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Experiments on the Strength of Container Ships

Summary

1. Preface

In order to speed up loading and unloading cargo containers, exceedingly large hatch
openings are required for container ships. Breadth of the deck, therefore, becomes
very narrow and it is considered that the transverse strength and the torsional rigidity
decrease extraordinary.

If hatch openings and side frames deform largely, hatch covers and containers on
board may be damaged; so the special considerations should be paid on the ship side
structures.

The 48th Research Committee of the Shipbuilding Research Association of Japan

took up this problem and carried out experiments on models which have various types
of ship side construction.
The test results are presented in this report.

2. Transverse Strength

2.1 Outline of the Test

Four kinds of model, as shown in Fig, 2-1~2.4, were used in the test.

The breadth, the depth and the length of cargo hold part are 1.2m, 0.75m and 1.8m
respectively, and both fore and aft parts are reinforced by rigid frames.

At the center of hatch opening there was attatched a cross-tie beforehand, and
after the tests on the model with a cross-tie it was cut off so that we might perform
the same experiments without a cross-tie.

Elastic and collapsing tests were performed on each model and testing conditions are
shown in Table 2-1.

The testing machine of the Laboratory of Ishikawajima-Harima Heavy Industries
was made use of and models were imposed for concentrated-load through loading beams.

In each test, deformation of hatch, deflection of bottom longitudinal strain at hatch
corners and of transverse members and etc. were measured.

2.2 Test Results

The summaries of test results are indicated in Table 2-3 and 2-4, and deformations
of side shells, hatch openings and bottoms are shown in Fig. 2-12~2-15.

Comparing Model I-B: (wide hatch opening and single hull at sides) with I-B; (a
model of ordinary cargo ship having a small hatch opening and single hull at sides), we
find that the deformation of hatch opening of Model I-B; is considerably large when a
cross-tie is not attached.

But those of Model I-A (wide hatch opening and double hull at sides) and Model I-C



(wide hatch opening and single hull with sponsons at sides) settled in several times that
of Model I-B;, though their hatch openings are much larger than the latter.

If a cross-tie is attached at center of the hatch opening, deformation of hatch open-
ing and side frames becomes very little; so it is seemed very effective to fit a cross-tie.

Bottom deformation of models differs little each other, but some difference due to
the cross-tie is observed in the same model.

Contractions of breadth measured at the midpoint of hatch opening in the course of
collapsing test are indicated in Fig. 2-16. Collapse was accompanied with lateral buckling
of longitudinal girders, local buckling of flanges, shear buckling of webs of transverse
girders and breaking of welded parts.

Model I-A gave the highest collapsing load.

Strain distributions of transverse members at midsection are shown in Fig. 2-17. High
stress concentration was not observed at the junction with inner bottom plate and side
structure.

The largest strain was seen at hatch corners and this is shown in Fig. 2-18. If a
cross-tie is fitted, strain at hatch corners decreases to 1/2 in Model I-A, 1/3 in Model
I-B: and 1/4 in Model I-C.

3. Torsional and Bending Strength

3-1 Models

Seven original types of model which had hatch openings of 640 mm in length were
used in the tests.

The length of hatch opening was extended to 920 mm at first and then to 1200 mm
by gas cutting and tests were carried out on each model with the respective length of
hatch openings. We fitted, more-over, a cross-tie at the center of hatch opening in case
of the model of the longest hatch opening.

3.2 Test Results

When a ship goes in oblique waves, she is twisted in such a way that closed deck
parts of bow and stern fixed, and the torsion-bending theory of a beam is applicable in
this case. The twisting angle of all hatch ship is to be expressed in the following
formula on the basis of the torsion-bending theory for uniform open cross section beams.

Mt ~TIC . Lo—x . Lo
9= - {x-%— . <smh JTTC —sinh 7T }
cosh ———
JTIC

In reality, the twisting angle per unit length is 0 degree not at the ends of hatch
openings but at inner parts of the closed cross section of bow and stern. L., therefore,
should be equal to L,’+4Ls, where Ly is length of the actual hatch openings, and 4L,
is given by

St =k~ k=14

where
I': warping rigidity at open cross section.

— i =



I'y:  warping rigidity at closed cross sections of bow and stern where the deck plate
is assumed to be a flange of side shells.

C: twisting rigidity at open cross section.

h: depth of ship.

Mit: twisting moment.

The twisting angle of a ship having deck plate is to be calculated assuming that
antitwisting torque due to the shear force raised in the deck plate acts uniformly along
the boundary of deck plate and side shells.

The twisting angle of a model having wide hatch opening compatible to a container
ship is 3~9 times larger than that of the conventional type model.

In case of an actual ship having the same longitudinal strength, the above value is
about 4.

Transverse bulkheads and cross-ties fitted to the hatch openings have little influence
on the torsional rigidity.

It is necessary to increase the bending rigidity of hatch side deck plate in the plane
of deck as well as the torsional and warping rigidity in order to decrease twisting angle
of the ship. In case of the ship having deck plate, the stress concentration occurs at
hatch corners, and the longitudinal stress rises along the hatch side deck by twisting
moment.

The deformation of hatch opening by twisting moment is somewhat large if the
bending rigidity of the hatch side deck plate in the plane of deck is small.

When pure bending moment is applied to the model having wide hatch openings,
the deflection and the stress distribution conforms to the beam theory quite well.

4. Conclusion

(1) It cannot be avoided that deformation of hatch openings increases according as
the size of them becomes large. But its magnitude can be setted in the range of several
times that of ordinary cargo ships, i double hull ship side structures or sponsons are
adopted for ship side.

(2) Both cross-ties and transverse bulkheads are exceedingly effective to keep
the deformation due to the transverse load small, but they are no use for the twisting
moment. The calculated hatch opening deformation by twisting moment is about 13 mm
in case of a container ship of 150 m in length. It, therefore, seems that the decrease of
the torsional rigidity is not so important.

(3) High stress is not observed except at hatch corners. But if a cross-tie is fitted,
stress of hatch corners decreases, and this is intensified when a cross-tie is attached
together with sponsons. '

(4) Transverse rigidity of a container ship that has single hull side construction
is caiculated by the formulas given in “Container Ship’’ (edited by the Research Com-
mittee in SR 48) and torsional rigidity and strength are also calculated using the formulas
indicated in this report and ‘ Container Ship”’.

