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Studies on the Transverse Strength of Huge Ships

Outline of the Study

During the past five years, extensive investigations into the fundamental problems on the transverse strength
of huge ships have been carried out in this Research Committce. of which the detailed explanations and
discussions are fully described in cach chapter of this report. In the tollowing articles, summarized are bricf
notes on the outline of each item of the investigations with the conclusive remarks as obtained from the results

of this research work.

I. Preliminary Study on the Transverse Strength of Ships

Since its early stage of organizing this Research Committee in 1965, a remarkable tendency has been seen
of building extremely large vessels for exclusive use, and the transverse strength of such huge ships was con-
sidered one of the most important problems in the structural design of hull constructions. Thus, in order to
make clear the key points of the individual problem on the transverse strength of the huge ships and to orientate
the direction of the future steps for the research work, a preliminary study was made in the first year of this

research project on the basic problems of the following items.

1.1 Review of Literatures on the Analysis of Transverse Strength of Ships

Fundamental survey was made on both domestic and foreign publications and literatures on the transverse
strength analysis of oil tankers and ore carriers, in which a particular attention was paid to the methods of
three-dimensional analysis considering the effect of relative deflections of side shell construction to longitudinal
bulkhead on the moment and shear distributions in the transverse members. Also examined were several methods
of evaluating the stresses in end bracket of the members, where ordinary beam theory is no longer applicable
to the elastic stress analysis. In addition to these, further investigations were made into the problems that had
been pointed out in the technical reports of. research committees organized in former years for the basic studies
on the design of oil tankers and ore carriers of high economy.

The results of the survey of literatures have clarified a fact that theoretical methods of the anaiysis of the
transverse strength of oil tankers and ore carriers, except those for stress calculations in local at stress concen-
trated parts of the components, had been so accurately improved as to be used for practical purposc of
evaluating the bending moment and shear foree distributions in the transverse members, provided that a rational
estimation be made on the magnitude and distributions of the working loads.

On the other hand, few reliable data had been available of the results of tests on ship structures and their
components to verify the resulls of the theoretical investigations.  Thus, it was concluded that further
experimental investigations should necessarily be made on the stress measurements of structural members of
ships in order (0 contirm the validity and the accuracy of the theoretical analysis on their transverse strength.

Exploring study was needed on the development of a computer programme for the analysis of the transverse
strength of il tankers and ore carriers to popularize a utilization of the advanced method of the transverse

strength analysis.
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It was also felt necessary 10 conduct further systematic studies on the transverse strength of huge
ships by using appropriate computer programmes, in which the size and form as well as the structural arrange-
ment of the transverse members are to be reexamined {rom view point of the safety and economy of their

hull constructions.

1.2 Survey on the Damages of Transverse Members of Ships

Technical data were presented of the damages occurred in the transversc members of large oil tankers, ore
carriers and bulk cargo carriers. According to the results of the survey on these damages, the majority of them
took place in the structural components subjected to high stress concentrations, and it was considered that
most of them were caused by dynamic pressures of liquid in tank, vibrations of ship or by repeated wave loads.

The statistical study have revealed a fact that the largest number of cases of the structural damages were
found during from 2 to 8 years after new building of the ships. [t was then concluded that these damages,
which occurred mainly in the components of high stress concentrations, can be prevented, to certain extent,
through technical improvement of the local strength of the members by paying full attention in both design
and workmanship of the structures. It was also recognized that further experimental tests on three dimensional
models are needed to investigate into the fatigue strength of the structural components, in which the fatigue

crack damages were frequently found in existing ships.

1.3 Survey on the Loads Acting on the Transverse Members of Ship Hull

Full-scale measurements on board the Ocean Vulcan and the Ginga Maru of hydrodynamic pressures on
hull were discussed as the data of transverse wave loads on the hull. Results of the measurement show that
variation of hydrodynamic pressures on the bottom and on the ship side at midship is small against variation of
hydrostatic pressure corresponding to relative water level at the ship side. After discussion it is concluded in
the Committee that both systematic ship model test in waves and collection of data of full-scale measurement
as well as theoretical study were needed in order to obtain more knowledge about the transverse wave loads on
the hull.

Ore pressures, which were important as the loads on the ore carrier, were also surveyed. Since few test data
on the orc pressures were available, it was planned to conduct model experiments and full-scale ore pressure
measurements during loading and unloading operations.

It was decided that research on dynamic loads due to the motion of liquid cargo was excluded from the
research project of this Committee because the problem has already been treated by another Committee of

JS.RA.

1.4 Plastic Design and Minimum Weight Design of Transverse Members of Ships .

Review was first made on the literatures of the plastic analysis and design of structures and their components.
Then, a plastié analysis was performed on two-dimensional frame structures simulated to the transverse members
of wing tank construction (with one strut) of an ore carrier, in which an optimum arrangement and scantling
determination for each component (in terms of the plastic modulus) was made from view point of the minimum
weight design of the structure.

Furthermore, the effect of shear force on the tully plastic moment of the transverse mer\n}bers was recognized
of an essential importance because of their extremely deep webs as usually seen in huge ship constructions.

