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Investigations on the Structural Strength of Mammoth Tanker

About structural strength of very large tanker, so called mammoth tanker, there are
many problems which require further investigations, as it may not be estimated on the
bases of prior experiences or their extrapolations.

The 38th Research Committee of the Shipbuilding Research Association of Japan has
been established to clarify the problems about structural strength of mammoth tanker and
to investigate these problems.

This volume contains the results of there investigations performed in this Committee.

The items of investigations are as follows:

1. Dynamical pressure due to the motion of cargo oil.

2. Panel stiffening.

3. Transverse strength.

3-1 Test by box type model.

3-2 Test by actual ship.

Structural strength of wing tank.

Effectiveness of longitudinal member.

Effectiveness of doubling plate.

Effectiveness of longitudinal bulkhead.

Method to decrease the stress concentration at discontinuous part.
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Structural strength of horizontal and vertical members in large ship.
The abstract and summarized conclusions of the respective item are as follows:

1. Dynamical pressure due to the motion of cargo oil

The main feature of mammoth tanker lies in that tank length of such tankers is
limited in about 40’ regardless of the other dimensions increased, and this causes various
problems in structure especially in structural strength from the view point of transverse
strength.

Limitation of tank length is partly owing to the lack of experience of such long
tanks and partly by reason of unknown factor of the dynamical pressure due to the
motion of cargo oil.

Along this line, study of the dynamical pressure on bulkhead due to the motion of
cargo oil has heen carried out with large and small models. Effect of wash bulkhead is
also investigated. By this study, we obtained the following results.

(1) The pressure on bulkhead can usually be calculated as statical pressure in' the
corresponding inclined condition of ship taking into account of the virtual increase of
gravity acceleration due to vertical motion of tank, if synchronous oscillation of ship
and fluid do not take place.

(2) As the result of conclusion (1), the dynamical pressure does not depend on the
tank length proportionally.




(3) This pressure reaches maximum value when the period of rolling or pitching of
ship coincides with the period of oscillation of fluid in tank. But the period of fluid is
fairly smaller than that of ship’s roll or pitch in ordinary case.

(4) Impulsive pressure may appear in plates of upper parts of tanks especially in
horizontal stiffeners.

(5) Wash bulkhead of about 30% perforation may act as a plane bulkhead in respect
to limit the fluid motion in tank and is effective in reducing dynamical pressure.

2. Panel stiffening

The structural feature of large tankers is, as described before, due to their extraordi-
nary dimensions, especially the deep depth of tanks while the length of tank is limited.
This requires particular stiffening of bulkhead panels and shells to sustain their adequate
structural strength. '

A series of seven stiffened rectangular plate (LxBx#=2400x4,400x3.2 mm) loaded
by water pressure, were tested to investigate the interaction of cross stiffened members
and to explore the effective method of stiffening.

Main conclusions obtained from this investigation may be summarized as follows:

(1) Deflection and bending -moment of the whole specimen are not affected by small
stiffeners. Therefore, strength or rigidity of panél stiffened by large and small stiffeners
depends mainly on the stiffness of large stiffeners. Small stiffeners may serve only to
strengthen the minor panel surrounded by large stiffeners.

This principle may apply to the relation between ordinary and web frames.

(2) Comparing experimental value to calculated one it may be concluded that deflec-
tion and bending moment of cross-stiffened panel are approximately assumed to be those
of an equivalent grid structure consisting of main girders with effective width of skin
plate. Tt is founded that this effective width may be taken as 100% of skin plate between
main girders.

(3) On the basis of above conclusion, a study on the dimensional ratio of longitudi-
nal to transverse which gives the minimum weight of whole panel, has been carrid out.

It is concluded by this study that to stiffen the members parallel to the shorter edges
is advantageous from the standpoint of both strength and rigidity. Even when aspect
ratio is unit, the case when either transverse or longitudinal is stronger than another, is
better than that of cross-stiffened panels with equal strength members.

3. Transverse strength

3-1 Test by box type model.

Transverse strength of ship has been one of the most complicated and, by reason of
this, the least advanced sphere among the structural strength of ship. It has been cus-
tomary to design the transverse strength of ship by comparative calculations based on
the prior experiences, and this may be quite reliable and safe for ordinary size of ships.

With regards to the mammoth tankers, however, the situation is different because of
its extraordinary structures and dimensions.
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Accordingly, to overcome this difficulty, it is inevitably necessary to pursue this com-
plicated problem fundamentally and to get the most suitable structure for such mammoth
tankers.

Along this line, a series of model tests has been performed to obtain the interaction
between longitudinal and transverse members when length of tank is limited.

In order to clarify the effect of transverse ring, an original model (breadthxdepth
x tank length=3.00x1.5%0.9m with three tanks) has no transverse ring. After a series
of loading and stress measurements, one and three transverse rings were added to the
model or were reinforced various members in due order for a next series of loading,
finally struts were set up in outer tank to clarify the effect of struts.

Next, test of another model which has longer tank (breadth xdepth xtank length=3.6
x1.8x 1.8 m) has been carried out to obtain the effectiveness of transverse rings and
struts when tank length can make longer. Conclusions obtained by this study summarized
as follows:

(1) In the case of large tankers whose depth of tank is rather deep compared with
its length, transveréé rings give no contribution to the reduction of stresses in central
horizontal girder and are of use for only the reduction of stresses in the upper and lower
horizontal girders. Furthermore, the effect of three transverse rings is as same as that
of one transverse ring. From this results, it is confirmed that the increase in the number
or scantling of transverse ring may not be advantageous in the side structure of ships.

(2) The same conclusions above described can be obtained by examining the stress
distribution of transverse ring itself.

(3) Providing the horizontal girders with about twice rigidity, stresses in the central
horizontal girder are reduced by 409, but little changes are observed in stresses of the
upper and lower horizontal girders.

(4) With regards to the longitudinals at the bottom, aspect ratio of panels being
quite different from that of side shells, a transverse ring effectively reduces the stresses
on the longitudinals.

(5) When struts are set up in the outer tank, stresses on the central horizontal
girder are reduced by 50% showing the effectiveness of struts for the reduction of stress
in horizontal girder.

6) In the case of ship having long tank length, the behaviour of transverse ring is
fundamentally different to the one of limited tank length. The longer the tank length till
some limit, the more advantageous structure may be expected.

(7) Tt is also noteworthy that there exists considerably high stress at the bilge parts
of transverse rings.

It must be, therefore, paid attention to reduce the stress concentration and to avoid
the constructional weak point in this part.

(8) The abovementioned experimental results show a satisfactory agreement with
theoretical calculation of the equivalent grid structure and hence the fundamental charac-
teristics of transverse strength of large tanker may he clarified by the grid structure
calculations.
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3-2 Test by actual ship

Taking into consideration of the importance to know the situation of actual ships in
parallel with the model test, stress measurements of actual ships (35,000 D.W.T. and 47,000
D.W.T. tankers) have been carried out. The following items have been clarified by this
test.

