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ABSTRACTS

1. PREFACE

This is the final report of the 118th Research Committee (SR-118) of the
Shipbuilding Research Association of Japan. This research was conducted for
three years from April 1969 to March 1972. The original theme of SR-118 was

"Actual Ship Experiments of Stress Distributions of Large Sized Ore Carriers'.

But actually, by some resons, measurements were conducted on three bulk / ore

carriers of single hull and double bottom type.

YAKUMOKAWA MARU 64,880 t D.W, for 2 voyages
SHOBU MARU 63,420 t D.W. for 2 voyages
KIMI MARU 62,325 t D.W,. for 3 voyages

Stress changes of structural members induced by loading and unloading were
measured statically for various loading conditions. And dynamic stresses by
wave loads were measured using a high speed multi-channel digital data recorder.

Results of theoretical calculations of static, dynamic and statistic stress
were compared with the measured results,

. . . L2,3)
Most of the raw data were already presented in the interim reports’.

2, OUTLINE OF THE RESEARCH

The principal dimensions of the ships are shown in Tab.2.1.1, and the
period and voyage routes of the measurements are in Tab.2.1.2.

Measuring points on YAKUMOKAWA MARU are shown in Tab.2.2.1 and Fig.2.2.1 ~
Fig.2,2.3. Measuring points of SHOBU MARU are in Tab.2.2.2 and Fig.2.2.4 — Fig.
2.2.,7, and for KIMI MARU in Tab.2.2.3 and Fig.2.2.8 — Fig.,2.2.12,

Sensors, measuring apparatus and recorders are listed in Tab.2.2.4 and
Tab.2.2.5. Block diagrams of measuring system are in Fig.2.2.13 and Fig.2.2.14.

Wave bending stress of SHOBU MARU were calculated theoretically by strip
method and by I1.S.S.C. wave spectra. The stresses of transverse members were
calculated by three dimensional frame structure analysis and by finite elements
method.

3. THREE DIMENSTONAL FRAME STRUCTURE ANALYSIS

Normal and shearing forces, bending moments and displacement 0of a section
at the center of cargo hold were calculated by 3 dimensional frame structure
model of three holds length as shown in Fig.3.1.2 and Fig.3.1.3.

Using these results, stress distribution of frame structures shown in Fig.
3.1.4 and Fig.2,1.5 were analyzed in detail for the section. In addition,
stress distribution in a transverse ring of KIMI MARU were calculated by finite
elements method as shown in Fig.2,1.6.

Calculated stresses showed good coincidence with the measured ones as



shown in Fig.2,2,4, 3.3.5 and Fig.2.2.8.

4, ENVIRONMENTAL CONDITICNS

Histograms of Beaufort wind scale and wave height in this test programme
are shown in Fig.4.2.1 and Fig.4.2.2. Details are in the interim reports.

In addition to these data, some data obtained in other tests were collct-
ed for statistical study. the data sources are shown in Tab.4.1.1. These data
were classified in four groups of North Pacific route, Australian route, South
American route and Arabian route.

Histograms of sea and wether conditions in each group are shown in Fig.
4,2,3 —~Fig.4.2.6 and Fig.4.2.11, Histograms of ship's encounter angle to
wind and swell, and histogram of shipspeed are in Fig.4.2.7 —~ Fig.4.2.10.

Samples of correlations between items of environmental conditions are in
Tab.4.3.1, Fig.4.3.1 and Fig.4.3.2.

5. STRESSES INDUCED BY LOADING AND UNLOADING

On the basis of the coincidence of calculated and measured stress as shown
in Chap.3, stress calculations were conducted for various loading conditions.

Stresses in ballasted condition are shown in Fig.5.1.1 —~ Fig.5.1.7. Full
loaded conditions were analyzed for uniform loading condition (Fig.5.1.8 —~ Fig.
5.1.11) and for alternate loading condition (Fig.5.1.12 —~ Fig.5.1.17) respect-
ively. Among them, stresses in alternate condition are largest and sfresses
in uniform loading condition are smallest. Stress in top side tank shows the
largest value in ballasted condition. '

Fig.5.2.1 and Fig.5.1.2 are samples of loading schedule. Stress changes by
loadingare shown on the time base in Fig.5.2.3 and Fig.5.2.4. The results of

calculation and measurements shows rather good coincidence.

6. LONGITUDINAL WAVE BENDING STRESS

6.1 Calculation of {E

~ The stress data obtained by digital data recorder (DATAC) on SHOBU MARU
and KIMI MARU were processed by electronic computer. The counting of stress
frequency was tried by six different methods, on the raw data superposed by
springing stresses ([11]{12] in Fig.6.1.1), data excluding springing ([21][22]),
and the springing stress only ( [31][32) ). The second number in the brackets
show the difference of peak counting method and range counting method.

In this report YVE is defined as follows,

VE = Root mean square of peak values of stress

Root mean square of stress amplitudes

as shown in Fig.6,2.2. The RMS of stress ranges (peak to peak values) is to
be called as 24VE or JE in this report.
The data obtained by oscillograph on YAKUMOKAWA MARU and KIMI MARU (third

voyage) were analyzed by manual reading.

6.2 Values of JYE and Environmental Conditions

The values of VE of longitudinal wave bending stresses calculated by

2



above mentioned methods are shown in Tab.6,2.1 on SHOBU MARU and Tab.6.2.2 on
KIMI MARU. The values of YE obtained by range counting and peak counting
methods are closely coincide except a few cases. And most of them are rather
small value as less than 1.0 kg/mm?., Rather large stresses were observed in
the third voyage of KIMI MARU.

The relation of the value of JE and sea state is shown in Fig.6.2,3, and
the result of theoretical calculations using the strip method and I.S.S.C.
wave spectra shows good coincidence on the average. Some results of these

theoretical calculations are shown in Fig.6.2.4 — Fig.6.2.8,

6.3 Maximum Values

All the data in this section is not by computer processing but by manual
analysis. A sample of the comparison of the maximum reading stresses by these
different processing method is shown in Fig.6.3.2.

Frequency probability of maximum reading stress in each sampling time for
20 minutes is shown in Fig.6.3.1., The extreme maximum value of 19 kg/mm? (p-p)
on KIMI MARU seems to be somewhat remarkable.

The relation between the maximum value and wave height is shown in Fig.
6.3.3,

6.4 Springing Stress

Almost all of the record of wave bending stress of these three ships were
superposed by rather remarkable springing stress, the frequency of which
corresponded to the normal frequency of two node vertical vibration of ship's
hull.

The frequency probability of the maximum reading of these springing stress
were already shown in Fig.6.3.1. The extreme maximum value was 10 kg/mm? (p-p).

Relation between the hog-sag wave bending stress and springing stress are
shown in Fig.6.4.1 for SHOBU MARU and in Fig.6.4.2 for KIMI MARU., On the
average, the springing stress range is about 30 % of the range of wave bending
stress,

The value of VE of springing stress are plotted on the base line of wave
height in Fig.6.4.3, with different marks for ballasted and full loaded condi-

tions., No significant difference are shown in these two loading conditions,

6.5 Long Term Prediction

Using the VE data of KIMI MARU, we tried to predict the long term distri-
bution of wave bending stress following to the method of Lewis'®)

It is well known that the short term distribution of wave bending stress
fits the Rayleigh distribution quite closely, which is specified by single
parameter VE .

Wave height groups were used here instead of wether groups in Lewis's
paper. It was assumed that the values of VE (JE was used here) of short term
distributions distribute according to the normal distribution in each wave
height group. The mean value of each normal distribution was assumed to be
obtained by a quadratic function of wave height, and another parameter the
standard deviation was assumed to be constant.

