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1. Motion of Composite Breakwater on Elastic Foundﬁtibn under
the Action of Impulsive Breaking Wave Pressure

Yoshimi Gopa*

Synopsis

An upright section of composite breakwater will vibrate but may not slide under the
action of impulsive breaking wave pressure with high intensity but with a short duration.
The vibration is attributed to the elasticity of rubble mound and foundation, which yields
elastic deformations by horizontal shear and nonuniform compression at the bottom of
upright section. Thus, the rubble mound and foundation, which compose the base of
upright section, are regarded to have a horizontal spring and a rotational spring. The
strengths of springs are represented with the coefficient of elastic uniform shear of the
base and that of elastic nonuniform compression of the base. Analysis of the observa-
tion data of breakwater vibration at the ports of Alger and Haboro as well as some
knowledge in soil mechanics yield the estimation for the above coefficient; that of elastic
uniform shear being 100 to 200t/m3, and that of elastic nonuniform compression being
four times the former. )

The upright section of breakwater is considered to be rested upon a dual-spring

system through a frictional contact surface. The spring is given a virtual mass equal
to that of upright section. The validity of the mass-spring system has been verified
through an experiment with a model breakwater of concrete cube (size of 20 cm) upon 2
mound of crushed stones under the action of impulsive force due to the collision of a
weight.
" The magnitude of impulsive breaking wave pressure is calculated with the forward
momentum of breaking waves; its impulse is constant. The motion of upright section
under the action of wave pressure has been analysed with the assumption that the im-
pulsive pressure has a time profile of triangular shape and is accompanied with a residual
pressure of uniform intensity. The shear at the frictional contact surface between the
upright section and the rubble mound is calculated by subtracting the inertia force from
the wave pressure. The maximum value of the resultant shear is found to be propor-
tional to the square root of the coefficient of elastic uniform shear. With the above men-
tioned value of the coefficient, the upper limit of maximum shear is obtained as Fmaz=
4woHy? per ‘unit length of breakwater, in which w, denotes the specific weight of water
and H; the breaking wave height. Therefore, the effective value of impulsive breaking
wave pressure is estimated less than (2~3) woH, per unit area of the front face of
breakwater. ) :

* Chief of the Wave Laboratory, Marine Hydrodynamics Division
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d= gk:'BDl¢
2W(r2+162)
(28)
Ko D—fERE LT, AROFERDDDEEET 5,
x=Aietvt, {=DBieiot @29

ZOXEFRNRAT S, ARDHE o s XUIRE
HoFEREKD X5 RD BN S,

a);2=%[(d+c)4_:»\/(a+c)2—4(ac—bd)] (30

=) ===y, =1,2 31
A)i c—wi? b v : GD

L, i=1 BEEOL, i=2 BESDOTEEL5H0
35, X6 OIEIEHI, K60 OBIREE S L RkD X
5KRFEHE NG,

y.~=21—b[ —(c—a)F+~(a+c)2—4(ac—-bd)]} (32)
BA—BEEORAMGOBE I, METHENL
1o ky' =4k ORMRIC Y s T i B IV Vi RO LS I

SEHERD,
w2—8ks'BD  (5B2+712) ++/9B4+6B22+ 494
YTTaw

(B ) d _atw?

B2 412
(33)
yie L . =3B~ )T /OBTT B AL
[4 B2t 472
39

UM% TEXBATVWBDT, K DL
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A HR %

HRKRD X 51 b,

x=2A; sin w1t + Ay sin wat } (35)
0 =v14A, sin w12+ v2Az sin wat
ZZig,
l=_gL v2—Arllc
2W an(vz—wv1) (36)
gl Arlle—uy

Ao=
2ToW wy(ve—v1)

K692, HIEBEAS 0 % X0 0 D DDEFHDE
BiREhEEL L T 5B, —itic, HITEMOERL
50T, RARBECHBIESEOHEINTETL 5, 1)
3200 X ZBARAE OB FRFE TR, BRESAE VL
DIRFOE — 21288 1 DIUDART, FE20UNIITEAE
BbhToigv, Eh, AEIRFIE W5 X b & B—AW
DERFRE DR TH o £ =T, SEBEERL LTk
KDObOEEX B,