(1) Very high stress occurs at the lower corners of web frames similar to model test.

(2)° As neutral axis of web frame fitted with shell plate lies near the inner plane of
plate, effective width as the flange of web frame seems to be considerably wide. On the
contrary, in the case of stiffener fitted with corrugated bulkhead, effective width may be
comparatively small,

(3) Struts seem to be very effective, judging from the stress distribution of members.
It is also necessary to take notice of the fact that comparatively high bending stress ap-
pears at the ends of struts. ¢

(4) As to transverse bulkhead, maximum stress occurs at the ends of horizontal
girder. .

(5) The distribution of bending moments may be calculated by an equivalent grid
structure considering the effect of shear deflection and of bracket ends, comparing the
observed and calculated results.

4. Structural strength of wing tank.

Usually, wing tank of tanker is constructed by vertical web system, namely structural
system stiffened mainly by vertical ring.

In large tankers, as described before, tank length is also limited, consequently the
ratio of depth to length of tank exceeds unit and often up to 1.6. In such a case, hori-
zontal stringer system seams to be better than vertical web system, though there has
been no investigation to verify it theoretically or experimentally.

Along this line, an experimental study of wing tank was carried out with models
which were 1/6 scale model of the actual 68,000 D.W.T. tanker, ratio of depth to length of
tank being 1.5. Direct comparison of strength between a wing tank of horizontal stringer
system and that of vertical web system, both being of the same weight, was performed by
measuring stresses of structural members. The results obtained are summarized as follows:

(1) Generally speaking, horizontal stringer system giveé stress of 80% and deflection
of 60% of those of vertical web system.

It may be deduced from this fact that horizontal stringer system will be a better
structure and considerable weight saving may be expected if we adopt such structural
method in large. tanker.

(2) Very high stress occurs at the corner bracket the same as the other test.

(3) Considerably large bending moment is exerted at the end of strut, and it is neces-
sary to mind that special cares should be taken in design and fabrication of this part.

(4) Fairly agreement between observed value with theoretical one which is calculated
by equivalent space grid structure considering shearing force, the effect of brackets and
effect of contraction of struct.



5. Effectiveness of longitudinal member,

Longitudinal stress distribution in longitudinal bulkhead is usually reduced from the
ordinary straight line by beam theory and the cause of such deviation is due to so-called
shear lag phenomenon.

As there should be necessary to provide two or three rows of longitudinal bulkheads
in large tankers, it will be indispensable to investigate the effectiveness of longitudinal
bulkhead. Before actual ship experiments which will be stated in item 7 are performed,
fundamental experiment by small model is performed and we will summarize here the
results of this experiment.

It is the main object of this test to clarify the effect of horizontal stiffener, transverse
bulkhead and end construction on the effectiveness of longitudinal bulkhead. Bulkhead
specimens made of acrylic resin are fixed to the side of T bar and simple bending is given
to this [ bar, consequently specimens are bent the same way as [ bar. Strain distributions
on specimen are measured, and we obtain the following results.

(1) If we define the efficiency » of each section of bulkhead as follows

actual bending moment carried by longitudinal
bending moment calculated by beam theory

n=

7 depends not upon the length of plate, but upon the distance from the end of plate.
At the section which is apart from the end more than 1.4 times of the depth of plate, »
can be regarded as unit (fully effective).

(?) Horizontal stiffeners do not serve for improvement of effectiveness of longitudinal
bulkhead.

(3) Vertical stiffeners, on the contrary, are very effective when they are installed in
the vicinity of the end of plate where 7 is low.

(4) When bracket is set up at the end of bulkhead, considerable improvement of
effectiveness may be expected and large depth of bracket is more effective rather than

long one.

6. Effectiveness of doubling plate

To meet the increase in size of modern tankers or in thickness of deck and bottom
shell plate, the doublers have often been used for large tankers instead of very thick
single plate, from the viewpoint of weldability and fabrication. Effectiveness of doubler
in connection with the arrangement of rivets is therefore very important problem.

Experimental study has been carried out with the model of box girder having a dou-
bled bottom shell. Influence of arrangement of rivets on the effectiveness of doubler has
been investigated, as the results, the following conclusions were obtained.

(1) In the case where rivets are uniformly distributed along doubler, the end part of
it is much inferior to the central part in the effectiveness of doubler.

(2) But generally, 100% effectiveness may be expected exclude this end part of doubler.

(3) Arrangement of rivets at center part does not affect the effectiveness of doubler,

at end part, it does the contrary.




4) It may be said that to make the pitch of end rivets clooser than that of others
is better than to make the pitch of all rivets uniformly close.

(5) Results obtained from theoretical caleculation show good agreement with the ex-
perimental value, and it is confirmed that effectiveness of doubler may be derived from
such calculations.

7. Effectiveness of longitudinal bulkhead.

On the bases of the fundamental study stated at item 5, actual ship experiments
(47,000 D.W.T. and 36,000 D.W.T.) were carried out to check the mode! test results.
Results obtained from this ex.periments prove the pertinence of cong:lusions derived from
model test.

8. Method to decrease the stress concentration at discontinuous part.

It has been said that it is necessary to increase 10~30% of thickness of stringer plate
at the end of bridge, considering the stress concentration in this region.

In large tankers, very thick plate must be used as stringer plate, and it is undesirable
for strength and fabrication.

To avoid this difliculty, it is considered the best way to make the stress concentra-
tion, if exists actually, decrease by contriving the suitable design of bridge or surrounding
structures.

Along this line, a series of model tests was carried out by 4.8m box with various
type bridges on it. Obtained results are summarized as follows.

(1} Stress concentration in stringer plate at the end of bridge is comparatively small,
and it shows 1.1~1.2 in the case of superstructure type bridge and 1.2~1.4 of deck house
type bridge.

(2) Radius of corner of bridge has little effect on the stress concentration, provided
this radius is not so small.

(3) Though bridge is ‘““set in”’, it does not affect the stress concentration in stringer
plate.

4) Considerably high stress concentrates at the top of * taper down’’ part connect-
ing bridge and upper deck. Cares, therefore, should be taken in the shape or thickness
of plate of this ‘‘ taper down’ part.

(0) There are only small effects on stress concentration in stringer plate even if it
is reinforced under deck.

(6) In the case of long bridge, this stress concentration indicates about 1.6. Though
it seems to be not so high, some considerations should be necessary about the structural
design of the end of bridge, regarding local bending moment may superpose on it.

9  Structural strength of horizontal and vertical members in large ship.

Study on space structure composed of deep beam as used in large tanker .is very
important, because they may not be calculated by simple beam theory.
To clarify the deviation from simple beam theory, the effect of shearing force and
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corner bracket etc., a series of model experiments has been carried out. This model is
made of a plate perforating holes which are enlarged successively after examining one
set of test results, so that the influence of the ratio of span to depth of beam on the
stress distribution, can be investigated.