Fig.6.5.2 shows several kinds of prediction using different statistical

(3)



data of sea state (histograms of wave height) which are shown in Fig.6.5.4 —
Fig.6.,5.8. 1In the figure Q (Y,Y}) means the total probability of stress
range Y exceeding Y; in all sea states. Dotted line is the long term
prediction by Fukuda'” for a oil tanker of nearly equal size to KIMI MARU in
the North Atlantic Ocean,

7. ILOCAL STRESSES IN WAVES

7.1 Frequency Distribution

Stresses induced by wave loads were measured at several points on upper
deck, gide frames, inner bottom plate, center girders and the corner of hatch
opening. The details of results were described in the interim reports, and
here the RMS of stress range at these points under typical sea conditions are
shown as an example in Tab.7.1.1 and Tab,7.1.2.

The ratio of local stresses induced by wave loads at different points can
be approximately estimated from these tables. The longitudinal distribution
of wave bending stress on upper deck of SHOBU MARU is shown in Fig.7.1l.1.

The relations between some of the local stresses and sea conditions are
shown in Fig.7.1.2 ~ Fig.7.1.6. Beaufort wind scale and wave height are taken
as the parameter of sea condition in these figures., Stresses of each points
seem to be moderately increased with the increase of wave height and wind
scale.

The effects of the wave encounter angle on local stresses are to be check-
ed in Fig.7.1.7, but the stress seems to be not too much effected by the wave

encounting angle,

7.2 Correlation

To investigate the correlation of ship motion and hull Stresses, six items
were chosen from the tests on KIMI MARU as shown in Tab.7.2.1. Tab.7.2.2 1is
the number and date of analyzed tests, and the upper part of Tab.7.2.3 shows
the environmental conditions of these tests. Among them, No.1206,1207 and 1212
are the tests in ballasted condition, and No.1215,1218 and 1219 are in full
loaded condition.

Typical examples of correlograms are shown in Fig,7.2.1 —~ Fig.7.2.3. Cross
correlation coefficients in each case are shown in Tab.7.2.4, in which R4z
means the cross correlation coefficient at a lag time T=0, and Ry and Tm
means the maximum value of cross correlation coefficient and the lag time
corresponding to the maximum value respectively.

The energy spectra are arranged in Fig.7.2.4 — Fig.7.2.15 according to the
test numbers and measured items respectively.

The period of pitching motion agree to the period of wave encounting pretty
well. Pitching angles are large and have high cross correlation coefficient
with wave bending stresses when the parameter JL/A is small, The rolling motion
has very low cross correlation coefficient with the other items,

Both of wave bending stresses on upper deck and stresses at the hatch
corner have pretty high cross correlations with pitching motion as well as with
each other.

The stress concentration ratio at the hatch corner varies with the sea

)



conditions, in which the wave encounter angle seems to be the most effective
factor.

Stresses of side frame and of side shell show considerably large values in
full loaded condition. Both have higher correlation with the pitching motion
than with the roll,

In other hands, for the investigation of springing stress, data of six
gages distributed longitudinally on upper deck of SHOBU MARU were processed,
Three conditions shown in the lower part of Tab.7.2.3 were chosed for example,

Fig.7.2.16 and Fig.7.2.17 show examples of correlograms of high frequency
components of measured stresses. These figures imply the existence of one or
two dominant frequency components. The energy spectra corresponding to above
correlograms are shown in Fig.7.2.,18 and Fig.7.2.19.

In Fig.7.2.18, two dominant frequencies are found to exist at about 42.5
cpm and 102 cpm. In comparison with the calculated values, the former corres-
ponds to the second mode vibration and the latter the fourth mode vibration.,
Fig.7.2.21 and Fig.7.2.22 show the longitudinal distributions of energy density
of the second and fourth mode vibrations.

The phase lags of stresses of six points in the fourth mode vibration is
shown in Fig.7.2.23, This figure indicates that the fourth mode vibration

propagates from stern to bow, while the second mode vibration is stationary.

7.3 Frame Structure Analysis

Fig.7.2.2 and Fig.7.3.3 show the calculated transverse stresses of SHOBU
MARU in full loaded condition of alternate loading, and when the section is
on the crest and trough of a wave of 6 m height statically. In this calcula-
tion, the water level was assumed to be even for the length of the calculated
hold. The range of stress change by 6 m wave is shown in Fig.7.3.6. Corres-
ponding results for uniform loading condition are shown in Fig.7.3.4, Fig.7.3.5
and Fig.7.3.7 ~ Fig.7.3.9.

Comparison of calculated and measured stress range in waves are shown in
Fig.7.3.10 and Fig.7.3.11, They do not show good agree, probably because the

rough assumption in the calculations.

7.4 Dynamic Pressure by Ore Cargo

Investigation of the effect of ship motion on the cargo ore pressure was
tried., Fig.7.4.1 shows the sample of oscillograms reproduced from digital
data recorder,.

Range of variation of dynamic ore pressure induced by ship motion are very
small, about 3 % of statical change by loading. The effect of roll on the
dynamic ore pressure seems to be rather small than by pitch as shown in Figqg.
7.4.1.

8. CCONCLUSTIONS

REFERENCES

AFPENDIX
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p(X)—_- e".L ................................................................................................ {( 6.51)
E

DHRANEL Do T O OFEIL 7E— D03 9 L — 2 BORI L » CHE HD T, LEANIIAOR 272 VE
LTl LS L S AED T — # w WD Y R b,
BRI O G D RO 2% 5B O ¢y SRINNCE e B BRI TF QW ERIC S by Liadi - T

fF SO IRE () LSS £l Lin, Liidi»> 1, peak to peak DENNHEH(Y) ORKIEE LT,

FTDRMS ® ¢ T &Ly IMESED £ 9 2 BN~ 4 v F A2 b A QU h oS T,

= = 2 YR
\/E =245 , p (YY) =g e ( 6.572)

o

Jelt
DRI DS DE LTI T A2 EHE D 7t Lewis by COFBICH-CHED T, 2T v DD

VE BnA LA,

Lewis REHMED & & Beaufort MNBHEOHFEE 7R » + L. & LK ZOMORNERE TN DH0 2

N TWE LD TEARY +—7 (weather group) &l %o r—7WEnT JE RIEBRMITH C & 4R L5,

ER/&P) H

Tdhho

B L, BITOKE WL 5 70 — 7 Ui 7= 2 i win Gl B L. £ —7O
VE ©F¥ m % Beaufort scale WHLHEHTINEL. s/ /m AND NS WS LS LW ERET 52 LT
I-»T. VE EVRLIED5 4~ 4, Beautort MNEEQRI v —7 & DRSO T B,

—J. Fig. 623 PORLRBLOFEE., 8BF LORIEI) (DD-4) © /T (RM.8.22) % Beaufort NI

Lo Lcb DO Chho TG Lewis O EILIT A EDIbROYHEHFINIA 2L (b L LWwe &, &
B LA A 5 L @ B AHE IS ML b,

T T D R A4 W@”V/—aﬁfat)oLﬂz(@%mmktiﬂﬂ\—mﬂ‘ﬁ‘m\)HDO&H
Aot D 4 Al LTHE e S I & 3 » 2BA % R LT B L D Th A7 Fig. 6.5 2 O BAOHIT
WIIDBEICARBL LD nE b Liadis T T THNRGEND T3 2 =2 LCONRDOKEHT LD Beaufort
BN LA a L EHROBEIC L D, VT LOBR TR0, C LT b