0141+ 04,
="
N/CO](I)Z

ot +v202 4, —_—
0=1—1——1'——2_22 sin ’\/Cl)l(l)zt
~ ow:

ZORIE, witKl REWTRIELWEAEL 5,

ZoT, EEARENY on=vow: & L, 80D
BtREMES &, KRBV XKD L 5 cBEHDBLN B,

sin «/a);a)z t
@GN

2= Gn omt
—ZW(J)msn "

38
0= sl 'Qsinw =25y @
2Wom ¢ ™ Ip
T T,
Omt=w1we=~"ac—bd (39)

—BREEORAMEOBE I, k'=4k' DRERC L
b,

w
ROk sbe, BEfko E@lisfE e CBIT23HYE
S ACERIE Ap EBARE 5 Z ke B,
wic, BEEOWEIC oW TR T 5, BEthoKEHH
DOEFFTENE, BOLOKPLEM Y x6, BEHEEFO ¥
AR F@) LT, A TEDbLIRD,

gkx’BD B2
=0 e 0

%/-j:'c =P(t)~F(2) an

BAWT F(@) it uW B2 B LI TEV, EE
JIMER LT I EBE R OER I & 218 %
PRE WD, 120, Poo D X2 W) 2R E
Bicdd xe BRERLIMEE» & bt bt T
e, WELBMHT LR,

iR % € TRbT &, z6idk
xe=x+Ilc0+& (42)

Thbd, EXFDO s LU0, WEINAE Uev&ibic
TR B, AR B DX S ERDBR TV 5,
LinL, BRIV ERE R RE e b F—
RECEATS L RicZh, $KFEERH5ORIS
AL L RicToeMTELY, LiaT,
UToHETE x 6L 07 0 & LT B9 2V TR
BEHETBHZ LT B,

WEho PhEEE, KX 2R RALTHSL,
0 2 TBHILIRED, RDX3RIED,

@=L~ L d) =21~ 10) (43

ok, R0 LRt rrHLbARI SR, WD
FAREE 3 L OKFERIC L - T, WEOWSREESRY

THZLERbLIELDTH B,
HRF OIERR OB OB DT H BRI KO X 5
wFEbahs,
E=—3—lcb—pug (44)
Z ORIK By #IRATS &,
§=%uo(1+ AP)Wm Sin Wmt—ug (45)

t=7=50 KHFTHHEEAK U, BIEMNE=0 THBE
ExERTH L, BEAOBHIRXTELEIR D,

é:uo[l—-%(l+/1p) cos U)mt] —ugt
(46)

$=uo[t—12+wlp

sin wmt} —i,ugt?
- 2
K0 kT B525 2 — 2 — (14+Ap)/2 %, [EERERZ
D EFOR L) T D 5 2 —x— Ap CHIEL T
Bo LichisT, HRIERRBK K15 BRI, H-4
DA% QA+ eFHEHR LB Lt d » THETE S
ZrRiB,

BER X - TR-6D % F e X 2B RFB DR
RENLDT, ZOEFNVOZUE LG~y v F LD

BRI ou TSRERADC B L SR 2 I~ B
4. BAEVYI FLEORGOFHERER

4.1 RBEBLIURBHE
FBNIE-T ORI DV THT IS » o BEBIL— UMY
20cm ©av 7Y — VIHET, FOREOHRLEED
IEACEREM AL LTR 16mm 0FL 2 FHAE
LTEDRATH D, BEEDOHTIRD LB,
1=20.2cm, B=20.5cm, D=20.5cm
W=19.3kg, 7.=2.27 gr/cm3 .
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WRPRE %0 2 BEREROEE BT 2ER

600
e ]

b g 9 :
p gy - A P

T T T T

® 8 e E

Crushed Stones -l . H
bz 2, A

1200 .
400__, 400 | (Unit: mm)

