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1. Laboratory Investigation on the Overtopping Rate of
Seawalls by Irregular Waves

Yoshimi GODA*
Yasuharu KISHIRA **
Yutaka KAMIYAMA **

Synopsis

Series of measurements with irregular waves were undertaken for model seawalls of vertical walls
with and without protection by concrete block mounds. Experimental data were compared and supple-
mented with theoretical calculations by the combination of the author’s random wave breaking model
in shallow waters and the weir type overflow model. The results have been compiled as twelve
diagrams for the estimation of overtopping rate for two sea bottom gradiénts (1/10 and 1/30), three
values of equivalent deepwater significant wave steepness (0.012, 0.017, and 0.036), 'and two types
of seawalls.

Experiments employed irregular waves with Hy3=15cm, and T1,3=1.7, 2.3, and 2.8sec. Model
seawalls with crest heights of 7.5 to 26.3 cm were located at the water depths of 22.5 to —10cm
(above the waterline) on smooth slopes of uniform gradient. The overtopping rate was obtained as
the average of three measurements, each for continuous two hundreds waves. Measurements were
taken for 205 cases of vertical walls and 123 cases of concrete block mounds placed in front of vertical
walls. Incident wave heights were estimated with a technique of resolving incident and reflected waves
from two simultaneous records of irregular wave profiles.

The results of experiments and calculations have clarified the effects of bottom gradient and wave
steepness upon the overtopping rate of seawalls. Decrease of overtopping rate by concrete block

. mounds has been estimated quantitatively. Twelve diagrams with two supplementary figures for the
effects of ,bottom gradient and wave steepness enable quick estimation of the overtopping rate of
seawalls at any water depth from the offshore to the foreshore. :

The expected rate of wave overtopping with the data of regular wave experiments was re-
confirmed to almost agree with the data of irregular waves except for the neighborhood of shoreline,
where the phenomenon of surf beats is predominant.

Tables of experimental data are attached as the appendix of the present report.

* Chief of the Wave Laboratory, Marine Idlydrodynamics Division
** Member of the Wave Laboratory, Marine Hydrodynamics Division
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AHREGFREE I w

L7, BEBENX BICALVEBEIILA AL Y v 4 —T
E Lice & DFER, B EIT 10~100 cmd DIEHE T
WTDZ e TER, feds, BI-51C F/T L 510 Mk
BEOWUBEHOI/MICIE—~E b KEF W EEREL, E
HRKEEL DRV LS LTH B,

MR OWELERT, OB TE - CELE
&L, & DIBHIE 60 cm CEl > CHATIE « TR
D DIGPTER ¢ (cm¥/emesec) HEM Uiz, Fiko
&5 BN T 0 Rt B ARELAY: 3 B0 b & LBl
THY, FWEZ LICEH UMW iR OB T4k
T BBERBOFERT — 2 & LCER LY, vk,
R O EH B R ARME DIA £ 1 A B 200 PAEYS Dk
BERF] (115517, 2.3, 2.8sec ® ICFh Fh 290,
400, 35 XTF 500 sec BEEY) Dk, HAME LB
L TRAKDIHA R L5 FCoOBETH S,

BB DR DB BT, KBS & AR RERERIPY
BYOMYEA LETOREL, =hh bEERP D
wRDI, Tk, BB OB YOI TP E sk &
WIS E bR B Z ENB D, Z DR O
WED B Uiz,

2.3 ERCAVAETHRIRONE

(1) EDZARY i LU BEHOIESEE

AHAP D A2 b AR 1T Bretschneider K5
DX (5) D box Bl L, Hin=15cm O % % T
% 1.7, 2.3, 2.8sec & 3 S AL X e 1,

Hy;\? )
111//;;) SPexp[~1.08(T'15f)]

(5)

HEMC KBNS R X MWD A7 b A ik ({6 12 R
TERDTHD, RPmit Lo, 3EHDOA<S |
MXRPOEICH N BIHC S, M, $XULE & &4
Fizo BARW BB LA L & © WHAER, FhEh
Ho/Lo=0.036, 0.017, 36 k1% 0.012 Ch %, =<2 b
A DERBMN O HENY, Tis=1.7secd S Ay}
NMDYWTIE —4.7 5, T13=2.8sec D L#A~=y
AT -4 1R LIgoT %, TOHEN —5F]L b b
DXMILDE, WKW THBZ L DB B s, B
% 5~11 em I FIF A BAIIL, 13FC OWRO & #
THCBE LI L 57222 L ARELE,

—T7, BIHDFBEMED 25 2 — 2~ L LT, skew-
ness (EE) I L0 kurtosis (BFE) RREW D £
KOWTHNAHER R K-20 L0 THD, BOEM
* ZOBBIE T Tidied T CHEIRS,

S(f)==0.256(

IOO_uu] T LRI B R R | T .

- » Progressive Waves -
50 - L/ -

n

Spectral Density, S(f) (cm2 sec)

05
0.2 Legend
Hva Tiss
(cm) (sec)
0.1 |~ —— 157 284
~-== 132 227
N —— 143 |68
0.05}- h($58cm
002}~
XS T BRI NN
(e]0]]
005 Ol 02 05 I 2 5

Frequency, f (Hz)
-6 SRR OA~2 A

-2 EBRTRALROIFGTH

AR bR skewness ; kurtosis
S M 0.277+0.085 2.86+0. 38
M & 0.487+0. 109 3.214:0.49
L 3 0.636+0.110 3.44+0.44

T BB CFIOE+ BERRAE) 2%hT,

DIFIMC DT skewness 23 Hik3 5 DL, BRI ks
T BWBOHED—>TH Y, L3R skewness DEIL
W/Ho'Lo % 35 2 — 52—} UTHERLI & & D—iliy
MRS L MU TH B, ZhUC 5 LT kurtosis o f§
MERTH D, B SBA~Y FADOYPIL Fo<3 Th -
CIRBMEA G, D L, HoboWEHRiDkE
W2 LICHBIRL Tl b, WOk X AW EW D
HITCHRE 2« BT T e & S ICRBET 5 S X hu s,