M@K\ﬁ%@Tﬁ@xﬁﬁﬁw—fwﬁw\%yw—7WmefJ§@¢&ﬁmL\ﬁﬁw(aas)ﬁ#ﬁﬁ

TH5LDEPET 5o

Wi e —7 oo wm (m)
1 9 ~ 075
2 0.75 ~ 1725
3 175 ~ 275
4 275 ~ 375
5 375 ~ 575
6 575 ~ .75
7 7275~ 975
8 975 ~ 1175
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m, s I—7TEDEHT — £h LIETBHH, Fig. 653560 50% & 9 CHINELESO KW DIEE K
NG LT b, JHBEL 52 ) OFEEEBL Thnbd, Wi, {2740 —7 D JE OFH, m&ondh OEOHE
A B S A RS 2 ARG L, EEE N2 BB L YRET A LT HE, %7 v =T DOuldHs & 9N H DM

X

MELTRRE YD LN 5,
=U.20HS+O.025H§ ....................................................................................... \6.5.4)
KIC s/mids Lewis (L& b T—iEs Ly W@/~ =72, 3. 4, SOFEENNL LT AL,
s/m>==const=0.267 ....................................................................................... ( 655)

EFbe TRTC( 652 )~ (654 )KL IENEVE » v E SHEEZ v — T DEBRIRD b e LI R Ao

Wi, B =7 (1) KT, 5 Y F KR 5T OWEMIP (Y) W,

P(Y)“—‘p(Y)'f(‘/Eh) ....................................................................................... ( 656 ) .
KIC, T2 Yy LY REWESL &EBHREHK L OID L b,
.00 o0 — R
Qi(Y>Y;) = f f p(Y) £(/E)dY ayE
Zo0 Y 5
-m -YJ —l Paro-l ST=
:J 5 J/E'f(v/E)dw/E ............................................................ (6.5.7) .

=-C0

R Thh, Pig. 652 ERKALCODHC, 2D Qi

01 (YY) @MEs v—7 (1) WhnT, Y >Y5 &% AT
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¢1Q1(Y>Yj) ........................................................................ ( 658 )
1

| bz

Q(Y>ry;) =
i

FPig. 6 5.3 R IICHL T, Fig. 65 48~7 OBLRCHT HEHER TR, Fig. 65 4 AL RALD 3 iTimo

MR THDb, Fig. .55, 656 HEDFHPHMOBEDFIY THL, ThHE Fig, 424065 LcdDTH
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Ao Fig. 6 5.7 Ghilpyss )/c LAKRTFEOFEOMETHA, Fig. 6.5 8 L amam;;:” CHW SR AL KPR

PSR TH b
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&

3 JE OFHlin K

HfE L b A7z VIRV 2, S REENERLS E v ¢ &y F ey ki % Uicqtd
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AL, COEHEE, HFEOFRFERO 7T — £ bR IR ENE (Fig. 655 ), 5EHi% (Fig. 656)
DEEFLENC & BFHIE 222 DaTve & L. 2 OARHIOBEIC ST 2K Z T3 & bR 5 & AL

oMM Ly FREN2 6.7, 234K, e Wk b,

F72, Fig. 6.5.3Cr BHNC LAILKVEED 2 > h —{T ,<J"'Z;:]"iilll‘{tizi.w)’é:iiiL‘C nho COETAGT A MM

Vi Pig. 6.5 8 [GRINTWh,
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THLDED by BHMEDICEYIREE M T 31T AIEIC L AHRIETIA IO K E 3 2 LN LOMEHE DL
DOREIDHR EAHRATE 2o TR bL. RIS EDRRICENTS, OB TOILENZAFHCKEWESNCE £
B _EOMIS NV REC 0 TR D KE WIEE % - Th D . ERHR ELSOWS TRISE 2% D&V EFR O
BN OB O M uHh b by Fig. 7. L1 DLICH - T,

AR AL TSSO K E Work, B OREN ORI T, ZHERNIOFLIRT - & — bk ETH LN
LRI EORIENC BT B & W LT L% » T b

L OEEIIED 9 HbAENE A T HATENO RMS iR EEI ECHbHE Pig. 7 1.2~7 150
L O% Ao

s LT EOMERMO RS (24E =/F ) £ & by RUIENO I LEDT - 24660550 (12) iR
A BV d O (22) £ LERBINGOH D O (32) O 3 HOIEIARRIC DWW CER LR L SRS 5
WHRELTE Boautort BUMME SN IEEE T & » e TOMEARREEHS 9 DR E OBHE & §F5C L /o sfdll
)
LDOENRDEDRELS, EOT 4 —F% &> THYHEBBINCH LRI L O AL &R LTS L9 Thh,
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+ 70, TR HOFHISHCEIMKREBOMEWHERCOWTEEE L Thia WA, Pig. 7 L 7EAZEIRITDN T,
W& oA Mk G R L GBI IR L CEHRRO—# 2 /R L s BHEIO BT TR ( T ZT o
THMERNR LT L RN BEOMEBOMIUC L - TSI g b REAFELILNZNWE D TS,

7.2 48 £
BIH TR 30, MECIMEOHINC L 0L AIFNSHORE X SHEIKER Ladh X LI, 450 et
O T OBREEET 5700IT. A2 T 4y MMBHTE T2 - 7co MATOWENE . D IR & LTI

TALO, DFEMITIRIIC X HISNCHT B DM 6 h b,

7.2.1 BRESLUEHITH
AL TR 3 0 SOTRUE TFHEICD T, #3 7 ACbre b 7 9 MOFM DATAC ZHUHLCHZDIT
WH M FEHTC T Tabd. 7 2 VICRTENZRIC), 8 6 iR, Tad. 7 2. 2 [CRFHHIC Dn Ty A
7 b7 oy MBI ER Lico Tab. 7 2 3 WCAERINGOmS w7, FHIlES 12060 1207, 1212 GEHR
HE, 1215, 1218, 1219 iiRRETH 5,
Q) MR
Tab. 7 2.4 ~9 WAAFHINC 2 AT HIMREO 7 2 T=0 8T A Rywy &y R Rpax L X0
LEDI Y Ty R LTWAh, ZOWTM, Nk Tab. 7 2.1V KRS N HFHINEE v, Fig. 7 21 ~3av
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Fig. 7 2.4~ CEHFHIT & DFEREDA =2 b v doRmde Fig. 721 0~1 SWCHHHIEE S &L Lo~

CALL OEEW s n Ty WAL DT RCHE LT # o strain, BERCK L CEEE T WY Cn B,

@) #3530 1
R LD BN & O e I B SRR v TTT AN S AT E ¢ & OB SIS
JIEE EE WA A TS A D A
(b) #HEHE h
BRI WKEE 1 1 sec . BERIET 0 sec O—EOMIWE £ by 151 & DHBIE—BIICIER ITE W,
) BURHAEMTIET)
IS BER R L8 LIRS - U D EHTR AR B IR AR S T
RN
@ &R
B OSSR IE TT & B W S A%, A E W & B B kA G B [H iR
R H ﬂfzw Bpdy (1.0Y i, i & BB

( B OSEEIEH HEWMTIE T Y E 1. 0~ 2.7 O T LT Ao DI
PEMEDOIR DIC L AIGHIC L DR AN TW B L9 ICHEL b s,

@) Iz v —2 DIg]