1
o | o | s

205

o -4

N

g

0
Q
0

]
|-

|i l'l l‘k 1‘] l‘l lll
l l‘l lll lli I‘f I‘

ol

200 [ | | o [ o

B-7 BHRBEESIOME~Y VY

EERMEOB I, BEETHLLM - TRDOEE Y,
lp=3.4, 10.1, 16.8cm

¥ 1o, BEAOEECIIFENG >RV RBOLDHOT »
73T~ D 2.lcm X O° 18. 1lcm DF I WA E
hTwb,

BAE~v Y FIiXEX 19cm, AR 1:2, 5EE LT
BEGEDRIBICA 10cm % & »7cd DT, fIFA (do=
7.4mm, $5WHHEE 1.22) THERLC D, Bk
UhiEE (dso=15.0mm, 4 5\WHHRE 1.16) T
BRLicd0D 2fHECO>WTERLE, RiFZr<vy v P
A, HBEX~V FBLEATEL, ¥, A~V
FEEFT, BgrK=v sy -+ LcEEEVCBE
ZoOWTHER LI, Kavzy— b, Eferza
3cm B, F#=av 2 Y-t 15cm ET, BBILAE
WAL BT ThH D, Inks, BEA~<Y ¥ FORTIX
60cm T, TEGERER v » 7 CHILNAT 5,

KB, BAS|-EYRBRLERAB Lo T
ol BT, HERBEL VA ¥ -2 L CEEGRE
D7 v 7 ~EAER, ThiCX 2EBEEOEME XA Y1
¥ —2 (1/100mm HEZ) CTRAIETHHOThB, HIE
B EAETHE,D 6.1 XU 14.1cm O 2{HFTH
Do HiEE lkg T oM L TREMIE L cis bl
lkg T OB L, RITIXFREME L BOF CHRE - BRE*
B0RL, ThuiBEgsnEHTF ohiitic. BHAR
BB IO THAELDETRhEhD7 » 7 THY, £-TF
WEHE LD 2@TOREBE LT, 5L, EfhdKa2v 2
¥ — b EREZEVCHAR, BEORMT 0GR TT
WA DWTRABRETR S 22X TE AN 15

73, EROBEME|-EIRBSER X0 AV
EHEARORE T oo & OERRMTY 0.1~0.5
kg XN AHTHI LA BB 2R L, BHRAOFTE T

BTN EDD LT L, ¥, BIER3I~7
[E# B L1,

WRAB T, ERE 148mm, (ESOmm OFFEAHOH
B (R W'=5.40kg) ¥*HEEL LT, Th¥e-7T
RFEORM LML, HILRE BRI B OEA
ZFNL P OB EMHT SIS E IS ICMEYH
BLTHEWT2 L, B-8RT X5 EBHBYHIEDE
B so KBBloEo LB, CETE, BHRIRTO
SEHA L TERARL L OEET B, c0k FOHEE
S v 3 X OEEREEO HFE T RKRKRCEHEI N5,

/2

(Unit : mm)

Thin Plate with
Strain Gauges

c'éff— {__@/ Dia! Gauge

@,
)

a%“*

v=su/ Z “7

WI
- g/%(1+eo) 48)

RtiL, b BIEFORE T, @WREAD L2 BIRER, b=
339.3, 346.0, 33X 0% 352.7cm Th b, F 1o e ltH
ERETh Do FEBIL, so=5, 7.5, 10, 12.5, 15, 17.5,
20, XU 25cm &-oWTHAIE LT 10 [o] (#EHE
DRELDDOIRS ERE) BVIRLI,

Rk BB EENL, B0 LT, 54£4. 1em
DRIBRIRAHT 1 ELLEHCRIE Lc, BAFHE, (B11.5
mm, JEX0.65mm OFEFHR (&0 F) ¥EEAHEEmD
ERCENI O LY T TR E, BEEOBTRR X 58RO
MFOTFAEXTBECHET T A v v 5 — o THIE
T540ThHbB, Ti, WRCLHFHEY L HIEFEC
BETHAWNT2HED LA YA ¥ — SREBED T
H%& 6.1cm OB ITEMBI B TH\ 1,

PRl IURIEY — O E %R LEOMXER-1, 2T
%o
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A HRE