(2) HOREM ,

TERBE OEBR T, BORFERIED 7= 51z Hip, Ty
T EDMEH RN BRE S L BB T 5, LictisT,
RBPFEIRDIE L, 2OVHELRD, 1oBHD
BLIEE LT BERH 5, SEDERICITI,
R e 2 T3 EDWDRER T > Tk h, TR
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TR & 2 By P ORPHE

Ay bARIZ L 3 RSO TS OWTREEA D 33t
ATUANELT B, FTT, Zh bORGR I
XN AR T3 X OB RO & F — 2 DW T
fitids & OIS A R T,

—F, B OTRRADEIKLED 7 — ADWTA K
HEOSRBEOUH AR L, ANl L O KA
B LT B, £2T, &NNERO ALK HTHND
OHEEA, 3 & OB O BRE B oW TR
Jo L ORI Eft A sk D, B M DRk & Ml LicdD
-3, 4THB, 1ok L, WENEIRAKRECL VTR
TELT KW THRIR L TH B,

#-3  ASHREGOMT I IIRR

, (HAfiL 2 em)
ae | ki koo Mg |
msk | AF | S | M g] L
ﬁn1m1mmwuwMMMMﬂmz
i 3z | 1/10 15.64j:0.69|13.43:t0.66 14.02+0. 88
?ﬁﬁ1ﬁow7%0%m6uoﬂmouow
1 9 | 1/10 | 15.67:1.32) 13.300.94 14 520.93

tt 5 |15 670, 54]13 65+0. 65‘15 094-0 57

DT CRISME S RRETD 2 Rb T,

F-4  ASHROAHOHKIEHIIER
(I;i{ﬁ S,EC)A

Kk

B 7% @ ﬁ WA,_
mA |GE| s WM ®B|L @
i v | 1/30 | 1.6620.08 2.220.15 2.77x0.13
¥ 3 | 1/10 | 1.6540.06 2.1520.16 2.67::0.18
9 | 1/30 | 1.7220.05 2.33£0.09 3.000.10
U | 1/10 | 172006 2.270.12 2.820.15

ujﬁﬁ 1m+o%|zW4om 2.84:0.08

AR (P - B AT rkebT.

&4,4®%kkﬁbé,&ﬁwn&W°ﬁMt%m
PG £3~5% O BB RLT W%, ZOERD
5508 1/2 1 3REFOWH OIS DT, &
RN R B 7 — 2 O KRB ERTH Do
FDEROFEEEXFENTHZ XL THLV, B-20
B—RAT 4L E=DTTHRE—DEAVYLVRE, T~
ava—FOWHL Okl LORMTELILD O
bRV,

BEWIT T L, AR HHEE LI Wiiads L OFRINO

. LBAs b AOWERE, B0
2(ED 1 EDOEMRDOPICA - TV B, i, Dk
WSO OERHAVIE . —F, BMIDHGLEAR
7} ADFEOWAIWTIHTHM N E L, E A
REERERC L > Tl ) FhTwd, ZOBmel
T, —RKIEIRIC 3o B A TRE: B AV E W TediT, A-
R OIGBITF AR b T igErH L bh
2, FERCFBEETHBMIARETH 5,

LR HHETE LA BEns & DA, BB
ORI & » THHETHHRIN TV D, ! RN tTie 1
fbr — AW TTOHEBANE, BRI X UM & &
Hic FR-1~ CRRIN TR Y, chEdise, #
TG K DR EAE < 15 B D THERE AFH i DAl
iﬁ%ﬁkmm?év — AN T EDD Ik 209
B, F— &% WNBE, ASENTO HERMOK TS
S AW DO HEWTTED b Or I LT B P78
T\, BRI DRITAKTEAA AR — T BT
RkFLOT, B-1RLioKBRTOmaR, bt
Pehi F s & XTI IKBEAN DY DAL S h B
FIAd B DM b AR, Tl SEAVGICARFE D
A« RO HiEEES fMRITEAGNC 53<
W, ATHRIRIR O IESAT T IR X o TRABRH LG
ook BrBlbh, o ORcd A TIAME T
hi-ohbihic,

¥, A OWTE R R LT b &
b, F— 2 RWRTHRD &, T TERERITKRMKRY
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T 1 H
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NIk o 13873
Tus o w0012
(Tiwslo 4
10|——gs B,
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09|- A O
.
08 1 1 ! 1 ]
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FHRE-BRRRKB - WL 2

W& SRAMSEL S Bbh A HANED bh B, 0

OB RHRC HLTTry b Lz A E-TC -

HB. 721k, FREKES L OBERYEEMOTSE
LHEEETH DREW O (R4 BR) LolkTh
b0 DB bl 512, KEXER1/10 Lo Bre:
D& ML RS ROMIEEN B TH B, L L,
HELOBEE R ROBEI IR 2 & b o>TIZ &
AEBDDRIE, KHRMSAE W FCAMORER
DD LT B D, AS & RE B OISR TEC I -
T, ANI P ADEEA WD RBER OO BE R HT
HREHRET B Bbh s,

(3) HE&LUVRBONTE

RIT, BB TUE s L O D5 H % J5~ 7
KR E-8, 9 THB, WThLHBIFERBE, i
R RS RC T A L TER LTS B,
R #083 T /R LAz i, 382\ Tit Longuet-
Higgins iI2 X 2 MR TH B v~ Y — 4ok (6), /7
JAZ U Tik Bretschneider DIRE L T2 B4 5 L
=) =GMTHBR(7) ¥FHL LT3,

2
o(z)-Fwel-H]  ©
p(%)=2.7%exp[—0.675(%>4] (7

KBME, #UHRF T L 4H/H=0.25, 4T/T=
0.25 DR FDERLHTFHNRD bR T BDT, Zhi

LO’— Tus H No

(sec) {cm} (woves)
—>— 168 95 1815
seeiee- 22783 939
-->—- 284 99 2395

— Rayleigh Distribution
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Nondimensional Wave Height, H/F

