Appendix-5  Hindeast of Design waves

~ Based on the record of typhoon iracks for 1971 to 1990 and cyclone tracks for 1969 to
'1988 waves gencrated by typhoons or cyclones have no mﬂucncc to Tarawa. Figurcs A-5-
1(1) to A- 5- 2(20) shows typhoen tracks and ¢yclone tracks for above period.  From view of
all tracks in Flgurcs, RO OCCUrTence or movement of typhoons and cycloncs arc inthe vnmmly
of Tarawa atoll. Necarcst typhoon to Tarawa atoll occurred 700 km north\& cstern offshore
- and wcnt away to the west {scc Figure A- 5- 1{12)). Gcnerally, swell gencrated by s!rong
winds far offshore have no influcnce to Betio Port in Tarawa atoll because waves alicnuate by
refraction and diffraction dunng long distance propagallon Tarawa atoll have only a channel
in northwest corner and Bcno Port is located in the north of Betio lsland facing the lagoon
side. : '
| Furthermore, above, waves gcncratcd by typhoons or cycl(mes have no influence to
Tarawa, is indizccily supp{)rted by the record of wmd dircction and speed for 1930 to Augusl
1996 in Betio wcathcr station.  Wind spccd more than 20m/s are not recorded in these data.
And data of wind speed more than 15m/s with the influence wind direction to Betio Port
(northwést to east) are recorded only 4 times.  Bach data takes a few houss’ duration with
maximum wind speed of 18m/s, h
- Therefore, both the weight of wave dissipating concrete blocks and the quanllly of
| overtopping arc calculatcd using a dcs:gn wave geacrated in the lagoon. The maximum fetch
in the lagoon is 25km. Bccause waves gencratcd in the lagoon have short periods, a
“deepwater wavc (Hy) are rcgardcd as an cquivalent decpwater wave (H') with ignorance of a
refraction of incident waves. And the weight of wave dissipating concrete blocks and the
quantity of overtopping are calculated considering standing and reflection of waves in the port
arca. ' S |
Asa result, the design wave height in this study is almost same as the design wave in
“Thc Study on Ports Dcvélbpmcnt in Kiribati (JICA): FS". Both cquivalent decpwater waves
* and desi gn; wave hcnghts (Hm) are shown below:

- SwdyinFS: H,=1. 20(m), u =1, S(m), T, (Wave Period) = 14(sec)
Thls siudy. ‘Hy= 1 24(m), B> 1. 54(m) T, (Wavc Penod) 4 to 5(scc)

| abIe.s A-5-1 and A-5-2 show fthucncy of occurrcncc of waves by height and
dlrccuon, and height and period in FS, respectively, which are summarized to maximum of
wave hc;ghl and period as shown in Table A- 5- 3(1). Diffraction calculations werc exccutcd
consadenng muiup!ex reflectionss in the harbour based on Table A-5- 3(1) rcﬂcctmn '
_ cocfficicnlts of 0.9 for the wharf and 0.5 for the revetment facmg the basin, The calculation

CAS-1.



result of wave height and wave height ratio are shown in Tables A- 5- 3(1) to 4(6)- "Thi':sc
tables arc summanzcd in Table A- 5-3(2), which was adoptcd as the dcsngn wave hclght for

the w elght of wave dissipaling concrete blocks.
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*Table A-5-3(1) 'The Maximum of Wave Ielght and Period

- [Wave Direction{NNW| N |NNE| NE | ENE| E
W=H)(m) | 099 124] 1.24] 124] 174} 149

T, (se0) 40 a0/ 40[ 40| 50 s0

L MSL (m) 33.75| 23750 23.75| 23.75| 33.67] 33.67
Wl | 0.042] 0.053] 0.053} 0.053] 0.052| 0.046
Smax 10 10] 10 a0 10l g

L : Wave Length, Smax: Estimation of the Sprca’dfng Paramecter

* TableA-5-3(2) Caleulation Results

Wave dircclion - INNW{ N |NNE| NE |ENE| E

 {Wave Neight Ratio (Reveumenty | 1.38] 1.23] '1.08] 093] 0.74] 0.55|
H,, (m) | 138] 1.54] 1.36] 1.16] 1.30| 0.83