HERIHC DI 7 b OIGNER T L Th b, HHER & OMBEEEN ( 0.2~0.3 ) 25, #ERA S E A7 b
HH(04~085) 273, d7. WEOWEBBELERLEL TCNAH LI ThHh, M & OMENREKNT &
R L THENIC L 2HEEARIE LT DE LD 9 2 &AL ST AP i, BRI L BIGHERTOL D
PIDFIIC LB S DICHANT, ABntng i #Es Hhb,
() A R
B 7 v — £ @O E LR FRICHHFHT DL, 2% h ORI EIE R L R L O (02 ~04 )
HEEN &7 D DM Z R T ( L5~ 0.9 ), THEFHHENIC LA, HAWHIMHEN 24 L I ¥ A /KT L B

i< FATHACE TEIRT A EEL Lith,

7.2.2 RMABECK DA
BEECAIC il EFREICAT 1 0 SO BN JIEHIEAEL I 2 LT 220 SEMITIR B0 X BIED) M+ 5 7
DI, 205 LORS MR EMRICEE S 2 6 R RO TOFHINEOIRING £ 2D, M &~

IR MEF LT TOREMIAEEDD — 1, 20 4, 6. By 9D ETH D, 7 — 2 ABEA 1 RO EHIES

L 302 6D3YEE -ty TRERRIEL AN L EEHRETH By BIRENRT Tab. 723 T4
felics
W B

Fig. 72216y 17avasdsa—fl47Rde DD —20A4A—F - avasiahiibBRasod, -2

FICREA/AXGTELROTHE, Thbp by P EWENEND & T OGO REEIA 2 5 & &
P Ba
12) A2 NI o2

Fig.7 218, 191, Loaveyss ol 35A2 %5, Fig. 7021 8 @& ED A — b -

ANRZ PG, Fig. 72219@DD -1 LGOI nR - 20 b ARFERFTEDTHD, #4843 cos WA%. M
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Fig. 2218w rhiHlAO=2~2 b i iy AE, 425 cpmy 102 cpm®abie b CHmoss

o TWnhy Fig. 7.2.2 Q0 WCAYRD X5 = b HTES

u‘:ar
>

S TEVA L ARIEA TR T A5, a vk g+ 5 &

s

425, 102cpmid, TNEN2H0, 4 NHEMCHY S 5, Pig. 7 2.2 TE4AFMED 4 2.5 cpm QL F o0 &
HIE OB I OB LTy PLALDTH A, 2hhbe— NG OERO LW BSHDE
Bdbnb, 2/, Pig. 72221 02¢cpmn QDIFNXa T a2y b3 h, Fig,. 72219 D 2ZaA A7 o
MhLEED1 02 cpm OO RLROLE Pig, 7223D L 90 AR b CHILAGEDMMHEAHTYE £ 05
BB I DONTHEA TV B Z ERTL by ThRb, 10 2cpm DR L SIE~EEEBLTNE &

LD ENTE D, Fi IR~V Fig. 2 22 2088B0L 9k b s OE DN A,

.3 IFHESR
) GEEIREECIR LT e L B DIG T
BRI & BAKIEOHMIE. Fig. 723V RLAE SITRGEL7ta T2 b, IKORIATIT Crl i E O K BHICIT W4
1A b R CHMBONKED + O4Mbhid b L Lic, HMIKLOW 1 ¥t San Nicolas [Bi#EikiE (Alternate
loading) THESEEmMOBE &b 8 OFHHRY Fig. 73 2~Fig. 7 3 3WRT, HoLTH, 7 v -

L DR SIMRE { OB T & » X =HDIETINRKE K » T b,

KRALDHE—KAT Rovert Bank Hi¥fE (uniform loading) TilEé mOIC S/ & & DEE
% Fig. 7.3 4~Fig. 723 5WiRT WOEB T7 v— 2l L AIGNOFZEMITHE » T by & o X%
TEITEPREDIETI A LT b,

(2) PRI & BAERIE S

B L B EERSIIE, EOWLTELBIGNEROB THLAIGAOEE L-tRb ke Lzdi- Ty FKEB&EOH
CE->C&E%h, BPRECT L 57N,

BEALDOM 1 XML San Nicolas [LRKEETC & m DT & - /clFOEEEI % ¥ig. 7. 3 6 Wikd o & iy

SORALOH 1 AT Rovert Bank HMEHIEC3Im, sm, 9 mOiCiHs /o b E OWIIE % FPig. 7.5 7 ~

Fig. 7.3 9 CRdo PURIC S AEENENL Y v = £ TRE (R - Tnd,

juel

RN 3 IR L BTSN OFEE & DI % 17% 96 Pig. 231 0~Fig. 7 3 1 11, Tk

JER RS L7V — A RO KEEICLT 5

inJ1E DATAC 1500 K & 9

ML 72500 RMS D 9 bl
REWT 5 D% RLTWh,

Fig. 731 0{HWn1, 7V —a®RCEFDFEHGCT % Hlg+ 5 & BT EISIINC b U 42 5 Ot &
B Tnby TORKE LTETDZ EXEL 5N L,

() BMAMCEZE L& RO IBOENKE W,

b) B O

AR L T By
(e ATIVC 30 B AKIE D B TIRGE L e D L DN E g
@ 7 Vv DB L D HTOA R S RS B

Fig. 7310 VW ZHEPINC ST ARG S G O i w7 L0\ by FHIE IR SIEIS i e L 2 f5R

-

BEWC » CW s, TOBPIE LT, 7 v — 4 TELREROR), OO LT oMa#E 2 5 b,

GRS 3ot AR EOKIEE & EICH T AKBED P Lcv b a5 R L b b K E A AL - Tnbo

(0) EFHULE D RMS T3ROS AESRE 0 1 kg /m LT O 3O U0 ETC. 3OS DI DnCE L TN b,
(c) BERAC LA I E O 1 5,
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T OO 9 L IKL)OEEARKEWS O &b b,

7.4 Hh A E
HERAL BERAIC L D B FGIEAD EOREE LTV A BB L Y T € 1T7% - 7o
"Pig. 7 40VC DATAC 1500 K DHBLELAZ I 7 2RY e WAELRT — 2 OMIRT LUTICRT, 4/, Fig.

74 2Dy RO EE T LT\,

(1) BEWYSLEIEIC E Y inner bottom long. WAEFTHU T e €,

(2) TIREEDHERIT 1M B0 00 ceereereeteee e e £p .
(3) A

W) FERRE L .
(5) Inner bottom long. (DT, =1 ) @330 e, €1,

6) ERAE (DD —4) OBEEIT DA D eereer e ep

(M I — Z (DB =1 ) DT T ceererrra e €a

BRI, &, €y RO ATFECT T o
Inner bvottom long. @UFA (er) WEINIAEI L b BMENCHEEMCET S D32 (6,) & ZHIKDH
WL BTN (6g) & IMEOWTICLADTHOIDEMLA DD THE, Fies FOMA - FDO057H () ik
THEOMITIC LAV TR (eg) SIMEOMITICL A0 57242 ME O TH D, Licht» T HERHCEINYEEEIC &
b inner bottom long. WU B30 (&) WLUTD LT b,
By m B, — £ ey (7 A1)
oy ZHEPOH N — B CORMINT Ol R LR RO O (ep) O 0.567 5 & LUK
WHENBEDT, ZHEDIMT O () HETO L oEbLIR L,
€B=6G+0-5675D ............................................................................................. (742)
g AL ATF - FOHMAS LUMRET Tad, 7 4 11CHRS,