B-8 BB OWE S
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(sec) (sec) (waves)
—o— 168 147 I8I5
PR 227168 939
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1.2 ——  Bretschneider's
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1.Of-
= | |
=
o <q
’ /)‘
= 08~ /,u' \
N Y 4
-~ A ¥
= r 1 P a1k
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#EL, HELELLDOTH B,

FTHESMERD L, MERSIUCLMARY b0
TFV— Y ~DHEE LTV B E B 3they,
SHARIZ PADYIT v— ) —F L b & HFIEH 5k
< CPEEROMFTCEENPRER LTV 5, DR
RIAHTH M, REWOWE His=15cm L his
WREL, —F, B HEED -t le T, ER
DRICHARF R+ b, H/H D KEis Wyopwno
BB Lo Titic b LB I3,

REEHO EERAPHE L BRI RS0k T
BB SHRRY WA DEDOWENGOEMN L — ) ~4
LD RN Eid, COWBEOHEREETLH S
THb, Fho, LEARI bLD P 220 SARIEDS B
Vo Teds, FEIPIRR LIc AR D\ TOW BRI
BELD BB L T2y — 203553 h D, ZoR
EOERITHABEOBBIWENTH D, HEIHOK
EREL L L Ris T LR TE R0,

RO 5% BB L, SHRMASRs bA O ¥
Bretschneider D#RACIF A, MER LU L iV




R X 5B PG OB ik

7+ LD SAFE DI DBV Fhe, SBARZ L
ADOWE LTS, FoRGED BEOA ERK(7)
CEBHDL D BHYUAE o TB, &5 LI/
OO IEH 012, BUIHE? CxF3 L h I bic

;;‘.xl"l/l“o

®-5 RFEEOKEILL

Hips/H

A7 PAE Hiwo/Hiss

S il 1.23+0.03 1.53+0.07
(1.21+0.04) (1.51%£0.08)

M Pl 1.31%0.03 1.61+0.05
(1.27+0.04) (1.59+0.08)

L ™ 1.2540.04 1.58+0.05
(1.2540.03) (1.54+0.07)

WD) M GRS EHRERD 2RbT.
2) PRI SR O BIG & D 5%0 h=22.5
Js U8 15.0cm OEMEED T — 2 TH %o

#®-6 REREORMIEL

ARy AR Tiyio/Tis T1/T r(H, T)

S & 1.00+0.04 | 1.15:0.05 | 0.49+0.08
M # 1.0040.05 | 1.35+0.07 | 0.67+0.04
L piv) 1.06+0.04 | 1.27+0.05 | 0.64+0.05

TR i GRS BRI ¥ %b T

¥, RBWRIO LTS DO T & P o8BItk
B2 T-6 D Lk hTHB. JAM Ti/T 7 1B 5%
y(H,T) XRIh5 LXBBERTRD b T
D, B HIE—F LTV 5, L, MEA~NZ
FADWD Tin/T i3 20RKREBTHD, i, AL
Tino/Tis BSEHHNC 1.0 T H B & & b BUBBEHORE:
L TH B, T, L BARZ D Wik Tino/Tiss
DA 1.06 T H-T, Wi & AN HEBIBIFHRH K
TIOREWACETH TS EERFRL T3,
2.4 HIXBHEOBOMR

(1) ARRY PAHIR

T BE DB RHD 55, SEBLULBA~NZ bV
DY o\ TLBERTE DY RER A TS Lice KB
T ORI R DTN X BB HEMBEA T
T, MHEO—RENEKHRTWB y —Ah P lew
25, L b GBS WHREE b= RN F = AT b
ARHII L 1A E-10 TH B, SHLSEA~RZ b
L (T1a=1.7 sec) O x A 1/30 O EOEILIET

2001111] T T I|l|lll T LI
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Frequency, f (Hz)
E-10 HE7ENmOWBEDARI b

VER RSB TH Y, FKB IS TILSLIDO RIS
PIED T — ARDOW T3 O Pl R LTH
B, Fio, WEOTIRT, MEFWATHBU LI L T
T WTHTIN 25 s b0 e LT, RERDOAN
s MABE R AR L0 M1 SBHRTRLT B
%o

T BERIE QW D AR 2 b Ak, BIFUKERHIR T8
o R T € — 7 DA EREAET T 50%, ERUMI
BEAETE DI, Efe, PN RENPBPNT
BB, COER, A7 bAOE—sBRIBREEHE
ik 5ol s, EbiT, E—27 ORBEHD 2%
RIS AT B 2R E— 7B THY, A
FRHOBE L LIFRBTHOEEHIFH L Thid,
B OIIC & » T, FHICHEH IR ST D
1o THD D, A2 FADEE -2 OTIRBEMC LS
NAEHIL S BRI, =5 LcIEEITHC LD
DEEZBND,

(2) H#=7E— P& SVFHKEOLER

T BRI OW D A2 bAD D 5 —2ORHIL, S
SO =2 A ¥ —BENTIVLZ T, RBRDO=F1
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FHRE-BRRZH - &

F-BELAELLDLD LI 2HBRBERE
> T2, EEHOLVHE LSRR AL LR
W35 & 2T, WEOTHAMED 7512 radiation stress
RET 2 PEKEOTRRANBENEL, chizy—7
E= FEIHTR T2, FHLRBMEROITEEET
DEHO R ~ 212 ST, kO BRKA FEL

728,

Vcrms.______o_-g_l:‘;_
Hy E'_(— h ) (8)
1+ =5
\/ILO Ho’

SR, Lims =7~ b OGO EERERE(E.
LT, SERGD & [~ DKREP T O IR
DRI\ TiL, KEROSERHF DD 731+
—7 &~ } DIRIBEIFEHTRE)DED 1. 7~2. 1 {1 ig
S THB I ERE B L, SEDERSMT X ()
EXDEEHTUIDDE, SHARI L OWEOBEKR
1% Cems50.5~0.8cm, LETIL0.9~1.4cm &EFEX
b FECENENEIC ST 54— 7 £~ + O
EflZ AR+ A DEFBETS ORMC X - TR
REIRTDLE)THS (EIMED KBHD Rics b
Db, BEKER F—0D b0 —HFHLTH ),
V=7~ ORBERHDOEH (SEIL f=0~0.3Hz,
LA f=0~0.15Hz) i L B8 A2 P AL L B
EIROhT, R (8)ICLABMED 1.5~4.0 51 T
Vo SEIDORBD & 5 ICRARICE SN BT b
BEOY ~7 €~ PR OV CIRBISEAF e b T