Moreover, to investigate the relative merits of horizontal and skew type of struts in
side tank, other model made of skew type strut is used.

Models supported at both ends are loaded by a concentrated load. By this tests and
theoretical calculations the following conclusions are obtained.

(1) The equivalent span length determined by considering variable section of the beam
at ends may be available for analysis of the beam.

(2) Using the span length above described, stress and deflection may be obtained
considering bending and shearing deformation, provided the ratio of span to depth is
more than about three.

(3) The stresses at the intersection of two members may be estimated by using an
equivalent curved beam.

(4) With regard to the comparison between horizontal system and skew system,
bending moment in skew system is, as a rule, less than that of horizontal system, though
this superiority depends on the rigidity of skewed member of skew system.

— i
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Table 1.1 Test Conditions of Small Model

Lems e i | Oseitation [ Water Lovet | Oseitising | GG
Scantling Angle (0) ) Period (1) (H. )
1| Standard Condition 2imw0 9 200 | k=500, 6o | 0.85~2.5 ’1285””““
2 | Effect of Tank Length 20=3% 90 20° | 400,500,000 | 0.8~2.0 (’(35
B Wash Bhds, ] 3 " ] 4—_”“? o 1_1:3‘;0 T
3 Effect of Wash Bhd. having 10%~ 9°, 20° 500, 600 0.8~2.0 ((:0"

30% Hole Aren
3 Wash Bhds.

4 Effect of Web Frame | having 30%~ 9° 500, 600 0.9~1.9 "
60% Hole Area

T 21=350 9°, 20° 500~700  [0.85, 1.05,1.45
5 Effcet of Water Level 2 1=700 0 20° 350700 1.05. 1,20, 1.60 "
6 ""‘\""Ct of Oscillating 21=700 3, 6%, 9° 600 0.85~2.0 "
Angle
Eftect of Vertical 9°, 20° 500~600 0.9~2.0 H =500
7 Position of the Center 2{=700 400, 500 a=0
i et o 900 00, "y —2
.‘if Oscillation 9°, 20 20° only 600 0.9~2.0 H =200
Effect of Horizontal 21=350 T35 o3 33
A - 3° 600, 650 1.03~2.20 H =350
8 Position of the Center| (A=650 only) o RO 19 > 5 a4
of Oscillation 21=700 6 600, 650 | 1.47~2.60 | «=2.240
< Range of L as
9 | Unsteady Condition 21=700 9° 600, 630" Distribution H=350
(partial) 1.00~3.50 a=
10 Measurement of 21=700 (Tank 500 (Free
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D\P) +D,P, + Dy Py + D, Py =2p(a+0)

Ay =S(L+R AR kR
A, =4k +kE'")
Ay=4(1+k")

A,=0

B, =8(k' +kk'")
By=34-8K 45k Sk’
B,=0

By=4(1+%")
Cr=8(14"")

C,=0

Co=84 35K + 8k + Skk'
Cy=4(k + k')

D, =0

D=1tk

D=k -+ kK’

D=k Ak kR

S0 P ~P) TR d s (3:23)~(3:30) 12T

@@L (A=6) DMYE

(3-23)
(3-24)
(3-25)

(3-26)

(3-27)
(3-28)
(3-29)
(3-30)

(3-31)
(3-32)

3-33)
(3-34)

(3+35)

(3-36)

(3-38)

QI~Qy LU Pi~Py H




(

(3-31) ~(3-34)

(3-23) ~(3-26)

(3-27) ~(3-30)

[,=1,809x10* mm*

1,=997 X 10°* mm*

1,/=992 x 10 mm*

I,/ =903 X 10* mm*

=375 mm,
k=8.40

k' =5.09

k/=1.10

Xn

P/ =0.17pa
P,’=—0.04pa

Py =0.29pa
P/ =—0.05pa

Q,=0.57pa
Q,=0.51pa
Q;=0.66pa
Q,=0.61pa

P, =1.30pa
Py=1.67pa
Py=1.09pa
Py=1.70pa

Q%L (B-2) oi&
[,=2,539%x 10" mm*

(3-31) ~(3-34)

b=225 mm

[,=2,339x10° mm?*

1,/=2,347 x 10* mm*

[,/=2,347 x 10* mm*

a=b=450mm

k=1.00
K =1.00
K7 =1.08
Xn

P/=0.51pa
P, =0.19pa
Py =0.71pa
P/ =0.51pa

(3+39)

(3:40)

(3-4D

(3-42)




Ih
Q =1.10pa
Qy=1.04pa

(=0 _.80pa

Qy=0.84pa (3-43) [:
(3-27)~(3-30) kb
Py=0.44 pa /Side Shell
Py=0.80pa .
Py=0.48pa
Py=0.46pa (3-44)
L OFHC L0, SOl ieEitie, -—o-- Observed
e iy % &, A Figs 3-1-19~Fig. Tank 1| — Calculated
30122 O XD, TNTHBE, DK 2
TR & IR A s T RPN o T H SR & R E
— 3 LTV HDMRD BN, E
Tt CORMEC X D, KO X D ITHEE BB ]
I T D RN M0 B & AR,
(i) KON N
A RIS AT Trans, O WA & S 08 0t 0%
& LT OB QAP R s 0lE 12 1 & Bottom Fiber Stress *g/mme

S L ERDOE S ISNILE LD, (W 23 J‘lg..‘.» 1.19 Comparison b(I:t\\'ccn Obsc-r\jc"d and
Calculated Value (Bending Stress of Side

R fifd)

,
mm2

kg /

Fiber Stres

Trans. of Specimen I3-Without Strut)

/ Side Shell

]I‘Iorizont_al Gird:cr

a
2l
@
=
}‘

—==0--= (bserved

Calculated
T

51 \\\O_‘—“—_O;—?%/
10
fFig. 3-1-20 Comparison between Observed and Calculated  Value

(Bending Stress of Horizontal Girder of Specimen B-Without Strut)
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>
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2
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B3 — =TT |
iC
Tig. 5-1-21 Comparison between Observed and Calculated Value
8 1
(Bending Stress of Bottom Longitadinal of Specimen 13)
_Shell Plate
L
Horjzontal Girder .
2 2
. i [ .
S i | ' |\Tmns meel l =
i l [ NStrut bl
L without Strut - ——— °
E 10PN with Strut --=----- x
hY 3 )
[=2) A
4 s o
5 \\
x

T T T T 77

Bending Stress
o

5

ST

Fig. 3-1-22 TInfluence of Strut on Bending Stress of Horizontal Girder

(Comparison between Calculated and Observed Value B Specimen)
PR DA LR @R
Trans. 1 kK .11 (0.98) 0.37 (0.41)
Trans. 3 K 1.00 (0.88) 0.32 (0.30)
KT i 0.54 (0.56) 0.35 (0.33)

