresanaa iy (0.20) avld

| | W AR a
stluuudeniuAau 6 gﬂu:uu Y}, R
P T ..‘ "

WINAL 1 WINUR9UWIALA L ""’"'" 278 s < Y IQILANLYINTT 1S

| "'_:_ X (2-18)

Lu@ b A9 TRIT19IZUINNIANIBINTIATEN UL LT EIZ UL

w wﬂum HABIZWE AT stuinirns s

Aan Wummfaafn\wvmwmmm@ muﬂymmmwﬂmummmum (S,) waz NABINY

v MR RNE] FEU SV PR AN Re vt

o o

LLﬂiﬁﬁﬁ;ﬂﬂ%ﬁmsmqmmz‘ﬁuﬁuﬁmﬁ

AUUATAIINIZNIILANAALN 1 (S,)

¥

-2a9la : AnNTeannusalinnasaeslan (g)
p di PRp o A p
- AAL : AHFNAAUNTIUNLIAUNUAAU (H,) ATLAAY (T)
- @AUAUARY ¢ TR9INNIENINUANTNAAUN 1 (S,)  TE9INTTNINNLAN

FANAU (A) LAZALIAN (D)
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=2 =X tzll o dl a o dl o dl =
NIANHININT9I AL AIANHIZAR LTI AMAU T U UARY AZNANTNAINES
pAUNSEINITaNUARY (H,) fusiaulssine Assialiil
H, =f(g,H,.T, S,D) (2-19)

Wafansuadoulsninouduiusiuidunquaouls1586 (dimensional

parameter) a1xsniinfusnnTewlugldaulslinas fvstalld

H, S, |
(2-20)
=
1179
(2-21)
4 e A .
We K, QUVAUTUAUARY
Hp IAAY NICUITAUNIARY
.. ® Ay A o A
Hy SN URAU nenllailiveniunauy
g
T
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D ‘v, |id
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o a

% 9oz// o o 1 =K 1 t:ll a k4
gnéias seinlunismaiaauanilymisainanasysllnnisesunauaznismmaeilag 14
WLLANABNNIENIN (physical  model) UsenaudumallaAn1931Aseids (dimensional

. s dl Q; b 1 1 o b s 6 1 o
analysis) Tunissansaudsiinendessine) dungusauds udanimanduiusaaangusa
wilsf i lugdaesannisisansvponuduiusine ldlunsdssiliuveanazungAngsud
= dg(
AT

TudewsuldinsAnenfeninilasuidasd nE e AfuaI NNa1aIN199A Fealianii

dl [ alld a o ] 1 dl . .
AAULLLLANINNNLDALALY dullsenaligayn19d9lIuARL (wave transmission) WATNN9

o o .
AxNDUAAY (wave reflection) n

/EI WEILNIUARIA9UIENINAINEGS
L A Ao
éJmm@m@uﬂ@umumﬂuﬂumu

(incident wave height) (T AN’ — 2A1 (transmission coefficient, K;)

A oy A A
ARUUNANNIULLRUNUARNL (Vi

o a4 o= = o
WAZNNTASTI BUARUAN S : SR HARAUATTiaY  (reflected
wave height) AuUAAS ' - M dent wave height) 178091

dudsz@nanisaciau (rgfc Ik L et luanuAnwnaes Hayashi et

T o @ Ao o
"’]'\ﬂuuNNﬁﬂH’]FLuﬂf - ‘LI']_ILZQ']L?JNV]NV@']EILLQQ@Q']J?']T]Q&LH

[. (1999), Rao et al. (2002), Huang

mﬁ‘ﬂm:rwm Weele and Herbm 7

(2006) 29NDNNN9AN s Ak pile breakwater) 189 Mani

y ’l’-‘ @

et al.(1998), Isaacods W) anmsfinmnsdiiania
¥ A o flhs 0 2 S M e 4o X

wrouaee Tt lieeinZhdnlanans el N s Al asdn UL AR UATIAATUNN
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TEIEN LTl o APSSNGN