— iii —
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Table 2-3 Test Results Strength

, ~ Bending Rigidity |
Model E Unit Breadth or Length
e s - 4 Weight of
e . . . . . e Model
Side Botion Cross-tie BSB]itlween
Type Hatch e o | BOU ulkheods)
Name (Side Structure) Opening Dy r Di=Dr
(Longl) : (Trans)
With
Cross-tie 300 kg
LA mm mm kg-cm kg-cm kg-cm ¢ o
1780 1040 | 19.1x108 | 18.1x108 | 21.4x106 |
Without
Cross-tie 294
(Double Hull)
With
Cross-tie 306
I-B;* 1180 x 590 2.58 17.6 21.4 — - e
Without
. Cross-tie 302
(Single Hull)
With i
' Cross-tie 291 i
]
I-B; 1780 x 1040 2.58 15.7 214 cemm e o
Without
Cross-tie 285
(Single Hull) ‘
 With
L 317
958 ! - Cross-tie |
¢ Exclude ’ . I
I-C 1780x 1040y SeeE 1157 214 ,
of Sponson i Withoqt E 211
(Single Hull with Cross-tie
__Sponson) o L o o

* Considered to be a Ordinary Cargo Ship

Wik-Twh, Ll I-B: iFE1E Cross-tie # ANTHEREEFRKREV,
BOBROESM R LciiR%E Fig. 2-18 (a)~(h) iR LTH 5B, I-A, I-Br oW Tlig
OB DB DOWTCEHAI L7225, I-Bs, I-C 12 oW T AR EABOB S H LA LD T, T3
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and Rigidity of Each Model
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N Cross Surface of Surface of Corner Botton Plate Surface of Corner
amel e Side Trans. | Side Trans. at @ . Side Trans.
at @ at @ | ! I at @
With +50x10-6 —6x 106 —68% 1076 | —30x10-° ; 416 x 10-¢ —
A |———  — - — — e e
Without ! +30 —25 — 142 i — 40 +16 —5x10-6
wih | 430 | 12 —20 —38 +24 —12
I-B; [ _—— . . - -
Without* 144 ! +10 —50 —-33 +20 —25
With +30 | 45 88 _25 +8 —17
I-B; — ——- - — —— e
Without 0 | -2 —275 —29 +4 I
With +10 +2 —35 . —30 +10 1 9
1-C . . _ [ e = -
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RE5A0RIOBRICOWVTHRE T o7, E/, MKADRIREDEE OERIZ OV T,
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M o JTIC (o Lemx Lo Ny
go—c{x-l- I (smh «/m —sinh ~/1—'—/Z‘>} (1)
cosh
~TIC
=72 L, C . BRI

I' o R D B
Lo: BZEWMI) ® FTOEX
Mt: hx—2v ¢}

B HRigic T
Mt — Lo
max=-——\ Lo—~'T° =\ )
1) C< o—+/TJC tanh «/F/C> (2)
HEXOHRDA 0 1%,
cosh L%
0:d_ﬁ:_ﬁ_gi 1— —‘/ﬂ ...... (3)

h Lo
COos »\/ITC
Single Hull Single Bottom D5412%, 48 Y Wik C 13, Double Hull otk UTIEWIT/ X v T,
ROE—~ 2V FEMFRVBWE I' ORI BIIhDL0EEL, XXX LIDBELbT IR

___Mt X 2 e
(P_ZF <Lo—3>x (4)
Mt L
Pmax— 3110 """ (5)

ZHEBORVEWE C, iR I, IRodl e, 1/2L OREKBD A omax FDO{EIE Table 3.1
WRTEBDTH B,
Table 3-1 Value of C, I, ¢, ¢max

\! A(x10% | S(x10%) | C(x101) | I'(x101) (;/%g e Lo l g
i
I-A, 7.81 3.49 1.82 6.72 1.92 , 188 2120 3.30
II-A; 12.51 3.49 4.66 6.81 1.21 191 2125 2.15
1I-As 16.0 3.40 7.32 6.14 0.92 180 2310 1.92
1I-B, 3.66 1.69 0.82 5.25 2.53 154 2040 4.30
11-B, — 1.90  |1.68(x108) 4.64 15.25(x104) 198 2012 5.50
I1-B; 3.66 1.69 0.82 15.90 4.40 233 2190 2.00
I-C, — — 0.97 8.40 | 2.94 154 2210 3.45

(Unit : mm. rad)

HO L OHEIEE & TN L OFTEE L O Table 3.2 KR+ & 50 TH 5,

Table 3-2
- o wa | mB, r B | mc
Measured ! 240 180 o 10
¢ Calculated l 180 18 | 2 14

II Bg*: Warping Rigidity of Hatchway is Considered
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(a) 3¢ D M & g4 D Wit & Dt
WORIPEIC X 2R DRy — 2 v e MC, thiF R L 5 b D% 2ARY E —~
AV bR Mt EThE,

d cosh «/01:/2
-c“ _ml1-—2>=1r L (6)
dx inh Lo
Sin »\/[TC
& T,
Mce=M;: 1___,1_._ ...... (7)
cosh Lo
JTIC

EI8 D, FAHEIITOWT B 2k D Mc/Mt 13 Table 3-3 2, fEHOWHEICHT S MM W
Fig. 3:22 W T&B0TH 5,
Table 3-3 Mc/Mt at &

e ‘ - A1 I Ag ’ IT-As { -B, ‘ TI-Bq ‘ TI-B; ‘ 1-C;
Me|Mt [ 040 | 0.7 | 0.86 | 0.26 ‘ 0 } 0.11 ) 0.2
) G -
Ty T il WA X a7 1.0 L ——
S, MRESE DT RIT 2R E X O ) M —— —10
1] B 1z
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| | R
L THRACEEIN TSI TRV, L \ \ 2

\
MoC, BREEOBO# 0° 7 BHhell, T \ \k ~
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. N . 0.5
KHLLDEEZDLTENTED, k

d4, il

VEBIRI WOES I BB ORS L X0 b R :
ALy 72088 U, Le=Ly+4Ly 755 EXD—fk ’ \ .___
B AR DR AR S LT B b DL LT, - ' S
() REMALCHE LIdR0f o LR o & £ 2
D—ET B XD 4L H5ED S &, Table 3-4 1=

I ORBACOMIR 0 Bk, Lo % oA — g
IOk A Shade Oz X 0 k74775 Fig. 3.22 Mc/MI

Table 3-4 4L,

— | 1A 1 1I-As ] 1-As | - A3 D l 1B, ’ I-By | 1By | -
dLymm 345 32 | 510 3% 240 212 390 ’ 410
Lomm 2145 2125 2210

2310 | 2150 | 2040 ] 2012 2190
s —

o S !

VEEHT DA Flange & B2 UTEHE LB ORI & g, 4Ly 12 Fig. 3-23 X
KAWL DB bTENTES,
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— = 3 k=14
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Lot—1 TR 7 (© MRERIMMESREZEO 8 VA S JET

W TE | & A B

q;: z RO EPARTIT O MIAT, 11 As ZFRVT 4.5

N mm & L7273, 1T As #R0Z0E 32mm &L, i

. BRECT H, Thbh b B o P HERIE B Top Plate @

L 2 BRT B PR O PRI TR % 3.2 mm KT

T/To

. io T D R B )
Fig. 3-23 4L~IT/I Doubling L7:#, Wit D KB Z 1775 -7,

yE—AvF 1TM iZxf$% Doubling 7L

(II As) 35X Doubling jiiTf#% (II As-D) DR D fid Fig. 3-24 12, PABTIMAO—RZEE L
»¢, Doubling Fil#%IIMERFIERE BT 5T, T07 4L DNRAT 5 b0 &2 THH %
T 2R R E I —FT %,

(d) I D E— AV P ERIIX I A OHD A

SRR ORI IR D £ — A v FOMETET A 0D fAksked D70, 1T A-D BRI L
T Fig. 3:26 R4 & <, Wi T ChiRic e neniin = — A v b Mt 55 G mt Einx
TR Y A DBEZ T - 72 '

IR0 €~ A v b Mt=1T.M. T3 LT, PRy €— 2v 1+ mi=1T.M. KXV mi=0

Open Part
=]
g -
=
2 X 2 1A, - b - = - -
£ T
E] A -D ~‘\
2 d HA,-D_TF A U A
i ma\‘\
£ " Doy
(=4 in,

b,
. SN o

/
|
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I
|

Torsional Angle

Fig. 3-24 Twisting Angle IT A;, II A 3-D (2=1200mm, 1 T.M.)
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A, TLA -0,

------- Calculated valve

HAJ

N

%D(End Part Doubling)

Torsiona! Angle X107 T@a

rad
-M

T

Torsiona’ Angle X107

500 1,000 1,5C0 2,000
! (mm)

Fig. 3.25 Twisting Angle II Ay II A 3-D When One End Fixed (1 T.M.)

m: Mt

mt
B o

- 1.5m ~—ré—— 1 5p —tmi

In

Fig. 3-26

Open Part

@

Fig. 3-27 Twisting Angle II A 3-D When Loaded End and Middle Part

——— .

e e

. T3 :
O-—~— Calculated Valve !