(ii) Strut oihit

HE I < 3 L O ACEHT OO (e D IETINT D0, Strat Db B & 7o WS O IR D X D 5,
BOW o % OBRfil
A BT 0.63 0.38
B 0.52 0.58
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3-1-5 # 8

B S X OFH T & 0 S vz B R IR s R O RER OTRIC B ARSI A~ BT
5W:Cﬂb¢mmmmwa&mwlﬁmmﬁa

(i) 2w 7 O S DT X T LAk ChE, I b Pl o T v B
Trans. VL4 0% E PRI <, B ORI DN L b S D O R E RS0 Tuwisy,
FOKFERFOREINE Trans, (T XD A4 505, SOwitel Trans, (30D ATH 20T 3 A A
(b UL D L b S I Trans. %ok & < 5 O RIRE A HitC b 5
e E A,

(i) Trans. |5 OWEI L MATEER, ENBITICIE <, COMMATAA LR ATND T E
Db A DL O IES TR X v f

(i)  Z DX 73 A THIKFERTZ K E T 5005 RN CTH D & &L PIC 27,

(iv)  JSEESECrE Trans. EIHCENTE S WOV D, Fo7d LHDIRREE oM A V- At
DI R & GAGIH A> Cldi v E AR %

(v) Trans. ©_LTFORE, HHCFHOMIBEIFTIC RS IG5 LT 20T, C OO,
AR AT R R B S

(vi) 1 2w 2 MNIT3ARD Trans. )3’973 I, hahod b o) E T b 0 & OFSSINE B E D AT
<, HEMEERITVCT NS E RTEST A,

(vii) Strut WEIEEICHATH 0, BRI OIS 1% kX RS EET VS,

(viii) # v DESEE LTS ERMMEC D Trans, AEZNTIC X 512 D, AEHE A -9
PR B,
W STV AERI A 2 T B & 5 2 CRIE L 7ol & Moy & < — 5
OIS F T X T b IS ORER BB 5 R o Tt 2 & o5k %

WL 72 BB 3R & 3 DB <, IR A R

(ix) .

HY A T & HE-?9 4% Hilt

GESEVI T Mol s O M 1o % o0 TR A i 0 & B e 5 D o AN BBEUE I B U T, drolliC i

A RV E I M & B S, E AR A s T b O O BRI X B SR T SERRITSE

Table 3-2-1 Principal Data of Mecasured Tankers

Ship No. A Tanker B Tanker
D.W. (L. T)) 47,000 36,000
I.. BP  (m) 215,000 188.98
B.MD (m) 30..20 27.74
D. MD (m) 15.33 14.48
d. MD (m) 11,47 10.93
One ‘Tank Length (m) 12.80 12.20
Class LI 100 Al AIBS Al
Date of Test 19594 1959-7

Builder Hit..’n,«?hi Innoshima I‘lil.:l(:}li' Innoshima,
Shipyard Shipyard
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4, - o v e/ & [0t -
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LIS AR, Wifikic Hori- § Y iy | _{;/j/;: llzq.uo'(jwﬁn .
el Olssi.‘éo' AR
- o H =
zontal Girder T HNTH ST, \,-'3 H)h h 1 7. ﬁf lj ﬁ,]l J’]
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WOGEEPIT iz, Transverse Web L wwe L
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Ll s,
Trans. Web TFrame AL 2 7 L __DEGK LONGL 30090, % _ SoaF
H:f H o ‘Ihf ; DEGH PL THICKNESS 257* A T80 "““~\.~\4/@0f200i29
ER 4 &5 LB RAilBE ST - 7
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g, M AU -Cix, Noo 8 ! L,© i Od |3
- 300,20 FB
P2 SR & U, Center Tank o \ =
‘= eyl i " &
NT A MK PR B oA Y
W€ Wing Tank Py Trans. Web 4&31({
£,
&
Frame 500454547 & 1Ml L, Tz No. L 052058
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Fig. 3-2-3 Ballusting Scheme on Trial
Ao E TN 7o, 2B PEEUIRTE Noo 8 Al Fhllabili & U, w7k ROt Center Tank K[

RN 5515 2 Trans. Web Frame OB OS5 T i tH Rt R & U CHEBRE T2/,
SHMEFTEOLE A PRI CIE 286 A, B RIS CIE 125 A FiTH D, ROFHIICIZ I TR

PRTCs Szt (T L 7, AU s s 15 & ORI HUE R WIS Aors b, ELOTREEZ (b AR A
L % & UL 2 SRR T L CR s i Rt 0 5 T EMTRE T H BT DW TR, fER

JmA\LFH‘h@M/M"ﬁ@T CHIL TH SR 22 R TH DT, wﬁ)\bm
1T 2720 C DS OTRIEIC DV TRl A O T MR 2 1T 5 &3, FEBRIC & 7o 2 TREAFHINIC 2220

A, IRHEZE (L o A £ v T iR

DATRECENT do72 2 TR AZE O ARAE CREF IR R s 2

Table 3-2-2 Progress of Experiment of "A” Tanker

Test e X . Position Dratt  |Depth of C.T.|
No. | Date | Hour Condition of Ship (m)  [Ballast W. (m)] Ot
1 4.3 1240 No load condition Oﬂg 1‘111105F111nn, 4,00 0 Fine

] Shipyard
2 y 1620 Bal[:nst,‘ water going " ) 4,20 5 99 Cloudy
to charge
3 " 1725 " " 3.00 11.30 7"
4 " 1825 " " 5.71 16.23 "
I T . i
5 4.4 (1800 Irlhll!llnl.ﬂdl} sen trial / 1 " y
condition
- Off Yuge
6 " 1650 " Istand " " "
7 " 1900 bfL“ZLSt_ water goiny " 7.30 " Rain
to charge
8 " 2300 , ”" " 8.80 " "
9 4.5 1630 After pump test " 9.00 " Fine
10 / 2000 Ballast water goiny 2 10,10 1 Rain
to charge .
1 1 12753 OIllCl‘fl'l sea trial 1 11.48 ' ”
condition
12 4.7 1627 " " " " Cloudy
13 y 1815 Ballast \\'fllk:l' going / 9.20 10.82 Rain
to discharge
14 1" 2030 1" 7" 6.70 6.00 "
15 " 2338 /s ()H‘ [‘1111().\'}1111](1 380 043 ”
Shipyard




W 7570 &, RO ENM: A B 7o ot fifi 4 DR R D4, E7- 3Nk 2 R b igmEg (ko
R R A CHE T A T, FHEIENE D KT < ML € 2Au s D dsEE R g U5 B Bie B