Iﬂﬁl’&')u‘l’lﬂﬁlﬁlﬂ@ mmaﬂﬁmymmmmﬁumu@uﬁuﬁumum LL@uﬁ’mﬂﬁu@%‘I‘ﬂ’ﬂ\iLﬂlﬂuﬂu

i AR S QAN DB coro sone

al. (2006) Suh et al. (2007), Mani (2008) FadeuiuAALLLANTNN 9 AL aadn Y

aun1Atn ldaa
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gAnen, TRAnw

ANUILLDA

PAITINTLUAINLD

(B/D)

FRIINNTENINGFU

(b/D)

Ala.dasinu
(KT)

Ala.azvin
(KR)

Hayashi, Hattori,
Kana and Shirai,

1966

0.058 §14 0.222

02270407

0.1-0.6

Nagai, 1966

0.05

0.28 049 0.42

Hayashi, Hattori
and Shirai, 1968

Weele and

Herbich, 1972

Weele and

Herbich, 1972

Grune and

Kohlhase, 1974

Hutchinson and

Raudkivi, 1984

Truitt and Herbich,
1986

Herbich and
Douglas, 1988

0.47490.6

0.1990.6

0.27 04 0.88

0.1 34 0.2

Mani and

Jayakuma, 199

o
UE

NENINYIDT

IsaaosﬂDWiﬁ

and Yan§, 1998

RN NN

INYAY .

Rao, N.B.S. Rao
Sathanarayana,

1999

05792

0.5 74 1

0.7 04 0.9

Rao, Shilal and
N.B.S. Rao, 2002

2 (W3W)

05742

0.5 74 1

0.7940.9

019403
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Yagci, Kirca,
Kabdasil, Celik, -
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Unal and
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F11979% 3-5 Fatingananaiudays N9t H/gT” winriu 0.0013

Positions orbital velocity, u (cm/s)
No. wave height (cm) 0.5d 0.64d 0.81d
X Y Upy Upy Upy
Hy  Hp Kp Uy Up Uy Uy Up Un Uy Up Un

