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1.1 #3

BHRERENIBTENDS. HEROBEODRELIZRRATIENVWEEETH S,
EERSZVEN LD TIRIENES S . HEM - R EOERICTFURRIL
DALV — NEENBEDHEROEZTHS. DX IEEDHEN D TIERNRS,
ERDEZ B, DIEOHEROREE34,415km (BBEW)IE, 1991) O35 BPIRD
HBWFRIIKIBRE T, ZOBEHRD S 5 OKM%BERBEFICH 5 (BHKESHE
HERIEH, 1990). PIROMED, BOERPT S EOLEMEL TOEREEIZELER
BRU, KERANDOT7 VEANERIND LT TR, BEENEEERERIERTS
D, BLWEBENED, BRHOBREZAS - MESKRENIND&IIRS. 20
LI RBEFEMICH ZPRERETIE, BEEE, BRI EOHBEEEYICE > THROE
# - RBeNThNTE. BEERORRIZLD, EOEEITRT U BRI O B4
MR EDHFHATHS.

BEERBEORRICL > TRROEHICIZI—FEDOHRNE SN, BIREDOHITEKR
NBEHINTNELD, SEZBRERBICE > TRANIAESNZ E NS RE LOF-ER
£UTEE. 22T, KEFICRLULAEATY —70@RBENRETICOEEL EE
REemER U TRIAMNEML TEA. BRE, kBT IHREEBREEZ T EITLD,
HERBNOBE DR IE, BROGRS, EDROERIZEICHREREL, RENIDME
KOZBEDBBRFTHIEN SRR BFE-o TS, TSI, ARF-ZEOREREDR
EEBFRFEEEIIREINIELIIC, ATBRZHETITI C&ITLD, ATOHIE
NEERABZIERPRORE -BHETIIELHAETHS. ALKITES D
RTHBZL2ASTIAALTNIADKRENDZIIETHAS.

INSOHEVIBKELICENTWSD, 8KEFIZRLTWSD, OHRIEHS
L0, BEPRE IO/ EREZEE Oy 7ICEXDBEINTED, —RICHROHE
EY LRI LNTEZTHSS. OBREHEYITIE, LRUZRERROBZOED
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I EEEEY S L TRREINSBAVREBECHE Oy VBRI EH DD &Mt
T&ES. TINS5 O/AMIEYIT, £<OWRFICLIRFEOHAE D LITERELETNE
BEABICA THRAFTNTNRICHAD ST, B4E, MANPOEKNBEINTNS.
FORREL TR, R ZLEIRROKE SERAEZR 70y 7 0DERREIC
L BHEL, ROV CHBOBRILIZIL? LRLO&EBISLIUOEEG- 7Oy o0
BEZRERBTFoNTNS. BES (1986) REROFENREAZREL, HETOV Y
HBERIIREI NS BRBEOHE K ORAERBRRICDNTIE, RITOHFEHX T dH 5 Hudsonz
(1959 IT K DIZIFHBATE 248, HKAMOWERICH T2 HBEMEE R OHEROF S
ELUTEINIEERD, FAROFEMOKESI LT TIIRATERNI L EERLT
w3, A5 (1995) bHETOy /EBRBOHKBH L, HETaovI70ER
REREEFREOUTICLDLEONT - HEAMNETELERHETHD LERLTNS.

BEES (1986) BLUHEAS (1995) OB, EROELERETIHELRER TR
B30, HFEHOHEANE L ITHEN DO OBEDETIIDRAN>TNEOHRN, &1
RICDOWTRBASHATRARN., Zhid, RFOoRFEINEEYORDOBET(L &ITER
RIZEBEH OBE - HELZHBLEBEL TWEAEDTHS. J i, BT ORHESA
ABRERMERNRDS. HEMIZ, XRHPIEHNE/FH> TR -BILINDZ30THD,
ZOEHKERZTEDOBENRREINTHEOTHIE, HEH OB - BEZED
KB ETHETORMBEZFSETHIARE THS. HEYOBEREI SHEEE
Z, WEOBHEHETIEINHASHICSENTH 3.

Bremner et al. (1980) &, 17O i DER LA —X ;5 U 7 Townsville D{H
FPTEREN, EREHOEETHREL TRFIMEBEEZAL TS I E2ER/LT
W5, ERS (1986) ORMER, BOBNEEYORFEHRELLETDNEZHOTH
D, BHREGZBRAD2BODTENZEFERICH L TRNTOEHEHFETH NI ES
ICEDTNTNS, 2OH%, EHS (1992) RMKE7 Oy 7 #ERICOWTEHEERICH
SBERMBEOTLZRHL, FHOEHICTHEIBERECRKNBOL(LIIFHENTH S
CEEBEALTNS. #KR5 (1983) &, BAEMKROVESEZ 7L =E &8
HARRHBROEREHETES L2 ERL TS,

DEQLSIZ, FHEOEHIEL ITHEDETICHU DI DITTIRARL, DX >TE
NEMRZBDESTIEDDHIIEMNBHINTNS. BOXTHARL, BFEOER:
HAEL, MEYOFOBEE, SHIBLZEZ IRIEEMIULT 572012, KBTIHK
RICLIHHEOEN, BLUNHEOEMTE I BET(LEEET 3 Z EAENICEET
3. LML, TEOEHIASBEEOELERN LR LEOEMIIFTIF LA L
RonY, MEOEHENET S LOFRERBREAT 5100, FLOWAER(LIZE
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LT TN WEFSE AR,

1.2 HARDOEH

BOEEY, STTREDBNEEYTH D, FHOEREHFAELRKEETI &t
EMICEYRBERRTH I LEASNS. HEEHEHFETIICIE, HEHITERS
NOWREN+HTRIFSNTNE ZENAMREZ B0, BTEDOEMITH S BEERLD
BENREETHD. LML, RO LS ICHEOEHITHE D WRESL 2 RET L 2Bt
ERITORN. HITERBIIDWTEAELENERN. 5D, HEEFAMNHESNIIRS
TWRWEND T, ARBERICEAIEEEHCETIHK LRI TN,
¥, FEOEHEHRE T I LNFFHOBERICORLMND, BRENARGTETIL
MTESENDIBANS OMKIZH AN, HEDOERITHAE D BEER(LIT DWW T ORI
RENTHWENHORSN., BEOEHITHAED METLERF L THRRNREDIT, 77
—DFRES EZEE L TRERZSUEF OEELNRETERNEDEZISNS.

APFENE, TTREE D BNHEY TH 2 R EHEIEYITH L THIE OB EZHA L/ RE
BEZEATEHIEZANEL, UTIORTEEIZDWTRAFLLS ET5HDTHS.

1) CHRETICHARBRAZINTARN, ARBRICHT3HETOLEHE, B
DEFHTHES WET(L 2 IRET S . |

2) REEEYONEERTHTSES L CENEREZERL, AURRSOHE S
HYE R FREREBRTS.

3) BEOBHICHOIEROESDZOYBERIML, 2R T 3 MELHTAFE
DOEER EIZHR/ILTS. :

3) BETIEEEMTAFERICID, HiEYOROEL OIS 5 NITHIEOE(L
ZEBTDHIEMTEREEHSHITT 3.

HEYORAIICBNTHEOEHEHRET D E NI T &, ERHITITERS (1986)
MRERL TS [TERDOBEL XIVOANITH L TREFEOENELENELSITL,
REREEBAD LS REDTENLAAICH L TR#EEHORITVRTZENML TS
DOBEHEHBETDI ENITETHBIMN, TDESAAITKVKREL 2DIIATEN
3. D&EDIR, RITORFEBICKIESE (BEMENICBNTREGOBHZRR) &
BOTRHZETIN, [HANULOANORBEZERL, MEYORITVRE 24,
UCTREGEFEOILAESDIC, TTICRIBEHES NIFEBUCTH T 28y D%



B, TRbBHEOERERNT D, LS ELELAATHS. b30VEDE, BFO®
AEICKDEBEEZLREL, HOEENEL THRENOBENRRESNTHIHEN
KBNWTRRIRHERTOT, i) OBMEENHEEDON S BEOHEERNEL
LEICRCDHDTHEZTI, EVWIEL5AHFTHS.

EE5DE5XAITENTH, HEAEHEHFET S LOFAKREDSRRNDT,
mEZJACBNTHERZED DD, FHK T, LORENZHEEROFELEH
T, EXNICRBEEDRAFICETNTHERELEDS.

1.3 FWXDEBH
FRXE, FEEEDTOHENSHRIN, SRCBFINFEUTICRT.

F2E TR, BEHEYONEEHE LUHEEHIC# S KEBEEDO T 2K EEER
CXDHASHIZTS. EEEYT, XERS, X8 SEEHORE, #HiErlEE
LS, TENSOEBIZIDODNWTRHINTS.

F3IFE T RO EYOMELSHFRETS LTEEEAZREICHERTIEAD
BEFHRORMEFTS. Bousinessq HFBRIC & 5 WHEHEHE & Morison REIDY F1 8
KUERE N OEEEE, KERRIC & 5 REHRESE EOREIEAT 5 BN O
HEOBM LTI, BT 3.

FAETE, HEMEY S U TEBRICHKEZRD, BHERKCE TS BROKEE
TRAFREZRERTS. COFEEZHIBETRELEBRERHEDL S ORNEEFE
CHENIEBIELITKD, RENBHFEHERTHFEELT 5.

ESETE BOOBHCHDLIERDIS D 2EEL, TOMEEERLT, &
HEMAREZTS. 517, BRULHHEEM FRFEICK D#EY OERED 5 NI
REDE(LICEE L-RENTTRETH S ZL2RT.

FORETIE, FFRICKVESNLRLELDBELEHIC, SHOBMBERERN,
BwETS.



£ &3k

BRE— - SRIEX - FHREM (1986) : g8 Bl 5 RIBiMkiR - B OBRHEK
R, $33ENERTEMRRESMTE, pp. 626-630.

BERE— - L & - LB E - BFEN - JE £ (1992) : KEMAZBI HFERIC
T EHERLOEH N EBREOELIIDNT, MELERIE, $39%, pp
671-675.

BERAWIIEG (1991) : BEHKET, FISESER, pp.8

HAXES -F NE-JLUAT-FA R SRERE (1995): HE7Ov 7 %ERO
70y ) ORERICHET RRME, MBI FERIUE, 55423, pp. 901-905.

AR F-H FE (1983): REMKROESHEREHICR T 2 EBNHE, £30H
BRI HRIESWTE, pp. 361-365.

BHKEA#ERER - KET - EROEER - BREF)IE (1990) : £EHERRES
FIAEME®RSE, pp. 11-13.

Bremner, W., D. N. Foster, C. A. Miller and B. C. Wallace (1980) : The disign concept of dual
breakwaters and its application to Townsville, Australia, Proc. of 17th Int. Conf. on Coastal
Eng., ASCE, pp.1898-1908.

Hudson, R. Y. (1959) : Labroratory Investigation of rubble-mound breakwater, Jounal of the
Waterways and Harbors Divison, ASCE, Vol.85, WW3, pp. 93-119.



£2F EOBEYOMEER SHEE

Z1t

2.1 #E

BE, BEEEYORESELLELZRDI ENEERRETH M, HEOEH
EHARTE LR, BEEZEDIVEDORRSETHS. BOEEMT, TR, &
DBRNEENTH D, L& OEENEC THEEYOFOWRECRLITTNnENS T L
FLEh S RSN TN S, .
MEEHEHRRUREEERITE2DITR, Y¥ROZ &ANE, MEOEHITH
SHEYOBELTLEBET I L ENRLUZRRTIEDICRDEETHS. BE0
ZEEBREFRE LU TRTORFETANS N TN B REMN/R Hudson X, (1959) T,
RPOBRERKK,DEICL D FERIZISCTRE2 ~3EEEOBH2EE L TEET
BHTIZIR>TNEMN, EOBEDORTOBEIC X 2HEEHIHEN ORI EZ
RiEToMiEe<HART TN TRV, Vander Meer (1987) bEH 2 ER L A VEE
FEHOLFEREETFRNEREL TNAH, ERICLZBEOELIT DL TN ST
Tz, A5 (1995) BEREHELERRER Y Y REEMONELEEREE
BERRLTWEA, BEEHICHEIBRESENEN I L2HROTRELTED, £
A L BBEEOT(LIT DN TR S LTz,
EHREEHEYOBECRHRRICERLUIEFFIZIS TR, #AK - W (1983) BgE
IR O LEEHMR ZRHICUAEESHEORERMERNTH D, £0 L, REHEMN
METEIELEERLTNS., £, BEES (1992) I, METOv I HEBEEOER
TS BERERNL TN, INS OWEMIZS 2 bODO+HRBRAZEINTNS
EREFARN. Fi=, #AK - # (1983) % Van der Meer (1992) A& ERTB LR O -l &
FRIZDNTERL TNIHDO0, RABROMEAEHIC DN TR L FRIIHET
H5.



FITEETHE, INETHROTREL> TS MROEEOBENIC &3 EHEHEN
TS BAEOE(LIZR W) ET3EBICBITAIBAESTLIIHBEAADI E, FNLLED
REENECEOBETLICIDONTHRREZ I EZEHNE LU TKEEREZTH .