D,

Table 3-2-2 o)k Table 3:2.3 fode 2 O ECANO S EIE O 25844, % Table 3-2.4 J X Table

[oN)

205 GTVEFTIN R S 2 AP O TR A TR L T b,

Table 3.2-3 Progress of Experiment of “B” Tanker

Test " ’ e Position Draft |Dapth of C.T. .
No. Date Hour Condition of Ship (m) Ballast W. (m) Notes
, 7.6 2250 l‘%n,llast. water going Ooff I‘nnos.h-ima. 6.44 0 Fine

to charge Shipyard
2 7.7 0123 " " 6.83 " "
el I o 1)
3 I 0442 I 11,11;1}111¢uy sea trial " 7.53 I ”
condition ] )
4 7.8 1530 Ballast water going Off Yuge 6.40 550 ”
to charge Islancd
5 " 1927 7 " 7.73 7.15 1
6 7 2012 " 7 8.33 9.70 "
7 " 2133 " " 10.01 12.50 "
Official sea trial -
5 2
8 " 2300 condition " 10.93 15.00 "
9 7.10 1845 " /" 11.18 " "
10 y 2110 Ballast water going Off‘ Innoshima 9.00 10.70 y
to discharge Shipyard
11 7" 2228 " " 7.30 7.70 "
12 7.11 0012 " 17 5.10 3.60 "
13 " 0205 No load conditon " 3.90 0 "
Table 3-2-4 Data of Temperature on "A" Tanker
ety | r2 | T3 | T4 | rs | Te | T7 | TS
No. /
1 23.0 21.0 211 19.7 16.7 11.5 13.0 12.5
2 24.5 24.5 24.0 23.3 20.8 12.0 13.8 13.5
3 22.5 23.3 22.5 22.5 19.3 12.0 13.2 13.9
_—
4 21.0 20.5 20.5 20.0 17.5 1t.5 13.0 15.3 T1 T2
5 15.0 14.0 15.5 14.3 14.0 10.8 12.2 12.6
6 18.0 18.7 18.5 18.0 16.3 12.0 14.3 13.0 o T3
7 14.5 15.0 16.5 15.5 15.0 12.0 13.0 12.9 T4
3 13.0 13.0 14.5 14.0 13.5 11.5 12.5 12.3
13.8 | 14.7-] 15.0 | 14.5 | 14.0 | 11.5 | 12,5 | 129 « TS5
10 12.5 12.5 13.5 13.0 13.5 11.5 12.3 12.8 17
11 10.7 1.1 13.0 12.3 13.0 1.5 12.0 12.2 _ J6
12 14.0 13.0 13.5 13.5 13.0 1.3 12.0 | 12.3 T8 - No& Tank
13 13.0 14.0 13.5 13.2 13.0 11.8 12.2 12.3
14 12.0 12.0 13.0 13.0 13.0 11 12.5 12.2
15 11.0 11.0 13.0 12.5 12.8 11 12.0 12.0




Table 3-2-5 Data of Temperature on “B” Tanker
e |tz | s o4 | TS | T6 | 17
1 33.0 | 32.5 | 32.0 | 28.0 | 26.0 | 25.0 | 23.3
2 30.0 | 30.0 | 29.0 | 27.3 25.5 | 24.5 | 23.0
3 27.0 27.0 26.5 26.0 25.0 25.0 23.0 —Tﬂ\‘
4 25.5 | 25.0 | 25.0 | 24.5 24.5 | 25.0 | 22.5 —‘
5 26.0 | 25.5 | 25.0 | 25.0 | 24.3 | 24.5 | 22.6 +Te
6 | 255 | 25.0 | 25.0 | 245 | 240 | 247 | 22.5 =13
7 25.0 | 25.0 | 24.6 | 24.2 | 24.0 | 24.6 | 22.5 T4
] 24.0 | 24.0 | 24.5 | 24.0 | 240 | 24.4 | 22.0
9 29.0 | 26.0 | 25.1 24.5 24.0 | 24.5 | 22.6 «T5
10 26.5 | 25.5 | 25.0 | 24.5 24.0 | 24.5 | 22.5 17,
11 26.0 | 25.5 | 25.0 | 24.5 24.0 | 24.5 | 22.3 B .18
12 25.0 25.0 25.0 24.0 24.0 24.5 22.2
13 25.0 | 24.5 | 24.8 | 24.2 24.2 | 24.1 22.5
M L 7 B AU e RS EERE 10mm DTS AF v 7 X AR TH D, R A G TR v
‘LA\)J(L”]/L ‘H—i—<;li‘ 5% L‘! <_y A ’f b4 9"7‘]‘\ D% ? AT 12 ;’CU(JSJ:U‘ 25 ,1,)J(A® l’ 1“' _}[E)E E;Er/h.] = 1?'
4 HEREHL,
3:22 5 A ¥ R
Fig. 3-2-4 DIFC & PEURo G FHTR 2 779 #AR TS T ORI, K& DR
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Fig. 3-2-4 Measured Stress Distributions
on the Mid. Web IFrame of No. 8

Wing Tank of “A” Tanker
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3.2.5 Measured Stress Distributions
on the Mid. Web l?mme of No. 8
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Fig.
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Fig. 3-2.7 Measured Stress Distributions

Fig. 3-2.6 DMecasured Stress Distributions
on the Fore Web I'rame of No. on the Fore Web Frame of No. §
Wing Tank of “A” Tanker

S
Wing Tank of “A” Tanker
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[1] Vertical Web Type
Table 4-3
Position l cm I cm? 1, cm? 1o gv L/l fr I
AB 75.0 2175 0.90 0.69 0.92 0.82 0.36 0.71
BA " " " 0.69 0.92 " 1z "
BC 71.7 " " 0.52 0.42 0.42 0.20 0.40
CB " " " 0.12 0.42 " " "
o0 rc 107.1 2040 0.10 0.26 0.49 0.46 0.11 0.21
é Ccr " " " 0.30 0.49 " " "
£ LB " 112 2.88 0.35 0.65 0.51 0.01 0.03
e BE " " " 0.40 0.63 " " "
EF 71.7 2590 6.90 0.30 0.51 " 0.51 0.29 0.58
FE " " " 0.17 0.51 " " "
DE 75.0 " " 0.69 0.92 0.82 0.42 0.85
ED " " " 0.69 0.92 ” " "
rQ 50.0 190 2.88 1.00 1.00 1.00 0.21 0.41
QP " " " 1.00 1.00 " " "
QR 52.1 ” " 0.86 0.48 0.53 0.10 0.20
:Ti RQ " i " 0.12 0.48 7 " 7
§ UR 116.7 1300 13.45 0.67 0.91 0.80 0.04 0.09
g RU " 1" " 0.67 0.91 " " "
'g TU. 52.1 220 2.88 0.91 0.59 0.62 0.14 0.27
= urT 7" " " 0.19 0.39 " " ”"
ST 30.0 " 1" 1.00 1.00 1.00 0.24 0.48
TS ” " " 1.00 1.00 7 " "
Table 4.4
Position ht it ht ir Ey/P? F[P c¢m?
0 AB 0.91 0.94 —0.07 —0.08 372 — 1875
é BA 0.91 (.94 —0.07 —0.08 —372 1875
£ BC 0.59 0.52 0.22 ~0.36 93 — 1793
l: CcB (.25 .33 —0.32 0.25 —205 1793