-7 ELBEAEO TS LV

H#—TE— | OHEEE (B ¢ cm)

) | KESR 130 | kAR 1/10
RS m (L m | s @m0 #
B T Coms| T Coms| 7 Coms| T Coms

225 1.7 22116 23(1.3 2.1(1.3 2.2
15.0 | 1.5 2.4 1.7 2.8/1.2 24(1.0 2.3
10.0 [ 1.3 24117 26{1.6 2.3]/1.9 2.3
5.0 (1.3 2119 23/20 2.2/29 2.3
0.0 120 1.6 26 1.9(35 1.9(50 2.2
50| — —| — —1]6.3%1.1]|7.6*1.6

D * AN, KB EDTHEA RIS A E LDk
HEE ML ETH 5,
2) Y—7E~—~ FORBERIL, SRS,
s TlL f=0~0.3Hz, LEA~Z b Tk f=0
~0.16Hz & LCEFH LI,

e, R-TOES RECkE & BAMiT52 L3
TEILVe UL, TR ORI EROER HEL
Th, EFREELBEMOSERSHC/IKE & B &
DEDFELOMITL - TH— 7 & — r MBI TV
T ERFENTHA S,

Fie, BEMEDOREC R TLFER O RN TS
bha, BT, BRETORTERHOBKE LS L
T, WHEOFBEDK TS E LTRDITEK LD L5
BAIRLTH D, LKL, ZOFETRDEEEGALD
BEXHEEL L, BERDOEREEN bHEE LT
3mm BEL Bbhb, 7~ 2k, BifikKEDORES
LEAMORMEDHERHEY FH L TRLTS S, =D
FERTI, BTEAELKE V& FI 1~2em, THICT
WT2~5em D A —~F~D KL ERTH 5, KL LA
DFEERD~—2k, BER ORI LE > JEHRBETH b,
b 5 —DILRHE Lo B & 5 wave setup DHRETH
B

AT OWTHABOBRYER T, SRIFES
B\ DK 2 YRR 3513 5 BHW D TOFERE D
ERABNRD L 5E 2 by,

ﬁ=-£(mnhkh+ RH s (9)

i)
8 tanh kA

KA LRI FEEDHRCHAT IR CTH I 5, FHA
W LT ERD HRESEY (F5 2 Lied5 e, &
=22.5~10cm KR\ Tk 1/30 RO HAHE 7=1.0~
1.2cm, 1/10 QROBAEIC 7=1.4~2.1cm LHEZXh
Bo R L2282, #RELTELAKL, KIER)
BoD S ERME L ¥ i, 1/10 HE @ B4 12 1%
radiation stress {& - % wave setdown Be&r»Bbhs
DTGV EBhbh b, S HEMCET DX
BHEN, A—F-LLTEE->TED, h210cm ®
TR 51 D FHRALD LR, T OIEGRIRE -

LCHBTE L5,

H20FEATHS wave setup 1, FED— AN i
HELALLZ AL BE, Ho/Lo=0.012~0.036 i3}
L TITHRIZ 3613 5 fiEAS KSR 1/30 DA 7/Ho=
0.12~0.15, XEREE 1/10 DA 7/Ho=0.16~0. 21
LHERIIhS (FRIZSE, FRRLBOWEHBARCS
o LichioT, 7=1.9~2.3cm (1/30 HL), % L0t
7=2.5~8.2cem (1/10 HE) TH %, RAEH~NTS
PNEATHY, BIKERRL/100L F0 2R L
Vo UL, HRELTRE-TDEE —HKLTED,
KBED/HPZWERTTOKA LR wave setup IZ k% &
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ERTREL T B, ods, WEL1/10 DFELD h=—5

em (KL 5 cm) ©F — ik, FHNL O RIEKELH
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GREIM L LCoff) exntdBH® e LTHRRLICON
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(4) RD>BHFS

RIS & AR, KIgEE 5 S EOBGEL G
LTRIEI TR BED S5 bHIFED 1/3 K fl
PHR LIRS E-18 TH 5, THILEHFOREMIC
DU, WEE THET A REXAEANE O L
K—HIETHBD, WEANEDT TS bHIE Lk
%o 1L, HAD S bHIFBOEHBIUHERO R
7y 77 v AEOBDORBERLTHY, e LTk
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o7 = 2 ETRDI S bHFEEKEL HOFH
KD EREEXMELTH 3,

40 T T T T ! g
Botiom Siope: 1710

h/Ho

T T T
Bottom Slope: /30

30k Legend / N
3 Ho/Lo Irregular Regular )

Ho | |0012 --e-es ———
0036 --0-- ——

-0 -05 '40 05 1.0 1S 20
B-13 EVENCHT B WD 5 B HEORENK

SbHIFROBEAIAEES L FETHY, WHAE
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2 oWET—HKT 5,
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b, BERSKREROBERCEE IR THECTLTS
LD TH->T, BERELFHCHEETSC LR
H#ETH 5, H-21~30 DX HMBEWED ALY 5 2
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%, BEREBRORTCHI->TLE 5 LEFECD
SEFET D L, KEBEREBRLER LTI D ERE
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FHONIHEOIRBTELH oML, THABOA
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LOTHRDOBIRE L 5D LRETBZ & L BETH 5,
LI, ENT — 2 DFNTICHTc» THREE LTES
BHBVIBELICS DEOhBH-1ch, ShbIDO
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Ty, BEOREE LTRSS oEE8H 5\
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R EDERETHSH, 4%, BErRTBRH LAY
fol,

R, FYFROERIC Bz o T4 HBIHTE 758
WEEER K ROBRE I EL H@ile LET s, 7
¥, RPIROFE, BRAEV, SLOLh TLdiieH
AEY L, RRBE, EROEMR BT — & @B
REMHILE & SRET LI LT3,
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3) BHEZE - HREE : FRABCST 5 K04
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7 BEAE - XIFETE : WROHEHEECET 55 . WEE N K OFLS (13) Of
& - ¥, BERGHRES, £13% 815, ; ,ﬁigf PR (13 D
197443 A, pp. 3~37. e

8) & xif, SHERYE - HEHF  FRIFEERNL fo: YDA P ADE— 7 DRUR
ST ZOWEC B85 Froe, BERATBIRRS g EHOIEE (=980 cm/sec?)