50

i) 1,000 L5 7000 2156

Fig. 328 Twisting Angle II A 3-D When Loaded Middle Part
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B OH D Mz Fig. 3:-27 Wit &30 Th b,
TIA T O D 1%
ZEBE L,
1 & JeBRfE & o bk

(2) APt

ICoHhmti=1T.M.

Lk

K_‘Jml H[) l?ﬂ JE,

AT B D)

7oL,

_ Mt i ., Lo—x
w_C+€¥Mr+“'+aM{x+ Lo<$nh
cosh —
7
p=~T[C
cosh éﬁj
a=1— Z
cosh ——~
Vi

x5
ERic X A5
—¥¥ 5,

Double Hull
Double Bottom

Single Hull
Double Bottom
II By, II Bs

Single Hull
Single Bottom
11 By

Smgle Hull
Double Bottom
Sponson fsf

I C4

z117%

0 A;, I Ag, 11 A |

bt O
AT O D AL, R
Yoo Deck Plate (Z/EF 284 J7 @n 1T
THEMT B L0 EH LN

£, akic

La

B s R A 1 %
¥, Fig. 3-28
0

AT

— il

kb

Py

Vi

WD T — A v b ME=0, dhdag
RSIIEFRII T R TH DB, OWE, 1/2L %
II Ar-D O &FL < 4ALy=350mm & L,
AT EEDMETLL T 5,

A

, A A —RRDH BT Beam 12, R

XOALCIOERD T — 2V 234
XIhdbobans, (+ Fig. 16)

ENRTES, 1/2 KX
Lt & R

=TT 5 T—ERIZ

—smhﬂﬂ
Ui

6 L

ln—'lg]/J_,lﬁ]J: D Deck Plate l’Pg&i ’C@J’%g
e, e’=Table 3-5 34 &
Findbb, ERBPATDOE VA Deck Plate 0!

R -

i V—

X B0 A Pmax Iz oW RIS %
il & DA {170 21, Fig. 3-15~21

7

E0 e (@it dan) FEUHEILILDE
feH R o
CHRTER DT, WEEATED X<

Fl/\ 7/\4\
2 T u—\J—

L<&n,

Table 3-5 &¢,¢
; = - )
<£+’> Af(, °) B<Iz+%C1—e>+ﬂ<3h+%+e>
ﬁ{%+ (L—li.)tG }+ 12@1Z 2ho -
R T R Blh—e)+ B +¢)
B P{K @ ll)tG}+ ]ZBESIQ L _LO o
(B+” ﬁjé% B(’Z B(h—e)+p(H+e)
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I ey bl -
BB — T 7
24]1L2 I,
Iy ——3— 3



(3) H#BEROEH ADLEK
HoE—2v I+ 1T.M BMEHLELES,
BREIOZLIGET 2 RARD AR
hif Fig. 3-29 it5r3 &% D¢, Single Hull
WEBAAARICHEY T 1T
AREX 2=640mm 7 54501
DEEREMEE LT, =2 vFF—iRicHEYT 5
AEeEA R, Tibb 2=1200mm 7%
BE OIR D A lb#Thi, Table 3-6 (TR

Double Bottom I£3%
B; #5340

@ua X107 Radian

| {Measured
!

|
#AJJ i
R

| v T
o [[A: !
a fla:
o A @
x 8
Valve T

|

¢ oam
Fig. 3-30 gmax~C.I". (1T.M.)
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T ik b, LLRBEILHNC LT 3~9
fEOR O FHBEL B, Fig. 3-20 Max Twisting Angle gmax (1 T.M.)
Table 3-6 Max. Twisting Angle ¢max
11 By
(21=640) I Ay I As I As II B, Il By II B I G
c(xiom) | 1.82 4.66 I 7.32 0.8z | (X109 0.82 0.97
(x10t7) B 6.72 6.81 | 6.14 5.25 4.64 15.90 8.40
omax(x 10-3) | 0.6x1073 3.30 2.25 | 1.92 4.30 5.50 2.00 3.45
Pmaxfo By 5.60 3.50 | 3.20 7.00 9.20 3.30 5.80
’ (Unit : mm, rad.‘)—_
5 10 " \ :
\ o\
LN
AU |
. ! \! \ C=Const
g - g A INCIN
+ RN l
| S AEEANENEN
I X P S
' N SN | ||\:
|
L
I
i

T(x107
Flg 3-31 {Dmax"’c.[’. (1 TM)



Double Hull Double Bottom ¢ II Ay, II A, II As IZHIFRVRAWE T 3 EAEHLL, B
DEIME C DY BEOR Y AOET, 11 Ay ix 11 AL 0 45D Y EIEEZ {TLTW 525, 7Y
FDBWIIKY 40% TH D pmax & C LU T EOBIRIE Fig. 3-30~3-31 2473 &80T, C,
I' Lhizphsviiici, 6 ofifhaiiinl TLiR 0 M A8k d 355, CHH HEL R
B E, MEEMAT I Z8m LTI M tE EMbe, 7, T pd ol ks
POMIE C w3 L TLHB D MIE iUz EmPb Ly,

3:3:2 |OICKBEMICHIZONT

WD E— AV P ERZT TR T BAANELC A 2 WMIE T, 30 WP X B 9IITE D), dh
DRIV X BTG U0 35 X OTHIBOH Deck Plate (/14 % WG ) Qu 12 X ARSI AT
LB, & O INBIRNG ) DRI E £ 2 B L ENTE B,

(1) ARBINS, AREEIZ43 HuIms )

ARGIER,  ASES S0 VLR D BRI X B 8WHS 1 35 X OHIFIR O BT X 2SN AsE E LCEm
Bo WO E—A v ITM. OBE, B W3 X0 TIVTHREET 5 TR SR 125 2 5907
G DEEERE & FH AR & A H T E, Fig. 3:32~3-38 10003 & 35 D T, i b e X B EES
TV, ARAEECUE, AMRNEIE 0 I XD AT B WG ) & DB B 0%, NI R
FUCATIHS Do BT, SMIIR D WIVE & Lod Ui, MINCEl - i 5, JH0E I
Double Hull Double Bottom #iZ-CrE, Jelff & FFITER LN & < —#F % % Single Hull Single
Bottom D73 d SREOMRESET 5, AP HENE Deck Plate ofiiffiic kv, 5
RRECRESHON A Ly RROII IO 2T 572070, SO TFHIBON S Wi &
6 Smgle Hull Single Bottom @4, 1128 L < b B hivs,

— _A=643

lxg/rm’

1-920

Fig. 3-32 Shearing Stress Distribution Fig. 3-33 Shearing Stress Distribution
By Torsion II A; (1 T.M.) By Torsion II Az (1 T.M.)
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=640

Fig. 3-34 Shearing Stress Distribution IT Aj Fig. 3-35 Shearing Stress Distribution
By Torsion (1 T.M.) By Torsion II By (1 T.M.)