2.2 kEER
2.2.1 RERAE

KEREERZ, K2.1ICRTES 23m, #§0.7m, X 0.9m OFEIEN 2 KoTER A %
AaTfroZk. KEO—HIZIZER b O RERBIRESI N, MRICAT T 6 mDKFE
HERTI20DAREFOKBENBEIN TS, REBEYIIREEZANTIRZIO
NELICHRELZ. KUEBIHEYOMHHE 2 » I THEL, &S (1976) OARS
SEEERERAVWTREBZEHLUE. £/, HiEHOREM L AT TRUEBIZ/IEL, &
EHOFBRBEREL . BRBIRKNREMRIZ, BB TOKMEHOBEEANR
7 MVEFFTRICE D RD, A ARKFER TORBIRINF—EANIRIVF—DLL
DEABELUTERLRE. 28, KUEBOHEITIEERERTEAWE. EEEE
BRENRE UZERTIE, AICERTE ICXK D REEY T RIRE L TOKRET
HEELBRELUL. KEFEEOREM A, EEMS 60cm M TREGHEEREM S 5
OB/ TH5B. £z, Gk, BRREETOMKKTFHE SRR 10~20cm BE T
REL 7. WEMRIE, 2008720 UIL 00 WEICHERNDES 2 AN TR HRIC 2
cm fHIRE THIE L 7=. .

EBRFIZECRUMEERVAEY, BEEOYESIUBEOEDSRDZDIZ, T
AIBERDIZINBEOTHBEHII/NT R (FBEESE THRLAEES) TETSZ
EANES (1983) PHEKS (1984) itk> THEREN TS, £I T, XKmAFKEICE
LZEBRICDWTR, FRAUKICLZERDTH 2. EREOE TOMME, BHE, &
HE ZEITRTH, RAEERICBNTIEES 10cm~23cm, F# 1.6~3.0s DR A %

0.56m 1.26m 2.30m
wave P ‘i
enerator wave B wave
gauge j E gauge
! .] u = p——
\— < —submerged
< 1/20 slope breakwater
) 23.0m -

2.1 KBk
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(b) core Z#IFIRNBES

22 EEESYOWMEERX
800~ 1800 AR &, £/, FRAFSERIZHB T Bretschneider - 5B Z HEAXR
27 NV &EF 3 R A % 600~3000 E AR S H/=.

2.2.2 BEVOET

HEEY KA MLICBNTERN TRERENEZIT 520, BOEUBELCPT
NI EIREFITRGENDL. I T, RERI L3 RBEOKEEHORFEETH S
HIT, BEYOXEE X 2BKEED-S, 0, 5, 10cm (REKETETE, ThTh
5,0, -5, -10cm T, SOXRGKETIREIMKELD D LEITHD I EERT) ITHRE
URABRELIIERROBARERE SLUVHEDOEDITEERBEOHTE D DR
ERERICONWTRRET - /2. MAREOAR I anf=13 T—E & LA, FERE
DOEEZ D OBAWERIC DWW T tang=1/2, 1/3, /S EELI 8=, £/, EDBE
ICBL TR, BN SWEEHEARORDBEHNERL, HENKENWTEAMRES
FOEBBHNERTE I ENASNTNEN, BET S ZLEORNRABEORET
HRENERECBNWTERT BREBH AR OREANDEFEEZHRE B0, RE
K®ED, (= (W, /oL #071, 114, 1.3 BLU342m &Lz (W, EEBERTH
RSORIZHYTI2REDER, o, REOEE, ¢: ENMEE). £/, BohiEE
HDr—ZADHTH DA, 0..lmm OB THERL ZBROERD LD =DIfro k. £
7=, B, BREHEmIEIR22 () RT3 BRRERRITANE WRAIZE S core 3%
73, LML, core 2 D#ERINTIZ, ZBOHEHARET S & AERD core HHEH
LU, BEOEEN—KUTEDBENNRDS. LEMN->T, BFEEHEHFET 7-0ITiZ
22 (b) D& S7xcore ZRITTICEHE L2 —RBRBAICLDERLZFHRICTDONTS
WAL, core DEJ/ICLIMAEHOZREMRMTZIENEETHS. £IT, core

-8-



DHEE, PLUcore 2B FT=HBADcore fORERE LT OREZANTELEIRE. T2
B, MPOEHB, R, HITNENXGIE, KEKE BIAKEERLTNWS.

2.3 RAWRICEAHEZER
2.3.1 RmE&S(CLD4E:8
(@) EEREOH/EEEOBERE

HEMORBE S AKE LD b HICHTWS A 7% surface piecing 7 1 7 ORI
BERIRA, £F, TORTHLEEEORE £ EDBKE, /b5 Kk = MR
X (MM RHIKE RH=-00) LEX 50, BEKEEALVREHRRICO VTR EF
5. WERRE, KESAREETOANEORELT, £/, $EHREEKE
TEKTALL T3, KEAROR KT S THIFEOTREL, BASEEEL
T3,

0.8
0 () tanp=1/5, H,/L=0.0106
¢ = st
£ _’/
~N
-0.4 F
-0.8 F — YT=0
2 —= t/T=800

1 L L. 1
-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
x/L

0.8

m4r®)mwﬂﬁ,H%%@D?i157/47,¢/
£ 0 _g-/
N
-0.4 F
— t/T=0

-0.8
— t/T=800
.1.2 1 L. )
0.2 -0.15 -0.1 -0.0% 0 0.05 0.1 0.15
x/L
0.8
04 F (c) tanp=1/2, H/Lp=0-012/
0 —=
£
N
-0.4 F
0.8} — t/T=0
— t/T=800
_1.2 L - 1 i
-0.2 -0.15 -0.1t -0.0§ 0 0.05 0.1 0.15

x/L

23 BROMREOBBEZER

-9-



2312, Dy=1.73cm ORAEESKEICANTERL R 2 S HAURE 2 DOk
ARRIC, ENETNRLIBHAREFDOANKE 2ER S ETES NENERRER
TINS5 OEERE, BDEROBEFEEHEFKIC3IDDOY A TITH TS I &M
TE&S. JITiR, BWKELD LICHRENERT 20 2HRE, #KELD TICRA
MHERTIHO2FEE, WKEO LICHTICLRANERTIVOEERREMEL
I=.

(2.3 (a) 1%, FIRIEARD tanf=1/5 DRAEFHEIRIT MK K AE H/L=0.0106 DR
BEEANTELTS—ZATH5. fELRTHEAFRIORAGEEBNEL, #KEFTEE
MEL, $KELD EICHRENHERLTSD, #EEONEHREMESNS.

23 (b) &, FHAMTELIRD tanf=1/3 DEERTERICHE KM AEE Hy/L,~0.0138 D
AR EAREIEES—ATH 2. BKEMEEHEIZ, ThLD ETRAESMOBRES
B8, ENED T TREEAMOBRESEENELC T, EBHOKEREREHETN
5,

2.3 (0) 1%, PIHIRHEL)ED tanf=1/2 O R AR EIR ITH KK AR H/L<0.0122 DR
BEANTEET—XATH5. HELBTHEARNOREGHENEC TS, #KEM
ARSI N, #KE T THERL ThemAHRENTNS. Lizhts T, BEEOKE
EREHEEINS.

BEHOEHMEHRETIIATE, ARBICEVEEAMERIIMEFAOES 5 DE
BENERL, EOXIRBCERTIONEBEBTEZ ZENEEL N, BIROK
HEHICHTE25 A4 74 TRE DS E OWEFITXOTDONTNSA, #|IS
(1975) LB HDONRENTHS. RAKKEEMRELEEFZROKERERD L&,
D,=1.73cm OBA TERLZBEHER T, tang=12 05 —XZTXRTREE,
tang=1/5 O — A F TN THERBEOWE &2 > /228, tang=1/3 D5 —ZATiE, AFHEOD
BETICK DA, BRE, RRECHMNE. —F, D,~342em OBE THERL /2i&
EVERBTIIBBRELHETES T —ARL, anf=13045 —AITXTEER O
H&Rok. LMo T, anf=130r —XATIIRENKEZL 2D L, BEROKHEIC
BT IRB. ThuE, HJIS (1975) 23U LT ROBEEHICET 38E
OHRRRDOBEAMEITRZZ D, #EITE T 3 Van Hijum and Pilarczyk (1982) O&EREH
B3, Zhid, DIXREMERITINSVWOTEREAELTHADA ZEZNIZE
DIZH LT, BETRRENRKENCDEENOFENKEL B> TNEILEDTHE &
EAXAoh3. M24i3, FEBRMSHSNAERAHERO 3 DOWEHROHARRZ
ASE O MR R AR S O ORI (tanf) B/ A—F & L THERICE LD/
LOTH3. MEOKR/NIBET 3 HEITLITRRIEA, BEARRKENZTE, £27)
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1 1
@ accretion e accretion
0.8 a transition 0.8 I o erosion
O erosion
0.6 0.6
«Q «Q
-~ 00 o @ = Qo o 0 00
S04t S o4t
A @ a a o o) fole’s} 00 0 o}
0.2 o0 @ e @ e o 0.2 F on o @ o
o 1 1 1 L o 1 ] 1 I
0 0.01 0.02 0.03 0.04 0.05 0 0.010.02 0.03 0.04 0.05
Ho/Lo Ho/Lo
(@) D50=1.35cm (b) D50=3.42cm

H24 BEAEAROLRGER

HOSEARNAENEEBEROKERHRICZ DTN, THd, BEOHEEHIC
BT 5HMERKETHS.

Ere, B, RIS CERTONER TN TIITROMES LGB D 48
TNBIEMBNN, BEVFEEEZEMRELUEXERIZIBVWTE, E8R0F57—Xb B
Bl, BREDOr—AICBNTHHKEMLIBERTH D, ITRVBZBELTNS. &
N, B - DB RS BRI 5 7 3 IR S A LSS I A B
T2, BEVHETEAEINATSS = &b SR IC & 5 BRI PRI S B
AN KEAHEORORICES U, BKEALIC 51T bR H ORESEE
CTu3b0LEASNE. KA TREI NSRS (1) LT X —# (Surf Similarity
Parameter) &3, ASEAEES> THWBIROIRNF—REICEI VAT 28E RBE
HOWE) 2ETNASA—FTHD, ENXETNEEREHOEIRLS, TILFE—0H
BORIICAE S ELNATRO I ER LT3 S &0 5.

tan @
VAL @

T TIT, HIASES, LZNERETHS. unf=12 ORGHERTIZOEIIB L
Z20L, tanf=1SOREGHERTHI X Z 08U LTH 2. BIREETIE, RURO%E
BRICBWTH 1 UEDERLZZIERENTHY, BRORREETIZOSLUTEET
»5. '

K252, BEHFHELUSS XA—F § S EEE/E&OMKE L0 TR DBEKER
LT3, ZTIT, §ROMO—IRKEICH T 3REAR ZANAREHFHELUST X—
FTH%. #ELETIIM LB Orun-ups & Urun-down DA ASEOAM & —&T 3

E=
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® D50=1.35¢cm

© DS50=3.42cm

0 1 2 3 4 5 6

Eo
25 §&EREOMTAEDREE

Z LTk D HIBE ST ET S T & A Bruun and Gunbak (1976) B LA S (1981) i
X DHERETN TS, surface piecing ¥ -1 T DHAHEBOERICBN T, fE LOEK
RS TOAM FHRERRUETERN > O THIERROBE I ERIIRETE RN
7=, EERKOBAERF 2<5<4 TREEEHEFKEMINER ISR 2> TH
BZIEMNGPB. TR, B (1984) AHERL T3 BHRREKICE D B/KEFLAE
KEERZIH, EEREROBRAGHENTLERREBICIES] HALE—HLTHS,

() AREOXRE S Z2RFDEHE ,

T T, BEAYET B &S ARER S AEVIREN 5, REIBKETICRUE
BREIZTONEAERZAREL T, KRS OEVWIXINELEHEZRHNTS. £k,
—HOERIIBNWTREROERGO—HicESEZML, ThdZ L —H—&LT200
KEOWEOHAE EBICENS OBHROHEL 2. M26iT F L —H—OFHIRE
ERT. £, H27H90MBE ML ——0@BAZEIcHIE L T3, ZITRE, M
Xt R ImIEAS B/L=0.0858, WHKI%E L H/D, =12.1, MEIKEOEE tanf=1/3 D—E DI —
ATHERETD. 78, HEBROELTLIIR23 ERAKTHZH, KEFRADOES
RIBEOMAREFE L, BAZEZFEELLTNWS.