4.2 BMSI-RYRRETOEBER

B U CRTRIE OS] « BRETRAEVIE LA &
DOEMOPERERIL, ki 2EB-9D X553, Zh
(P RRE 15mm DR CER LIz~ Y v ¥ B o4
T, E¥SRTH1A5l - T n=H4.1lcm DFEID XA
YAY —POFL 11, FEHE y2=6.lcm DF X TD
FUE 2 Th b, HEAOEMIBHEIEECIIOK
RoTH2BHAMERL, BHOEBELR X » TREE
UANBEIND, o LE-9CIY, &EIDHABIARD
BREEMEZE L[\ IfEXRL T o ,
BERDAKPEN S L ERA LI 2 1, BEETHO
Ty xr, EROEEY (xr+xe) LTHE, 21 &
Zo 13, REDRND2HEOEN 11 & 2 LKA TE
Hahbo '

xre= (r1—x3)

Yi—)2 “n

Y2
TL=2Xp —7.129

B-9 D X 5 I fE—AALER RS OB EREL k', by %
ko prBE, MBROFERENE, exFV vR, BY
AT & DNBHERED TR LEND D, & T,
WO IR LRAMBRBRC T 2HEROEDH PY S
ERLT, =20V — FEBTHRREMOE L, [HE.
0 DR EDOBAB(LD 1/2 DEuFEAL
BEACUEREREZRDS b 0 & T
Bo TDIW, ETROHEEXHET S,

BR-2 BRRGC R0 5L ORERE

10 MOUND B : Loading at upper position {Run No-1)

Upper Gauge

Og=(T)max —%(xa)mm

5: = (xL)max —%(xL)min

(50)
*LT, 0p REEROERRIC X B0,
0x WEBEADKFLE =z L Ricd, =D
& 510 LTk e ERRANT & AKPATE & ¢
OB % B1-10, ACPEERL & KEHE & D
BIfR & B-11ic 7R3
B-10 1, E3p#ni (Zp=18.1cm) ik .
X BEEREM AT L T B, FHRERTT
(Ip=2.1cm) DBPAHFEREE — 2 v MR
INE L, KFEEEL & OFEREEAE G O
T, F—Z0 bR LI, RbhoiEn
A, §Eaf Uiz 2 BB ofiIEfEc

- Xa(mm) * 0 bz, cORBREIBL, vvVFRR
B9 AREH X 2 WERAR MR OBEMR O 1 41 FEEER 2 v 2 ) — MR EREER
TV PBERD S ERR b oRE RBEOEMRINNEL, <9y KB
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EHERWE T 2 RRGBEROEBHCHT 2 ER

20 T T T 7 TIT T 1 T 7 1T 10Ir T T T T TT1T0
[ ;r-_éjp o ]
F'og b %°¢e ° | 5" E
(kg) 5: s a ;ﬂopu ]
et o Mound A | ]
g.° o Mound B
2F & No Mound | -
2 (Upper Loading |
I 1 1 1 1 11311 1 1 1 1 1-1 18 1 1 1 L
Qo1 002 Q05 oI 02 05 | 2 S 10
dy (mm)
B-10 ErtkoEER X 5 AR & KFHE L OB
20 T 1 1 lu\ T 71 T 1T i1int T T 17 IIII‘
LS ) Vet o= ,
10k CI— — =
F - - 0 o E:d 1
(kg) _F o e~ 7 250 = ]
9 S5F s » of & ’ C] 1
L o o o Mound Loading | -
L o ° A B Posit u
: o o upper
2r e ® Jlower ]
l 3 st 11t 1 1 1 141 1 1 11 ll!vl s
0002 0005 001 002 005 QI 02 Qs | 2

ox (mm)

BE-11 Btk KFEAE & AKERE & OB
BEOENMENKEWEALS 5, vy v FBOFE 2
BOBMENFCRKEVWEHAIARATH S, ik, 2 ¥
79 — MR EREEEB G BE T LEEOEE,SRIE X
iDL RBHTH » 19, BB FRRCHERERA
BOZKENLHE T, B EDO2Vv 7Y - MROK
bHRCLHIDEEIORD, B-10 OF— 2 &tk L
Tix 02 FD3.0%, w7V FBOFE2@APDT — %
B FolL.7TREECHAL TV %,