TURMCAIFCE I s €, 92 4 0 # THHO T, BHWECAER, Fig. 7 41 0 by fUAROUA L ORKS %

FTHH NI E L, $/y Pig. 7 41 IORLRBNENEE A O P R-COFHIME T H 5 70dy BRI D
RN L FEEN OB RE (B e T b,

R, HEEN L POEOBMRE R bo OHERENLORKENWT A1 1 O F — £ THEEN L EVETNIIL ORE S L H
Wt Fig. 7410 LDUDH-7GERT Tav, 74 VRS TR 1 h BELED BN - JRIBE 22 2 LT H D
CHERR MO - RIBAE TR E R B il A Vv Zhel, ETHMOMREEHEEN S TN L b U sA 0

FIURA D 2 RE L. Pig. 741 THL LW O R b LT b EEL LD,

SUT ISR TS & DR L 15T 5 B SEENM 0 2 UTO L 515 (o ‘
Y.
6 =86 sin wpt
Fig. 7 43 EHWTA SO LT HIMOAM B L O IR
yp :ﬁ@:ﬁ@ sin Q)Ft
# .......................... (74.3)
=-40w} siu wpt
HARE SIS TRt N VN S O HIFU A
vu=~tug sin (wgt +¢ ) // o
) } .................. (7 4.4) .
o 2 . . P ~ 8
YH = "Apg @y sin (Q)HC @) i // ‘
P "
5 - o e e , e x
bLhhe T T, CHAFHEN EOMAMETH A, LLE L » ETHBO ML 0
it Fig. 7 4.3
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w; sin (wgt +¢)

y_ﬁyﬁ4y1. gQwI, sin Wpt — Ay
—(gO@pt+az@l) sin (wpt oyt ¢) cos 4 (wp—wy—¢)
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LA,

7 B HOFHNEOY S L 0 §EEAIC L AIRE a R0 A L
a = '-—,,-——“=72.46'”1/Secz .............................................................................. (746)
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a
5=AU><—‘=17.7/1 .......................................................................................... (747)
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g = W& (980em sec?)
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SRR 2 0 I O RIS ZEB ( p—p ) ORI, £5 T L S IEHAMICHEEE L Tn v, BREs

SEOF T TORKMEEL, kg EPROFEOTEN(p—p) T
19K /n FSHE T B DR (BB ABREO AT 1 7 Kehi) .

RS TDEEDMERE OMER
(6) EBILH

BEmMTETh IS b0 & TEaIn 5,

by 16D E IR W AEEOMEEAEDG LB,
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Tab. 2. 1.1 Principal dimensions of measured ships
SHID Yakymokawa Maru Shobuy  rtard Kimi  Mard
Lpp (m) 220, oo 236,22 238.00
Bm (m) 32, 20 37. 585 32, 20
Dm (m) 72,80 8, 78 /8. 20
adm (m) 2. 30 /7. P3 72,23
D.w. (t) b4, 550 £3.220 &2,325
: : Kawasaki/ MAN Uraga SULZER MIESUb/Shi SULZER
Main Engine KT7Z 88/180E ERDGO 8RDY9O
PSS x RPM (MCR) /6,000 x /78 75,000 x 172 78,200 X /22
Number of Blades Ky Ky Ky
Service Speed (kt) /525 15.25 /5. 80
Owner Kawasak/ Kisen Showa Shipping Mitsur 0.8 K.
kaisra, Litd. Co., Lta. Lines. Lta.
Completion Oct. 1967 Dec. 7964 Jurne 79869
Tab.2.1.2 Testing period and routes
SHPS Period Cowrse
Aug. ; "69 | 4/os —~Weipa (australia) —~Emden (W.Germany)»
Yakumokawa | ! Dec. '69| Morrfork & Newport News (U.S.A.) wMizushima
Maru P Dec. ¢ ‘69 | Mizushima—~Gent (Belgium) » Norfork &
Aprit ‘70| Newport News (U.S.A4.)—~w Chiba
Nov. '69
g .
Shobdu / Jan. 70 Yokohama—+St.Nicolas (Peru ) —Tobata
Maru
Jan, ‘70
2 Feb ' 0 Saka/ —+Fort Headland (Australia ) — Fukuyama
June 70
/ g Kobe —+»Robert Bank (Canada ) —Wakayama
July '70
kim7 ]
Mard 5 Ja/yS 70| Wakayama —-Newpor? News & Norfork ((1.5. 4. )
Sept. 70 —» Kashima
Dec, 70
J 5 s iy Wakayama —»Robert Bank (Canada)—+Wakayama
an.




MARL

Figo2.102 SHOBU MARU

Figlo/ 1.3 KIMT MARU
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Tab. 2.2. 4 Apparatus on SHOBU MARU and KIMI MARU

Sensor

Meter Recorder

Strain Gages
Vert/cal Gyro.

Strain Gages

Dynamic Stramn Melers

r— Elec. Mg. Oscillograph

Ship Motion Meter
SWitch Box —Static Stram Meter ——— (Reading )

Strain Gage Oyn. Strain M. — Stress Cycle Counter— (Reaa/ng )
7ab. 2.2.5. Apparatus on SHOBU MARU and KIMI MARY
Sensor Meter Recorder

Stramn Gages
Verticar Gyro.

Strain Gages

Stramn Gage

Stram Gage
Draphgram

Bellows

Dyn. Strain M. Filter High Speed Digital
Ship Motion Meter Data Recorder (so e/l )

Scanning Switch (90 el. )&
Stat/c Stra/n Meter

—— Digital Printer

Dynamic Strarn Meter & oy
R.M.S. Computer ——— Penwriting Recorazer

Oyn. Stram M. — Stress Cycle Cownter— ( Reading)
Greep Sea Max. Fressure Gage ——— (Reading )

Green Sea Pressure Counter ———— (Readsng )
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Fix Measured Section Free
7
t No.e Cargo Hold No. 3 | Cargo H No. 4 (argo Hold
W e — — e —
KIMI MARU /st Voyage. Arrival ¢ Leave
' Znd Voyage. Arrival 4 Lleave
1) Bowndary Condrtion 1
Fr £
X o Measured Section X
7‘
I — J'_______T l ]
— 2 —
S, M CH. T
No.2 C. H - — v No.4 C.H
FE 4 e o
ZI BN l —
! ! | ¥
] ‘ /
SHOBU MARY ISt voy. Arrival KIMI MARY € m - height Waye
2nd voy. Arrival at Crest ¢ Jrough
(2) Bounaary Conditrion 2
Support w Measyred Section Sypport
—
| T L o
f Ly I I
S + N
‘E é",\, RS \il.
N
! U l {
SHOBY st voy. Leave K/M/ Alternate Loading
MARY end woy. leave MARL Dynamic Stress by Im Wave

ém Wave at Gest 4 Trough
Dynamic Jlress by ém wave

Dynamic Stress by ém Wave
Dynamic Stress by 9m Wave

(3) Boundary Condition I

Fig.3.2.1
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Boundary conditions for 3 dimensional frame structures
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Tab.3.3.1

Loading conditions (SHOBU MARU)