2.7 (a) 3HIRHEKE R/H=-0.385 D7 —ATH 3. ZOT—XATRIKHTHD
BERECDZDHTHY, AFEFRAOBREGEHOHZBODORNERA TEMUFEET
BEHL L —H—d<, BEFMOBROBBNERL TS, LEN->T, HEH
RIZEZAHTRTEEBEOM/EEH OMKROBEN EIZIFRROBREZ>TNS.,
CDT—ATOERZGEEZR25ICUTIINDZ &L, BEROMHBRERE KL T3S,

B2.7 (b) 1IN REKERH=0284Dr—ATHSB. TOTr—IATRHIZD ORE
MECT. BKEFEN S RFICHT TIIBESNREAMREBL TH 34, HMEIREOD
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v -
h \
-3 YVARA *Q
sgr¥saip)es ¥T=0
29 VYA | &4
- [ XA L:’ [ X-]
[ X BAZY Y | [ X-]
wave 2ot EE 32
oy Y L§ 29
(] T A | Wal
seaward crest
slope
K26 FL—Y—0PikE
0.8
— t/T=0 a) R/H=-0.385
0.4 B8/1.20.0858
o Lo NT=800 | H/D g =12.1
E bl
N.oo.af
-0.8
-1.2
-1
gm
v il
"y (P
na i =800
L g inl] Lt‘ LRI 1 Il 1
-1.0 -0.8 -0.6 -0.4 -0.2 0.4 06 0.8
x/L
0.8
- 1/T=0 b) A/H=-0.284
0.4 B/L=0.0853
0 - t/T=800 o P S HDgq=12.1 |
ﬁ -
-0.4 [
-0.8
-1.2
-1
L i 1 A2 YAEUCELS (L P U 2 :800 ]
-1.0 -0.8 -0.6 -0.4 -0.2 Q. 02 04 08 038
x/L

27 EXROREVEEOHEZEESL FL-Y—-DBHRIRA
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0.8
— t/T=0 (c) R/H=0.0

0.4 8/L=0.0858
— /T=800 H/Dgqn12.1

Avd
g ° =
N.o.4
-0.8
L I e L I L A

-1.2

1 0.8 -0.6 0.4 0.6 0.8
1 1 Ll 1 L) T
t/T=800
1 1 1 1 1 L
1.0 0.8 -0.6 0.4 0.6 0.8
0.8
-— t/T=0 (d) R/H=0.285
0.4 B/L=0.0858
0 - t/T=800 - H/Dgq=12.1
£ =
NM.o.4
-0.8 |

-1.2 L 1 1 L L ! 4

1.0 -0.8 -0.6 -0.4 -O0.

2.7 EXGOREWEREREOHREAEREEL LY —DBHRR

THTIIMRAMORAEEICLIHERENALSNS. RUZ L —H—DOBEBREM
5H5MD, -03<x/L<-02fHEICHER L2 b —H— & XIBZ2BA TRASEICHEREL
ERL—H—lZHEn3. FEHREFEREOME 2 DORREOKEO—H %
FERLTNn3EEASNDS. ,

BJ2.7 (c) IZHN KA RH=00, T/2bbXEHE S MKEIC—HL T35 —2X
TH2.Z0F5—ARB b o EHEENKEL, TXRTO M—Y—AYaEFRICESHL,
KN AKESKBLE., EE8KE FICIEberm REREINTED, AHEIZI O berm
LETKEHETIOT, THEESMICETZLEASNS.

(2.7 (d) i3 Kom/KEE R/H=0.285 DBBD T — A TH 5. BKE FICKWERD
OHEYTIE, b —H—OHENSHNBE LI CEBORABIIFMESFAICBETS Y
DEBERFAICHBETESD @@ﬁjﬂb‘%%pf, Z< O[T AIRE E» S K LiTh
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0.8

04

(a) R/H=0.238
8/(=0.168
H/Ds0=12.1

— t/T=0

—= t/T=400
-— t/T=1000

ura

2/h

0.8
— t/T=0

— t/T=400
' t/T=1000

() R#H=0.238
H/DS0x12.1

,R-\ 8/L=0.505
/
[

0.4

[{3]

=
N
-0.4
-0.8
1.2 L
-0.6 -0.4 -0.2 0 0.2 04 0.6 0.8 1
x/L
0.8
— UT=0 (c) A/H=0.238
0.4} — yT=400 H/OSq=12.1
. "\ B8/L=1.178
0| vT=1000 |2 i)
= -_—
N
0.4
0.8
1.2 - 1 1 — S
-0.6 -0.4 -0.2 0 0.2 0.4 0.8 0.8 1
x/L

28 EHENEEEOHEMXEEICLZSHEER

TTORBATEREE 2T 20LHT, EROEEEHRIZIERIT/NE V. Ahren (1989)
&, RWAHKE TSR L AMBIROBEEMA/NS NOR, RENHITKE FICHS
T EEDERIZ K 5 HEFPuprushB K WdownrushiZ K A 51T H 5 N5 &L
THEN, FERNSIERTH> THRIRBICK > TRESERIBREMNE SN,
ZHRUTDNTIRRITIRNR S,

2.3.2 XEBEICLDHE:E

] 2.813, HMKMKE RH=0238 TRIGBEZEELZTEEI DD —RZBNT, ¥
& A HE R T OB H/L=0.06120F Al 2 AR & € TH S N/ BAE U 2 Hx K
BZEITRLZBDOTH B, RBEEITT X Teore 21T, WM RN D <121 &7
PREDHTHERS N —REHEENTH 3.
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B02.8 (a) TN Kyl B/L=0.168 Dr— X 27;RT . HEHEM S Kig LiICHT ToRaN
MEREAMICHEEH L, KeMNREMICEBL A, Xinm S I3HAEERICBNTIRIFEAL
ELR0D, PREMTIBETH - 28, FREARERICBOWTIEDTNETT
55 —AMNKohi.

[X]2.8 (b) Izt Kl B/L=0.505 D4 — XA #RT. EEM S XK LIIH T ToRAED
MREARICEHT 20, KEEX+MIHZ20T, X L THEIXIVF—IANFKBEANT
DENCHRICEI VAR TS I E TR FEENMBDL, BENRE LICERTS I &
L7725, CNARAERD LI D AREROHMICAENREE SN LFL, Kight
Fokmk D ® LIZEHNE.

BJ2.8 (c) ITHX KumtE B/L=1.178 D — X ERT A, B/AL=0.505D47 — R &[HERIZA

1.2

® B/L=0.641
1L 3 o B/L=0.504
[o]
- a B/L=0.394
08 b .:5" & & B/L=0.325
= a x
& 00 X bx + B/L=0.168,
< o6 x 3o &
i aLa | x B/L=0.131
= o
0.4 + ‘S a o
] ® Q .
02 f e
0 L N 1 1 L L
02 -0.1 0 01 02 03 04 0S5
x/L .
(a) AT
0
[ ]
FEY
-0.2 | x A.‘$
+ oA+
O‘“ .4,(;‘
0.4 - °A¢ @)A(
IE .
%a ® B/L=0.641
} -0.6 e X
i 0 B/L=0.504
0.8 [ & B/L=0.394
& B/L=0.325
-r | + B/L=0.168
X B/L20.131
.1.2 1 - 1 L 1
02 -0.1 0 01 02 03 04 0S5
x/L
(b) WA

B29 HMEFTORKKNFERE
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(a) A/H=0.238
L B8/L=0.108
0.4 H/D30=2100
0 L

z/h

— t/T=0
-~ t/T=400

- t/T=1000

— VT=0 (b) RH=0.238
04 | — uT=400 z%:g;‘;:e
o | = uT=1000 . v
o=
N
-0.4 |
-0.8
1.2 L A L
0.6 -04 -02 0 02 04 06 08 1
x/L
0.8
(c) Rme0.28 | — YT=0
0.4 8/L=0.188 — Y/T=400
M/OsI=12.1
=
N
0.4 |
0.8 -
1.2 SR
0.6 -04 -02 O 02 04 06 08 1
x/L
- — wafm,
210 BEFEEEONZEICKLS#EE

2.3.3 HK&FRICKk>H#HA
X2.10i3, BREFERMOKBEEEREIEEI DO —IiCBNT, BEEIUESTO

-17-

NEROHEMEEDICKEEINLEREL, FEABKELD b EITEHNE. .

B42.91C, B EORMEB I UMEEBAKE FHRERBOELTROSMERT .
B & OB AKEFHE (K29 (a) 22T, HETRAZVWSNEIFE LT BLAM
KEVWFIEBRKAK FHRERBENRAERIEAMNA SN 2N, 2EMITIIBLIZES
AT, —K, BEZEORIKEFHEE (K29 (B) IZDWTHE, RmLITEN
THRF+BIUXBITREINBBLIAVNE W 2 DD 4 — A DBAIKK FHERIBERIZ B/
LtkE NS —2 LD BESMITKE . BAME FREREZTTRL, MERED
5 HRAL2IFHUIZ S RN, KBNS g — X Tid K5 £ DB S S ATA
EL 2B, BROOAEFASBMMIASNTNSEEISNS.



WAL H/L=0.06 12D A 2 AR S € THBS N BMNE 2 HHEEL & ITR L
bOTHS. BEFT N Tcore ZFITTES T, HRRWKEIL RFH=0.238, XX
#§i3 B/L=0.168 TdH 3.

X2.10 (a) 1, BWTREZERL “EBERRLHD, 210005 —ATH 5. HERAE
AR ZE VDI ERNESICEB L. £/, SRR TOERTH 3 -ORK LK
DNESAARBRELO—RITEFL, AEZ<BEIN, XEFINPHLTNVS, E
HOBHAMIIDOWTIHMEAMANOBH L A 5NN, BEARANOBEH OIS MK
0,

B2.10 (b) X, WERIBELLHD =296 D —XATH3. WHENKEERL, Xt
BANCHEBELRE. LAL, REBIROLALEL TS, #KEFMLICETELTY
5. e, BKEANELHAD 2210005 —X &R, RADKEAABENIEUT, §
RTHBEAMOBEN /57,

210 (c) ICHBED /=D ICEBEI R HD,~121 O —2Z (K28 (a) 2EHT 5.

BLEDZ M5, BENEL S LS /NS REED & £ 0B EEEHH OER DBE
£C, BEQEURWRETHERL=BSIIAESMOBENEL, REMBIETS
ENGMB.

2.3.4 coreDEHFE(C LD

®2111%, BEEEERELTL I EL 3 D0/ — BT, KEHREETORWY
ARCH/L=0.06 120 AFE Z AN T ETH SN RKEHEEERRNIEITRLEZHOT
HB. core ERITEBEOHEWMEIT 1 B& L. HNKRKEIZ R/H=0.238, XK 5
$8i B/L=0.168 TH 3. ‘

2.11 (2) ¥, core Z&IT, M ITHT B WRABELLAY H/D,~6.14, core BT T
D WERE LA H/D,=29.6 TH I REDHWEHRERL TS, HEFOWDIIMEA
BAMICEE L AE O coreBH LU T3, BED/NE Weore i N—KITRE T 3 &
DI T EEFRL, BREFEICBVTIREXERIMOPETTIICEEE> . Zhid,
RERDcore BBEL TH, FABICHET 2HBEHICL I ERIENKENEDHEEZS
ns. |

2.11 (b) k&, core 23T, WHEH OREBMEIELA H/D,=6.14, core b DR EEIEL,
A H/D,=18.4 TH 2 BEDHEMRERL TS, M2.10 () LA, HEEDNL
DMIABEARICBEIL, AERO core NBHL TNBIZHEH ST, core ORI T
<HITNTHY, KEHIOBELBIFEAER SN,

R2.11 (0) 1T, HEED7=IT core BFRNWRET, BWEKIELL H/D,=12.1 D7 —X
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z/h

z/h

z/h

K 2.

(a) A/H=0.238

| 8/L=0.188
H/050=6.14(for armor)
H/D50=29.8(for core)

1<

— UT=0

-~ t/T=400
-— t/T=1000

J.
0.6

259 (K28 (a), F2.10 (c) 2EH).
BEDZ ENnS, NEDcore 2 BT B LI BBEICBNTD, BEBOEEH ORE
NEEGESEOBRNREHESEEITILIBRBRNWEERS.