A5-35



(MNN 20139231 34T AY) onE IYSPH AT JO VOURQUUSI (D€ -5 *V aTudig

JUSUNDADY

|
| -
ceb rgdloen it v R BLYL 8gnl 0270 SR gTTl YE(L €291 UYL 2l 80yl 8CYL 670 S670 0l 670 00° mjo ;m,wo
SeTU VETU vE|L S|l S5fv ZU|U bE|l O2fi 82yl Byl Te|l BIil Si|l SOT1 807l S0|! 8500 8670 S|l B5°0 SOTI 4670 G610
| | i
1M1 w2l SEqL YR €8T @UL el 1Znb gt sl el wifl g1 O 607U 2071 G570 207 9l BEt0. L0° *
SUTH gt g2t veql sefl el gt geft elfr sifl 2 e0fl wlfi SOl oifl 607l £5°0 ¥O _,
gull gt Ze sefl Zzfv wifU Zefl 127t Ztft 8il teql 80l #ifi 907t 601l 60
Uil g v g2l ocu wzl wifl 02U ozt eiql .Giqt Ziqv go1L gi! m
. e . w i _
mﬂﬂ 0t i m
RS T ER -1 LI - SO =T LU T NI A [ P LA T T |
: | - //\ w01 o
i piTl 8z1c teql 2gil seql JEINNESIRCIEE “ A
] _
AT TR r. §
| | | |
5071 Si41 T 4
@
4 ‘ | |
{ ] - J

AS5-36



(N ;UOISSI( 4B M) OBRY IYSIOH At JO BORAQLUSIY (D)€ -5 ~V 3InS1y

WHENPADY

QU L €20 gL 1L 2t st arqu it Lty #ETL o LUU 20 80V L0 #OL 207t 207t 20l €07L- £0i - T07L

bSOl 071 SOl SOl 201 €07 20

ol R o F A B S RO B T B R~ S A o O IR e T N F A R > o R TR -k I 1 )
) . . . . , . 4 ) g -

wpi

FOL, P

AS-37



(INN TOHDIG 3ATM ) OBEY IYBIBK 4L JO UONNGLLSYY  (£)€ -5 -V JamBLy

JTOULAAY

—— e e e e e
) w ]
SO 6870 S60 w80 Ol €01 Ol L0t 207l 807 807l 2071 SO|I £ofl 6670 Se] mmﬁo 9670 6670 6670 8570 660 £570 .
701l 8670 v60. 9670 QO ¥OL ¥OYl 807l sOfL 207l ¥OYi 8Ol £07l OCTL 6670 $670 8570 860 €670 0Ol 860 107l 8670
. o
. oL oCt w60 8870 Lol w0fL £0°1 20l vOfi s0vi . g0 sofl.Tfv oot 10l Z6f0 6570 860 6870 6670 S6°
B | , :
_ 107 4670 €870 96710 101U 01 w0l SO £07L SOl 0L SOt Ol 001l 10t /610 €870 6670
UM _
;,oéy 9670 §870. /670 £07L £OH w0l sofl w0l SO <ofl %011 £07l 6670 07l 86
) |
| |
4670 8670 g60 2670 Ol g0t ¥01l SOl £0qL SCL 107l £0L iRl .
| £ ot |
mméo 860 6670 661C #0711 »01t 90U SOl +0{1 #0° k w01
J w
9610 8610 00T 207l SO SO 9071 07 w
9570 1071 vOL HOYL 207 A_
5,
%50 SOTi | ,ﬂ
|
| , A
] I ﬁ
] | | |
[ — L ! ! i A .‘

A5-38



JUDUNIASY

(3N SRONPRN( 2ATAL) CHEY IUBIPH FABM JO WONNQLUSIE  (H)E -5 -V 2m31g

e — == _ =
6290 590 mn;o B0 4470 0870 vBP 8E0. 8370 6810 1670 £510 €670 1670 680 o670 L8710 6870 5870 0670 1670 vEY0 1
] 7 4
6410 0470 270 6470 4410 1870 S8Y0 8810 680 060 2590 510 1870 1670 0670 8370 6870 0670 060 1610 £BY0 2B ¥5-
910 1270 @h@o 640 0870 £870 2870 6870 0670 0670 670 £690 £670 ¢60 1670 1690 060 1670 260 BT £670
nogz0 g0 970 1870 c_f0 SR 8870 060 0590 60 £510 FE]0 S50 610 16 <690 o250 £670
i i
*" S0 clfo ZZ70 B0 B0 880 680 £670 €610 Y610 #6170 S0 670 €670 £670 £670
i
+490 £270 8470 98790 /S0 0610 2670 £570 ¥60 S50 950 ¥610 5610 .
_ . A wo L
o0 ¥270 €810 88°C 160 2570 670 9670 9570 9570 wot
$/0 8.0 9870 1670 w60 S50 2670 80 |
2270 %590 1670 610 96° —\ |
. . o
L j
T80 2610 : R _
i
L L | . L

AS5-39



(ANT *UOBIRINT IAEAL) 01Ty IGSH ABM JO VWONRQLUSIA  (S)E -5 -V aInSIy

Eoﬁﬂu%& .