&, W5%105, 1966967, 57p B KR, RHCOTBEER O REATR

9) AERE - BHFIX : EVES JCRBRBETHC

i8h < PEEK BET B FARBISE, BRSBTS, he * BRI EOBI B D Ko
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BE3 5 ZEBARTE (1), H 14 Bl T¥HHESH Kr: RHE
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AHRE-BEREH -M L &=

f1%-1 BELBEOBRARORRER (KEARE 1/30)

T13=1.7 sec | T1/5=2.3 sec f Ty3=2.8 sec
‘h
he Hy K q | 2 Hyp K q he Hp K q
(em)| (em)| (em)] “F |(cm3¥/cmesec)| (em)| (em)| 7 (cm¥/cmesec)| (em)| (ecm)| £ |(cm?¥/cm-sec)
7.0 15.3 | 0.68 29.49 ! 6.5 12.9 — 36.14 7.0 13.2]0.91 50. 65
10.5] 15.3 — 17.94 10.5 | 13.1 — 33.69
22.5 14.8 1 15.3 — 9.32 14.1 | 13.3]0.85 10. 60 14.8 | 13.1 - 24.04
: 18.8 1 15.2 — 4.17 18.8 | 12.9 — 12.67
22.5|15.2 s 2.42 21.9]12.310.87 2. 86 22.5112.8 — 8.65
25.7 1 16.0 | 0.84 1.273 25.7 [ 12.8 | 1.0* 5.63
7.3115.3 — 21.70 7.0 1 12.5 I — 23.77 ' 7.3 13.6 —_ 24.40
11.0| 15.2 | 0.58 9.43 : | 111.0 | 13.3 — 12.29
15.0 14.9 | 15.3 | 0.60 4.74 14.8 | 12.2 | 0.59 6.51 | 14.9 | 13.1 | 0. 81 7.05
. 18.6 | 15.0 | 0.60 1.924 | 18.6 | 13.1 | 0.76 2.64
22.4114.5 | 0.58 0.950 22.2112.7 [ 0.58 1.56 | 22.4|13.1}0.78 1. 336
26.1|14.90.62 0.569 26.1({13.20.80 0. 605
7.5 16.1 — 11.39 7.5113.4|0.35 11.60 7.5 15.3 — 14.79
11.3 1 15.9 | 0.41 4.47 11.3 { 14.9 | 0.53 4.99
0.0 | 18:0(15.61043 1  1.386 [150|125]0.38| 239 [150|14.1|056| 213
: 18.9 | 16.3 | 0.37 0.708 18.6 | 13.0 — 0.903 18.9 | 14.9 | 0.51 1.076
22.5116.2|0.38 0.376 22.5(14.6 | 0.52 0. 445
26.0|16.0 [ 0.45 0.215 26.0 | 14.5| 0.59 0. 265
7.3 116.4 | 0.28 2.75 6.8 113.10.26 6.14 ]‘ 7.3 114.9 1 0.45 4.06
10.9 | 16.4 — 0.501 10.9 | 14.8 — 1.234
5.0 14.8 | 16.4 —_ 0. 106 14.5 | 13.0 — 0.531 14.8 | 15.1 — 0.232
: 18.4 | 16.4 — 0.0534 18.2 1 12.9}0.27 0.167 18.4 | 15.1 — 0.101
22.2116.4 | 0.24 0.0243 22.2115.210.39 0.0370
26.0 | 16.4 — 0.0072 26.0 | 15.2 — 0.0121
7.3116.7 {0.23 0.458 6.7 113.2]0.21 0. 804 7.3 115.5 | 0.41 1.730
10.9 | 16.7 — 0.0289 10.3 | 13.1 — 0.096 10.9 | 15.3 —_ 0.213
0 14.3116.7 — 0.0024 14.3 | 13.2 | 0.17 0.0125 14.3 | 15.3 — 0.0328
17.8 | 16.5 | 0.17 0.0012 17.8 | 15.6 | 0.36 0.0058
22.5]17.9 — 0 22.516.2 —_ 0. 0006
6.7116.7 | 0.24 0.1936 7.0 113.7|0.20 0. 645 6.7 | 15.5 | 0.43 1.428
—5.0 | 10.4 | 16.7 —_ 0. 0049 10.7 | 13.7 — 0.186 10.4 | 15.3 — 0. 1206
14.4 | 16.5 | 0.18 0 14.4 | 15.2 | 0.35 0.0121
15.0 7.1 9.8 1 0.75 8.60 — — — — 7.1 9.6 | 0.85 19.24
11.0 9.4 0.74 3.28 i 11.0 | 10.8 { 0.79 8.00
|
0 6.8 10.7]0.25 0.022 | — — ’ — I — 6.8 | 11.8 | 0.39 0.226
I I D R P i
15.0 7.1 7.0 0.86 0.821 — —_ — — 7.1 6.5 | 0.99 5.25
11.0| 7.0]0.86 0.196 11.0 | 6.5 1.0* 2.60
0 6.8 5.3|0.13 0 — - — — 6.8 | 6.1]0.30 0.005
I RYR Kp OFITERE L 5T B ~ 21T, A * HBEDO DB E AT > Titls, LA, A5t

WRIILD 7~ 2 9 b OHEEHETH B,
e, Kp=1.0* L 55301, REROFHEM? 1.0 L EDBEETH S,
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REAPT X 5P ORB TR