8.
A=64)

Fig. 3-36 Shearing Stress Distribution II By
By Torsion (1 T.M.)

(2) HPEHH Deck Plate 14T DHWIICH @ 35 X OIS 15040
Deck Plate @/ —RBOMEOREIRD £ — 2 v F 2 Z1F TERLTW 54, Deck Plate %
A THIE, Deck Plate 3 Fig. 3-39 O & {Z# L, Deck Plate iZiZ8iMiJ] @ 54U, ik
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A=640

A=640

i :
A ll_:kg/mm

L
lkg/ma® ... k=920
k90

Fig. 3-37 Shearing Stress Distribution II Bs Fig. 3-38 Shearing Stress Distribution
By Torsion (1 T.M) By Torsion 11 C; (1 T.M.)
DY ik Deck Plate Mg iRiE X b LD 5, " ]
COY, T BT Qn 12, Deck Plate &Wifihe \ R e,\
DRI 551 B X DR fa% 61 &3, K \ 7 T
RICE VBB DT ERTED, \ '} \
n=¢€, 61 0 eeeees (10) ! \

Fig. 3-39
e 1% Deck Plate o3I, {heF3s X OV BRI o B AT 1

B AT O E LThe b T o 2T E S, e OfFIE Table 3-5 27334 &£ & 0T, 6113k
X hdobaEhd,

Mt(l— cosh (Lo—l)/Y])
cosh Lo/y
HH=—->- >t .. (11)
C—]—e-e’(l— cosh (Lo—{)/n >
cosh Lofy

I XKD Deck Plate 12/EY 28 ) @ LHBIOEX 2 & ORI Fig. 3-42 35 X X Table
37 WIRT ERDTC, HRERARIIED E— 2 v F &5 274, Deck Plate orhullin 4
T BIETIORNEH B 1S N A BTG s

.6 (1_2 _y2>

t\ 4
ZHES LD E LT tmax %3RW, T XD @u ZRDALLDOTH S, (Fig. 3-40) (Fig. 3-41~3-49)
4 T

| {

Fig. 3-40

~
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~——_ ] e0] gz’f1
Calculated 2,160 | 1,870
Measured 1,230 85 |

o ---=--14

a—-——1T4:

O-= Ay

-—18

+=-=-—18B:

® ]
(=4

61.10 20
T {mm)

Fig. 3-41 @Qu~2

t TAs d=640 Load 29175 £ .
3 @ Zh £
5 o »
[ i | E
PE1 'lg: ! l i, 13
O — 1l EL N
{ T =130k TIET610kg ‘ F=820kg
] i[_ 12 ‘_1[2__’ ! l 2
: - | Py Rra ' =tz r-0
r=0 y=i2 & y=In r=0 y=if2 r=ip2
1 _59 {1r
- (57) =% (5r)

Fig. 3-42 Shearing Stress . Distribution Along

Fig. 3-43 Shearing Stress Distribution Along
Dk. Center Line

Dk. Center Line

- ‘“ii%fé” (L:idgj;g;
. A=610 Load 4.277 o X920 Load 3557 4 T — e
B! o] ) E L0405, D L=
= B
AR . EX RN PEREIRN
/ "y 7 :, N e / N
Vi _(1=1'J=_ 5 N 'l,é' 7 Q=T,255kg B _/_
Nl | )
—1 ! — i ; } y I
SPan—— ye-lf 250y y==12r=0y=if2
- =0 y=ine ,=5i(’l-y=)
=t (:{T_y’) A4
Fig. 3-44 Shearing Stress Distribution Along Fig. 3-45 Shearing Stress Distribution II As

Dk. Center Line Along Dk. Center Line

1=640 1B =820

(Load 1.987)
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, A=640

= 1.12kgAnm?
1.50kg/mm*

PPN S
!

.
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Fig. 3-46 Shearing Stress Distribution Along

Fig. 3-47 Shearing Stress Distribution II By
Dk. Center Line
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(Load 3.697) (Lozd 3811 .
A=64) =920 60 (8 =

[ M
L - 1 1=2,740k¢

B i

£ \ i

P g

y==12 ¥=0 yiin y=—12 7=0 y=1/2 !
8 ll !\
=8 (5-r)

Fig. 3-48 Shearing Stress Distribution Fig. 3-49 Shearing Stress Distribution Along
I1 Bs Along Dk. Center Line Dk. Center Line

Table 3.7 Shearing Force Qn~Hatch Length 2

| 1 1\1 MA, | WA 0B | IB 1B | IC
2 mm 640 1920 640 920 640 920 640 920 G40 920 640 920 640 920

Calculated 536 240 1750 695 1’05 611 540 240 328 148 2160 1870 1140 630

Qukg - R - : .o - -
Measured f 665 310 10().3 568 930 424 489 331 590 306 1230 850 935 525

Deck Plate {Z/E-F 530 )1 Qn 5L & KERTE
& 1% Single Hull Single Bottom I B: 5 J U8 &7l
HpEn I Bs ZERThe/e D L <--F LTy
1L Be WEBREANGE L D $k&E L, I By Tz
DI T Dby FNEE— A v+ 25845 LT Beam

BT 2% 5101k, Fig. 3:-50 i
mT&ﬁOFmrﬁmﬁkﬁé# II B: o8Iz
B O ERDIR D BIE S IER IS/ E W72, TR Deck Plate odsiiithiz o4+ 2 Hic X 555E
SE— AV MIEY, HEETRT IO LA EAT, FHREBONIES DRV IZBINT 5, CDren

—HRICIRD £ — A v FAMERT B LBUE L7 AT LT, EPEITiE Deck Plate i/70:F 23 )
38 2 5w 5, (Fig. 3-53)

Il Bs DA EREEE TR Y, BIEIDBRYANBDTL0T, —RICEY T — 2 v b H
TERT 5 LB XS AT LT 12 oW IAERT 5308 Bx5N 5,

Lidd &k 11 Br (Single Hull Single Bottom) 35X ¢¢ II Bs (Single Hull Double Bottom
BREIR) DAL, Deck Plate W/ BUHTT) Qu DUBRNT & JHFLME & AN B7s D% & 5

B3, EEOBD AL, FHER X VRS Qu B U CHEIRT e 202, {hoBIE P00
Ba LR U ERHERE X <515,

Deck Plate ic4:¥ 58li) Qn Doyfitd Fig. 3-42~3-49 35 X U8 Fig. 3-51~3-53 1,057 & 25
DT, RO I BT ST TH B3, BT S IS 5 THYAE Beam o
L DRRERPLE LD S IEDOHT LT 5,

(3) MR AT eSS

iR 2 Fig. 3-54 1R T & DABGH L Web, S35 X OPIISMEE Flange & L7z
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Fig. 3-51 Shearing Stress Distribution II A3 on Deck (1 T.M.)
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Fig. 3-52 Shearing Stress Distribution II By on Deck (1 T.M.)
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Fig. 3-53 Shearing Stress Distribution II Bs on Deck (1 T.M.)
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Fig 3-57 Shearing Stress Distribution 11 B,
on Deck (1 T.M.)
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Fig. 3-58 Shearing Stress Distribution 1I B3
on Deck (1 T.M.)