= ‘ = e ==
S50 ¥S10 Y510 S50 S0 8SW0 29 Y90 890 690 1270 $20 £270 w40 £200 S0 940 220 mh%o B0 82710 ¥80 5270
i . .
#S0 S0 #S70 9590 4S50 090 £9°0 L9Y0 6970 O nhgo £L0 S0 S0 920 Sifo elie 8L mm%o 0810 6470 1870 827
: | S |
| | _
250 S50 #SY0 LS0 6570 €90 9990 680 0210 £470 §270 970 4470 o470 8L 8270 0B 8270 0870 0 1870
S0 S50 S50 BSC 2970 §570 890, 0290 P20 S0 240 220 2270 6210 o8¢ 80 080 13710
FTEOM, _ : ;
sso vST0 9Sf0 00 vS0 L8020 w40 9470 20 8470 s270 IS0 280 L& £8310
} I
SE0 SST0 6890 TR0 89D 140 . wLT0 44D 8470 0270 B0 280 £810
_ | \’\L
S50 4510 1370 /870 2.0 840 elf0 080 18%0 870 (7 ! wor|
: ! .
_ L]
2510 0970 20 220 40 1870 Z80 ¢80 .
o b
6510 9910 vi70 6470 £BYC
i .....J.
290 270 &
i
| |
_ S

AS5-40



(A TOXIBICY IABAM) ONITY IERH 2ATM JO NOUNQLISIY  (9)€ -§ -V AIMBLY

WOUROASY
f
I
SEIC 2E10 PEI0 . SL0 BL0 SL0 2rj0 ¥r{0 450 OG0 0570 e5{0 vS0 £570 G0 S50 S0 6590 0970 030 1970 8390 (970
£C0 CC0 P50 ZE10 BE(C 050 Sv0 4r70 6F°0 0890 2510 D 950 ¥8°0 890 9590 90 0870 190 2570 £ 9970 290
i
m _
TCI0 Re0 S270 8510 Ov(C tvl0 ori0 6v10 0870 S0 S5’ @m#o /S0 8570 030 6670 @50 1870 £990 S9f0 690
_ m
¢E0 PL0 Jgi0 O 0. 2P0 S0 8F10 OG0 €570 S50 4S50 8BS0 0970 1970 0970 £610 £9°0 8970
UM | i :
| : i
_ TR0 So0. 8210 ovd0 srl0 8510 1600 £570 4570 B850 5510 1970 1S90 £90 ¥8 0 99
, SE10 S0 Ip%0 ¥r0 6¢10 1870 vSi0 250 0990 1970 £9°0 P90 5940
- . o
! i scl0 se o ¢¢#o gr0_2Si0 $570 6510 2870 90 SSp -
. wnil .
“ | w M R |
B0 £b0 B850 Y50 2590 290 #9190 950 _
I~ evj0 %70 9510 090 S9°0 | |
g
BN ERE
R
ﬂ\\\/\

A5-41



(02 1310} ‘AANN UOHOITKCE 2ABM) IYBIOH AT JO WORAQUISIG (D -5 -V MR

JTIUMDASY
zz Tl owR 9oL enl wE mﬁép gefi ozl s gefl vl g2nl sl 2l 80l S0 lel0 S6fo 10l 2610 0078870 18 “
Ot vo{U vZU Sl es vl egtl ozl ezl 61l zef sifi sift soft sofl 90l @60 8670 £0l 8670 SOt 4670 66
| .
Y v Sl vl setl et ez v 1l ze i st &t wihTEll w0l 60l 4071 8670 2071 80l 8670 L0l
| | __ "
SUL 2Rl 2L vEp Bzt ol it gzl erfl Bill geft s0fl wifr S0l ol 80l se’lo O
|
dOSUJL ReT Zodl el gzl vzl odgft ZUU sl gt 8ol w1l 807t 607l 607
) :
s_, _
sifl. gl 827t 0Cl w2l vl 02U QTYL gl St LUl soft g1
Cw|
" EX
AT STEEAL 1t I L T AR
: ,_A . AT gl gzt 2 g //\ ap| .
UL g2l gl ez i wEit sl 1|l el
SRR A TR TR TR T TR ._
€071 89 )
! |
| h i k |_. 1 _ ﬁ h