2.4 FHAURICLIIBTERER
XigElC k518
B2.121Z, R KRG B/L=0395, KB H/D, =12.1 D7 —AICBITBHAB L
FHEUNKICLIHHAERERT. FTHAUEO#TEL TR, BELIFERAICHTS
B, BEHZEETORKE&ZANTNS. () MRAUKICZZEHEHR, 0) 2R
MARIC X A TEHIRTH 5. RAUREROE® L, FRARERORHE K ICHGL
Tna, HAEOr—XiZBn T, R ERL, BKE LICRN/Z, FRAED

-19 -
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x/L
0.8
[b) R/H=0.238 -— t/T=0
0.4 | B/L=0.188
: H/DS0=6.14(for armor) —= UT=400
o H/Dsa=18.4(for cora) < — YT=1000
-0.4
-0.8
-1.2 . L
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
x/L
0.8
(c) AHeo.238 | — Y/T=0
0.4 B/L=0.188 — T=400
H/O3o=12.1
0 < — t/T=1000
\
0.4 F \
-0.8 |
1.2 L i S N $
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
x/L
. _ -
11 BIEMEZEED core DHEICLDHEHSE



0.8
(a) B/L=0.395 — t/T=0
R/H=0.238
0.4 H/DS0=12.1 ~— {/T=400
0 reguiar wave — YT=1000
=
N
-0.4 -
-0.8
1.2
-0.6 -0.4 -0.2 0 0.2 0.4 0.8 0.8 1
xfL
0.8
(b) B/L.=0.395 — t/T=0
0.4 F R/H=0.238
: H/D%0=12.1 - t/T=1000
0 irraguiar wava — YT=2200
< -
N
0.4 F
-0.8 ¢
_1.2 L 1 L 1 1

-0.6 -0.4 -0.2 0 0.2

x/L

K212 FRAWKRICELIBIEMEEE (XHEEICk 5H%E, B/L=0.395)

0.4 0.6 08 1

(a)B/L=0.132 — t/T=0
L R/H=0.238
0.4 H/DS0=12.1 —= 1/T=400
0 regular wave — t/T=1000
£
N
-0.4
-0.8
-1.2
-0.6 -0.4 -0.2 Q 02 04 05 08 1
x/L
0.8 -
(b) B/L=0.132 — t/T=0
RA/H=0.238
0.4 H/Ds0m12,1 — t/T=1000
0 irreguiar wave — {/T=2200
£
N
-0.4
-0.8
-1.2

-0.6 -0.4 -0.2 0 0.2

x/L

213 RARUVECLHIBENMBEBERE (XHiEick34%, B/L=0.132)
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T—ATRERRINCPLERINIBET, REHELIBENESNL. INITHE
AOBBICHF ST DREBORENYBEERIZILTNEDHDEEXSNS. '

B2.131, M KMIE B/L=0.132, WBEREL H/D 121 O — 2B T 5 HAK &
FHEAPICLIFHEHMERT. TOF—ACBNTH, RAEERICL ZHEERE
THAUBERIC L 2HEHBRIIREERD, FAAKRERICEIIEHENERITNS
I CNHBREDOEBOZENEX SN0, HHREBO/NZTWr—X T,
FEHEOKZREEERAHNENERLRDED J &L D RFKENEBMITEL D, BD
ERANBEICRNNCSRZ I &, BRUBRKEZEDE>RAD LANKH L EBRA THRAIR
HICLETHZIEDEIAONS.

2.4.2 RTE(CKDHEE
K2.1412, FHEAKICK 2 EEA &L H/D,=2100, XRKIRE B/ZL=0.132 D& DY
EHEFERT. K2.10 () (RUEHAKICLZIWHEEH TR, MESMP LI UBEES

0.8
8/L=0.132 —_— t/T=0

0.4 | R/H=0.238
' H/DSa=2100 — t/T=1000

0 lrragular wave — 4/ T=2200

0.4 |

-0.8 -

z/h
L &
F
s

-1.2
-0.6 -0.4 -0.2 Y] 062 04 0.6 08 1

x/L

B2.14 FARURICLDIBENAER WRICX34%E, H/D,=2100) -

0 i L
0 S5 10 15 20 25 30
H(cm)

2.15 BEBHMOESHESR
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MOmA DERBBNE SN, FENRICLZKEEHTIE, ERMOBELAN
B2 B EEDRMANT 57290, SR ODBBOHMEL . ThTDVTRE,
AR EEFRRABOERAN O CHESMICKDEXSIENTES. K215,
ARZEARHABEOAFEENEMLBICBIT3EANBITOSEBONERAROES
HEMMERT. BPITE, XRNTRINZE)S (1975) BRELZERD OBES M
KT 2/852—% CERLTVS, <

-0.67
H nf d
C, = ——Q-(tanﬂ)°27(—) @2

ERENICBNWTIE, CBOEEMEAFMOEDEEICLDHERBOME, C>100&
EHEAROEDBEICL VEERONENHEREINS LLTNS. £k, KFOXH
A E B AN IS T BT TS 5. BN TEARN, AR E-FE
B OKRESDZRNF—RBCBOHFEKICH D, FRAKICEWTIRAREATOBBE)
MERLLEEZOSNS. 28, HAUKERICBIT2 ANE®RIZ, REAKERIIBT
AZBEERICIFFEEHRLTNWS,

21612, FRAKIC KD EEBIELL H/D,=29.6, X RKumiE B/L=0.132 QD ETER
ERT. RELOBENEEAMICAKESEHL, RENKESHRBEL 2D, K210
) ITRTHARERICLDHAHBRELUTNEA, REFmIBRPPPESLTNS. T
HiE, K215 TRENAEL S ICSERES EEFTHAKICIIEAM0~4.0BEOK DS
ENTHD, ZOLSTAROEVEARE LOREE & D RESH CHBE B0
EEZALNDS. 2B, TOTF—RATBVTHRAKERICHIT2 ANESE X, FTHUK
HROBBEHEE S IBE—H LTS, |

BRDK 2.13 (b) ISR E AL H/D,=12.1, Mt K8 BL=0.132 07— X T,
RAPEERICEZ2HEBRERZERD, BHEMNERIT/NE > TNWE I &40

0.8
B/L=0.132 — t/T=0

0.4 F R/H=0.238
) H/D50=29.8 — t/T=1000

0 .V.- irraquiar wave — t/T=2200

-0.4 r
-0.8 .

-1.2
0.6 -0.4 -0.2 ] 02 04 06 08 1

x/L

B216 FRAURICIIBENAZE WEICLDHE HD,29.6)

z/h
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Mol K216 OWERELL H/D,=29.6 TO —AZBNTHRFAKOBBOZLES,
ERMEEERBOBRNERZDEIRRIEL TNBIRTTHIH, KR ELIZE
LTWLEITHS.

243 XBOZERER

@%@ﬁﬁ%%kﬁbfﬁﬁ%ﬁ%ﬁ%ﬁof%fbf::mbMEﬁ@&QEt%
SR = OLLICEE U TERMT SR ET

21712, f%@fﬁﬁiéﬁﬁhﬁkmm EHIN KB BLE/NNTA—F ELTHE
3. KRR TEREL H0aUEECBNTAE NEE» SRLICEEEAZL
TU ZECEDBESNELDT, KOBBOERICELEE3 & ITAHTEADE
BT > TR, REOKERIZ, SEMBEICSNT, XEE S OR® K& M
EOMMIER & OEkEx, 2 XEEBTEITEL TNS. ERERENKE<RBEE
KA OBIBRIIAE TS, TFR TN REEIVN S W ERBOKIEE
RAZFN, THIZREENEN S ROV E—ORBANE <, BETBETREE
BESHLZENTESEDTHS.

21812, KM OB HMEEL HD,, SHN RMEBLE/NXTA—FELT
RY. REEEOBLR, BAOKE, SEHoEBRORKOBRERETOBS LM
DRWHETOME (b) LDE 2z 2NAORGES b, TELTLL THOE LS T
3. HRRBEANE W — A BN TRETOXEE S DETRES NS, Kiw
EREFLTHBT—ANEN, £, RENSHLBRDSBROBREEL»S Ui
5 IIEREE OBARBRELICY BN, H/D 8 L EIC/n 5 L HAAISLL

2 1.5
® B/L=0.127
0 B/L=0.2286 ° A 4
1.5 A e "
A B/L=0.382 [ ] 1 ———M—.——‘
Q
o ; A B/L=0.678 | ® o Eo
x % a N ® B/L=0.127
f 0.5 o B/L=0.226
- A
0.5 & a A B/L=0.382
fp A A
4 a B/L=0.679
0 I | A 1 1 1 0 I
0 2 4 6 8 10 12 0o 2 4 6 8 10 12
H/D50 H/D50
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IR —EDXRERIE LB L 3IT 3.

2.5 EHAOEOFMFE
2.5.1 =ZEK&ETIL

REOCP/NET VRO EEFEICOWTIIHEO S (1996) M2B3RAUTFUTES T
EERLTVS. BAVEEOFEEREIC D WTITHAS (1983) < Van der Meer (1992)
MERNZRI 2T > TV, NENRRIFRBARINTHRN. FHEIERT I HE
RN SREMEOELEIRZTFRATIFRELLTE, FARS (19%4), RS
(1996) *7=i3 Deguchi et al. (1998) O=BMEEFINNHITFE5ND. ZOEFIVZE2.19
ICRTEIIC, AW EREAR LOBAIDERVHLAEETIVEREL, BEHIIHT
3 ERRAONKEMBECDONTRTETIBOT, HHOEDRAIEIRELT 3.
ZIIT, FRMEREAN, F, FRENENERENOKELMRS, REFMRKS, 3 b
BEULcBENENLE, THEGOEE, WELERREOKFER, cRRENMEE,
N, N Z2ERICBITIEERATHD, KRN TRIN3S.

(Wg - F,)tan +F,
sin o + tan Bcos

Np = (2.3)

v, Pe-F)ana-F |
€~ sin B + tanc cos B 2.4

BROEOEHINSONDNSODEZELBE), N,<0MDNS0DEERHBE), NSO
DNSODEE#pIE, N<OMDN<ODE Zliftup &723. TNENOEBHEICEDLE
TEBABRZEILTAN, —flELT, EABHETSHGOEBAENITROKIIC

219 ZHR&KETIONE
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755,

BT
2
M(a + b)d 92,4 = F, cos(a -6,)
dat
+(F, - wg)sin(a -8, ) + k,F, (2.6)
R
2
.M@+bm%%g =-F.sin(la-6,)
+(E - Wg)cos(a -6,)+N, (2.7)
i
2 d6,
gM(a +b) 7 =kF* —kFs 28)

TIiE, MIEEREORE, 6, 38B1A, FILEDERA, FIIENDERN, L,
LIRENENENDFE, BBARICED 1 £-R-12E38KTHS. EFBHOS
EOEBFERNIL, ¥8), EEFMEZEICERD L TRAKICRDENS. BEOES
ML, BREOFORBEEEEED ZEIEHO2DONEXISN, IN5IKDNT
non-slip SOLKHREZHAL, BEA 0, ZEHT 3.

BB BT Runge-Kutta e 4 KARZ AV, BIXF Y /13 4=T200 &L, step B
DHEICE->THESNE G, BEE o, BIUBHEE vick N EHHELBRL .
7=, K219 O TFHEREB, CORLERALHERTRERD, ThERXZHEIIK
DEERIC A DD ELTHERTS.

2.5.2 FAHEER

PEARIE, B DERICEDEHL 2B ECHHAEDEDBENAREERBEN S
KBEL T ZETHEREINBEEA NS, £, BEVERICBL TIIEHRNZ
BEANREOTNHMBEIIKESHBL T3 EEX 51508, ERNREHIIRA Dlift-
WpPREE(DREICHFET DDA T, WEKEOMRKICIE, EXFBRERSNEZAL
RSB ENPERAOEEDETOMEBNKENEZEZISNS. I T, ERENIZIE
FHNIZETEIHDELTHEEZTO .

2.2042, ABRANERET S BRON N OEKTR & HATER ORIEAER OBEF
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1.4 T T ' J— tana=0.0
.\ | tana=0.1
12N\, e tana=0.2
"'~. \. - {1 _0‘3 0.2 R T ¥ r
N o3 S .
TSN e tna=0.5 0.0
E 0.85-2 DR tana=0.6 ;
g REe - tanc=0.7 € 0.2 T
pl 0.6 D [ tana=0.8 N :
gediny [T tana=0.9 Bdr —
-~ s ==
0.2+ - 1 ) L \ \
020 -0.1s -0.10 -0.05 0.00 0.05
0.0 1 1 1 1 x/L
0.0 02 04 06 08 1.0
tanp
F2.20 ERBENOEBXRELERAFR B2.21 RABEETEHHEmO—H
Y S5EHIER

ERT. T, tanel3N N OERFETHS. TORDPS, BAKREOYAEL
B RN DERFRABSANT, BEREANEETIBRRAOENNREIND Z &R
3. BT, (ERENORKEELEOEAAANGHANE, BANERET, HENEE
TEHERROPHAMNRDEINB Z&iITB.

KETIRNRB A, LEREOR AR ERICONWTRMBEERBOREIERTIH A2
BELTWS., £, ~HOF—A BNV TREFEZEOLESFTICBNWTHEHERE
Liz. 2T, ZORKRD 5 ZOEFNORIEZT > THS. FEHEICBNTHEA
A EForr—RAE LT, SHEARL:2 OBEHEERICES 20cm, B 2.0s DR %
A E G724 — X O ERREE 221 ITRT. SOF— X TIREKE T 10cm AHEDOR
HAREEABOAE<, anf=0575 mp=04 Bk L TS, ZOHATOMEE
REDERBENRF, /W=02TH - . BADERAAPREAATHE LEETZ S
tane=04 & BT 3. NS OEZANTR220M S BENEFELZWEROH/ELRE 2
RDB &, tanp=0.44 72D ER T OLELAL tan=0.4 &L FIF—FK L T 3.