%2 EIDROCHARORBER CKENE 1/10)
T3=1.7 sec Ts=2.3 sec T13=2.8 sec
h - -
1 ' R g T T
‘»hc Hp Knr hc‘Ho!K q jhc'Hol!K t q
(cm) (cm) (cm) (cm3/cmosec) (cm)| (cm) R (cm3/cme-sec) (cm) (cm) R i(cm%/cmesec)
7.0 15.8 | 0.82 27.80 6.8|12.8| — 32.16 7.0 14.3 | 1.0% 46.36
10.8]15.1| — 17.70 j10.813.91 — 34. 44
oo 5 | 148|148 — 9.60  14.6 | 12.9|0.97 892 114.8|14.0| — 22.16
18.3 | 14.9 | 0.94 5.23 118.3 ] 14.8 | 1.0* 15.35
20.5 | 14.9] — 3.70 121.9|12.60.96 3.45 (205|151 — 10.05
25.9 | 14.8 | 0.96 2.22 | 25.915.1 | 1.0% 6.26
7.4115.2]0.70 26. 51 7.3113.0| — 2097 || 7.4|12.810.95 46.08
10.8 | 15.2 | 0.74 16.95 10.8 | 13.2 | 1.0* 31.37
5.0 | 14-8]15.0]0.77 8.68 |14.8]13.2]0.77 7.62 | 14.8 | 13.4 | 1.0% 20.12
18.6 | 15.2 ] 0.75 4.00 18.6{13.1 | 1.0* 10.81
22.4114.6 | 0.81 2.48 {22.5[12.9]0.79 2.38 | 22.4|13.0]1.0% 6.37
26.0 | 14.6 | 0.80 1.73 | 26.0 | 13.8 | 1.0* 4.47
7.2116.2]0.56 23.20 | 7.2|13.1| — 24.80 ! 7.2 13.9]0.78 38.52
10.8 | 15.4 | 0.63 10. 23 10.8 | 13.2 | 0.84 23.02
100 | 14-6 [ 15.1 ] 0.64 5.01 14.7 | 13.1 | 0.69 6.55 | 14.6 | 12.9|0.88 15. 40
18.5 | 15.9 | 0.63 2.56 |18.4(13.3]0.71 3.50 || 18.5]13.00.92 7.56
22.2 | 16.0 | 0.64 1.766 | 22.2|13.1]0.93 5.10
25.9 [ 16.2 | 0.63 0.905 | 25.9 | 13.5 { 0.94 3.02
7.2 116.110.39 13.27 | 7.2 14.2 | 0.69 33.00
10.7 15,71 — 5.77 | 11.0|14.0 | 0.50 7.99 |l 10.7 | 13.7 19.68
5.0 |1461571 — 2.11 | 15.0]13.8]0.53 3.57 14.6 | 13.8 | — 10.74
18.6 | 15.9 | 0.41 0.758 || 18.5{13.9 1.445 || 18.6 | 14.1|0.71 4.84
22.3115.9| — 0.461 22.3[13.9| — 2.41
26.0 | 16.3 | 0.43 0.223 26.0 | 13.7 | 0.73 1.282
6.6 16.00.26 9.20 | 6.5|137| — 13.36 | 6.6|14.8]0.51 31.92
10.4 |15.3] — 3.40 10.213.7| — 518 [ 104|142 — 19.03
o |142]154) — 0.909 || 14.3]13.8|0.31 1.680 114.2|14.0| — 8.72
17.9 1 16.1 { 0.25 0.156 11 17.9 | 14.1 | 0.59 3.13
21.6 | 16.4 — 0.050 ! 121.6 | 14.5 — 1.389
25.4 | 16.4 | 0.30 0.040 | | 25.4 | 145 | 0.61 0.628
7.0 16.2 | 0.22 720 - 7.0|13.8] —| 143 ; 70|144lo46| 2701
10.6 | 15.4 | — 1.689 110.6|13.8] — 3.95 110.6]13.8| — 15.43
50 |145118.31 — 0.381 }14.5|13.9]0.23 1.056 14.5|13.8| — 6.23
18.0 | 15.7 | 0.23 0.0737 ! 18.2 | 13.8 | — 0.303 ~18.0]14.7 1 0.50 2.62
22.0{16.1, — 0.0244 | : 22.0115.0| — 0.392
25.7 1 16.3 | 0.22 0.0031 | 1 25.7 | 15.1 | 0.51 0.422
11.3 1 17.7 | 0.26 1.893 | 11.114.10.20: 5.67 | 11.3!16.10.50 16.56
15.116.2  0.20 0.332 ' 15.013.310.19 1.034 '15.1115.6|0.43" 5.26
—10.0 {18.9 . 16.5 ' 0.19 0.0984 18.7 | 13.6 ~ — 0.283 :18.9,15.8 ' 0.47 2.23
22.7 1 16.5 0.0403 22.7 157 — 0.904
264‘160 0.20 0 26.4 1 15.3  0.47 0. 403
5o T4 9.2 0.85 7.43 —_ = - — 7.4, 8.9 ;10% 18.78
-Y 109 9.2'0.95 3.73 10.9 9.6 ' 1.0% 11.91
0 6.6 9.5 0.26 1.851 _ = = — 6.6 9.9 0.57 14.02
15.0 7.4 53 0.97 0.826 - - = — 7.4 58 10 3.16
-Y 108 5.1 1.00 0.120 10.8 5.7 1.0* 0.901
0 6.6 5.7 0.28 - - = — 6.6 5.4 0.67 2.04




CHRE-BERLHB ML &

1%-3 HREROBEFROERER CKEIR 1/30)