1 [0.20]-0.70]2.67 2.85 1.070|0.88 1.01 1.148[0.99 1.08 1.227]1.08 1.09 1.239
2 10.20/-0.60|2.73 2.82 1.031(0.75 0.94 1.253|1.07 1.02 1.36 |1.14 1.13 1.507
3 10.20|-0.55|2.69 2.78 1.035(0.99 0.92 0.929|1.03 0.98 0.99 [1.15 1.01 1.02
4 |0.20|-0.50|2.64 2.63 0.994|1.00 0.93 0.93 |1.05 0.99 0.99 |1.14 1.01 1.01
5 [0.20|-0.45|2.74 2.71 0.990(0.84 0.91 1.083|0.98 1.01 1.202|1.13 1.05 1.25
6 [0.20/-0.40|2.72 2.59 0.953|0.94 1.02 0.91 0.968(1.07 1.07 1.138
7 10.20|-0.35|2.67 N 0.89 1.05 1.071(1.12 1.12 1.143
8 [0.20]-0.30(2.71 0.92 0.929(1.08 1.05 1.061
9 [0.20]-0.25|2.79 > 0.97 1.183|1.10 1.05 1.28
10 |0.20{-0.20|2.66 99 d 1.04 1.061|1.11 1.01 1.031
11 |0.20{-0.15|2.69 1.042(1.09 1.07 1.115
12 |0.20(-0.10(2.68 .04 1.106(1.07 1.14 1.213
13 |0.20(-0.05 0.937/1.00 1.07 1.126
14 0.20{ 0.00 N 99 1.053[1.07 1.11 1.181
15 |0.20| 0.05 1.011(1.11 1.01 1.063
16 [0.20]0.10 |2. N Moo 1 (112 1.07 1.07
17 |0.20| 0.15 |2.72%, \‘\ 1.04 1.118|1.04 0.99 1.065
18 |0.20{ 0.20 |2.67 Mo .05 1.094|1.08 0.92 0.958
19 |0.20| 0.25 |2.58 2.6" 2 0.97 0.99 |1.13 1.06 1.082
20 [0.20] 0.30 |2.64 2. ' 0.89 0.989(1.10 1.05 1.167
21 [0.20]0.35 |2.62 2.54 )3 0.99 1.125(1.15 1.09 1.239
22 10.20| 0.40 |2.61 2.25 0. 7|1.05 0.97 1.102|1.14 0.89 1.011
23 10.20| 0.45 |2.57 2.53 00’ ,u 11.04 1.01 1.052|1.09 1.04 1.083
24 [0.20] 0.50 |2.79%2.68 L 072 093 [1.12 1.06 1.06
25 [0.20] 0.55 |2. 4= 52/ 1.074|1.15 0.87 0.926
26 |0.20| 0.60 |2.cads W) 1031(1.13 0.93 0.959
27 0.20| 0.70 |2.70 Jip4 0% 01 b5 1.105(1.10 1.03 1.084
28 [0.30]-0.70(2.21 #22 1.005|1.04 0.89 0.856|1.04 =08 1.038|1.23 0.98 0.942
29 0.30(-0.60|2.25 2.30,£,024|0.98 0.85qQ867 [0.99 1.07 1.092|1.20 1.08 1.102
30 [0.30 -0.§2ﬁ m ﬂﬂ%m Tﬁ ﬁl 0.95 1.10 1.183
31 [0.30]-0. 39(1.16 1.17 1.136
32 |0.30|-0.454b.31 2.36 1.024 10 097 0.915(0.96 1.07 1009 1.23 1.20 1.132
33 ﬁﬁgﬁ ﬁ§ %,lgi 1.17 1.136
34 5 I hed 1 1.14 1.213
35 |0.39[-0:30(2.28 2137 1.041]101 08 03 '1.T2 1.109]1.T4 1.20 1.188
36 [0.30]-0.25|2.29 2.37 1.032(0.97 1.04 1.072 1.09 1.10 1.134(1.13 1.15 1.186
37 [0.30]-0.20(2.31 2.40 1.039(1.02 1.01 0.99 |1.13 1.12 1.098|1.14 1.06 1.039
38 |0.30(-0.15|2.35 2.39 1.015(0.99 0.95 0.96 |1.05 1.11 1.121(1.20 1.08 1.091
39 |0.30/-0.10(2.24 2.34 1.045(1.03 1.03 1 |1.07 1.00 0.971(1.19 1.17 1.136
40 |0.30]-0.05|2.22 2.28 1.026|1.08 1.00 0.926|1.04 1.07 0.991|1.17 1.06 0.981

*wave period (T) = 1.36 s
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FIN3199 3-5 faneingpsaiudaya el H/gT” Wiy 0.0013 (sia)

Positions |~ e height (cm) orbital velocity, u (cm/s)
No. 0.5d 0.64d 0.81d
X Upy Upy Upy
Y |Hy Hr Kp | Uy Up Uy | Uy U Uy | Uy Up Uy