Position TP | Mo T | Mo 6 CH| a5 | Med Cr| Nos | Ne2CH| wot
wesght — AETI S| e \Wo3 8T CH | ma2BT| CH  ner18T| com | FFT| 70881
(13 773)|(B0ea )| 15,977 ) . ez 788
v Ballast Tonk (¢)| 735 | 5836 5557 . 673 3994 2.543 | 25 508
Capacity
Cargo Hold (m?) RETS| /3. 237 | 788 | 15.58/ | £.932 /3. 65) | 10095 SeL.200
Ballast We. ' (3.430) (7576) , 20559 (72.940)
2 13,426 X2
Ist Voyage | " peofore Loading (¢) £47 | #2849 * D e2. 944
. Ore wet.
St Nicolas | C e rading <o) _ 15,900 4S5, 700 17.800| 3.759| 9500 82,459
Ballogst Wt. (&.0/7)
2nd Voyage| 4ope Loading (t) E92 | 8347 2847 P 3.956 2as55 | 177.999
ore WE. :
Fort Headland ;‘;te, Loading (2] 75,139 o |15.697 17.881| 3.85/| 9550 82118
' ore wt. &) s /5. 807 p
Znd Voyage| o0 0 Unloading 75,739 3. 17887 | 3.851| 4.550 82, /18
Fukuyama Ballast Wt (t)
arrer Ynload/ing
X1 0 () Shows Meld Ballasting
X2 2 /3.448 t js Total Ballost wt. of FFT. , No.! BT ana M2 BT
Y e —
APT| Engine 1 | 1 i 1 "
L oo :/vp7cy No, & CH:/WJ(‘/—/ No. 4 ¢ H. /\/oJCA/ Ne.2 CH M CHILERT
[Tt e et J---h—~~~j—~-~~~~~--i-----~-~--~ e
AP l-——i/\/od er‘-l‘——/wear———l-—/vn/sr—*l
Tab.3.3.2 Loading conditions (KIMI MARU)
Position .
Weight ART | Not3 | Mo.9 | NMo.7 | Mo & | NMo.5 | AMo.d | No. 3 | Mo.2 | Mol | FRT.| Total
' Ballast Tank (2)| 3/7 | 267 rea | 2765 | Geds| 2307 5.004 | 2028 | ans | 2393 | SS9 | 2d. 924
Capacity
Cargo Hold (m?)| 2280 | 72999 | 9.623 |12.938| £682 | s2.9a5 | £.267 725894
Balliasr WE. , . :
ISt Voyage | pefore togaing 12)| 76| 287 | rea | 2165 | s.gar| 2324 | 0| sses| ava| 2392| 896 (22273
Ore we. .
Robert Bank after Loading (£) ; 7872 0,820\ 7.677| PIVIS| 772 | r0.262 | 6.706 80,220
Ballest wr.
érd Voyage before Loadmg(t)| 377 | 287 | Fed | 2765 | Sddr| 2327 D04 | 3729 | 4177 2397 roor|e2377
Norfprk Ore Wt.
after loading (t) 72| s7077 | 2282 7185 | 5769 | r0372| 8878 S7 129
' Caleulateod Part —— )
I‘ Measured Section
I 7
o 131 Engine i , ; : ' { i ;
BT oy (M CH L M6 CH S ot Mg el ewt mee cm i Nes ot ERT
; ; : ' : o ’ :
BT WET T it rooTiTmee- ettt ety -l-"--*,-------------j------‘----:
47 ]

—51 —
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Fig.3.3.8 Comparison of measured and calculated stress (KIMI MARU)
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Fig.3.3.6 Stress by loading calculated by F. E. M.

(KIMI MARU, lst voyage, Robert Bank)
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Tab. 4.1.1 Ships used for observation

Route o Ship Type | D.w(t) Period § E § é §’ ,§ § é" S é‘ § § Reference
OSHIMA MARY | Cargo 12,033 | Dec. 60 -Feb. 67 —
MONTANA MARU | Cargo /3.367 | Dec. 60-Feb. 67 — 9)
HUDSON MARU Cargo 72,157 | Feb. 67 -Apr. 67
Nor7h YAMATAKA  MARU | Carge 12,707 | Mov. 63 -Jan. 64 — 70)
Pacitic [Seatrie  mARU | Cargo 12,022 | Dec 65 -Mar. 68 — /)
YAKUMOKAWA MARU | Bulk /pre s4.8580 | Mov. 69 ~Dec. 69 )
KIM] MARU | BUlk Jpre £2.325 | Jun.70-Jul. 70
KiMI MARY | Bulk /pre | £2.325| Jul. 70 -Sep. 70 2)
KIMI MARY | Bulk Jpre 62.325| Dec. 70 -Jan. 77
YAKUMOKAWA MARY | Bulk fore | &¢.880| Aug.E9-Sep. 69
SHOBU MERY | BUlk Jore | 43.420| Jan. 70 -Feb. 70 P
KASAGISAN  MARU Oore 777,577\ Jun. 77 -Jul. 7/ R
KASAGISAN  MARU Ore r27.57/| Jul. 77-Aug. 7/ st 13D
KASAGISAN  174RU Ore 277.857/| Oct. 7/-Nov. 7/ 14)
Australia [asagisan marU | ore | 777,677| Dec. 7/ -van. 72 — ]
KASAGISAN  MARY Ore 777857 Jan. 72 ~-Feb. 72
WAKAHATA — MARU Ore 93,773 | Jan. 72 -Feb. 72
WAKAHATA  MARU Ore 03. 743 | Feb. 72 -Mar. 72 Unpub -
PORTLATTA MARU Ore 03,356| Feb. 72-Feb. 70| lished
South SHOBY MARU | Balk / Ope B3.420| Nov. 69-Jan. 70 t— 1)
America | KASAGISAN MARU | Bulk/ore | 777,577 Jan. 77-Mar. 7/ ' /3)
TOK YO MARU ot 150, 000 Oct. 66 - Nov. 66
7Ok YO MARY oil 150.000| Mov. 66-Dec. 68 — 6.7)
, 70K Y0 MARY ol 750, 000| Dec. 66-Jan. 87—~ 1 s5.72)
Arabra 7oK YO MARY ot 7850, 000\ Jan. 87 -Mar. 67
70KY O MARU 214 150,000 Mar. 87-Apr. 67 —_
MEISEN MARU il 152,852 | Aug. 68 -Sep. 68
Head Seq © : Calm Sea
337.5° 22.5°
_Bow Seq
292.5° 67.5°

rre. 50
Quarter/ng

Sea
202.5° /575"
Following.
Sea
Fig.4.1.1 Encountering angle
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Stress distribution on ballast condition calculated by F.E.M,
(KIMI MARU, lst voyage, at Robert Bank)
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Tab.6.2.3

Principal dimensions and coefficient of ships

Bredrth

D.w.

¢ z

=T PR S
Ships Lengf/) B Degf/y Z=1/y 73735 Reference
(m) m) o) (¢) cem3) K8/ mme)™!
Bulk/Ore |\ omonawa miry| 220.0 | 32.2 | 18.5 | ea.880 | 2274 x10°| 253 x 104
Carrrer : : : - . ‘
v SHOBL — MARY 236. ¢ 371.85| /8. 75 £3.420 | 23.04 ¥ 0% 0,535 x107¢ 7)
P KIMI — MARU 238.0 1 322 18.2 82.325 | 2320 x 108 0.821 x107%
il Tanker| NIkkO MARU 792.3 | 24.8 13.72| 35280 | 16.0 x 108 083 x 107¢
v TOKYO MARU | 290.0 | 475 | 4.0 | r850.000 | 7.7 x 10°| 267 x10™¥% 4 7 5,
9 MEISEN MARU Jo¢.0 | 44.0 24.2 | 782.852 | 44.7 x 108 s52 xr07¢
General Cargo| SEATLE MARU | 1485.0 | 19.4 | 12.85 | reco0 | 6.0 xs0°| 106 x 107% 77 )
v OSHIMA MARU | r45.4d | 19.5 12.3 12.000 60 x 10%| 104 x s0°%
7)
’ HODAKASAN MARY | 1a5.7 | 19.6 72.8 72.200 6.1 x10%| 0.98 x 107%