AS-42



(W :35e) ‘N SUOIDII 34BAL) JYBIH IATA JO TOMRQUISIY () -G -V amS1y

JUSTIATY
| |
m_ WEST RS b e eyl 82Tl U syl ST ev(l sofv enil St STV Bl syl Zg|l offl STl sl 82yl seil
i 1 i !
48t PSTU S U L w6 BT gyl LU vyl BEll WL eeml effi ol el szl fef el syl sl
] | | | | |
i T SEql 15T vql i il Ll 2801 6Eil @&l evil 8Ll eEql vEil ez|l &yl 8¢l 62l Zz]l
|
el (S T B gl er il ov(l ovql ov{l w7l Ovir scqv eeyl sl egl €]l 82l
| _
T Beql 1591 GEYU gril Bl sl g9l 6E{1 Ovii GE|i 0P|l &R{l 5Ll
. i -
vefl 27U iU ]t zelt evll oyl ee: ol Seq!
| wol
fosel se i Ter ov )l ov Yt Gl BLl 6Er
m " 1
onst vy hoov{l iyl ovil . “
N |
R EERL _
_ _
| f A |

A5-43



(1 311 “ENN FUOHIATIA 2ATM) IBIOH JATA JO TORNQLUSIA  (E)p -5 -V 3Imty

ununbo>um_

8211 241 BU{l 6i]t Se|l BC{l Onql E8fv R4l ¥L{l 1=yl ¥L|l 62|l Seil el 611 Eef eel el Gl 2|l Sty e
ezl g2l m.ﬂ.pnm_.__ A Qe BT bE 1913 £8 [T FASR R A T A g v ac” reol »ET ﬂN.*.
! 9T|t Tg|l 211 0]t 4zfl Ol OL{l LEil 624l EL{l Bgll eeil 82|l Seif 9271 ieit e ve- E
JreTM | -1
L 02T Bl Tl 62|l B2 1 Onfl el OBl Rl 227l el 621 Vel S| £
ZEqT £e|l 0Ll 22|l ot 68l Of|i eail eefl 2ol il 62l &2 | u
| ik w1 _
Ozl 224t feqt £20l &ZiL.s2t gmqt 1£qL 084t on \ / :
: ugyL b
| L | |
A A TR -r A Tk TR TR TR TR TR0 TR
\ . |
5Ll S2qL 18| O£l gr ,
' L ;
CERIRTEL &
1’
_ Al
_

AS-44



TUDUIIADY

(W 1pen YN SEOHIII( IABAL) JYSIOH SABM JO TOURQLUSIY  (H)p -§ -V 2andty

e N TE TS REVTETIETE
TIq0 St vl @i Slqt 410
M o6 68" 557 86490 00- £0- 60" AN Mp._ ¢l St giqt 9l- giit gl fol S S ol - O IO~ e = gt
i i |
TE0 0590 670 1071 201 071 OLl £ifi 10 917 S17i 81y Zil SU[U vl Siit St 9idi
670 0610 9670 FOTU SO{1 0110 1190 91( Si71 8141 B4r Zi{1 2111 §1{t 211 8Lyl !
¢B8H0 <60 B840 0L B0 Lyl Sl 20 8L 0gt o2l sl &l
_ w\w ~woL |
I R S T TN TR DA D A T
| uo}
“_ 760 15790 B0 Bill ZU{l 61|l 1291 g¢ |
i i
T ®570 S0it vl Bl 12] _
€0 et

AS-45



(w sy ANF JTONINF IABAL) JYSIRH AR A JO UOUNqQLUSIY

JUSUROADY

) -5 -v 3andiy

|
, 96790 v610 S670 4670 0Ol 20l 6071 TUYL et 12 set o2l 8gYL ofil 82 ﬁng_ (5 EEOS TR TR TSR LA T Nm.f
| . . |
#8700 9670 8670 B&IC 101 SOYL ML ZuL 02D £l 8l STl 2ol gl £Ll gL eg egil 62l eft sEl vl ugtl

E610 9670 &670 C0YL £07L OUL SitU ozl g4l se{i ofl 2ol w1l 2241 egYl 9gql .orTl 6EYL OFjl ng, FXEl