2.6 MEAZEFEICHESBEZE
26.1 BEHE

X2.22iC, BTEERICH 3 FEBREOMEZHOBREHRR~OH LH = OR{LER
T, BRI EICBNWTHESINAMET, Hiid800 BAHEOFEEEICBNT
HESN/ETHS. HEIBREFHLISA—-FETHD, FHIFEICBNTIR—&
RN E, TEEEICBD TRFKEMNMIOARZANTSZHEL L. HFITZ
B3 Z Losada and Curto (1981) AR ICHTIERER EBE L THEERERORX:
EN=HODIE, BAHMEICHTZ2HDERLTEBD RN TEREINS.
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® /T=0 ' ® t/T=0
2r o t/T=800 2 F o t/T=800
-— lLosada & Curto's Eq. — Losada & Curto' Eq.
1.5
z z
2 < e o
1Fr @ >
:,ﬂ e e°
.y %o
0.5 g o
0 1 1 | - 0 N J
0 2 4 6 8 0 2 4 6 8
5 §
£ g
0 2 4 6 8 0 2 4 6 8
0 1 1 0 1 1 ]
o Oé k Q
e°.°%ﬁ% e o8 e°
-0.5 | <., .05F © o 2,
-1 ' -1 F
z T
4 3
-1.5 -1.5
® t/T=0 e t/T=0
-2 F o t/T=800 -2 o t/T=800
— Losada & Curto's Eq. —— Losada & Curto' Eq.
-2.5 -2.5
(a) D,=1.73cm (b) D,=3.42cm

222 REMEEOHEERECH#S Run-up, Run—downd)ﬁﬂ.’. g

R,/H =1.3698{1- exp(-0.5964£)} ~ @9)

Ry /H = -0.62204{1 - exp(-0.0398&)} (2.10)

INSORICBNTHE, BAOREBLIUBKERZEEINTW W, KNS, #HAE
E'C‘OJ{E&:EF&EE‘C@{E@, EB5DRBIZBVNWTHFARRE(LLEBRSN M- .

2.6.2 RE=E

F2.BICEBRENRELTHESNAERNEK O, BIEEMICHE D BRELORES
ZRT. (a) [ZE2.8 (2) IT/R L - Kt B/L=0.168, HHxiRKumAKER R/H=0.238 D7 —
A, (b) 13E2.8 (c) TR L /=% KIgHE B/L=1.178, M FKIMKEE R/H=0.238 D —2X
TdH5. (b) TREEEMICEDXENBKELD LICRNDKFRAEML TH
SDITXL, (@) TRAFKICEDEENEHL T3 OOXEE I idhTMICn
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H2.23 HMAZEECHI REEOEREL

0.5

® t/T=0
i 0.4 F o t/T=1800
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% T=20s0r25s - 03 o
p=3 X o
S [T=16s T=1.63l 02F 0 ¢4 o
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! ! ! T 04-"3 %
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B2.24 EHREBEDE{ 0 001 002 003 0.04 0.05
Ho/Lo
225 RU&FTEFTRICERIEE
BLLHoaRHEOEL

TEOHRTHo /D, KEBOERMHMIZEEE-> TS,
—ROTr—ZIZBNTIE, BL ORITHT 2ENEOB(LER/B D=0, K2.241T7R
TEOICREEARSEH S EIBBPRONEIC, EROBRELEBHSEIEE (KH
#15em) DWEARTEZOBLER L. 22510, N5 ORETHAEICES
SHEBBICE S KAROEB(ERT. SHEIASEORVIR THS. RFOE
MEEHMORNER, HARNEEHEORHETSH D, ZOMICHELSHREL TH
3. BMHICRTRENEN T — A0 bONEETNTEY, T 505 —IREEHIC
XORBERBKEL D LITBNEZT—2ATH Y, FOLDIIHEEHEZEORFRITEL
LT3, £k, XEEEOBEANEN S ARBEOEN Ty — X ITBNTH, HEE
HAEO/NSWEICHTERRRTR S EELL TS, BHARNNE NIFERNR
MAELRBFEANESNZH, THRESOHEARICHTIRREE KL TN,
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0.3 0.3 T T T

/T=2200

0.1+

0.0

02 04 06 08 10 “T02 04 06 08 10
f(Hz) f(Hz)

B12.26 BABBIELICRERBEDOE{ (B/L=0.132, R/H=0.238)

RERGADERSERIC BT 2 RH IR F— & AHI XL F—DHOTEHEE L
TEHINTRY, M2263RNRE ARKONEELTEL, SERETEORS
IRNF—EARIRNF—DHOESBELTROEBDTH 5. A ERSESL
ARRAIBEZRANIBIIBONTLB3HOTHD, ZORISHS (1976) BEERE
ULTRUAEEHEHERLTWS., LML, COROERICBNTIZIARY MVEOREHIZ
EBYBARHEORMALE > TRATNS. UL, B21610R ARSI ERIC
BT —ATORNETH DA, EYPAREEREETOLE LTERLHSICEL
MM D EFABIC, EEARKTECRNRERTOEARBLIZRS Ao~

2.6.3 JAE

BI2.27iC, BRBLMERHORGRENRE L THIE T N-FBRKOMEEHIC
PSR E(LDOREFZRT. BEERUERNBOBBEELERA—Dr—XiZB1T3
BHDERTH, (b) OHMKEENAZ Ny — XA TRRENKELD b EIZRNSZD
THARDOHEITIBDL, () OHXMTHEI/NT W — X TREIES S OEMAHTH

0.3 0.3

02 02 r

0.1

Kt
T /
Kt
o
/

0 | 1 1 0 ) 1 .

0 200 400 600 800 0 200 400 600 800
tT T
(a) B/L=0.168, R/H=0.238 (b) B/L=1.178, R/H=0.238

227 HEHEELCHASZBAEZOEREL
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THEHFAROEIIMBERZERT. HMOFr—TBNTH, MEOEHITHENE
BROENHEDTDr—RAEH2H00, BFICELL TEENOFBER K E X
Br—Ride<mhok.

3122817, M2 24T R T LD RPEREAF I EALT — AR BT 3 REEHAMEORE
OEBROELZRT. BERL AL, KWBENENWTS — X TIEHEERICK D XH
MEKELD ® EICBENZDOT, REEOHESLIWIZ, HImEHEOFBERIFETL
Fe. S, BTEOEBICHENEROROWENMELZEETRX DM, BREAXESTH
AKETFIRELTNE20, ATEEOECREE TEN TR ENSEFREAEL T
5DTH>T, TNSDOENS RSB EXRFOBKELNDEHIBIFEL 2. LK
NoT, E<BROBEDIBLD—DDHEDHFNSFELNWRETH S EOHBHIITE
723729

EEERLEZVY, BAREFARKOBKELTERL, EARKILOFZABAIXIV
F—EARIXNF—OLUOXABRE L TEAREZEEL T, REROHE LFARRIC
REDOEABREICER L THRBROE(LZA LMo k.

®2291z, KA TRENS Van der Meer (1994) OB BBOEERN & OB ETRT.

K, =0.80 for -20<R/H<-113
R

K, =046 - 0-3§ for —113<R./H <1.2 (2.11)

K, =0.10 for  12<R./H<2.0

ST, RIZBKEMNS LEMEZEICE>THBLAEAREHETORETH D, BPFE
TEBEL TVAIREKEREIIFENE £S5 EXITRS. R Q1D E, AFEEEERE

0.5 1

@ t/T=0 O B/L <0.1
A 0.1 <B/L <07
0.4 b 0 t/T=1800 0.8 F 0.7 <BIL
Van der
03F o 0.6 r— Meer's eq.
< : [y <
0.2 F . . 0.4 & g
00 %i
ot r o0 3 g 02t
o} o]
0 n 1 1 ) Q 1 I O o
0 0.5 1 1.5 2 -1 -0.5 o} 0.5 1
B/L Rc/H

2.28 RBG&TFEMBICERIEL 2.29 Van der Meer X & D H &
BRICLKDIEAREDOEL
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EROLE L TERINBABROT— IS5 BONERINTH S0, HPOXE
BREELEHOLEOSRDEBDTHB. 2L, 2ERIT120 DEERE 2 REDORIE
ETHF> TEOTRAEFOVEMNESENTNS. BEHEY, &<ITEBRIBNT
BFEKBATOIRNF—EBENERBEBECAREZLS<FLSTIOT, ZRBIIXIRBICY
BEZTHITTHAARN Q1) IR EOPREIEEN TR, KIgBEZELEET
HERET O EORIBREEROATH 34, K2.305 5 FBEBDOMEIZKIFRICK DENAM
HBZEMESMTHS. £/, Vander Meer (1994) I3 KIRIEB LN BEOEEZ D
ANFAREFRNOERL THEA, AEROETIIERMIH 5 =D —HKEZEN
(Araki et al., 1999).

Van der Meer @ 2 DORIE, E< DHFEFEOERERMN S HEHINEERRNTHD
2, ARBOFMAHEE L TERKNICHEKEATOIRNF—RBEERLEFEZLK
HITRRS.

2.6.4 IRIF—RRE

IRIVF-RHEBIEG - (KK ELTHESNDA, CNEERE (MBICRANES
EHEBEHOUTHROM) NRNTZIXNF—ORSGLEIILHTES. BRED
FOWREL LU TLESABRRIRIVF—RRABLNIEIBA A—TILPTNOT,
CTRIRINF—FINREER. .

K2.30iZ, 1- (KH+K) ELTHESNZIRNVF—R/INEK, ORREERLERT. K
RARBLIVFRBRORKENLERLZDOERA—DT—IXDH D TH 574, M KHE
DENICKIEBIENEERSNT, EBEHDF—RICBNTHIERITHWEEZRL
T, £k, BEOEENKEN -7 O0) DHERREENRRKENT—AITBNVTHT

10—-——0————0————0———«; 1‘-———0 < & -9
08 0.8
0.6 0.6 L
N N
0.4 | 04
02} 02}
o ] 1 L . 0 L N i
0 200 400 600 800 0 200 400 600 800
t/T t/T
(a) B/ZL=0.168, R/H=0.238 (b) B/L=1.178, R/H=0.238

230 HMAZEECHS TXRNF-RNEBOERE(L
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"SI0 e BITEORE
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x ® B/L=0.132 x ® ® B/L=0.132
0.4 0.4 F
a B/L=0.168 0 B/L=0.226
02} m B/L=0.395 0.2 F A B/L=0.395
* B/L=0.505 A B/L=0.679
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(a) RAIEER (b) FRAIFER

231 AHMBEOBKCHSI TRXNF-RIREOZEL

FNF—REBOMEIIFEAEREET, BRAL TWEROIRIF—IIRER S OH
IMZENRNEINBELIITR o EEZXBZ I ENTES,

BI231 1, BBNCEmRELZED, JHE, SRRIKEERTIZ600K T D, F&
R SEER TI36007 51200 DO RHAF OR M 2 BEHICRZIZKEL L To 2 &
FQIRINF—RNBOE(ZRL TS, (a) 1FTHAR, O©) ZFHAUEERANW=r—
ATH5. RAKEROBEIFNIFZEEEREMIRSNRNA, FTHAKERIZS
WTBL=0132 D7 — AT ENTREHOEMENFENERL, TRIVF—EER
N ELTNS, BL=022605 —XIZHENTH XN F—RHNERHEL TWIH, £
NI U TBL=0679 D7 —RIZENTHEBA AR ZRLTED, EERKELRRZ &
IXRNF—RNEOEEI—FEOMEICIH L T HANREENS. ZhiT, BEEIIKE
{723 ERBEICED ZRINVF—DRINL EIZ, BT TOREIZ L B TRIVF—HENY
BLTLB3EHEEASNSD. £, BL=02266D7—RABNTHAOEEEZERS
7%, B LUABEEROE EHEEICBWTHER S EARNOEFEZEREIES
&, BEHRICEOLS TIZIZFNHNERABEOEITINGONEIEMS, TXNVF—&
INRIIAFERICKEEKELTNWILFZS.

2.7 EAXROFMFE

2.7.1 FEEFEIERE Darcy MIICEI< BB LEORRNES
BRICXIZBEROTFRFRERELLTIE, OS5 (1988) AFEMUIEE ¥ Darcy Al %3k

BLOBBEMCHEHATZILICK D RO, BKBLETORBRESEEZENI &
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MTED, ETHIERH Darcy RIIIXXTHEEZINS.

oq 1
S P —p Kp ‘[—CI'CII (2.12)

czie, S ={1-A)Cp +1}/2 (213)

Z 2T, CiRfIMEERREK, ¢REEVERE o dMEOHE, PIIES, vidFEE&D
BRERE, K IIERSD2ROLTEFODRKFRE, CREXTIRBEIREKTSS.

HXd0BEKE (BLKEEZRETS) L2 xBOEOHHIERTZAMT (AR
B o=24T), BEADRATREINZEEEEZEXS.

n = nexp|ilke - ot)] 2.14)
Bk B £ D FiikiEE)iC Navier-Stokes FERB L UVESKRZEA L, BKBAOESHITK
Q12) BLUHHERZEA TS &, QR4 TRENDIEBNCHTIHEBHZRNELT
KENESNS.