Nondimensional Wave Bending Moment = M = M/pgl’B8 = ZX/pgl’8 = CX

X = Wave Berarng Stress (G/mm)
M = Wabe Bending Moment
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Longitudinal wave bending stress (RMS of double

amplitude, 2./E ) vs. sea state (SHOBU MARU)
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(RMS of stress range, 2 VE ) vs. sea state (KIMI MARU)
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Tab, 7.2.1 Measured items (KIMI MARU) Tab. 7. 2.2 Test number (KIMI MARU)
MmN | 929€ 1tem rest No. Date -
1 | OF -2 | Stress | Frame 7208 7970/58/28 (1)
2 DD-4 | Stress | Deck 1207 ’970/8/28 ¢2)
3 OC -1 | Stress | Hatch Corner 7272 I970/8/30
4 | DS-2 | Stress | S/ide Sheit 172/3 7970/7/7
S | Rotl | Angle Rolling 7278 1970/7/ 10
& | Prtch | Angle FPrtching 17279 7970/7/77
Tab. 7.2.3 Sea conditions
Sh/p KIMI MARU SHOBU MARYU
7est Ao 7206 | 1207 | 2272 | 12185 | 1218 |\ r279 | 3024 | 3025 | Goes
Date 825" 6/288 | 6/50 | 7 | o | T | Ry | s | 2ve
7 12:30 | 12130~ | 12:30~ | 12: 50~ 12:30~ | 722130~ | 12:@8A| £3:00~ | £2: 40 ~
/rme
12:80 | 72:80 | 72:50|/3: 00| r2:50 72:30| /3:a5| f3:20 | £3:00
Weartter Clovdy | Cloudy | Cloudy| Cloudy| Cloudy | Cloudy | Cloudy| Clowdy | Clear
Amp. (Deg. — — 2 2 J 2 2 o o
Roll G g:2
Period (Sec.)| — - Ve 7 V7 7o 7/ - —
. s s S.W
Direction |++|,3 <d <d <3 [ g g g
s.w ow 5w |l |sw S W 4
. f , , , /0. 2u5 2.5 7.8
Height (m) 7S 28 | so | Lo .0 0.0
* (0.7) | €203 | ¢cro) |\ ¢rod | ceo) | cso) | crs)| crs)| —
Wave
Leng#h (m) Jo | so 7o | 190 so | o | Lo | Fo | /E0
(23D | ¢7) | 7o) | ¢8| ceod | 300 | (78| (7250 | —
Feriod (sec)| - - B a a h B €0
7) | &) (70| &> | &) ¢5) — - -
£ 3 2
Wave Sate | 7 | ¢ N A B
c2) | (&) c3) (4) | 50| 7 - - -
KRelative Dire-
ction anrd > | Q | ’Cl ’Cl ~3 -=A |3 ]
Velocrty rz.o ’2.0 &.5 72.0 rd.0 4.0 /5.0 r72.0 .5
Absolute Dire-
Wind |ction and > <4 <d Q| a |-a ~d d <J
Veloest 7 |/ 4 4 4
elocrty S0 B0 &S0 8.0 2.0 | 2o 75 52 E)
Beaufort Scale] 3 ) g = & 7 & 3 3
Ship Speed (kt ) |73 | 6.9 | 8.8 | 188 | 4155 | 726 | /8.5 | /3.5 | 140
Fropeller Rev. (RPM) |\ 177. 7 |\ 0 7.3 |73 (703.8 | 2175.2 | 898 | 1707|7722 1777

) Shows Winad Wave.
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Tab, 7. 2. 4 Cross correlation coefficients (KIMI MARU)

7688 No. 7206 7est MNe. 17207
M-N|R¢-p 7m Rmax. M-N| Re.p 7m Rmax.
&-5 0.073 | —17,28|-02.797 6-8 0. 177 | - 672 —0.300
&~ 0. 700 0.98 o 740 s-4 0. 067 | - 2.88 | -0. 256
6-3| —0.303 | - 3.54 0.3é5 -3 0.087 .30 0.325
-2 -0 307 0.00 | -0.307 -2 | ~0 0&7 $ 76 0. 370
-1 | ~0 775 | -~ 7.92 | -2.3/5 E-11| -0 049 | rg.qo | —o 263
S-4 0.079 | —36.48 0.720 S-4 | ~0 774 2,80 2. 154
$-3 0. 040 13.44 | —0. 189 S$-3 | -0 r72 2. 88 | —o edo
S-2 | -0 2517 77.852 | -0.278 -2 | ~0. 383 0, 00 ~-0. 383
S-71~0.337 | - $.76 7.346 S-/ 0. /59 - 0 96 0. 775
g-3 | —0.260 | — 0.968 | ~0. 282 g-3| —0.2725 0.00 | —0.275
4-2 | -0 444 0.00 | -0.44¢4 Z-2 | —0. 23/ o000 | -0.237
q-7|~0.77/8 | - 9.60 | -0. 474 4-/ 0. 783 | - 6.72 0.248
3-2 0.823 2. 00 o, . 823 3-2 0. 7EF 0,02 0. 764
3-7| ~0334 096 | -2.39/ 3-/| ~0. 2658 22 . 08| ~o0.350
-4 | —o.27/ 0968 | ~0.302 2-/|—0 acq 0.00| —0. 424
7OSt MNo. /272 78St No. 1275
M-N| Rp.p 7m Rmax M-N| R t=0 7m Rmax
-5 0,228 | -17.28 | -0. 236 -8 0.0862| -33.60| -0 17850
&-4 0.220 2.88 0. 474 6-4 0. 836 3 FE| -0.877
£-3 o, 763 Jd.8¢4 | —0.564 -3 | ~0.770 3,24 0 87/
-2 -0.078 | - 2.88 0.478 £-2 | —-0.777 B 64| -0 873
E-7| —0.087 3.84 | -0.2768 é-71 0. 697 - 0.98 2, 786
S-4 | —0.073 26,88 0.178 S-4¢ 0. 748 | -16. 32| ~0. 210
S-3 o./46 | — 0. 968 o0./165 S$-3 0,077 @7.0¢ | —0. 766
-2 —-0,078 - g, 50 o. 194 S-2 0. 040 I7.44 | —o0. 124
S$-/ o./73 4.80 | —0. 208 s-/ 0.252 | - 0,96 0 289
G-3 | —0.438 7.92 | —o0. 730 ¢4-3 | ~0. 875 0,00 | —0, 875
g-2| -0, 658 0,98 | —0.774 g-2 | ~0 890 0,00 | -0 890
q-7| -0.280 8.72 o412 g4-7 0. 675 - g. 80| ~0, 888
3-2 2.807 | ~ 0.98 0. 875 I-2 0.903 0. 00 0. 203
3=-7 e /80 | - 2,58 0. 433 -7/ | —-0.5681 -9 60| —0. 79/
-7 0.798 872 | —p.3683 2-1|~0.804 | ~ 9. 60| -0.839
7est Ne, 7278 7St NMo. 7879
M-N| R ¢z0 7 Rmaz M-N| R¢=p Tm Rmazx
£-8 0.772| - 7.92 0,278 6-S| ~0. 068 -r2. 28 o, 23/
-4, 2.509 o000 | 02509 6-a| 0. 642 3.8¢| —0.72/
6-3\ o177 2.88 | -0.549 6-3| -0 6/8 3.84| 0,678
6-2 0,678 | — /.92 0. 4863 -2 | ~o 472 3.34 2.538
-7 2.37/ - 3.84 | 0,388 &-7 0. 074 /.92 —o0. 598
-4 . 428 | —-26.88 | -0, 460 S-4 0. 278 $S78| —0.338.
-3 0. 482 o.00 0,482 S-3| —002r| - 2.88 0.207
S -2 o, 154 72.00 o214 $-2| =0.098| —s7.28| —02./98
-/ 0023 | —17.28 | ~0.387 S-7 0.373 0.00 2.373
@-3| €079 2304 2332 ¢-3| —0. 764 2.00| —0.764@
g-2| -0,287 0.96 | ~0.878 a-2| —0.757 0,00 ~0.767
f-7| @477 4.80| —0.¢80 2-7| 0.925| -&.76| —o. 728
g-2| 6370 -3,89| -0.456 3-2| 2637 0.00| .637
3-/| —0.374 7.68| 0,220 3-7| —~0./86| - 6.72| o 734
2-/| —0./83 | -8 76| -0.762 e-7| —0.336| - 9.60| -0.577
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o 06— o Measured Value
E O Calculated Value
& 05—
N X 2x(Calculated Value ) ~%
X _
N —=f=
3 -
Q o 0 —1
g S: ' . /., /C)
- 0.2 &= -l 5
2 0 s 34’: oo e 1
T N o)t 2 S —=
x5 A
0 2 4 6 8 70
' Wave He/ght (m)
Fig. 7.3.11 R. M. S. of dynamic stress vs. wave height
(KIMI MARU, Full load, DB-1 Center of double bottom)
Tab. 7.4.1 Environmental conditions (KIMI MARU)