Ti3=1.7 sec T13=2.3 sec T13%2.8 sec
h
h Ho q h Hp q he Hp q
(cm) (c;n) (cm) Kr (ecmd3/cmesec) (c;n) (cm) Kr (cm?®/cmesec)| (ecm)| (cm) Kr (cm3/cmesec)
!
6.5 15.4 - 21.88 6.5 13.6 — 25.79 6.5| 14.0 — 49. 96
22.5 |14.1]15.7 | 0.34 1.628 14.1 | 14.0 | 0. 47 3.94 14.1 | 14.0 { 0.68 15. 60
21.1]14.9(0.33 0.077 21.1}113.1]0.47 0. 350 21.1]14.0 | 0.72 2.73
7.0 16.5 | 0.24 7.69 7.0112.910.29 11.21 7.0 13.8 | 0.42 16. 68
15.0 | 14.7 | 15.6 | 0.27 0. 292 14.7 1 13.6 | 0.34 0. 665 14.7 | 14.6 | 0.46 2.25
22.2]115.4 1 0.29 0.0115 [ 22.2 | 13.3 | 0.34 0.032 22.2 | 14.5 | 0.48 0.107
7.7115.50.26 1. 899 7.7 113.6 [ 0.29 2.725 7.7113.1]0.41 6. 86
10.0 | 11.317.0] 0.21 0.343 11.3 ] 14.5 [ 0.22 0. 601 11.3 | 15.3 | 0.23 1.929
15.2115.6 | 0.21 0 15.2115.4 | 0.24 0.084 15.2 | 13.410.36 0.155
5.0 10.8 1 16.2 | 0.16 0.091 10.8 | 13.2 1 0.16 0. 305 10.8 | 15.0 | 0.20 0.852
) 14.6 | 15.5 | 0.19 0 14.6 | 13.3 ] 0.20 0.0123 || 14.6 | 13.1 | 0.32 0.031
0 14.5115.8 | 0.16 0 14.513.2|0.19 0 14.5114.7 | 0.21 0
22.5 6.5 9.210.28 3.24 6.5 8.4{0.42 7.02 6.5 6.2{0.70 6.61
: 14.1| 8.910.36 0.0087 || 14.1 | 8.5 0.49 0.214 | 14.1{ 6.3|0.78 0.057
15.0 7.0110.0]0.33 1.291 7.0 9.3]0.40 3.50 7.0 7.4(0.62 2.82
: 14.7 | 9.0 0.28 0 14.7 | 8.8]0.36 0.034 14.7 | 7.2 0.58 0. 055
' 7.7 8510.25 0.721 7.7 6.6]0.39 0. 465
w0 77 851023 arsr 13| 856|021 0.0182 | 11.3 | 7.3 | 0.24 0.0178
' . ) ' 15.0 ] 8.6 — 0.0052 | 15.0 | 6.9 — 0. 0028
5.0 {10.8 | 9.9 0.33 0 10.8 | 9.6 | 0.37 0.0018 | 10.8 | 7.2 0.55 0
154 HRBROMERBORBHR KEXR 1/10)
T1,3=1.7 sec T1,3=2. 3 sec T1/3%2. 8 sec
h .
he Hp K q he Hp K q he Hy K q
(em)| (em)| (cm)] “F |(ecm3/cmesec)|| (cm) (cm) E l(cm%/cmesec)| (cm) (em) R (cm3/cmesec)
7.3]12.6]0.67 12.88 7.3 14.2]0.52 21.14 7.3112.00.97 34.01
22,5 | 14.6 | 14.6 | 0.37 0.963 14.6 | 12.4 | 0.51 1.923 14.6 | 13.7 | 0.74 9.73
22.1115.210.41 0.070 22.1]12.5|0.54 0.153 22.1]13.9{0.78 1.639
7.3 15.50.38 12.21 7.3113.110.51 16. 34 7.3113.6 | 0.73 36.39
15.0 | 15.0 | 15.6 — 0.930 15.0 1 13.3 — 1.834 15.0 | 13.8 — 10. 66
22.6 | 15.6 | 0.62 0.087 22.6 113.310.74 0.133 22.6 | 13.8 | 0.89 1.641
7.2 15.6 — 13.85 7.2113.3 — 18.41 7.2 13.8 — 38.72
10.0 | 14.8 | 15.4 | 0.31 1.022 14.8 | 12.9 | 0.45 2.24 14.8 1 13.9 | 0.67 12. 56
18.4]16.1 | 0.42 0. 301 18.4 ] 13.7 | 0.53 0.776 18.4113.8 | 0.77 6. 54
11.0 ] 16.8 | 0.32 3.71 11.0 | 14.1 | 0.42 6.51 11.0 ] 14.7 ] 0.65 20.22
5.0 |15.0116.8 { 0.35 1.044 15.0 | 13.7 | 0.46 2.52 15.0 | 14.4 | 0.68 14. 32
18.5 ] 16.4 | 0.36 0.313 18.5]13.4 | 0.44 1. 002 18.5113.7 | 0.69 7.44
0 14.3 [ 17.1 | 0.28 0.294 14.3 1 14.3 | 0.37 0. 656 14.3 1 15.2 | 0.64 6.86
17.8 | 16.6 | 0.27 0.093 17.8 1 13.8 1 0.35 0.132 17.8 |1 14.3 ] 0.57 2.79
295 7.3 | 8.810.74 1.020 7.3 9.2]0.68 2.52 7.3 7.5/0.90 2.66
: 14.81 9.9 0.47 0 14.8 1 9.8 1 0.58 0.043 14.8| 7.410.84 0
15.0 7.4 8.4/0.32 1.019 7.4 9.20.50 2.46 7.4| 6.40.76 2.22
: 15.0| 9.2(0.38 0.0036 || 15.0 | 8.9 0.53 0.0128 || 15.0 | 6.8 | 0.79 0. 0009
10.0 7.21 9.5(0.32 1.598 7.2 | 8.5|0.46 3.73 7.2{ 6.3(0.72 3.08
. 14.8 | 8.7]0.41 0.0079 | 14.8| 8.3 0.51 0.082 14.8 | 6.1]0.78 0.022
5.0 15.0| 9.5]0.39 0.029 || 15.0 | 9.0 0.48 0.231 || 15.0| 6.4 ]0.77 0.111
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AR X BB PRI OBB TR