41 |10.30| 0.00 |2.29 2.30 1.005|0.98 1.05 1.071|1.04 1.09 1.112|1.17 1.10 1.122
42 10.30| 0.05 |2.46 2.37 0.964|1.01 0.96 0.95 |1.10 1.10 1.089|1.10 1.22 1.208
43 [0.30| 0.10 |2.42 2.37 0.980|1.05 0.99 0.943|1.06 1.11 1.057|1.06 1.15 1.095
44 10.30| 0.15 |2.36 2.37 1.006|1.03 1.01 0.981|1.12 1.09 1.058|1.10 1.13 1.097
45 10.30| 0.20 |2.36 2.36 0.999|1.06 0.83 0.783|1.07 1.08 1.019|1.22 1.21 1.142
46 [0.30| 0.25|2.33 2.33 104§ ,0.97111.14 1.00 0.962|1.22 1.11 1.067
47 10.30| 0.30 |2.26 2.24 \ 1.12 1.08 1.038(1.25 1.15 1.106
48 |10.30| 0.35 |2.30 2.23 /,1‘08 1.10 1.146|1.21 0.98 1.021
49 10.30| 0.40 |2.32 0.9¢ /i% 1.08 1.091|1.25 1.23 1.242
50 |0.30| 0.45 |2.28 W02 s 1.09 1.038(1.13 1.05 1
51 |10.30| 0.50 |2.31 0.99 |1.06 0.96 0.923
52 10.30| 0.55 |2.34 1.194(1.20 1.11 1.194
53 |0.30| 0.60 1.084|1.25 1.15 1.075
54 |0.30| 0.70 1.12 |1.18 1.24 1.148
55 10.40|-0.70 0.945|1.15 1.24 1.138
56 |0.40|-0.60 1.1 (1.18 1.27 1.27
57 |0.40|-0.55 1.13 [1.17 1.19 1.19
58 |0.40|-0.50 1.168(1.17 1.12 1.179
59 [0.40|-0.45 1.131(1.16 1.18 1.192
60 |0.40|-0.40 1.048|1.19 1.16 1.105
61 |0.40|-0.35 1.08 [1.20 1.21 1.21
62 (0.40|-0.30(2.18 2.19 1.17 0.98 0.933(1.20 1.17 1.114
63 (0.40|-0.25(2.22 2.24 1(" ,I.J £/1.13 1.13 1.189(1.10 1.13 1.189
64 |0.40|-0.20]|2. ‘1 1 101 |1.18 1.13 1.13
65 |0.40|-0.15]2. . = 0962(1.26 1.20 1.132
66 (0.40|-0.10|2. ) ‘ 1.029(1.13 1.24 1.181
67 (0.40|-0.05|2. 15 P8 I =.U8 13 1.165(1.16 1.14 1.175
68 [0.40| 0.00 |2.20 *42 1.103|1.07 1.00 0.935(1.15 =11 1.037|1.15 1.14 1.065
69 |0.40| 0.05 |2.21 23&077 0.94 1.0214085|1.13 1.13 1.202|1.19 1.16 1.234
70 (0.40] 0. 1.26 1.18 1.242
71 oo o_fzﬁm S W BRI e 120 1e ooe
72 10.40 23 2.36 1.058|1. 1.06 0.991|1.10 1.12 1047 1.25 1.09 1.019
73 _ Oﬁ;zg ﬁi Cﬁﬂir %l%g 1.17 1.093
74 . 1”1 1 . 1 1 1.16 1.045
75 |0. . 2.38 1.0/2]1.11 0.9 .883(1.18 1. 0.946(1.04 1.09 0.982
76 |0.40| 0.40 |2.23 2.36 1.056|1.07 1.02 0.953(1.15 1.17 1.093|1.28 1.27 1.187
77 10.40| 0.45|2.13 2.24 1.047|1.06 1.07 1.009|1.14 1.06 1 |1.30 1.21 1.142
78 (0.40| 0.50 |2.08 2.24 1.077|0.97 0.97 1 |1.14 1.15 1.186|1.28 1.24 1.278
79 (0.40| 0.55 |2.05 2.16 1.055|1.12 1.04 0.929|1.17 1.01 0.902|1.25 1.19 1.063
80 |0.40| 0.60 |2.11 2.20 1.040|1.03 1.13 1.097|1.16 1.14 1.107|1.23 1.23 1.194

*wave period (T) = 1.36 s
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FN979% 3-5 Faatingaanaiudags netl H/gT” wiaiu 0.0013 (sia)