B-11iz, = ¥ FAB X UBR2WT, BB IOTF
WRHEOETNEFRZ L BKFEEMERL T b T7 Y
F a8 e WBARAKEEMESHITH Y, K60 TR
DIERNADEYRLED THDOT, F-20 6B
Lico 72, =9 Y FAD LBBREOHE2EHDF — &
13,601 X A EMENAOMEEE 1 EEOEE 2
BER TN B RLIDT, ThdBHILTHB,
B-11o57 - 2484 LT, 0: X F 05 FRECH
FILTEY, cOtenE—0 F e+ 5 0: OFEHEH
KBV, ¥, FBBEOBAEDH 0 BKEWER
Bhdo =V vV FERFHVWBERKEEMABH EH
e oteDit, 2v 7z Y — FEORAFBEIESKEW
DrEIZONRD,

E-10, 11 o5 — 2 H[EERs X CAKFELhclT5
WEGHE2KRATRD LN,

, 12Fipl

¢ “BDj,

F
BDé

1)

ky' =

S0 T T T TTTIT L T 1 11011 ' i 0 T il
°
201 op °%els
A IS
‘15 Sop & o
10k 8 — .
g 0 goéx s
- 0% o ]
o 5 0%y 3

N
T

.
Il

T T

05 P
02 ] 1 1 Lot ) 3+ 1 1 trrit i3 1 1 Loty
00l 02 Q05 Ol Q2 05 | 2 5 10
d, (mm)
E-12 [ERERicBT 5 B R k'
20— T T
k' 10}t =
ooy S ]
5| & ]
R e w ]
2r ° ﬁ '1. T
o B j'
| °
E IR B
- oot 1
os} o 1
i .
02f E
o.l 1 1 1 11 111t 1 1 1 1t r111 il
o0l 002 005 O 02 05 1 .2
Ox(mm)

B-13 KFidhicBT 5B &

Z OEEIE-12, 13FRT LD Th Do

EnE R BT 2B GRH &' X, v vV FBO&2
B8 ORIEER R ks’ =4~20kg/cm3, SHEMBBR
BB T 2~10kg/cm3BETH Y, EHEELE
BTre, MERDOLRTWBHERKTRRNIWG
hed, A—F—r LTEFYkELELOR . —F,
KT i BET 2B RH &' 13 0.2~10kg/cm? D
Hich D, 0:cF5 OfEMLEMRB I, kX
0:08 LIRITHFAL T B, 0« OWRIT IS k' DE
WHHEAEN L XD TN k' OENFETS
L2 ELEEORBCOVWTEOA TV EHEE
R AThd, chid, =7 v PREFIALETFL
BEENCAFER R LTHEZATW iRV, &
UnAkEikWBrZLtcXbsb0LBbhb,

kic, k' & ke OBE%, 0:20.05mm 5 XU 0y
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FHRSE

L1ty

! o dx2005mm ]
o dv2005mm 7
05 " 1

(| [ NEN] [ (NI N EE

02
ol Q2 o5 | 2 5 10
kx (kg/cm®)

E-14 k./,' P [D)E5TED

>0.05mm D&AEZfilcTF — 2OV TH<B L, H
-4 DoXiwricd (ZOFRFIMHEET - % OEEEYS
DELDICERCRELILSDTHB) 7 — ik, 3T
ky'=(2~5)k:" DIERRICH b, 2. THEN LI by =4k
OFEUEFALTCHEM LRV 2 2R LTV 5,
LA EDOH5 -5 b BEROFER, B~y v FHEEE
s LOKFEhOFEEF 2L, Kavzy—+
LI DAL LTEERIERYETEZ L, Zhbo
Whaﬁfémﬁ%ﬁoﬁugﬁ@ﬁﬁaﬁﬁbﬁax
FEIWZ b, BREWRIRICDITTH D, REICE T
2, Zh bR BR T 5 IEE OB A, S
BT %0

s, WG| D REROKE &\ CEEHERECR HI
ELRHE, =¥ v FATIE #=0.77~0.81, £ 0.80
<YV F B Tk £=0.66~0.84, SE#50.73 OEHES
hico fell L, FjE%R 1kg FoR2 T {BEE, »
EOERLTH u=0.65BFECHEI Lo LisisT,
DR ECN T A BEEAR L L TS OESAEY Tit ke
W Bbhb, v Y FRBRF R VEBAI D TIZEE
O EREL 2512/ KB 5B 5 loted, B
WL D S ETERESRL y — AnEL, u>0.57: L
INEDBIL 5T,