2 (S + i) sinh k cosh kd + y cosh ki sinh kd

g =
& (¥ +i)cosh kk coshkd + y sinh khsinh kd (2.15)

Z i, =k, o TH Y, kI3 Lorenz DEMHEERAIC L > TRESNEBKBHTH 5.
R (215) »SRVEBELHEC RO BERAIIEERE L ThatfiOHTESNS. LE
Mo T, R (214) TEINIETHIIERICE B2 o TRIENY > TRET 3.
COEBEEEFER, BKEAN (TROLEBREAN) TOREESICLS IR
¥kl 2 ZDET, £, BKEEELTOBERERICL S ZXIVF Kl % Riedel
et al. 5 X Ul Johnson D EERFR M TRHE (KRS, 1989) L, S SICHRKEHRZEEE (1974)
NBENZKATHETSHDOTH 3.
2

HT
8 — s30p s, BUNBERER

gHT2
30= 02 sS0psez, gp?" = const (2.16)
2 2
50=s gHZ' De& HrY? ‘}-———gfg —21/5) = const.
h :

£, HEINEE S M/NEEI R IC & D Radiation Stress 2 B H T3 2 &ick b,
EEKMOHEDHITS.
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2.7.2 FHEER

232ITHEMEFRT. HRRREL BL=0505TH 5. HEBLCFHKAIZH/N
RIERERZEA LU THEINIMEER TESTE L. £, HPICREBREED
FEEHMENMER TRIN T I NEHOME S IIENRTH 3.

BREMN S ANT 3 RBRERHUEEOBRKEMICK D EEARLITEAL, BREY
FIHEHETOREICLVBRELETAECEENRDOLTNS. £, BERICKD
Radiation Stress D ZZM A]JECASK & < 723 /=%, BB E{HL T D wave set-down B K UK i
M5 EREITOREKMDO ERNHEZNTNS.

23312, HEINEHBBRK SERTAUEINEERK, O, BLXUGFEZH
BB ERTOREKAY, S ERTRE SN BRER TOREKA, OLLERT.
BN KHETH 3. JITIE, AR IEREREFOTAEERT. BEY
B TOFEKRMITEL TR, HEEIEREZOPBRITHEL THS. FRRICEHL
Ti, BLANS WRE TR HEEE ZREO—RERZE @R, LML, BLYRKRE
BB ONTHEMIZRMEEZB/NIFHET DL ITR3. ZOEFIIIBNTIE,
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P - ERBICBADSTREOBREZR SRR TES LLARINTVER, SEDX
IBBEEPFEHKITRENT =X (HMRIWAKE RH:0.667~0.357) IZBNTIEIBREICEK
BEIANF—BRBITONTRIHZMADLENH S LEEDOND. e, HMREENE
WIEE, ZRELHEEOMORENS < ERMINI LD —BENESRILEISN
3.

2.8 EE

FETHE, BAVREBLIURAOEBREMRE LKEERZTY, BIEEHERIC
DNTOEMKIERE, Rz, BEEHICH I BELLITOWTORNET o/, B
OEEEHIIDONTIE, INETORE LRIV ZD, KRS BRURHEZEE
(CEE U TERNBBRE BT . £, NENRERD S OBRAWHREOERNR D
FHFE BLUERNEZERIIE TV ABR L TOERRETUEEN S BEROETE
HalAH 7.

EETHROSNEEREZUTICENTS.

1) BOVREOHEHEMEIDROEY AR, #RE, EE, RO I DK
HETHEIEINTES. LL, HENRRESRBEZLERRBENVELDLTL, B
TOERMDER LIZRIRB T &ntbio /.

2) BROWMEEMIE, BRICESNELZXREZL LABSORME DT —X 20N
T, MRAAOBREBHNERL, MAERE OREIIRE LA 55 NiZRER
HETEBT DI EMNbMok, £, FIHOXREZRKREN S #KE, #
KELDE, ERLCHLSTIIIONT, ERTIRAOBEAE B HE
SEERAMICELT 3 &Mtbhoz.

3) BEATHICKENTES, BROXEESHHCERNE, BREOFEGNRE
LICHERL, REAPKELD D LICEHNS. LAL, KEERFNE, AREA
MICHE L RaNRAREICE TET 2O TXRO LA EE TR,

4) FEONENEETHERENScore ERIROKRKERFBEATEI A TOBIRIC
BWT, HEANREL THRHEOD core N —FICHHT B 2 &z, &imE
ZRI—NEORETERLEBROFEER LI EAEENENS RN &M
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Moz,

S) ZREEFNEANWTHENZB AN S FHEAR O FUNOER ORI 2T -
. BADKES LERAMEEAZHENH LN, ETETO—HEMNR SN

6) WMEOEHICHEIHMERSE, KR, FAR IXNF—REROBEIIELA
ERshizhoik. K, FTRAREREZT > EBRICDWTIRAREMRS T &
DRHERB, BRBORRBT oA, EERERZECINWI ENON-7. &
NEEXWFESDOBRLRNEN oD EELEZIOSNS. KL, RuSEKEX
DHECETHNS LIRS — XA TREKFROEMEBREBORDNA SNS.

7 FBKBATOIRNF—EHEZEZBL BB TFRFERICLD, BEBOFHZT-o
. EEFICHERRENSSBEETIMEEMRHD, FICFHABEIRKDLENREKIZ
EBIRNF—BEOFMEAFEORMNBIVETHIEEISNS.

SEXM

EAM— R F- FEREA (1999) BN N ZZTE/FLOERCOERICET 5
BAERTRRE, 3549 EERFENMRRSMESR, pp. 826-827.

Feokieshs - FEERR - O —ER (1996) : BISE 2% 58 L 7 S B RS 0 SEE 4RI D
WT, MBEREIERUE, 433, pp. 826-831.

BEHE— ML #-RLEE - BlEEE - XS £ (1992): KEBRFEZE KR
T EWURTOEHEHBEREOEIZONT, BREIERE, H39%,
671-675.

SHRE - BAKE - BRZHK - FH ¥ (1976) : RRAAUBWERITB T2 - REED
SREHEE NS, BMEIBTERE, No. 248, 24p.

A FSEE—E K & (1981): BEESE LIBT3 RIERKOREBR S
SRR, 5528 BT EMINSH A, pp. 352-356.

AR F - FE (1983): BEMRROHGKTERINCHT 3 LRNPIE, F30H
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W LIRS SR, pp. 361-365.

AR -0 FE& -MRIEAQ984): FHAKICK3AREOMEBRMYE, £31H
MR T EME S CE, pp. 562-566.

A ¥ HO—8R - MEFRM (1989): BABROHEBRBENR L EOMRMEICON
T, BRI FE#HUE, 5363, pp. 633-637.

HEEMK (1974) : 3EREER OEK — KB, KEOELT2HE—, FlLEERT
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4.1 ®&S

BABEY, REZERL TWABAOTERBRAULOBERICEVEGRBEHL,
BMESERL TWL. BEANSN3RHTE (Hudson, 1959; AT Y —T7DRED
F5[E, 199272&) T, BREEEOBEINHAEINIDATHAREHOEHIIHE
ENT, BBEARINTNS. LML, BEHMEMITREESRLICETL TN
RMOBNEENTH Y, REOREMNBEIL =51 THEG OBEEN DN B DT TR
20, —&iZ, EREAD 2 KTKEIENT, BDTERLUABEEERICEZERSE
3 EESRLICERL TR, +oRREUEGRAT 3 S EUET L2, &
HOTHMAE, ERNESLCAREOFEICKR C-FENEICET S T ENK<AS
NTN3., INEFRIC, HMEBEOKZNVERATHERINCEBEDICTDONTHIMAIAEL,
RODREBLIUVARKOKEIE C - PENTEHRNEET 2. REHREB L UE
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ESFROTEREZ T T/ L AEESHEORERERY, —ROEDOBREHEREE
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LEESNHEY T, SEEORLTANBATED, SELHREOBINHA/REINT
W3, ZEITHEENSIT, BEABRICHRERL> THEEHREFELERIHITOVTHE
RELEDS.

4.2 BRHEZREFICLIHAERHA
421 BEHEREZORHE

2ODHANEET 3 & &, RAREM UG TOUSERORE - Sk
IKNVFEF—%2ESDT, T2RHUNH REEIIZIZSZN. FIT, ANERETREER
(CITRED BEEAEESZLUTEROEHIIZEAT, BHEICL2BGHOHERE
B, BEMEICEAINERMEZ T > ONRERK MYy aRy b (B
HERFERE ) TEHETS. LT, KRN (MNEE D), EEE—X2 b
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UEES ¢ ICET 3 EBAERIER ¢.1), (42) TEINhS.
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(1+1)p+ nrzq') + Krch =0 (4.2)
™ (41), (4.2) ZRER Ty T ATEMEMT S ERKXL, RAZMu s o ZRIAT v
TICED BFOERN (BE/NRERES Y o Ry MK BERN) OBREEE
HIELUTEKRFHEL TS,

422 BAOERHAELEMBOANEMEXUERS

(2) Bt

TS TRETE 2 JOEOHEAER S T &0 S, BHEREOHEIC B TRERHER
£T5. BREREEAIOKS DL, BRi RER) LER/ ERr) DR
BERRATEINS.

r; +rj b2 R] (4.3)

=EL, Rq =J(x,- -x]-)z +(yi "yj)z . 4.9

(b) BEfREDHNEN |
Bl T3 2ER, jOEMEICERTAIANEZ 2EROHMNBMNMISEHT 3.
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=lEL, EXRMOZBRARBBDRNDOT
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L7 T, BRI (BT 2 ERABMOBES SN (e] BRUKEEH S [d], (BERITH
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EEL,
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4.2.3 EHFEXOEMELCIR
X (4.13), (420) 25, FHITIER/ LBEMTITXTOER M S ZIT 3 Bt A1t

RDOENBDT, KA IZBNWTERITERTIANOKEEEKS [X], HEFE
R (2] , BEUFRDEDOARE—X D+ [M] IR THEEINS.

[x,], - 2{-[fn1 cosay +[f, ] sinay | +[1,] (4.21)
[Zi]t - Z{—[fnlsmaii —[fs]r COS%'} +[f,]-m,~g (4.22)
[a:], = ; {‘[fsl "i} = e JE_{'[fs ]:} | (4.23)

Tk, D WERICEMTITNTOERCHTARUEEL, [£], [ RENE

FKTEATEA S £ CRESRE 25T, EREABEEEL THB 0T, FItM
EXROEDEAL, AHE—ACF [M],ICRFELEZN. ZH5D500ER @),

(42) 25, KA (KBTI ENEENRXTHEASNS.

(6] =[i; ], +([X:], /) 22 (4.24)
Wil =lila +([Zi]t/mi)'At (4.25)
(4.26)

[o:] =[@:]-u +([M,-],/I,-)'At
T, LRERIOBEUEE—AC T, BEERpETDE ;o2 TH5. BRI 1IB
BB, (429), (4.25) BLU (4.26) EHMR T v 7 At TEHS L TRRTE

Eh5.

| Aw; | =[], - Ar (4.27)
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| Av; |, =[v; |, A (4.28)

LA%‘ J, =|_¢i_L gAY (4.29)
R (427), (4.28) BLU (429 NS BEROF L WIEMNRESIN, Tz, ZOEH
HEBER DS M ETOFLABMEHMTEEL, BTFHOHENEMNZ KD 5K (4.5),
@) SDHEERVET. TOLSICUTHHEAERIZHES TNEFNOEROER %K
HTnL.

42.4 HMEHEBEBHXFyIORERE
(@) INREK

INRER K O, Kl - BN (1983) DRIRED L
REGTHIST 3 S D SRR L TRAEME OB OERRIC
EBHE-EUHMROAREZENS T EFRRLTVS.
LTz OBEEEHAT 3.

43I RT LS, Yo U/RE RPYVEHvOESEL W
2DDMEE (¥Er, r) NEFASUEE B HEq
TEMEINZFHESD, mPRONS ORETR 6 & Eig o1l

FRENRE (430), 431) TEAS5NS. 4.3 BIEFEOER
2(1 - vz) .
q (2 4n 4r2)
§=———LE[Zy L2 .
n E(3+lnb +ln (4:30)
2
2 _ 8 nn (1-v
° 7”1'*"2( E )q (431
LMo T, BERARONIEL K, RXRTREINS.
K =86 _4_ E
" bu, 6 21-v?)15+21n(4r/p)) (4.32)

RFEL, rrr=r&7d 3.
CBERAMONRERK MUY, KITHTEERRs2EAL TX (4.33) TE
Ry3.
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K, = =s5-K, (4.33)

(b) KM R

—7, RHEMEERE n OfEI, BF - )10 (1996) RRERK VA DOHEOEEE
EREELTNS. UTICEOHEEERT.

BIFMBEEICHEL THRRNEBESRAKEEAD &, BFMFORFOESHFERNIINTE
SLOWELFALCEDIIR @1) TRINS., EEL, ITTIExiEsEHEBLEM
BERRETHIHNTOEBNOELETHS. X 4.1) 2HHEH =0 Tx=0, dx/d=v,
ELUTHELS &, KRB sN5.

V; . .
X = ;exp(-}’wot )Sm(qt ) (4.34)
7=7EL
0 = ‘/5
0 - (4.35)
Yy = 1
T 2dmK (436)

q =6001/1-72 (4.37)

Ldis T, BFEBEmOREAET T LEERIEEL 20/ DEE % L, &7l =0
THEL R FII R BB D =p/q ICEED SEENS. TDEXDOHE v, IR TES
nz.