55 HURCIIVEFROREE (1)

(EE)
T i H, ‘ q (cm3/cm-sec)
Gey| ™! x K 4 B 1/30 L xE & E 10
| 3 s | 25 . 150 | 150 | 0 | 150 & 150 0
1 4 { '
‘ ‘ hej 7.0 | 188 L o73 | oo | 73 ) 74 10.8 6.6
a1, — = D P 0,168 — 0.076
59 1 115+ — o — | = o= ; — 0.71 —
72 | 546 | — . 1.8 198 , — | 9.9 2.15 0.71
9.4 | 18.88 — | 322 1561 | — | 27.83 15.51 3.19
w2 - ! 277 f — - 0 = — — —
] 1.2 | 4343, — | 38322 | 2241 | — 48.52 28.38 6.04
1.6 ! i !
12.6 ‘ 69.74 | 22.33 } — 1.8 | — 64.09 40.83 | 11.16
15.7 | 69.99 | 16.11 ' 26.44 108 | — 75.16 53.28 | 16.70
18.8 | 5199 | 10.89 | 31.97 13.3¢ | 0 | 62.99 41.84 | 16.62
! |
20.7 | 57.40 t 11.96 | 39.28 18.88 | 0.363 67.47 41.29 20.23
23.9 | 65.46 | 20.82 | 66.47 | 26.12 | 0.436 | 78.22 39.78 | 31.72
1
27.0 | 76.54 | 20.31 | 5640 | 3575 | 0.734 79.05 39.95 | 28.03
4.6 — — 1 a8 -, - — — —
5.3 1.28 — | 762 2.09 | — 0.44 — 1.00
6.8 5.90 — 20.16 8.51 — 5.26 2.69 3.19
8.2 | 14.70 0.44 — 16.73 +  — 14.54 6.19 6.37
9.8 29.45 — 35.25 - i = 26. 88 10.95 —
10.6 - 5.82 - - — - — —
1.4 | 44.80 — - - = 38.83 16.13 | 18.22
13.1 | 57.10 — 41.82 18.22 1 — 51.87 23.70 —
2.79 14.3 | 69.30 12.40 - - | - 62. 43 33.05 | 35.64
161 | 788 | — 45.20 | 2180 | — 78.85 | 42.41 —
17.4 | 89.61 - = -, - — — 56. 75
18.2 - 20.24 l — S — — —
! 1
19.3 | 9860 | — | 5257 | 2628 1 0.0 107. 33 63.92 —
20.9 | 11565 | — ¢ — - = - - 85. 42
22.7 | 124.43 | 32.46 | 65.51 37.24 | 0.319 | 131.02 | 788 | 95.38
28.2 | 162.34 | 56.75  87.62 | 47.19 1 1.444 | 158.11 | 111.71 | 128.93
33.3 | 142.62 | 58.24  96.18 ' 51.77 © 3.909 | 138.59 ' 105.74 | 79.15
, .

R H omn%:;k@u =60cm TH 3,
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FHRE-RRLH - #

f1%-6 RARCEILEFRONEME (2) kEQER : 1/10}
g (cm3/cmesec)
T H, h=10.0cm h=5.0cm
he=7.4cm h.=15.0cm h;=11.0cm h:=14.9cm
(sec) | (em) v B \% B v B v B
3.4 — — —_ — 0. 857 — — —
4.5 3.21 0 0 — 1. 469 0 1.224 —
6.9 22.92 0. 826 4.32 0 1.224 0.082 0.734 0.122
9.4 34.61 11.57 7.41 0 2.57 1. 259 0.734 0.326
11.9 53.52 29.44 9.49 0.857 4.41 7.90 1.224 0. 816
1.70 14.1 67.80 51.14 18.54 4.13 11.02 16. 83 4.41 4.70
16.0 70.97 67.80 14.08 10.16 11.75 20.01 3.80 7.83
18.2 76.12 78.50 18.67 16. 80 13.83 19.68 4.65 9.30
21.2 84.45 92.77 18.67 24.48 19.10 23.50 6.99 10.04
23.8 84. 45 95.15 20. 32 21.91 25.13 30. 85 8.57 28.89
26.0 79.29 86.43 15.12 22.72 13.00 32.87 9.43 15.99
26.6 81.28 83. 66 18.21 21.33 23.99 37.88 10. 28 15,34
2.2 —_ — —_ — 0.037 —_ - . —_
2.7 0 — — 0.418 0 0. 209 —
4.4 6.33 0 0.275 — 0.735 0 0.837 0
6.2 16.76 2.01 3.56 — 1.517 0.078 0.523 0
8.0 29. 89 12.03 6.07 0 3.79 0. 680 0.523 0.418
10.2 40.93 28.77 10. 25 1.18 7.30 5.49 1. 360 0. 488
12.0 52.52 44. 39 13.76 4.16 12. 45 12.29 3.56 1.709
2,28 14.0 58.62 59. 30 14.86 11.56 17. 37 15.06 |° 5.54 4.29
16.1 64.72 74. 88 16.24 19.98 20. 50 26.62 9.10 9.00
18.6 68.11 88.10 19.62 26. 86 26. 68 36. 30 7.95 13.60
21.0 91. 83 97.59 22.62 35.52 32.14 41.85 10. 67 14.65
24,7 96.91 100. 97 17.99 29, 48 29,92 41.85 14.65 15.90
30.3 107.11 115.54 30. 86 36.26 41. 43 48.79 19.04 15. 80
32.0 118.59 141.63 39.65 53.54 61.75 64. 38 23.79 25.11
33.5 129.10 154.51 53.98 65. 40 49.01 84.71 27.41 38.71
3.8 — — — — — 0.116 —
5.2 2.00 0 — — 0.291 — 0 —
6.5 9.84 1. 80 0. 960 — 1.047 0 0 0
8.2 20. 46 11.49 2.44 0 3.64 0.436 0 0
9.7 32.15 26. 36 4.77 0 7.22 4.28 0. 436 0
2.86 11.2 49.76 45. 36 6.84 0.533 13.06 12.40 2.68 1.51
12.8 63.71 65.97 9. 66 5.97 22.26 24.53 6.75 7.22
14.5 76.53 85.20 14,03 17.31 28. 89 38.41 10.24 16.29
16.3 86.71 104. 42 17.11 29.77 37.83 50.90 17.23 28. 40
20.5 125.53 146. 65 38.18 64. 46 56. 25 80.10 33.75 57.85
25.4 150.79 185. 47 63. 43 94, 25 87.84 124. 41 57.86 88.45
32.2 159. 84 — 91.25 125.91 102.92 155. 32 72.16 117. 44
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