— 9] —



Table 4-5
M= p P2y N2 g B0 g+ A pld g }
R Jyp P42y X 4 Za Eii g 2o

Trans. Ring @35 — 2 VEFFTOFU

Position 105 ¢cm3 cm? cme 108 em? | 102 (:m“l_ 102 cm 10=2cm
Aip Ay A5 Aip Azp Azx Az Aop
AB —0.286 +0.000 +1.186 —1.247 —1.962 +0.003 +2.672 —3.554
BA +0.221 +0.003 +0.818 —1.419 --1.788 --0.005 +2.672 —3.354
BE —0.014 +0.001 —0.199 —(.080
BC —0.207 —0.004 ~—0.619 +1.498 —1.803 —0.916 —0.866 +4.453
cCB --0.200 —0.633 —0.002 +1.696
cr —0.200 —0.347 +0.002 —1.696
rc —0.046 —0.079 —0.018 —1.044
FIE +0.046 +0.079 +0.018 +1.044
EF +0.006 —0.002 —0.619 4-1.513 +0.072 4-0.108 —0.838 +4.403
EB —0.012 +0.001 —0.214 —0.082
ED +0.006 +0.001 +0.832 —1.431 +0.008 +0.001 +2.804 —3.628
DL 0 +0.000 +1.271 —1.290 +0.008 +0.001 +2.804 —3.628
i
Teble 4-6 Horizontal Girder @)% — 2 v OKEHL
M= )4 Y + 2 pEd p+IsoEdy
R=AyY +4pEdp+2Edq }
m? 2 -2 ¢in-l -2 -2
Position v LZI:P L:I':Q 10 2:,}1}1 102“&:m 1024Qcm
P Q +0.008 +0.222 —0.258 +0.082 +0.717 —1.090
Q P +0.033 +0.137 —0.287 +0.082 +0.717 —1.090
Q R —0.033 —0.137 +0.287 —0.991 —0.374 +1.999
R Q —0.483 —0.038 +0.755
RU -—0.517 +0.038 —0.755
U R —0.137 +0.054 —0.682
U T +0.137 —0.054 +0.682
T U +0.010 —0.144 -+0.301 +0.282 —0.379 +1.887
T S —-0.010 4-0.144 —0.301 —0.024 +0.774 —:1 154
S T —0.002 +0.243 —0.276 —0.024 +0.774 —1.154

l
O
[N




Table 4-7

Ed=ipp P4 EogNgt s N g+ gy ¥

105 ¢m cmT= cm=2 cm— cm=2
Asp A A5y Azt A5ty
6, 1.431 0.0911 0.0318 (.0328 0.0364
Ea, 0.849 0.0811 0.0181 0.0200
Ly 0.836 0.0239 (.0547 ().0097 0.0489
I3, 0.522 0.0166 0.0378 0.0244 0.0325
Table 4.3
EOp=26p P4 2o N oA o N s Zon Y ar -+ Aoy Vs
103 1072 cm—# 102 cem™3 1072 cm=3 1072 cm™8
Aer e Zes Agar Aot
Center Ring —0.815 —0.295 —0.027 —0.015 —0.016
Side Ring —0.353 —0.013 —0.277 —0.020 —0.043
Table 4-9
EOp=2:pP 420N+ 2as N+ Aau Y n4- 200 Yy
103 10=2¢m™3 10-2 ¢m~=? 10-2 ¢m~3 1072 cm—3
A7p A2 A7 A7 A
Middle Girder —0.574 —0.015 —0.039 —0.931 —0.033
Upper Girder —0.352 —0.008 —0.043 —0.018 —0.969
[m] Horizontal Girder Type OF[5
Table 4-10
Position i ! cm { I cmt 4 Ay, cm? S l gt 1/ l fr ’ g’
A 75.0 653 4.14 1.00 1.00 1.00 0.22 0. 44
B A " " ” 1.00 " " " "
B3 C 71.0 " " 0.81 0.41 0.49 .12 0.24
%D cB " 1 " 0.10 ” ” 1 1
~= [ 113.7 2760 (.90 0.43 0.75 0.66 0.16 0.32
g cr 1z " " 0.50 " 1" " "
& EF 71.0 760 4. 14 0.83 0.46 0.54 0.15 0.31
151 " " " 0. 13 " " " "
DI 75.0 " -1 .00 1.00 1.00 0.25 0.51
LD " " " 1.00 " 1 " "
PQ 50.0 1735 6.45 0.41 0.86 0.79 0.66 1.32
QP 7" " " 0.99 " " " "
E QR 31.9 1" " (.90 0.38 0.39 0.46 0.91
5 RQ " " " 0. 19 1" " " 1
= UR 106.7 1320 13.45 0.45 0.70 0.72 0.06 0.1t
g R U 7 7 7" 0.58 " " " 1"
N
'g TU 51.9 2100 G6.45 0.95 0.70 0.60 0.62 1.24
T ur " " " 0.26 " " " "
ST 30.0 7" " 041 0.86 0.79 0,80 1.00
T s " " " 0.99 ” 1" " 1"




Table 4.11

Position ht it 2 i Eylp F/P em?
0 AB 1.00 1.00 0 0 — 1342 1873
é BA .00 1.00 0 0 1342 — 1873
2 BC 0.63 0.53 0.23 —0.24 — 394 1775
E: CHB 0.21 0.28 —0.21 0.26 342 — 1775

Table 4-12 Trans. Ring 3 — x VEFE DL
M=apPr e X+ 2 a0 4+ 2 pFdy+ 2pEdp+ 21 pEd g
R=20p P+ 255 X+ 204 B0 4+ dopFEb pt+ Ao pEé pot- 2 Ed g
. % omd .m2 2 o2 2
Position U L i s A s

A B +0.249 —0.005 +0.335 —0.385 0 —0.001

B A —0.172 —0.021 +0.213 —0.429 0 ~0.006

B C +0.172 4-0.021 —0.213 +0.429 0 +0.006

C B —0.296 +0.523 —0.040 +0.933 —0.006 --0.156

C F -+-0.296 +0.478 —+0.040 —0.933 +0.0006 —0.156

Foc +0.050 +0.081 +0.007 —0.158 +0.032 —0.892

F E —0.050 —0.081 —0.007 +0.158 —0.032 +0.892

E F —0.002 —0.003 0 +0.0035 —0.228 +0.438

E D +0.002 -+-0.003 0 —0.003 +0.228 —0.4358

D E 0 -+0.001 0 —0.001 +0.369 —0.413
Position 71()324::13 10—2‘2;?1‘1 l()*j;;m i IO‘Z‘—’gim 10;;22111 IO‘;zzm