4.3 BBRRRLEFOER

BRI R AR S w7 L & OBMEOBMIEE,
-15 DHID X 5 RBERLE i REBHOWM® & 5
DOKRETH Do 1L, EMRNOTREH»HEH Lk
&, f=35, 110, 250 c/s DEHIRBIMSHEEL TR D, 1B
T OFHM, 5 3.3 ORI LTS h 5 AR
0 & 0 DTODRPHOARRIEHA LI CTEE &
BTERD T ¥, BEAOMERDL LT, E-15
DTY - VOFLRO L 5 CENKEF V2 2RET5

MOUND - B : Upper Impact

So =25cm (2nd impact)

[ b

I |
_._JO.ISL_
Upper Gauge
Xih — Smm
—14
3
— —3
-2
: Lower Gauge
—1

E45@@Kl6ﬁ¢0%&®%ﬁﬂ

DBOHBKRETH 5o w7 ¥ FEBRT VA ITHE
BE L, REHNBERR 1 ESh @M E» bhi, L
2L, WTROBE I HEER A R® B = L2 TEh
')to

B-15 O X5 25500, ¥ TRAEM L BRI,
D2, TiebbBHR B 21, 2 %RD, KU 2H-
THEERIC X 5BER D E (2)max & L OKEES)
CEBHEERYE (2)max EH L, BEOESE
At so Zk Pl X OCERFEEEY RS ER YR
=16, 17 iRT, 7= 23VWThd o - T
REMBY L > B TRINT B, ds, =2 v B
T lp=10.1cm OB X OHFROB AL, L7 — S oL
EHROPR LB OIREEIRT S OMRE L, BITEED
flids — 2 L Ric hEHAKRLIEDT, BEOFENS
BrotLico ¥ s0=5 3 X0 7.5cm DIRFHIIRIEH)

T AVCOTENETblh 51,

HER Y BOFTHAR I, OEETC X 5 b orEe
HOBIRL->TRELRIDERLT, KBERc &
550 EICEBRCIIFR—DERO b i E
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&

ERMEELY T 2 BRI BRROREIEET 5 5%

257 (o) MOUND -A

20 Impact Position
(X8 )eer oupper ( A,=0.99)

(mm) omiddle( Ar=0.60)
@ lower ( A»=0.20)

20 25 30
So(cm)
25 (b) MOUND-B }/
20
(X8)mex
(mm)
1.SF
Lo
$ _—
§/I/I‘/{/‘
OS5
o . . . . . )
o S5 10 1S 20 25 30
so{cm)
257 (c) NO MOUND
20f
(X8)zax 4
(mm)
1.8k /
1.0 . i/ i
e
05 oy
v ¢
0 i . L ' L '
(o] ) 10 1S 20 25 30

So(cm)

E-16 ErtkoEEETHC X R b It

> TW5be Zhit, BFRIIHhETFTAR L 5K 68 TFHIZ
Rl ZhThh, eFAOBRMEEXRTIDOL V2 5,
B1-16, 17 TiX, F— 2 DIELOERH B SO D, Bikk
Ryitz i EEOHEBEE so CERFAIL T2 L B
T ENTETHB, £FZ T,

(Z0)max=Koso, (ZL)max=KLSo 62

ERWC, FEELH#EEEL 0EOATRINEINCK S

(a) MOUND-A
j
XV LOF Impoct Position . é
el o (2-=099)
{mm) asl |o lnu;g?elllte( 2+ =0.60) ;
o lower (A»=0.20) .
o8 1 éf/f/
|
Y <
o2+
o , . : . : ;
(o] S 10 15 20 25 30
So {cm)

l2r  (b) MOUND-B

(mm)

QB -

1 A

04t 3 {‘

sl i

o Il Il 1 1 1 7'
(o] 5 10 1S 20 25 30

So(cm)