#EE Beam & L, Deck Plate 132 Amigi Beam Zfid e T2, AR E—2 V1%
Z1F % & Deck Plate (23l )] @u AV 5% ZOWIMIN Qu 1XARMA Beam % i UTHRERITH
B E— 2 FR525EERT, M Beam ICHUHHEMNITHEAIT 2T — 4 v b2 5 XRME
Wwkd, oy, Deck Plate gl Tuv 20Ol Beam [ Deck Plate OfEANICX D
EMERE T boe £, Deck Plate DI B2Qn 755 E — A v MIZHIT DHAHEAME
MA¥s40ET 5, 2hiX Fig. 3-56~3.59 {275F Deck Plate Edge DISH Sk Db L350,
i FElE Deck Plate Ui HEDATEAT 20 THRBRE LA T I EPTED

Fig. 3-55 X v Deck Plate O {1z & 0 A8 A SIS/ 50701, BTy, B@a/2L,
BT —B-2Qn/QLL—2) L5 D, {t- THEFEINIBARME TR DI X DRSS LR U
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Fig. 3-37~3-41 1wird &5 0, ARBTEMBNPARIC B\ TR OMNG N & 235,

A=640.

kg/mm? ke/mm?
Deck 10 ) Lo A0 Strass Meesured Position
—T .
mm mm N H —~
100 100 (C(B)(A\ Derk,
7200 ;
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Fig. 3-59 Longitudinal Stress Distribution on Upper Part of
Shell Plate and effective Breadth (IT B 3)

(4) AR Beam O %hIR

ATEDHBITE AR Beam D FHIHNIZ 3543 B RIPEZ ke % 72012k, Flange & 7¢ BN ARSI
WOHNEERD B EXUNETH 5, D7 I As, 11 B, II By #H {1 154 Strain Gauge
ZBARE U CHE D ] DG 44 7 e WIFIR DT X BT DT il - 7o #e 17 2h i & sked 7z
(Fig. 3:59~3:62), %751z Shade ®J5iEic & » Double Web, Central Load di45% 8] L
SRDIHENER & DI 1175 21E Table 3-8 i27”F & % 0T, Shade DHiEIC X BH4hi %8+

TENTES,

(5)  FOAERER BRI 23 B HERS )

IR SRR AR VAT G Deck Plate oo fEfTIC X D WIRIEN OIS £ — 4 v F AVE U THES M OIG
N L, MTHFH 012 X 0B CMBR OIS A T %, SISl €— 2 v b o
Tk &I BANE, T LR &GN & ORIk T B,

fFe— A v Mtk 0EF D R ALY OGN,

Table 3-8 Effective Breadth

DA ’ A, ’ I Ag ‘ Il By } 1B | IIB 1 C
Effective mm ' Calculated i 63 l 68 ) I 68 ‘ 61 ‘ 63 | 78 | 65
| - — . - - — e * -
Breadth l Measured l 55 g5
BlA/2)—r)y i
g1 2L-[1 ver (12)
BRTIR DT X 049 55000,
. Lo—x
b M sinh JTTC
/:— —e}y  sesasse
o= W s (H—e) (13)
cosh ———
JTIC

WHE— AV b 1T.M. O, TT As, 11 By, 1T By EEREBRIC AT BT D i X 2 #E5
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Fig. 3-60 Longitudinal Stress Distribution on Upper Part of
Shell Plate and Effective Breadth (Il A 3)
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Longitudinal Stress Distribution along
Hatch Way

alkg/mm?)
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_
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5 Deck ]

'~ Longitudinal Stress 6 _

Fig. 3-65 Max Longitudinal Stress at Hatch Side (1 T.M.)
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[ENx Fig. 3-63 1z, BAD®E R 1k b OFCEIZAET 5 FARAR N OIS 57 O #lE BV Fig. 3-6412,
ERiz X 2E1EE & okt Fig. 3-65 35X 8 Table 3-9 itk T &% » T, Single Hull Single
Bottom II By OE&HFRVTHEEIIEII LK —FT %, 11 By DA CIIBHR SR b Wi IE
FIREWidic, (2) HICR ULz E B ERITIE Fair iR 5ESL T, Wi @ 3RELLD
7D EREITHEBEL YV DRELEBDDEEXLN 5,

Table 3-9 Longitudinal Stress on Hatchway

I A T Ay | I Ag ‘ 1l B, \ 11 B ‘ I By ‘ I C
|

Amm 1640 1 920 ' 640 | 920 640 | 920 | 640 1 920 ‘ 640 ' 920 | 640 920 640 920

* Calculated |4.0{2.6[3.3[2.8(3.3]25 ] 4329 ‘ 2.6 ; 1.8]1.6 12.114.2{3.6

Measured 5.5,4.1{28;26{26[1.8 i 4639 i 7.5 ! 6.0 ! 1.2 t 1.3 3.713.1

¢ kg/mm?

¢ : Outside Stress

(6) ARAEHOIEIEH

B E~ AV M X BIENER TS0, ANKEIRICIAY Strain Gauge ZAMTL, #EREK
JxF LCAAMEIROYE 20mm S X0 30 mm OBEDENEEE LI, B E— AV F 1T.M.
DOIFE OIS NBIEHIE Fig. 3-66~3-68 12, RAETLARE LR Fig. 3-67~3-70 I
ETEEDT, AOEXPEEEXD 05~0.75 BoRaiclt, AOERCET SRAIENEAD
FXBHL BE—ETH 505, 0.75 fELA Lic i % LR L, MPHIRIET 0 &7x s, ARHNTEEH -
Beam o BPIEIPIC 51T NFRIED A7 11 By T3, SR NIRAME AR T 25, fRil
ERERAR DRIMEASSR < 72 HITHE » T 45° BRICT-S<, BAGHFAEME R Fig. 3-71 Wit i
» Deck Plate X OREISTIROPIREMNIC 1T 29BAL 62/6 L OBMRIZE DR T I EHBTE
%, BAOERASKE <7 b, Deck Plate @ BREFIZ 31T BT R AR L, W& DBESIL 62/6s
A5 0.1 BLEW 3 EFRISHBAMBIT E AT LIV,

81, & IIROBAKRIC X v HSbEN 5, (Fig. 3-72)

oA,
T
£ =g
2T
o ==
2 4 8 10 12 14 16 18
(o)
&4
s
=
90
12 A=640 Long. LI (N
- ,.—J‘_ r=30 [y 45-\\1
T ’
s L
§ =20 ~
o
¢ 1=1,200
T
0 45" 90°

Fig. 3-66 Hatch Corner Stress Concentration (1 T.M.)
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Fig. 3-67 Hatch Corner Stress Concentration (1 T.M.)

18,

o {kg/om?)
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gl
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X (mm)
12 A=920~
T 3,
5%
< 8
e =64 ——
/_‘/‘ﬁ/ NGY —
4 \QKN
2 A=1,200
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12 14

Fig. 3-68 Hatch Corner Stress Concentration (1 T.M.)

oA TAs
~—— Measured Value
-~=-Corrected Value
= o =
. i
L < <10 -
=< ~. = T
© S < x
\\
640 920 1,200 640 920 1,200
A (o) A {mm}
Ic,
T T s N
E £, X
E T L
K N\ =
\ <
\
640 920 1,200 640 920 1,200
A (o) A (mm)
Fig. 3-69 Max. Stress of Hatch Corner
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o{kg/mm?)

alkg/mm?)