V0 = Xlpamyg = Vi exp(-rwor/q) (4.38)
ZDEE, REBRBIIXRNTERTES.
e = -vy/v; = expl-ywyr/q) (4.39)
R (439) 5, RERBERME 732 (440) 725,
y=- lne |
22+ (Ine)? (4.40)

CHER (4.36) TRAT B LIk RANBELNS.
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n =2y AmK (4.41)
LcAi> T, MEBBERE 1B TOERn, NIXERKBLIUVRBHRE25XA5C

ETRETHIENTES.
BERA M OREREREK 7,13, X (4.41) X DEERBEREIVNRERDFELRITLL
ATEIENSRATERASANS.

s = s 1, (4.42)

ORiLVS VA
BN ERETIEIROLEE L IRENBMATy TICEDTHRTH 5. BT
U KERMY Y ARy b nEETS I HHEOEHABRIIARXTEENS.

ma+nu+Ku=0 (4.43)
CORBMARICIBNT, o LbEEMNBNDIIARMNERDILDEETH 5.
n=2vmK (4.44)

Z3UZL, X (441 KBNTRERK =0 L L-BAITHY T 3. Cundall (1979) 1ZIER
BIOWEICK> TECIRNED ZHEOMIBESI RS -DICK@EMM)DOREFZEZA NS
&, T K@) TESNBLSIINX-HEBEHROEBFRIKEREAT Y 7
OREDEHRETEZIELERBRL TS,

At < 2.‘/m/K (4.45)

UEDESIILUT, DY /EEERAB&ICED, NXER, HERBERESD
FURHATy TERDBZLEMNTES., LML, TOKIICUTHRETS &RMEX
Ty TRFEEITANE <20, HERHOHAPHEBONDBZNER I NI BEOMN
H3. BF-JIO (1996) I (4.45) HAD VIOLLTOBEAT Y /12T 5 2 & TEE

4.1 HEUERETHWEEX

KuJ/p£=7.00 X 10°(cm)

NEREXK .
K/pg=4.00 X 10°(cm)
R A /o &=9.40(cm 5)
mloe=7.11{cms)
353 u=0.6
KGR e=0.0

Refilistepl g . Atom=10"(s)
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| ERENOHE f¢—
¥

EHAEXOHN

44 @EHNEXRZOZO-Fv—F

MORURHEETS ZEMTEBLLTVNAE, ZRNLKEZT v 7K % LiTkD
D5, BEEBHEMTADLIBNXELBLUOHERBEREERET S Z &0 —#&
b TS, TITH, R4LICRTEEANVWE. £, #HREIR4407O0—F v —
MIRT LI ICBBOREH TRRENEFICES TS . i, FHEITANIRERE,
L JEHEOK TR TH S, KERICODWTEMNE, EXTHERNOEE, EREAN
DEEZTY, EROFLWIEZRETS. TXTOERIIDNTOHENKTIN
EROF I step iZHD, RROHEZRDET. 2B, EHEAICDNTIE, ¥Rk H
0 (1997) REFMELEEN ZRWTHEERAMRAOERARE 2B E, BEHK
ROBHEHMCRIZTHYEEASHILTNEN, CCTIREBEEHHELENIET
AENEEETAOT, THITDOVNTIRAETRRS.
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4.3 BRHERZLERREEFROEI

B TARLUZEAEREBICL2WEERIER, EERNNTHIEN (EENIIE
WE) EESARTIISHETE RN, RFK T, 5§ 3 ET/R L /= Bousinessq FEIIC
EONWAHRKEBEYRIORBERMHE LMY IED L TREZSATHRAORY)
EZHETIN, £—4T, RENENEHLTEILICKVEREROBELTS. £C
THEH TR, BEAEHEEBEMOMEEAZER L AHEEHTHET IV EEET 5.

4.3.1 HEAEKORZE

ARBERICE > TEHLAEFEHICL VAU 3 RBEHERRT 320101, @HER
BIC K3 HETE S N MEHIR £Bousinessg FERICE O HEBEERFHEIZ 74— K
Ny Z ERAVNERSRN. UL, BHERRCIINEERSERS /5T
HICEEROEBNZEBH L TS FETHI 2D, BESNLEMERELICBIT8E
RONBIIHEEINEN, LEROERELLTERAEINIBEYOT—F (BROX
WAKESPRARORERE) REBIHEINALWN, FIT, KO LS ITERMEETHEZ®R
ELx.

EREHHEICB N TEEEAMEIA=SmTHEM 5, D2 &b 5 cmBIETE
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ERWENRY VR ERATNS. £, ARFOKERN, ZANRANKEEED
DEEEBEEH Van der Meer (1987) iZLk > TRRINTWNS. KEHK N, id Hudson
RFD K, ERRICEBERICEDONTED DI ENMBRBEEINTNS. BEEN, &
Hudson XA D K, & OBRIZIARNTEREIN 5.

N, =(Kpcotg)¥° (5.3)

W= (5.2)

() FZ5DK ,
ALY —7 ORFOFEFE (1992) IZiX, F£5 (1988, 1990) OFFEICETFDEER

MATEKEBAL) VB ORETERHER L L TREINTNS,

—\3
ps(R+17,)
w=K, 5
L 3 cos3¢ .9
K =S f Ky (5.5)

I, S, BEERK, £3RELOKFEEICHTZE TR, K ZERBRETS
3. ZORZ, BOETERATIBNEERGOERO DN ENRGE D &IT, KEERD
SEEBESRGZREL TESNE (5:09) D TH IR, EREFEVE SN THREZED
HAGENROLIITRETNTN S,

- RIG/KEER : R/H)'> 1.0 £7=1d R<0

- BRSUKEE A : Hy/l>1.5

- RIGKER & BESUKEE : R/H,) <0173 D H,/h>0.4

5.2.2 MES |
FITRNRZ TN S DRERIL, DTN EHE O BRRECHEM OROHRD,

HERPEOOBBEAKE L TRINIZDTPREEEROEBROESNIN—D OKK

CEEDENTNS. £, BARMEKICELT 2005 ORERidstaticiz 10D
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DEVWNSEANTEYD, BUEACKAITHTI2HEOHKICEIIEE TN TR,
E, AHOHMELERIN TR, 5, I<OTMEHEERLMFEINT
WIEWEWT T, R EEL LOBEM OBMNEL L Z2OBBEHOXEEIZTDONT
BESEBNRINTORNED, #EY ORISR OXBFHEIC K> TR EED
EREHSBENRHS. TNOX, TNETICBE LRSHFHERE DT & LTFHTD
N, FEHOBBEZEBIMALDIELTEREEISNS. LML, HROHEEHERD
BEZL>TLTHREHADNT I EOTERVESNHSDRMETSNRNT ETHS
DT, ATHTHHAT SDEBANRH B, Lo T, BEYOEREERICANTH
ARSI ETHIHMERTKBERALTEMNTHS. £, BES (1987) BBERLTWBE X
ST, BRERHANTEIEREZHALLZOLY, BOTENIUARELZVEEEBICRL
TREFEFETIELRENTEYTH 3.

53 BRADBHEEDHET
5.3.1 EHESHRHELCONT

FE T, BROBERKHNENEICEZMT, £7, RE0HBHICEE LEEH
BROEELZRSZ. REORFI THN SN TNIRERIRRKITEDSNEZHDT
B0, ANORERRLPERNDIIS DEHDOEFNZINTNARNED, BEYOL
LHDESNERLTNAELIFFIRN. LAL, FEARETREEEREZEETY
370, A—REHEITH L TR SNEEEMRA—DRLUEORBEEZ/F DL S &M
RIRETH 5. BEERIITIIIDOLRINSH D, LNV 1 RS EZEREEAWE
RERBHIZHE, LIV 2 13REE R BB T 2 AR ORI L O RERBERE RO Bt
REERT-EOS, HENKOTHELEEREN SESNIRSEEEL LIRS
HE2FETDHE, LN S IERBICERT 3 TR TOERORERRE KR LE
UTHOMBRRZEBNETIAETHS.

LAV 1 OFERBFRERIHRICHSL, a7 ) — ~ORMa&ar& L TERN
ATRHVWSNTS. Sl (1985), #A (1987) B LT Ronold (1990) (ILLHHE 8
ERWELNIV2OFEEE, £/, BEBS (1995, 1997) BL NV 1BXELRLV20
FRICEIRHET O TS, TRTOEROBERFHNRFEZEETE NI KE
IREHRTOL NN 3 OFENHEA SNEHEMIFZ LA LRV, WS DPOEKDH
DRERFAUNFE L AN TRIBRREZHET 3 LAV 3 ITRU AFEIZEOMOWIEE
S5AfF> T3,

ERRICBNTE, HOOBHICHOIEENIEREREL T, ERERERTO
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WED2DZ2LDHDITTHRIBREREEETS LIV IICHBUAFEETI. i, B
FREIINETHEVBEROSNTVWRNWERTH D, XK TIE, MENEFETE
HIEINMBEDEOPRLED TEBEROES DEE2EET 5 EARAIIONTII,
WAERNICKET2RBEOREAE B L TREFESMHE A, —DOERFOFRH
AEIZEE U TidRayleigh ST 2 NV TE BT D Z EANTE SN, T TIEHAMBEZEFO
ELTHERETOED, I5D&%2EAT, BEMEEILTIRDES.

5.3.2 ERFHEOME

HEHRBEDNSBAOBHERRT A0, BEFREESASZ I EMNRELR
5. LML, BEOEBICHT2ERAE L TREGHOBRAZIT TR, 236
DEICXZEHNHMLS. £IT, BEEZRAET, OEFEDITLTE RN LU TH
ffiTadZ&icLE.

BASLEES FREERAN,ICHATIHTRRTEINS LT 3.

F = AN, (56)
ZIIT, Li3EIEERRETH 3.

—F, hASHhEOEFEEAREEFAN,IIIMEERT, REOHR, a¥I>OER
DEENORKTHILEASNEN, MAHEDEOENN FD>EERN N, ITHAT
BEFEEL, DAEOEDOEINNARTERINI EBNW .

F, = /2N, (5.7)
ST, LRMBEDEOENIZEIBHEK.

LihoT, BAEDRERAN FERRNTETIEMTES.

F=F+F=(fi+ )N, = fV, 5:8)

CODEIITRETBIELICED, BSI1OESICRABEMD MIFEHRERL ITET,
BOhNBs EXLRODIAELEAEL, TOEERZLEZ L TEARKERDD
TEMTES (Fanf). £ix, TNRERMMOH2BAEHF/TELTOENZ, MHDIRHW—
RIRESETS LAMELTOHIEERAICEERAZILDBERLTNWS. ZITH,

{51 ERGRBOMESE B52 BEAGREOMESH
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DHIEDOEOYROEDBHITH T IERENI BRTREFIRRERR LT
3.

COFRET20EORTETY, RS2ITRTHENH2E. HRIIESRRDHE,
R BEE n 2 R TEEN EHMORMIBATIRLUETH 2. FOFHGME u i3
145, EWRE 0,120.487 T, FOKXZVEEBRADEDLAD ARV KZNA, EHSH
EUTiRoR. HPICERS MR EZRTRY.

5.3.3 MiENREODOHRE
(a) Static EF)V

HEREBI I EROEARETAVATES LD
TiiFhiFsizndg, ETHDHIC, JAlESh
REFREEFOEEDOHTEMNT DI
FEBEEEZ, MS3ITRT LI, BADE
BEEROD IR LTOES)ICE SR TR Static/z 10D D &1 S HEAERR K
ERETS.

BOOBHIIEDSNE, HHEDEONREEALERS, BEANBIUTEGD
ERTH2. AHBHNDHEL, #EARDONDODDENEEZS  LITK D HERER
B Z2RATEY.

5.3 StaticET N

1 : .
Z=fN, +kgzrp,gD3 smﬁ-(f} COS/3+F2511113) (39

L Ii, PREEREOGRE TS, £, KIREOEBFREETRKT, MEFH
SO L2+, BEAMBBOL S 1225, £, NISEN 5 OBHAH, F,
AT TENENRATES NS, |

1 )

N, = gnpsgD3 cos B + F, sin B - F, cos B (5.10)
1 1

E = ECDpnglax 'zﬂDz (5.11)

I, pIKDEE, CRENRE U, W 3KEAEKRFREEREBTDHS.
KEAFAEHIHETIREICEIZEROMVELZZTEN, I I TILERRRIZEE
TN OHEERT o=, =, REFMEHFIEZKEFEAESF,ERMEEL, o
EHAIERE L TARREREL.
F, =aF, : (5.12)
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(b) =RE&EEFI
FH2ETHWEEREETNVEAWT, BIMEEEEE L S HERKERETS &
MAJBETH 5. EB@NEn 3 HEHBABRNIEA—TH D, Rocking EENIBENITIEZZFD T,
RERIEE D, ITHYUT BB (x,,) BELHEZTBHMEHET S LS ITKRTHEL
7.
Z=Xx4—Xpsp (5.13)
ITIT, rIREOKEAMOENETHS.