A B +1.977 —0.034 +0.730 —1.083 0 —0.010

B A —1.773 —0.034 +0.730 —1.083 0 —0.010

B C =4 1.600 +0.765 —0.355 +1.918 —0.008 +€.228

cC B

C F

F(

F E

E F —0.073 —0.118 —0.010 +0.230 —().366 -+ 1.901

E D +0.003 +0.004 0 —0.008 +0.796 —1.162

D L -|—(').U();5‘ -4-0.004 0 —0.008 +0.796 —1.162




Table 4-13  Horizontal Girder % — & T ORI
M == 2y ¥ 4 2y p 20 oA A 20 Qgp b
B =24y Y + 24 pEd p+ 4o Edg+ 2y Edy
I cm sm? >m? 10-2¢cm~t{ 1072 c¢cm 102 cm 102 cm
Position cm cm cm
© Aay Aap 230 A3 sy Ayp A4Q a7
P Q 4-0.008 --1.828 —1.697 —0.004 +0.090 +4.750 —5.704 +0.032
QPr +-0.037 4-0.547 —1.135 --0.021 --0.090 +4.750 —5.704 4-0.032
QR —0.037 —0.547 10155 —0.021 +4-1.183 ~0.910 +4.042 +0.653
RQ +0.051 --0.075 +0.943 +0.360
RU 4-00.349 —0.075 —0.943 —0.360
UR 4-0.140 —0.092 —0.378 —1.011
ur —0.140 +0.092 +40.378 +1.011 ]
TU +0.012 —0.537 —0.032 -1.178 —0.246 —0.857 +0.666 +4.217
TS —0.012 --0.337 -4-0.032 —1.178 —0.017 -4-4.911 +0.044 —5.800
ST 4-0.004 4-1.919 —0.010 —1.723 —0.017 +4.911 +0.044 —3.800
Table 4-14
Ed=kpP+dsoXo+ArsX g+ Asm Y a+ 20 Yy
105 cm cm™2 cm~—2 cm—2 cm~2
Asp Asc 258 Asar 2517
FEd, —1.071 —0.0204 —0.0263 —0.1006 —0.0469
I3, —0.603 —0.0437 —(.0401 —0.0238 —0.0631
g —0.980 —0.0137 —0.0222 —0.1514 —0.04351
Ejy —0.598 —0.0201 —0.0821 —0.0227 —0.1173
Edq —1.535 —0.0134 —0.0136 —0.0247 —0.0219
Z3g —0.269 —0.0200 —0.0042 —0.0113 —0.0046
Table 415
EQ¢=2sp P+ dscN e+ AosN g+ Ao Y ar+ Aoy Yir
108 10-2 cm~3 102 cm™3 10~2 ¢ 1072 cm™3
Ao Asc Ay Aga Aetr
Center Ring 4+-0.629 +0.440 4-0.026 4+0.013 +-0.041
Side Ring +0.705 +0.013 +0.473 +4-0.012 +0.092

Middle Girder

Upper Girder

O p=dzpP 4 ke Nt Aag N g+ Aoy Y+ 2 Yy

108
A7

4+ 1.025

4+-0.636

Table 410

1072 ¢m=3 1072 ¢m™3 1072 ¢ecm™3 102 em™3
A1 A1s A1 Ay
+0.013 +0.023 +0.3583 -4-0.048

40.020 +0.093 10.024

| 40.550
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[m]

Centre Tank o

n

Lable 4.17

FPosition [ cm I cmd Ay cm? ’ S ‘ gh fr re
. T C 132.6 2370 6.90 0.09 0.88 0.81 0.12 (.25
D. T -
C C 7" " " .02 " " "
.C -C " 3520 " 70 0.88 0.18 0.37
B.T. .
c C " " " .63 7" " "
‘ﬁ R 130. 1520 13.45 166 (.91 (.89 0.035 0.09
B.S ! N
"R R " " " i " " "
[X] D.T.=Deck Trans. B. T.=Bottom Trans. B. S.=Bhd. Stiffener
Table 4-18
Position ht i AT i EylP P cm?
c C 0.88 (.90 —0.01 —0.04 — 1785 3000
D. T .
cC C 0.84 0.88 —0.04 —0.01 1797 — 3000
. T C 0.89 0.91 —0.01 —0.06 —1199 3000
B, 1 o
cC C 0.85 0.89 —0.06 —0.01 12335 — 3000
R R 0.88 0.91 —0.01 0 —4061 4500
B. S o
R R 0.92 0.93 ¢} —0.02 4133 — 4500
Table 4-19
EQ;=2gpP 4+ igy X + ig7 X
E@g=gpP+ Aoy X + 297 X
13 1072 cm™3 10~2 cm—3 103 1072 cm—3 1072 ¢cm~—3
Agp Agx Aax Agp Agy Asx
Deck Trans. +1.797 +1.380 +40.387 —1.785% —0.587 —1.511
Bottom Trans. —+1.233 +1.017 +0.320 —1.199 —0.320 —1.105
Table 4-20
EOp=210pP+ A1y YV + 2007 Y
E@p=21pP+ 21y Y 4+ 2,7Y
~ 103 10~2cm™3 1072 em—3 103 1072cm=3 10~2¢m—3
Awop Aoy A10¥ Aup Aty An¥
Bhd. Stiffener. +4.133 1+2.338 +1.169 —4.061 —1.169 —2.024




Lv]

P=1kgfem? OYA R

e

Table «

Vertical Web Type

21 X, N

Horizontal Girder

(Hi

Type

{i: 105 kgem)

® —1.313

®: Bottom trans. Al

Deck trans.