16 18

b
14, L\
2 AN
T
10 — 210
640 920 1,200 640 920 1,200
A (mm) A (o)
s, A ___. HalchLength
="
640 920 1,200
A (z)

Fig. 3-70 Max. Stress of Hatch Corner
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Fig. 3-71 Position of Hatch Corner
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Fig. 3.72 Stress Concentration

06 07 08 09 1.0

R
Y2
P (B2)*Qn
= 3EDL
oL g I
mar  ap=El 14)

R Do a iR L LTS TR E2 H 5 81, Fig. 3-73 127332 & {, Deck Plate Xk
ORI R DL Vaulor O E LThohT I B TES, MnE SNl Deck Plate
DOHNFBILEDSTE < 75 BITHE » T, JSTHERRIIRINT 555, BIMOBIA LR LR EISES <, i
NEDBEORFKIE, RiEH OGHIEHEEZIEEIC 2 LT 5, RIS O/EHETIR D FgE:

DNE L, RIS AR oo dn g Rl O

P

= )

Af"___J/
KI,-—_— 1. ~
M2 |

(Hold 1/2)
4, (——>=0n)
—
Fig. 3.73

(7) BOYCXsA00LELSA

LI E L T8 B,

a tan §h —>

a tan gh

Fig. 3-74

BOCLDRODAEEZMD I, HEEERE X OMHERCE T 281 O ARE S 2 IEL T
BOOERAZ KD, BGEROBONDOIORE % a,b, MAKREIZ ¢, | E— 2V MER
DR ARSI E a, a2 LTI, ZA O IR XD bS5 bEN5, (Fig. 3-74)
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_ Ont-Oun

On 2
7L,

Velt—al —b

gl
f1n=tan —
_ 1)——«/(:22—612

— 1
O2=tan —

BDE—~2V b+ VTM Z2IZTIGE, hRMAOOZEEM LA ES EDOEFKRIE Fig. 3-75 i
T LB DT, MR/ X v T AL TTBy, B BEIR R R XAV WIS B LT A
BB Deck Plate 12 X 5B KREL, BWAEAREVZDILANOLRADREL LY, A
AEXOREVEE LITERSTH S,
FRBIE RN AT ORS  iBE, AROZRERA 0 RRIC X Y B S b S, FHIE & i
FhiE Table 3-10 o RT kD ThH 5, (Fig. 3:76)
On=d-sin ¢;=d- ¢,

6X:07" rad

Fig. 3-76 Hatch Deformation Angle ¢ by Torsion



Table 3-10 Transformation Angle of Hatch 0,

» 1 A I Ay j 1 As , I B,

2mm 640 © 920 | 1200 | 640 920 |1200 | 640 | 920 | 1200 640 | 920 * 1200

w10 Calculated 0.89 1 1.15 11.46 1 0.42 0.615‘0.95 0.40 1 0.57 [ 0.73 - 111 1.48 | 1.95
, :

Measured 2.35 i2.051 2.2001.0 1.08 \1.55 0.83]095|1.30 3.0 [2.75!3.0

1.78 2.70 { 1.86 { 1.54

0n Mea./0, Cal. 2.64 ,1.78 | 1.50 ; 2.38 1.76 ' 1.63

2.06 | 1.66

II B II Bs . 1I G

640 { 920 11200 | 640 | 920 | 1200 | 640 | 920 1200

| 1.3812.18

2.96 1 0.29 10.44 0.97 | 0.61 | 0.92 | 1.45

R . :
3.83 ,3.65|3.83 | 0.50 1 0.73 [ 1.43 [ 1.45 | 1.70 2.40

| 2776’ 1.67 | 1.30 | 1.72 165 11.47 2.38 [ 1.85 ; 1.65
| (Unit : mm, rad) S R
AU P B DB I & B AT A0 F ORI 2 SIS, Deck Plate EIMEEL 861 &
BRI Fig. 3:77 125 &35 0 C, MBIt n il fTaZgAiEhngix
W LEE 2640 mm D& E 2:6, 2=920 mm % £ CHEHOYA 1-8 75 575, AT Beam
OUFERED T 512 ORT, T OHIEITRST 5,

w
T

[
1

64 measured/64 calewlated
1
=

s

61/02
Fig. 3-77 Increment of Hatch Deformation Angle

3-3-3 # M E

(1) Pure Bending 12 & Bt/
LA, IT A, 1By, TICi %2 Pure Bending 74 % % #1F THIBAEE RER B 1775 o 7o SEBRELARLIC &t
F HMIEEMI Fig. 3-78 10T &k 0T, HARKRICX VDL bEINS,

s WEL | W <1+3—l>
T 8EI U 3Er \''" 2

&




HE lton ICHT % hREEOELOBEIZEES X CFHE @ Table 3-11 35 X O Fig. 3:79~3-82 I
R EBDT, MERTEAE—F L, Beam Theory 2B L THEHTH B, AREIDELITX
ZELOEIELTIED S, AARIOHEINC & L WERIEMNT 5,

==l
T AT AT N AT
i /V\\ EIRZNIT a N
LN -
E: 0:8~ __/"—-’J‘
g 06 /,/ jfﬂ

Calcuiation

1,800 1,800
Fig. 3-79 Bending Deflection II A; (1 T.)

N
\

g

l‘ 1,187mm

]
>

bl ~
F 6,000
= 1.01 i
E Calculation 1=1,200
3

1,800 1,800

Fig. 3-80 Bending Deflection 1I Ay (1 T.)
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Table 3:11 Deflection

) - I A ’ 11 A 7 Tum } I C
' mm ' 640 | 920 l 1200 ! 640 1920 1200? 640 | 920 1200i 640 1 920 1200
) Measured 1 0.83 bl_oglo—go | 0-66 0. 68 0.69' 0.95|1.00 1.06 0.69 - 0.71 0.71
o ﬁmCd]cu lated | 0.78 ! 6);0___ 1 .12 0.73

(2) 554
BRI OWIE 3R E~ A v b I, RO LLE, WiR{EE0E Table 3-12 i3 &k 0 CTh 5,

Table 3-12 Moment of Inertia

T maA | A 1T '
Imm! 3.15% 108 l 3.4BX10° | 2.16x10% . 3.35x 10
y mm 162 175 126 168
Iy mms 1.94 % 108 ‘ 1.995 106 1 L71x 106 ' 2.00x 108

DOYE, AR {EA1d % Uniform Bending Moment X Wl €, fii# 4ton OE, KM
W31 B ES NGO U E & FH5E & oLb#kik Fig. 3-83~3-86 0k T &k 0T, WERMAD
<=L T3

A=640mm
536778 DEROOE®®
- \\\ | i i/
’ ,‘ S ,—/ oz = 503kg/r?
| = m2
\ ll\ ; xo G =255kg/m oy =4.56kg/mm?
SN 0g =2.56kg/mm*
| 20
- 1l ’
r4634~

Fig. 3-83 Bending Stress Distribution IT A, Fig. 3-84 Bending Stress Distribution II As
(4.6t) “4t)
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ﬁ%@?)@@ 3.4 E=ERA~OIEHR

6y =B.35kg/rem?
03 =2.80kg/r?