Data Date Wave Height | Wave Length | Wina Scale
Number 7970 (m) (m) ( 8.5.)
7 June 29 4.0 80 4
2 July 7 5.0 790 4
3 July 17 70.0 780 7
4 Sept. 13 2.5 75 !
&) Sept. 2/ 4.0 720 7
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Tah. 7.4.2

Dynamic coal pressure and pitching

(KIMI MARU, Data No. 3, July 11, 1971)

Dynamic Coal FPrassure Prtching
Neo.
Ferioa  (S) EX (M| Period ¢s) Angle (2eg.)
/ &5.53 2.80 7. 97 /.30
2 .77 2. 95 g 02 783
3 7. .60 4,80 8. .64 24/
4 7. 44 /0. 16 7.9¢ 280
) 7.92 7.57 £09 2.78
& 9. 80 7,80 g.28 2. 48
7 7 60 /72.24 £.45 1. 63
8 7.92 /3.58 £.04 /.03
7 7.08 /0. 95 7.96 0.63
10 696 505 7.75 7.38
77 207 S 65 7. 80 235
12 & 16 2. 758 876 er9
/3 .72 2.00 -— —
Mean 7.77 8.96 5.17 188
X o =&1-Ec (see Fg. 7.42)
Tab. 7.4.3 Dynamic coal pressure and pitching (KIMI MARU)
Prtching Jtrain at Inner Bottom Heaving
Mo. Date Angle | Perioq Ace. x2 | Measured Caleulated 4 xJ
] 7p ¥ A Ee Em Em/ec
(deg ) (sec) | Cem/sec?) Cu) (ae) «m)
0.7
/ June 29,70 0.8 8.4 7.8 /9 S.8 J.0 (0.7 %4
, ¥
2 |ty 7. 1| o6 7.4 5.9 2.0 4.3 2.7 5%
3 | Juty 17,70 18 8.0 | 4499 7.1 13.4 0.8 '(j'j)
; 2.5
4 Sept. 13, 70 0.9 7.5 4.0 7.0 7.8 18 c0d)
S N Sept. 27, 70| 0.8 9.8 8.5 e 4.8 J.0 (00'37)
X1 Tp=2134dd = 7.5 sec) ( Normands eg. )
X2 X =an@UTY, £-37.3m (Pitching center (5 assumed at midship )
- En _
X3 A= 540 (51D
X4 () shows approximate calcaulalion by A=0.168 Hw . Hw=Mean wave heipht
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Stram by Dynamic
. 197 : g LxH=80 s S = /
Coal Pressure Eo (/0“){“7[”6 29.71970 |Swell : State 4, LxH=80x2.0m |Wave: State 3, LxH=8 x 10 m_l

1
AL —a A
; 2 (e~Bottom &g (1% o

c o o - Strain by Longl. - Waye Bending Ep 107~ 50
S . — e s o~ N\ )\ S
SO R ~_ 1
Straimn of Botéom Center Girder Es (/07¢) 150
P .

Strasn by Dynamic
S Coal Pressure é-o(/a_,)[Ja!y 7, 1970 ldwe/l. Jtate 7, [ xH=190x8.0m (Wave: State 4, LxH=5 x/10m

Ny |

‘501" Stran of Inner Bottom Long. E¢ (/076)
0 .

Strain by Dynamic qu[y// 7977 lJWe/{ JState 7. LxH-/é’ax/Om] Wave : State 7, Lx/-/=\30x5,0mj K]

Coal Pressure Eo (1075) f\
F\v%/\/ AN

10~ 50
0
Fitehing Angle (2eg) -3¢0
ﬁ 2 oo \//\\/ - [ < 5
_ 0////79 ngle (at
5\ /\\/ AN /\\//\ i /\\‘"ﬁja
501 Sergly of 13 N .
0
50 50
0
-5
50

Es (07

Stradrlof Bottoln Center Girder
ok — - N ~7
50 & : ‘

Strain by Dynamic [Jepz" /3. /07/T5we// State 3. LxH=95x25m [Wave State /. Lx H= 05x0/m| 4
5( Coal Fressure E,(/07%)
e

o e ~ —

-5 Strain by Bending of Double Bottom Ea z_/'o:ﬁ °;0

j': P/;z‘cb/‘/)g Ané/e (deg) . ) J_ s0

st . /\ /\ /\ /\ TN\ /\/ed///ﬂg N Agle TN (4eg) -
/mem W" BMLO/?; \-/(/0 ) \-/ ~ 7 S

-3

Strasn by longl. Wave Bending Ep (r0°%) so
o Jl‘m//) of Bottom Center G/rder 56 (r0" ‘) -850

sok

Strain by Dynamic
Sr Cbal Pressure Eoll®

|Se0t. 21,1071 | Swell: State a. LxH=120 x 3.0m| Wave: State 6 : L xH=10x40m | 5§

. 3
.3 - ) o~ " ) Rolling Angle (aeg ) J

Seram of _Bottom Center Girder Eg (/07%)
0 — e ! —

Fig. 7.4.1 Examples of oscillogram (KIMI MARU)
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O 60(00'4)

cC.L.

S A
®

Es (DB-1) |

EL (DL-7) —\l Fig. 7.4.3 Pitching angle
\ 0

Fig.7.4.2 Strain gage position for dynamic pressure

of cargo coal
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APPENDIX

BEBBICE A Tirbh 2 ERIG
Full Scale Measurements of Ship
Strength Conducted in Shipyards

before Their Completion

AW R A T, BEE R TEEORENC £ D TEASIINCHT 5. BRI\ T A EHIE HEHIORE &,
BRAI 4 54 10 BICHT RO, AL 1 3EHATE 1 LERID DB FR s, MTREh & —%RE LTEY 3 L0

b DOTH5B,

Tab. A-l Tested vessels and items

Kind of Ship ltems No. of Ships

JSerength of Trans. Ring 7/

ol Tanker Longitudinal  Strength /3 28
local SZréength 4

Contasner Jorsional Streng’h / 5
Ship Local SErengrh /

Ore Carrier Sl renpth oF Trans, Lrrng / 5
Local Streng’h /
SZrengsh of Dowble Boitom 2

Suilk carrier JStrengrh of Side Frame 4 7
Local SErengsh /
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