&

X { Ny 1 Y l Yy Ny Yo Yy
242 —1.072 —0.852 —0.843 —0.813 —0.839 —1.530 —1.390
—1.109 —0.35] —0.843 —0.847 —().882 —1.530 —1.389

L5E L G oo il

®: Deck trans. it Bottom wrans. (CEF LV & G LA O fit,

OO R R & (R LT

Table 4.22 F5 (Hifsi: 105 kgem™)
V. W, Type H. G. Type
(®) ® © ®
Fa, 1.204 1,193 —0.812 —0.811
L6y 0.680 0.073 —0.407 —0.405
Fay 0.665 0.0061 —0.636 —0.655
24, 0.373 0.371 —0.313 —0.311
iy —0. 444 —0.443
Fig —0.225 _0'225
Table 425 JpfoshFE— £ ) (ifr: 10% kgem)
V. W, Type H. G. Type
Position
© ® (D) ®
AB 4+0.294 -4-0‘.293 +0.138 +0.137
B A 4+0.237 +0.240 —0.151 ~0.151
1312 —0.309 —0.307
Ed BC +0.072 40.067 +0.151 +0.151
~ B 2161 42.196 —1.127 —1.142
e CF —0.920 —0.833 +0.314 40,293
E FC —1.086 —1.069 0. 381 -0.376
S | +1.086 --1.069 —0.381 —0.376
E ey +0.293 +0.288 —~0.003 —0.001
KR —0.326 —0.324
LD +0.033 +0.036 4-0.003 +0.001
DE 1-0.633 +0.651 —0.131 —0.131
PQ +0.089 +0.088 —0.383 —0.382
QP —0.054 —0.054 40.247 +0.246
5 QR 4-0.034 40,034 —().247 —0.246
= R Q 40,544 40,841 —1.836 —1.534
© R U 0,009 +0.011 +0.305 +0.304
f UR —0.272 —0.270 +0.557 +0.536
= Ul +0.272 +0.270 —0.557 —0.336
; ru +0.018 4+0.018 —0.083 —0.083
s —0.018 —0.018 -4-0.0853 40,083
ST 0111 +0.110 —0.793 —0.792

LU B O TR L CRO, TR LT ht@@ il v 5,



Table 4:24 5 Bt 0 W7 ) (ifiz: 107 kg)

V.o W, Type . G. Type
Position
® ® ® ®
AR —1.167 —1.166 +1.857 +1.856
BA +2.583 +2.584 ~1.893 —1.894
BE —0.593 —0.589
K4 13C +1.323 +1.365 +0.401 +0.380
K CHB +4.909 44,951 —3.149 —3.170
‘éj Cr —1.874 —1.823 +0.612 +0.3590
& FC —1.874 —1.823 +0.612 +0.590
§ I +1.924 1.892 —0.340 —0.531
é EF 41.924 +1.892 —0.540 —0.331
LR —0.593 —0.589
ED +0.915 +0.916 —0.171 —0.173
DE 40.9153 +0.916 —0.171 —0.173
PQ' 0,069 +0.067 —0.271 —0.271
QP +0.069 +0.067 —0.271 —0.271
5 QR +1.722 +1.717 —4.013 —4.010
g RQ 41.722 +1.717 —4.013 —4.010
© RU —0.226 —0.223 +0.808 4+0.806
f UR —0.226 —0.223 +0.808 40.806
= uT +0.557 +0.554 —1.237 —1.235
= TU 4+0.557 +0.554 —1.237 —1.235
TS +0.186 +0.183 —1.417 —1.413
ST +0.186 +0.183 —1.417 —1.415
Table 4-25  ifify 4 (§ifei: 103 kg)
V. W, Type H. G. Type
Position
© ® 0] ®
AB +0.856 +0.940 +2.065 +2.058
o BC +1.449 +1.529 42.063 +2.058
) FE +1.874 +1.823 +0.612 +0.3590
= ED  |© 42.467 C42.412 40.612 +0.590
2 CF +1.924 +1.892 +0.540 +40.331
3 BL —1.240 —1.202 —1.734 —1.708
AD —2.199 —2.198 —3.174 —3.173
PQ +3.752 +3.755 +4.214 +4.216
G QR +3.752 +3.755 +4.214 4-4.216
. UT +0.226 +0.223 +0.808 +0.806
nj TS +0.226 +0.223 +0.808 +0.806
= RU +0.557 +0.554 +1.237 41.235
= QT —1.391 —1.394
PS —2.199 —2.198 —3.174 —3.173
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Table 7.1 Principal Date of Measured Tankers

1st Tanker 2nd Tanker

L (B, P.) 213 m 188.976 m

B (Moulded) 30.2 27.737

D (Moulded) 15.33 14,478

d (Moulded) 11.47 10,932
Depth of L. Bhd. 15.88 14.83
Length of L. Bhd. 145.7 124.7
Number of L. Bhd. 2 4 2 &

Ilyy 26,480,000 mmz2-m 19,218,500 mmm2-m
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FFig. 7-1 Measured Sections” Plan (The Ist Tanker)
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Fig. 7-5 Calculated Bending Moment Diagram (The 1st Tuanker)
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Fig. 7-6  Measured Stress Distributions
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Table 7-2 Tactor of LEffectiveness of L.

Bhd.

The 1st Tanker The 2nd Tanker

Mecasured " v . . 7 g1

Seetion x. x/D xfL. /] x x/D xfL »
A 4.8 0.33 0.033 0.814 7.625 0.514 0.0612 1.0
B 36.8 2.32 0.251 1.0 28.975 1.95 0.156 1.0
C 72.0 4.54 0.495 1.0 16 775 1.13 0.134 1.0.
D 30.4 1.92 0.209 1.0
E 8.8 0.55 0.0603 1.0

x: Distance between the Measured Section and the End T. Bhd.

L, D: Length and Depth of L. Bhd.
n: Factor of Effectivencss of L. Bhd.
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- Table 9.1 [Z7RI5MH TH D,

il

BT 120 ¢ RN

g PL=5 (=050, #°— 2 S mm) v,

SRV Table 9-2 179 51 Case D i o CiTot,

Table 91

Vertical Load Shell Plate Horil. Load Bhd. Horil. Load
Py i Py b Fruy c.
(mm) (mm) (mm)
\ A 430 HS 1 390 HB 1 444
VvV 2 380 HS 2 337 HB 2 390
V3 330 HS 3 284 HB 3 337
Vo4 280 HS 4 230 HB 4 284
V3 170 HS 5 177 FI13 3 230
V6 110 HS 6 124 HB 6 177
Vo7 30 HS 7 70 HB 7 124
HB 7 70
Table 9-2
Corner Similar to Actual Ship Corner Cut
All Connecting Points Fix Four Corners Fix All Connccting Points Fix
No. of : No. of No. of
Experiment Load Experiment l.oad Lxperiment T.oad
Case 1~ Vo1 Casc 23 Vo Case 45 Vi
2 Vo2 24 Vo2 46 Vo2
3 V3 25 V3 47 V3
4 Vo4 26 Vo4 48 Vo4
5 V3 27 V3 49 V3
6 V6 28 V6 50 VvV 6
7 Vo7 29 V7 51 V7
8 HS 1 30 HS 1
9 HS 2 31 s 2
10 HS 3 32 HS 3
11 HS 4 33 HS 4
12 “HS 3 34 HS 5
13 HS 6 35 HS 6
14 HS 7 36 HS 7
15 B 37 HI3
16 HI 2 38 H 2
17 HB 3 39 B3
18 HB 4 40 HB 4
19 HB 3 41 HB 3
20 HB 6 42 HEB 6
21 I3 7 43 HB 7
22 HIBB S 44 HB S
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