WIATEHEN T2 v —H Ao
Double Hull %+ & ¢t Single Hull f#&iz
DWTIR D FHE Ty, RO E BRI 1
E DL R 7,

Lowa=542"—6"" (165.0 m)
Lpp=510'—0"" (155.5 m)
B= 80'—6" ( 24.5m)
D= 43 —0” ( 13.1m)
d= 29—0" ( 8.9m)

A=640ma

B P=10,500
V=16 kt
Containers 192 on Deck, 316 in Hold
Dry Cargo 211, 458 c.f. Grain
Liquid Cargo 768, 705 Gallons
. . . D-W-. 17, 253 tons
Fig. 3-85 Bending Stress Distribution II B;
(4.0t) Hold Length 75 m

EAR D S 5 X O T M i Fig. 3-87~3-88 WRT &5 0T, #itBED Iy 13 A-B-S

wAEE LTEDT,

Mo~ At

2 VT T —AOBR D PLIREROSRIC I B DT, HINTEBI|D T — AV MEEHRIFIC RV T
VIR DK) 2.5 fif &7 5%, Numata OURIRIC X B BINGEE & [E TV RO 1/3 &
%o PRI, HAREWHLTIRD £~ 2 v F DFF &1,

Bix L
102

72721 €=0.24~0.34
C=029 &.745,
Mt=6,600 T.M.

Mi=Cx

(T.M.)

ol

I
4Ly=
=24k T

Table 3.13 4Lo

| Double Hull | Single Hull 3558
I(x10%) 1 1.22 1.49 | 2.94
To(x10%) 1.76 2.15 2.94
ALY !

12.7 12.7 18.4




Double Hull

& @PDD

(N 28
” :/// 10.45m 1‘8”/—25
og = 2 41kg/m? I L&
og = 2 41kg/mm’_ -
I %
1=640mn =
T 14
N f ]
= 14 130X118P
w £
D I I
L — /;2,25m 5
:Single Hull,
10.450 ——-F-22
A i
%.
] w
= —26
i £
N T
% 14 130X 1184
T T T r L
1 SEREE V)
14 sy ALazsn =

Fig. 3-86 Bending Stress Distribution II C; (41) Fig. 3.87

Conventional Type

e 4.5 ——s—7.75m —— -~ 30
28 1.8m 28
85 N\ /_

;?:,L a7 Aniad e b
150X90% 12 i)
‘L; 18
=
N — A

= 14 130X 11B.P.
w E
|

Conlainer Ship

L 25 e 25m s 25 o A

| T
i AN AN
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_(—__._,_:,___ ><.ﬁ, it
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T RIED A omax

5:}5!#51;2}{'}‘% D %, SDmax [] F[ﬂa)#):i ')f% (9[:, ioJlU‘fzf’ ” ’?}ii Table 3'14 5:77??(1:2}'5
DTh s,

Table 3-14 @uax, 8, On

| c POAVITC e | M Loy pms o i | M,
4.3 127 5.32 458 127 49.95 1.65x 1.26 )
Double Hull 1% 5615 "o X100, x108 . x108 =108  10- w108 132 0.32
. 152 149 9.9 372 127 127 172 1.21 .
Single Hull - “ofai S0 %104 . x 108 Cox100 X100 100 X107 12.6 0115
Conventional  *1.52 2.9 134 61 1184 184 132 098 o, _
through open ' x 1018 RS 1026 X 104 x108  x103 x108  x107%  x1073 o

(Unit mm, rad)

i

FHERHE BRI 0 AT O D M & DL
HPHESBAE AR DIRAIRD 8 omax B IO VLRSS On Z0ik 6 1 IRDEFVTH D,
Pmax=0.44X107% rad.
0,=0.43% 107* rad.
0=4.5mm
DIEZFELEI U T RS OB O O A2V TR D & i 31uE Table 3-15 2R
ERDTHB,

Table 3-15 Comparison of Twisting Angle

All Hatch
) ‘ Conventional
Double Hull Single Hull Hat%ﬁr\:::;h}g::aldth | Ship @o
~.! o . _ L . o . o | . o
Omax 1.65% 107 1.72% 103 1.32x10% | 0.44x10°3
Pmax/@o 3.75 3.9 3 1
FTiebb, Y~ AV PR ORACEIHBER WML LT, JREPH O Double Hull,

Single Hull #5% & HIZ§9 45D BEAET, DL KHEHEX 1.7X107% rad. FET, A0EH
15mm DW YL EAET 5,
FRRBIC KIS D 5ENE Table 3-16~3-17 {CRTE BV TH B,



Table 3-16 Tw1stmg Angle

o R Double Hull Smglé i—I:ll I VEonventionalg_
Lr 19 l 29 throu,%lsm open 19 ; “t}?ou;h open | 1’3' *thrc;% open—
Cx 108 o 43 ois2 | ism
10t 1 o 215 |\ 20
VTIC x10¢ ___75.32 N R__9f9” 134
ALy - 12.7 | ___1_27—_ T 18.4

Ly ;6.95‘48.74'5‘ 49.95 |46.95|48.45] 19. % aoes|  sses
L 101 a2 1.342 04
Lx 101 604088  — 6. 04 0.88 | — 38.7 -
ex 1012 Clie]oso| —  |im \ 0.46 i — 45.2 —

& x 10¢ 1.13 ] 1.09 ] — 113 | | L 1.09 : — 0.60 — )
Qnx10°kg 7.1 |1.98 — 165 | 2.03 ! — (56.9) _

Pmax X 1073 1.26 | 1.49 1.65 1.25 | 1.45 | o lom| —

axi 31|34l — 3@(4_4_1_} [ ™

Mo/ M, T o - 0.115 G

 Dmax kg/mm? 06303  —  |o0s8lo3i  — I 196, —
Long. Stress ¢ kg/mme | 1.8 | 06 | - } 1.7 0.6 - = -

(Umt mm, rad.}

Double Hull

Table 3.17 Max. Shearing Stress along X-Section

f

Deck Plate Center

{
,Outside - Inside : Outer  Inner ° Deck | Deck () o
| Shell l Shell ‘Bottom !Bottom Through 21=19% | 2=921 | g—190 | j—0om
Torsional Rigidity | 0.74 ‘ 0.95 { 0.60 | 0.95 l 025 | 019 | 023 | 014 | 017
Warping Restraint Rigidity | 0.6 0.32 — — — — —
Hatchway Bending l — — 0.35 0.10 | —-1.8 | —1.1
Total ‘ 1.34 ‘ 0.35 ’ 0.92 ‘ 0.63 | 025 | 054 | 0.33 | —1.66| —0.93
- T T )  (Unit: kg/mm?)
Smgle Hull
T e —:l - .
B ;. Side Outer | Inner | Deck Deck (®) ‘DeCk Plate Center
N Shell lBottom Bottom Through _19,,‘ 1= 22 v __19,,‘ 1= 2,),[
Torsional Rigidity 0.01 ‘ 0.46 l 0.72 | 0.30 | 0.22 ‘ 0.25 ‘ 0.17 ’ 0. 19
Warping Restraint Rigidity | 1.48 0.28 — — | '
Hatchway Bending — — 0.30 0.10 | —1. 60 ‘ —1.10
Total 1.49 } 0.74 i 044 | 030 | 0. 52 0.35 | —1.43 | —0.91
- o ~ (Unit: kg/mmd) B
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3.5 E:]