Positions | e height (cm) orbital velocity, u (cm/s)
No. 0.5d 0.64d 0.81d
X Upy Up/ Up/
Y |Hy Ho Kp | Uy Up Uy | Uy Up Uy | Uy Up Uy

81 [0.40|0.70 [2.08 2.24 1.078{1.10 1.02 0.927|1.13 1.12 1.018{1.17 1.30 1.182
82 0.50|-0.70|2.14 2.21 1.032|1.05 1.08 1.029|1.09 1.13 1.076{1.25 1.23 1.171
83 |0.50|-0.60(2.07 2.19 1.059|1.10 1.11 1.009 |1.12 1.14 1.036(1.22 1.12 1.018
84 |0.50(-0.55(2.11 2.21 1.044|0.92,1.10 1.196(1.11 1.12 1.217|1.17 1.15 1.25
85 |0.50|-0.50|2.17 2.10 111 1.17 1.219{1.13 1.23 1.281
86 |0.50|-0.45|2.18 2.11 0. 1.11 1.07 1.019{1.19 1.15 1.095
87 |0.50|-0.40(2.20 2. é 116 1.172|1.18 1.23 1.242
88 |0.50|-0.35|2.12 2.07 1 i 98 _d115 1.139(1.17 1.20 1.188
89 (0.50(-0.30(2.19 2.1¢ 104 1.061(1.26 1.19 1.214
90 [0.50{-0.25|2.17 : 1.05 [1.21 1.12 1.109
91 [0.50{-0.20|2.11 1.039(1.16 1.16 1.126
92 |0.50-0.15 1.0971.09 1.16 1.126
93 |0.50(-0.10 ‘ 1.124(1.20 1.22 1.258
94 [0.50|-0.05 N.04 0.945(1.16 1.15 1.045
95 [0.50| 0.00 1.087|1.18 1.10 1.058
96 |0.50|0.05 |2. 1.099(1.21 1.19 1.178
97 [0.50{0.10 |2.14 1.122(1.21 1.20 1.224
98 [0.50{0.15 |2.12 . 0.991|1.22 1.16 1.094
99 [0.50{ 0.20 |2.08 22 1117 1.182|1.22 1.15 1.162
100 |0.50| 0.25 [2.13 2.14 0UJEEEL < M7 1.12 1.057|1.27 1.17 1.104
101 050/ 030 2.12 2.24 1.055555 7 115 1.09 1.019{1.22 1.21 1.131
102 [0.50| 0.35 |2.08 2.1 =E 03 1.18 1.093|1.21 1.16 1.074
103 [0.50{ 0.40 |2.4g i40) 1.101(1.22 1.13 1.037
104 [0.50| 0.45 |2. y 0.925/1.14 1.20 1.121
105 0.50| 0.50 |2.15 7 1.106|1.27 1.25 1.202
106 [0.50{ 0.55 |2.20 L6 0.984 . 1.26 1.24 1.138
107 |0.50] 0.60 1.005|1.27 127 1.21
108 |0.50] 0.70 1.27 1.09 1.058

*wave period (T)fF

g mmfﬁumiﬂmé’ 1
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AN9197 2-3 NYTUF U suAIHNITY TN X

TCUSNN LIRN ANNLEITD | ANNNLEITRY Current Meter ANNFNNANE
(e3d.) Gun) | (x./AuN) (1. /A1) (Tnas)
1200 159.66 7.52 8.50 0.176
1200 91.53 13.11 14.00 0.256
1200 64.56 18.59 21.50 0.432
1200 62.94 19.07 23.00 0.455
1200 55.09 0.514
1200 48.78 0.572
1200 40.58 0.682
1200 36.13 0.773

FN3197 2-4 NsFu s

FLATNN Meter | A2NFNSANE
(1.) (Tnas)
1200 0.160
1200 0.354
1200 | 53.564 AN 0.422
1200 0.494
1200 0.575
1200 o 0.587
1200 d 0.668
1200 ﬁi i p.686
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