5.3.4 FHEFEX

BEREROEEIL, EFHNVOBRIIKOTo . BHRRKENEDIIESI NS
AHERREF DI IREREAKEREZ Y, $D5—HDOFEDITHL T Z0 THNITH
B, 20 THNEBHEY, LU TRAEOBBRERERDE. 2T AV OETOHE
BT3BV ELOERILESKREEEL-DICICEE L. £, HAKRKCGIE
B LETORAUEZT >7KEBES (1991) ITLEMN0T &L,

i, ERETTFNVICR, DHADEOMREGAFBARKEZOZETRIAND
TERTERN. FIT, EFREROUMEFEICETOTRO K 3 IT&A D BEEREE
RELE MESN=HHRICE > TRESEANEERF DO LI, THEAICHL T,
ERBEVNEEZHD D ETHEARLZHMEIE2HTERVERL (BEITIAEE
B'ET D), TEOAEDER: anf' PEFIRBOFHELASITEL KRB XD, #iEE
MO EBREROEEZRELE (ZORBETIE, HBILENDBEBRREOEISDEEEAT
W), EBIT, BIHEND ERRESERAET D EEELT, anf OBAEREMN
EHREOBRERZ0ABTIZHEL BB LS THIEENY EEREOBERELZREL
7=,

UEDXIITUTHSNEND B BEREROFIGMHEIT0.43, REFEZER0145T
H3. £le, ZRETFVICBENTIE, ERETOMBEIHIEEND BEREARKITX
EEEBEZTE D, HEENRDBBRRROIEZERER L L, TOMOEBREREKIC
DWTIIREEMEE L.

5.3.5 iHEESR

ETHEEROREDZDIZ, F 2 BT > 2 KEEROBICRARBRICREL TBWE
=B —D8BRREDHEZTo /. K542, HXE K B/L=0.505, 3Tk
BE R/H=0.345 D —RIZHBNT, 200 EANED b L —H— OB BRI £ P E & 6t
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B55 BHREORRERLHERROLK

TTRY. b L—H—3EMARR—H S OKEHETAmIC 10EREL 2. JhkfTok
MEHEERTIE, ZEROBRAVNBHLRNE S ICSATREREEZE >/, MIESH
Tk FHEREEEANE LT G11) iTRAL, R (59) BLI (5.10) H 5 Static &
FNCLIBRAOBHEREREL /.

FSSICERBEREHFGROLEERT. (2) NXEL, Ob) MMAPELTOHE
TH5. BIREROZRMERZ, EMNAAOR—HICEELAZ0EN —H—D 35,
200 EANBETOMICBHLAE N L —3—0BSE L. MAUPELETIE, Ry —
AL VR FRICBH TSR ALET S =R BIILE R L —H—IZDWTATH
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oA s U max/+/8Ds0 = 2.43 ]
o108 ¢ \\ N E
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B56 MEZRFBHRECREITER

57 NEORERENSBHEECRETER

B &, BETRTHMBAEICBHL DTN (5.9) DRELT 1 & LTHEEF /.
£/, RigLTREAEAMENZ0, §R2DBEa=0& L, HMURE L TIXERE AR
HARICERTAELIiITa=033& L7k EREFOEF S5 DERFRENS, HEEITRE
E, MUMEEESICIZTEREOEEELEITNS.
RREHIBERRIIRFTYELMS6ICET. HPFOREoFRESINARED
HETHZLERT. () FERRKOVTYERUVEBRENRIITEEZRLTED,
THEHEOEMICE > THEBRERP IO L, TAMERZORDITHE > TPABHILT
W3, (b) RNEOFHERVCEBRENRIITHELZELTEY, YEEOHEMEE
BITPIIWDTE0, HEFRZOEHICLD PLOBITZEAER SN, AIEEH
IR B OEREZT 0,70.172em T, EEIREIT 0,/u,=0.115THS. —77, MESH
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JEEBTR B O BERZIT 0,=0.487 T, EBREIT 0/u,=0336 THB. ZDKIIT, B
BOEHREKIERARROEHREDOK /3 /NS0, P,OHEIEHREKOKE
WEHNREICZEI N, HNBOES DZ O BEIHERRICHNCII <R TS &E
A5N5.

COIEERASMITHDIT, MSTICHEORERE 0, NEHRERPICRIITY
BERY. UESNEHREDME 0/0,=1.0 DHEEIR, o, OEBTH L TPITIFEELA
EBLIRWR, oINS BBIZTINT, TiRbE, BRREROEHREN/NELZ
BIIDONT o, DRIFTHENKEL R >TLB LRGN 3.

Kiz, SHEEFNICE B REOBBRERE Sutic E7)) & DHBERSSICRT. K
MEDHEAZNRELVLHERERET, SERMEIKEFEEOELRTETHD. MAS
(1999 12, ZREEFNICL I BAOBHREROHRICB D TERKICBLT 5HN %
TEL TN, I TS 3ETRLU = Bousinessq FRRICE T KRB EIC,
FERTHWEEBRETEZHEATI L TESNIRERBESA THERTHR. £
=, TRITENEEADOZEE ST 2. KHICE, H&DOEDIZ, XE2) BLURK(G9) -
NSFHESINSZBREARINTNS. K (5.2) ITDWTRE, RAIEERIIBWTEA
NBELUIRHIBREBRBRICEVTY, FOLXOBRAKFZHIC, RBEHHE
M 53RE DR EOMAERMLORAREREOEITREHELZ. X G4 D
BT, ERICAVWEREOEENSBAKREZYEL, KBEERSEICIDXE LD
AL RO BRARBEIREOES TR EHEL 2. KERKS,IAL) —T7&EHOF
Fl&E (1992) iCfEW, S=09& L7k, £/, RHFRHAEOLOEEE, F+F3HA
HEEUHEOZEBEERT. ZRETFIVICL 3 ERERIE Static EFI)VIZ X B3 ER
REFRDOEAZRL TNB DT, staticEF) EFARICEREROBREMZEZFR TETH
HEEXSNDN, FNEHOSHE2ER L EBHEECONEIDOEERELTWS. I
i3, BMREERRLEBRTHILEASNE. Tibb, sutic/RRERRE EE S

€q.(52), Ns=3.7

- static modc}

-==- 21K (B/L=0.109, Fp)
=== ZM{(B/L=0.109, Fp+F)
— ZIR{K(B/L=0.168, Fp)
—— ZH4K(B/L=0.168, Fy+F)

Ak

1
2.0 2.5 3.0

5.8 Eﬁﬂh’??)l«# Static ETF N EDHEE
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T, FEBENEET IO TRARANI EZ2RBKL TS, =L, AFHKO B
ICEkBENBR ST, FTAREEENHEEEL ZHEE, saticETFIVIZKDIHH)
BELIDOBREEEINS. e, ARBAMAENE D AREDRHELVKE <,
EBUEHEHOTFENKES RS LD, BHERNLIDKESHEEINS. RN SHERSE
NTVEYN, BTFoRHNCL3BREIIIAROXENSENTHRNED, BRI
LD —DOENRE T NERMOBIITZDEZ I LDDMS.
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BOBHEOFHECREITHESLUBREXKDIIS DEOYBERF L. K59
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= RFERE D, TEKT L b DI RIFTHBEROYEEHNEDBOTHS. &
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T, ANR—RREEEL, FHEERTRUn/VeD5 =243 2 5272, (2) 13
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BEBLUR—ORBREZFEODVDOERELE. () BOTIE, EBREOFEED
KELIZBIZEREOEBAMHE SN, BHROMFEIIMD T 22, &I BEREAK
DIHEITEEH 5 Tt D BEERAKOEBREICIIZLALHEZZIT TN &2
S5, £, 0) TBWTE, NEOFEHENKEZ S R3FEREOERNMML T
BHROHFENRDT 22, RNBOEHEICHDL S THEOEEFEIITFLALY
EEZTTOENWI ENGNB. Zhid, BRI3END ERFREARURNEEEDOEA L
FNSOBBEIL TS ZEMS, IS5 2Z0HENEHLINTNEZIEEZISNS.
IO ENS, BAERBCBNWTREOKREFZR VKD LTI, &200 BEERAEK
EOEEDOEIS DZOEBRIETNIZEEETIIRVEEZISNS. LN T, BEHE
REOHAEZIZL NEDOIF S DERFELBEORETEERL THEOTEOEEHLAA
THLZEEL, ENNEBREROEFTIS DEOEB/IFTORNI&LIZTS. B, KS9
D& I, KFEREXELEREANBH T IFRIRBOTS DEOEFRORETHD &
EZONZN, B4EEIH (K47 BN THRNER, BERICEBES N ARG
HIZBWTLEERICBENT3 (BRMZFICBET3) J&2FEXDE, BHOLDOIRIV
F-REIPBELRDIOTHRAMOREBEHNNEIVICS AR, BEAMORLH
BIER L NBIZR5. LEM-> T, REDIXS DR, RAaBEOBBEZnIERN
5Tidiz<, RELSEOHEEHENIBRDSHITL TEETETH 3.
KHETEZOEFNERECLIHEEHTFAFEE AV HEERICISBEETS.

5.4 BMEZEEZEEBLARFICAIITT

5.4.1 MRERIT L ERME

PERDBEETIE, DL OEBEHMOBBEIHETI2H00, EFHITIZ MEEM O
BE) MEEEINTER, CORRBELET, BEYNE-> THEBEOE(LEEEL
LD TRERRZL, EEICRKSERBOTHS &, FLEFTNOXIC, HRITHEEY O
BEHEEL DT TEABREHDDTH I I ERMEDRRTE . HETIE, BRI
DHFITBNTHHEY OFDHAEZHARICL TR 2TD MEfERE NEAKCWT
nTh3 (AT, &R, 1999). T, HEEid TAEEIRHKT SN LBREN
3. KFFEIL, EEMICH D KEBES(LOREE2EMNE L T HERTOERX S
EEANMIC—BTEOT, BROFOBEIIOVNTERS L, EERINZEUTOHER
REBHTIEANMMEO—DTHY, &, BKEAFCRLABENTHSD, B
FRRBERET I8N GARRBEREMAZ L) bRED—DEEXBZLEHTE
5. MEOHELVTICEET 5L, Bc0ER BIXIE, HEOER) ITXL3BARD
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ELERN, EOBBEOANMMERTAETEIVRELINIBABVOEEMHIFTE S,
ENS T EBHERT DT EMMEAERITHD, REOHESLTICEHT S &, Bx O
HOERATICBITA2HEOEHZRN, EOBEBEOANMMERTIETIIRB LSLESES
SNIWEBRERDIEMNTES, ENS T ELEART S ZEAMEERNTHZLE
ZoN3. BHEYOFEOBES I NIEIHERSEZETHD, HEYOoRBIhsEH
B, HEMOEEE, REHAOAD - HESOERRAZENS, KRKE2DHMEE
HBENEHESIUVECOEEEGFEME 2ZHRL TN ZENREELNEEZI SN S,
FITHHOUMNIEN, BROFEDOIBEEICTOVTUTICAEL TA 3.

- BRI B O HiE - BEHANOBBE O IE
- HERD (i - BER A RERE O Hf
- RN DOWEARIZ MO - RIS B OMERE

- R L O MAERT - REE ORI

- EEOBEETOL Dy —S~0FHFA

IZIZHTEBOR, FRANRENHFETI I ETREEMIETS, SIS ESITHEE
CREZF O EDOLEDTNS. INSOBREDS B, EEMDXRNZ S DERTE
UTEREZED, N5 2 RETE LS5 RS2 RT3 XREND D, HEM
DB/EITDNTIE, TEMRDEST TR <EEN, HEKREH 5 DERT SHLEND
3DT, ZITRINUEDOFRIZEETS. |

AR TRELZRBERIED S ORGHEEHHEFERR, BEESEDBEHR
EDOEENRZFMITERNR, XX INSOEEZRMNT I I LIIFIETHD,
BARBRY=NVICRBEEBA NS, EL, EEHEROWRHPER(ETEOEEHZ S
DHEERANBERZOBRDZ S TREO—DTHE LBIEINTND (HS5,
1986 ; AHAS, 1995) M, HEEIZHWTIE, TNSIZDONTIRE<EF/TE TN,
HEBARA - OHEERZER TS I LIBSBROKRERBETHS.

COHEFEERAOVWTRICRFTZTS.

5.42 ®RHH

TR, BEREONEICHORTERODRRBREANSE, BERLEKFENEOLS
REBMZRIDEHEMAICKDRY. FRIFITBNTHE, XEESAHKELD LI
BN 2RBEHTAIECTS. B34, TOMOMBOERELREL TR
HETS CEMNARETHEMN, COCTHWERIHSETHFEELOLOTHD, &
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(@), FTOEEEmEIIHL T, ARE (i) (EXX5%WE B/L=0.132, HINRHKE R/
H=0.313, WEBEL H/D,=925) 2ERTEZLZOWEMR (K511 (b)) £2RLT
W3, ANE (i) O#TiE, KS.100HEFATHWEARNE (i) OBTER—TH5.
AR () IC&EDARAAOBREBENEL, EEMENBRRER U REEFN 5B
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