(1) MAsshEE 50 TR Y 24 24040, B, ROTT PREAMTE R & RE GRS O
D 0) & LD 2T 5, (il T, Wi o[mﬂﬁ D OHEAIKILT B,

(2) AL ITIE, TTTHE Deck Plate ORZEIC X 1, MPHOL AR D B €
& (ait--Fan) FIFEMUIC L DL RIS REBRET & X —HT %,

(3) WM 23 SRR D 13I8 TUE, AREBRIC kT BIAE BT
3~9 {5 AEAU B,

(4)  [--#B8I 17T 2 AN OV TR D o2 i1 20, FBRPHRiEasice L, I8
WEBHTT = v 7+ —fiyid, Single Hull §#%, Double Hull % & $ic#y4 {50 H MEEU S,

(5) MPACRCERY 72 Cross-tie 35 X OHERGREIIIR D AT L A E8e G 27\,

(6) D AHDLOdITIE, 50 HIvEs JOYR 0 MR BN 5 & & IS, MR BGRoH
WP 30 TR 8Nt 5 2 &80 TdH B, Sponson Z{FiF 52 &1, TO—HTH 5,

(7)) HPBANZEVTEBY T — AV M XY ARMEICHERPEY, 7o, BEamimm
RHBUIIACTI A T B,

(8) Hhx— v MZX2RHRNOEILEE, ARIT RO RRENOATEIYENS N Wi a
MY KR E L LD,

(9) ISIEFHBIONC BT d, MEBRESIEHEZ., 157 & 112 Beam Theory & X< —F3 %,

3:6 {T# WOER

3:6-1 MBEHOFREOAIIONT

A SR 220 TR D 2 U B 5IiE, Fig 31 I3 2 &<, i, WE%mhvrmo
& OHINCIG T 2R D ' — A v M D, ARSI IANRTIECPAMITI 2 AT L, 2 ORI
FTAHPD T — AV MI/NZVOT, IS EWCOEEMEIOE I MIZ0 L, didH b a3E
M350 EE2bmNTES, (A3 Fig. 3-8)

A I\ TR, RIS D MoK EWIHKEZ 1 B {§ 1.2 m Tz 5 TER,

SI— IR T — AV FEPITT M, RIS WTHRNIESOMRD # 0, ® Tt LT i

oA Ly, ECEMOLGIOIE s,

(1) mHIRAOHED A

R BN BRI ST, RS I sV THN R X
DD f4 0, B ITH L THI G IS FRLIR D %
L%, 5T () Fig. 1 ©Z & SPdrafs 1/2
DEE Le 4L, —imEwbisE s —8BIn
JiE Beam ORD ELTHEZDIENTES,

WOHIEZ C, EFROBIMEZ I, #379) +— 2
T Mt, (TEOBHEOIR D h.LOEh ) OEEEfa%E ¢ &THIERRRSELT 5,

— 56 —
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Mt=C ax Y (1)
= - do _
x=0 =0, 1=
d*p
.’X'ZL() -—(-1;‘:2—:
EThIE,
Mt ~TIC ( Li—x ., L >}
=" h ——— — h—_ ...... 2
’ {H woeh Lo\ TIe T e (2)
JITC
E EE]JI”
L
Pmax= %(Lo—«/f/c tanh JF(’/_C > ...... (3)
BAIRSD|MD A% 0 L3hid,
cosh 1 =X
—ﬂ _ M 1— “*ﬂ ...... (4)
Cdax ¢ cosh Lo
JTIC
B BRI T,
Mt 1
0max—T<1— . e ) ...... (5)
~TIC
BORMIC X DZIHICR AR T~ A v b2 Me, IWFRDBIEIC X2 0w MIT E3hig,
Lo—x
cosh ———
Mc= ﬂ:Ml‘ 1— Jrey (6)
dx cosh L
JITC
1
Tibb, MERICT, Me=0, BEHicT Mc:Mt<1— _T> 5D,
cosh 0_
~TIC

FE oEMEZ, Double Hull Double Bottom f#%, ¥ 7-1% Single Hull Double Bottom §f,&d
TEIRDAIMEND HTREOKRE I AT 55T EH L, Single Hull Single Bottom fiiyiop & &
<D/ WA, IR DRI C 24N L TOROBBR2EHT %,

%
—I- i =M (7)
hih,
Mt
o= 2F<L0_§> ...... (8)
Mt Ly
Pmax = ar (9)

BRAEXDEYA 611,
—_ 57 —



ORI C: () Fig. 2

S pe -
’— C" 'ELM‘A: :, : ;
'\&iA '\wgmm-‘L:Tl
A Sectonal Area S Circumference Lengile 1§ IP'ate Thickness
(f+) Fig. 2
C— AANG Double Hull Double Bottom
T C Single Hull Double Bottom
_ 2868241 +1251A44Y)
S, Sponson {if
3
= StSG ------ Single Hull Single Bottom
gl IR b @i 1
FEEF BRI oW TCERRch s hIn s, () Fig. 38
b2
- <~5 Is+e1,,>E ...... 12)
7272 L, Is:  Jrfefiblige> A-A #ho> % b oW 23kE — 2 v b

In: RIS OMMATR LD £ ) O 2 E— AV b
AR R DIE AW B ITEE, BRI 0 i %2 S8 L ik X ok %, (f5f) Fig. 4

I+ Moment of Fnrerlier abat A—A axs

BPIS YAIBH |

2 4 T 51 1

H 6|—H, % —

A H ie H A A ) e A —

=] | S g 3

g— 2 /L L _te A —

(f) Fig. 3 () Fig. 4
. (b
I'= 713-%*8213—{-2(64-}1)2[0 E e (13)

AL e
Double Hull, Double Bottom =2\ TlE, TNFNDREOEGE % ts, s £ L7 U ’ﬂ%ﬁ&ﬁ%
L, 2o U BB PO b Iz B L S RETIUE

3H
6+ (tafts)x0/H)y (14)

e=

L8 %,
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(2) HPHEMBORD A F F

T v e l*—L A—* F F
() A T#E Deck Plate W X B3RY ¢ P
-t —= 0 s
E— AV} s \ \
Deck Plate @75\ —FRBH 0 ¥ OB 3 l E— ‘
BODE— 2V 2F T THERLTVWLE S, .
Deck Plate %A 344k, Deck Plate &
() Fig. 5 0 & <L LTHIN @ % T :
|
|
|

AU, EROR D FAld Deck Plate v &
ZX Db PT B, Tiith, Deck Plate %
FA LD Qn B30 B2 Qn i r~ Lo~
YT 5%~ A v P AHRARCEN T %, () Fig. 5

(f)) Fig. 5

(i) @ickdE®T—2v HURERNTZHIR) T~ 2V}

Qnf2 THRY T BE — A v P ARSI L, 0T — Ay VCHEYT 5N F ObicifiR b
E—RAVIRBEL, FOKRESIH PFHRE Deck Plate ORI OARTEMR T 530 EThE
d, B(L=2)Qn 75 Y, TOMRY T~ A FHRIKRD 1/2 KE Lo iTb7e o T—HRICHEHT 55D
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