B-17 B OKFES)ic X HMRE b &

X5 HPIGRE AR RD B L, F-1OFEENRBORI, &
D HAIEREE AV BRI, B-16, 17 kBB TRL
Th b,

®-1 MR Y B ORI

ol EEEEC | ATEBIC
TUYE (em) | AP | 5t BlEre| W3 BlE AL
16.8 0.99 0.00743 0.00331
A 10.1 0.60 0. 00465 0.00393
3.4 0.20 0. 00309 0.00370

(&30 — — | (0.00364)

16.8 | 0.99 0.00845 0.00304

B 3.4 | 0.20 0.00313 0.00404
(£5] — — | (0.00354)

16.8 0.99 0.00876 —
7 L[| 10.1 0.60 0.00468 —
3.4 0.20 0.00189 -

HHEE DI (0)max, (ZL)max B FNREFHEFRD
DIREL Riz2507T, X6 0GRy HfiThesa
DX 69 5 LUBERIEREFAOR M) & HEEL, HET ]
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& HR R

PRUSTEHET B L, FIRHH on %10 0p HHEE
T& 5, Tihbb,

on=g i/ @+ 1

—5;— ﬁf_‘/l (1+e0) l (53)

(0¢='2£K‘/g (1+ep)

AEETR RS Hhtug, K025 kS, KU n b kS
MNEETE B,
#=-2 AEAENE L OCHBRERo#EE

A ] %5 & B On=T74.9 =0.58
B @ & E B Wm=65.8 ’=0.45
ZK 3"2 E E} wm=79.4 kxl=0. 65

s L| EEES wy=127.0 ky'=3.69

F-10 7 — 2 % Fv CAIRTIE S X OB RE A KD
CREEEMNE-2TH D, L, F-1ORARED S b,
Ko IRSENHEMRBRVLEBbh5 Ap=0.99 OF — %,
KL BERFHOF — 2 2, KEFRE e 2Tk
BAROBEIBOFERCH T A RAAHEEL LT «=0.2%
AL :

<=v v FAK IO BoEE, EIHEEH» LR EE
KEED SHEB LICERAE ) B —HKLTEH, ¥

=y v FALBLBLAYA—DEERL TV 5, -

= D ke =0.6kg/cm3 Dffiy, BT -ED RBRC KT
LA (-13) Lxtedihud, 0:=0.4mm DEHL
YT AETHD, B-17 OoMERY BOTF RIEF
EOEMETHB, —F, Bkt av sy - MRECE
BBy icBaomiEaBu k/'=3.7kg/cmd Th Y,
B3] - 55 b Rk (F-12) T2 09=0.7mm OELLAH
L35, chid, B-16 oFERE H» BOT REMLO
EThs, Thbb, 3l-8) RER X HHBHRE Y
Wkl ERARCIBIOVBNIELRLTE, &
ORI EEOH R N KEWEAIL S B, ZHiT
BE-60®F 1 Tvy v FRIVHBBOEEYERC AR
TR LEZDND, Ik, ME~Y VY FOBE k' O
{Er, AU OFBETHERELL by/=4k' X - T ky/'=
2.4kglem3 r#EEI NS, ZHBK=2 v 27 ) - VRO
by =3.7kglem3 X b {2 E L, B-RoFAELF T
Th5bo

18r NO MOUND Iy
1
16F Ar Exp Theoy / /
099 © Iy
060 o ---- !t
14~ [020 o --—— s
1.3 !
(rrgym)' ol ! /
: /,~/ H
10} II/ ?
}V i
L 4
o8 ]
Vi
o8- //
3/
o4l 4 /': H
j./ St
o2} j/' 13
| %4 /’? }
i 4
) L —r A S - !
5. 10 15 20 25 30

—ozL so(cm)

E-18 K=v 27 vy — + EoBEGOEEIIE
10 (a) MOUND-A 4
o8k A e Exp. Theory ,{

099 o I
060 o ----- 2!
06 020 o ——— .
Bmox ) [}
(mm) A
o4t /!
Vas
o2 — o
//? ___J

o Yogetir A R - |

s - 10 15 L 2 25 30

a2k so(cm)

I
(b) MOUND-B !
o8 1l
/
os}- “ /1
Eoar 1
(mm) | T i !
h ‘/ T E
oz2F 4{ 5. o !
|~ HE— |-~

o _Jzt{-g_’;‘?:;_l

5 10 15 25 30
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