$510. 9570 %670 1071 moé, PUL B0 g2t G2l 2Rl #RUYL SEL sEql el SRl Yl 1wl g 3

11 A

ll 9870 $5%0 6670 SOYL UYL 8t weil sl e2ql SEt gL &Sl L £pil WL Sv %||

9670 4590 €091 80U sl 2L 0Ll SEL 811 OvL L SPl sbl | M H

_ A wol !
2670 0071 g0t 14 sgfU e sEr oxdl evfi 9Tl _
) . 37 | wp!
]
8670 SOt SUYL ezl L2l iyl €Y1 sp il | _
!
¥OU0 SUTL 6T BETL SEYLL N o _
by L
2yt sE a,.z
AI l
| |

AS-46



(W 3p0p) “F TUOHOALA IATAY) IUSIOH IATAL JO COUNQLUSI  (9)p -5 -V 2nSLd

JUSTNIATY

W _ w
w mm;o Bri0 IS0 £S90 8570 - 6570 v910 9810 010 470 SLC 8470 1870 €470 2870 2870 S8YC €270 60 0610 IS0 No,ﬂ. 1610

L BP0 0570 1870 SSY0 650 090 9270 0470 £40 540 8210 080 ¥870 . 1870 4870 ¢80 1670 057C 160 ¥570 S60 6610, <60

B0 0870 E570 480 09'0 8370 827D £470° 5470 B470 280 £870 9870 (/370 5370 68710 £670 2570 SE0 8570 L8P0

. D 8270 - B4U0 E2B10 9870 (IR0 BBYD 2670 0670 S60 PEY0 LBY0
Fegm , | . : . b

oon. 250 S0 2970 om.o L0 L4

[ ]

670 S810 9810 6870 ¢6{0 2510 S50 S6 6570

SZ5T0 5570 1970 9910 £410 440 B0 §870 0870 160 &0 8670 L0

[ H Lo

Y910 v B 1670 4670

AS5-47



Appendix- 6 Data on Wave Agitation Analysis

(1) Cargo Handling Works Limit

~ Stopping cargo handling works arc caused by waves, wind, rains, fogs, and so on.
Consu!cnng that main cargo handling works are done by containers in Betio Port, stopping
cargo handling works by rains are ignorable. No poor visibility by fogs is recorded in the
vicinity of the project site. |

The main reasons of stoppmg cargo handling works arc caused by rolling of bcnhmg |

, - vessels by waves and wind in Betio Port. Generally, cargo handling works limit by
- waves and wind between SOOGRT and 50, (}{}OGRT vessels are shown in below:

- Limit Wave Height: H , =0, S(m) - lelt Wind Speed V= 10(m/s)

Frcqucncy of occurrence of wind specd more than 10n/s in the project sxtc is only
1% and waves height replcscnt the influence of wmd speed. ’Fhercfore, the cargo
handlmg works limit due to the calculahon of cffcchve working rauo in Betlo Port is uscd
the above limit wave height.

(2) Eifective Working Ralio _

The effective working ratio is calculated by thc wave helght ratio based on the wave
agitation analysis in Betio Port considering multiplex deflections and refraction.  From
Table A- 5- 3(1) in above- mentioncd appendix- 5, the maximum of wave height ratio with
the incident wave is sﬁmnﬁarize_d acc@rding to tﬁc wave direction as shown below:

Table A-6-1 Caleulation Results

Wave Direclion NNW| N [NNE{ NE ENE ‘E
wave Helgh Ruiowmary | 1.35] 1231 1.05) 0.94{ 0.79] 0,61
Wave Height (m) 9.37_ 0.40 0.48 0.53 0.63 0.81 _

The wave height in Table A-6-1 ate CalCulatcd by dmdmg the hmlt wavc hclght _
(0.5m) by the wave hclght ratio as shown below equahon

0. S(m) / Wave He;ghi Raho (Wharf) Wave Helght (m)

The cffccuvc wnrkmg rauo are calculatcd in ’[‘able A-6- 3 based on thc 'i‘able A- 6-
3 showing the frcqucncy of occurrcncc of wavcs by hclghl and direction i in FS

A6- 1



Table A-6-3 Resulls of Eﬂ‘ectlve Working Ratio

- (Uml %)
|CALM[NNW| N |NNE|NE|ENE| E Sum.
474 47 590 74| 92 88 12.4] 952

The effechvc working ratic in Betio Port is calculatcd at 95%, which is sallsflcd w;th
1hc criteria of “chhmcal S!andards for Port and Harbnur Facilities, and Annotations
(1989: Japan Association of Ports and Harbour)”
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