In this connection, a theoretical study was made on the method of determining span points for each component




of the transverse members, which can be introduced into the plastic analysis of the transverse strength of ships,
It was thus decided to carry out also experimental model tests on the basic problems related to the ultimate -
strength of deep girder structures.

With regard to the analytical method of the minimum weight design of stiffened plate structures, further
studies were needed to obtain an information for design procedures in determining the most suitable shape
and sizc of the stiffeners, thickness of the plate as well as the optimum arrangement of the stiffening members.

From the results of the preliminary study as mentioned above, several important points of the problems
were selected, and it was finally decided in this Research Committee to carry out, since 1966, the theoretical

and experimental investigations into the following problems on the transverse strength of huge ships.

2. Development of Computer Programme “T-SAP” for Transverse Strength Analysis of Qil

Tankers

In this Research Committee, a task group was organized to conduct a rescarch project on the development
of a computer programme for the analysis of the transverse strength of oil tankers to accelerate practical applica-
tion of computer programmes to the transverse strength analysis and to promote its wide utilization for routine
use in the structural design of huge ships.

At the stage of organizing this task group, a computer programme “M-1"* for three-dimensional structural
analysis on the transverse strength of oil tankers had already been developed in this country. As far as the
main part of programmes for frame-work structure analysis is concerned, several systems of computer programme
had been completed for general use and they were considered to be applicable to the transverse strength
analysis of oil tankers. However, little effort had been made in the practical development of data processing
programmes for input and output generators dealing with the basic data for the structural analysis. Thus, eager
demand had been expressed by shipbuilding engineers to develop a thorough system of computer programme
for the transverse strength analysis of ships, in which all the necessary input data for the analysis can be given
directly from the appropriate scantlings of the structural components as shown in construction plans of the.
ships, without performing any preliminary calculations by manual work.

The primary objective of this task group was then limited to the development of a new system of computer
programme for both input and output generators, with use of a revised programme of the IBM’s FRAN, that
has been developed for exclusive purpose of the transverse strength analysis of oil tankers. This new system of
programme is called “T-SAP”, through which a direct calculation can be made not only on the distributions of
bending moment and shear forces along the transverse members but also on the stress distributions in the
structural components, being displayed also graphically by plotting apparatus.

Application of the newly developed programme “T-SAP™ can be made for both “Two-dimensional™
analysis (in the plane of a transverse section of oil tanker construction) and “simplified three-dimensional™
analysis (of which the detailed description is given later).

The type of the structure that can be analyzed with use of this programme covers most of the currently
adopted ones in ordinary oil tanker constructions, including those with one, two or three struts in wing lanks,

those having two or three longitudinal bulkheads, those with strong center line girders or those without center

The computer programmes “M-17, as well as “M-2" and “M-37, of which the detailed deseription will be nude in the

tollowiny articles of this report, were originally developed by Mitsubishi Heavy Induostries. 1 td



line girders, and a type with one, two or three horizontal girders (see Fig. 3.1 ~ Fig. 3.6). The programme is
to be used for the analysis on such load conditions as hydraulic tank test condition, fully loaded condition
and ballast condition (Fig. 3.13). Unsymmetric load conditions also can be considered in the ““two-dimensional”
analysis (Fig. 3.14). .

It should be particularly emphasized that a comparatively simplified method of analysis was introduced
in the “T-SAP” programme to reduce the computer hours for solving the highly indeterminate structures of
oil tanker construction.

At first, an assumption was made that the ordinary “frame-work™ analysis can be applied on a simulated
structure, each component of which be located in the line of deck plating, side and bottom shell plating and
of longitudinal bulkhead plating of ship. Each of the structural members with variable cross sections at their
ends is subdivided into three portions; one of uniform cross section in the middle and two rigid portions at the
both ends, of which the bending rigidity being assumed one hundred times that of the middle portion of the
member. i A

The “simplified three-dimensional” analysis is formulated essentially of two steps of calculation, namely,
(i) a set of “two-dimensional” analysis on the transverse plane structurc of one transverse space, and (ii) “frame-
work”” analysis on a grillage structure simulated to the cargo oil tank construction of the ship.

(i) In the “two-dimensional” analysis, the transverse plane structure is subjected to the given loads, and is
supported on its bottom at center, longitudinal bulkheads and at ship’s sides, the relative displacement of the
wing tank construction being constrained in vertical direction. From this analysis, calculated are the relevant
outputs X;’s, including thrusts, shear forces, bending moments and deflections of the structure as well as the
joint reactions at the supports, R;’s (Fig. 3.15 ~ Fig. 3.18).

In addition to this, a “preliminary” analysis is to be done on the same structure by applying a set of unit
displacement at the bottom center and at the ship’s sides, respectively, finding out the corresponding outputs,
X. and X, for each case. At the same time, the joint forces that are required to cause a unit deflection aticenter
and at sides, respectively, can be readily obtained from the results of this analysis, and therefore it is easily
done to evaluate the equivalent bending rigidity and shear area of the transverse plane structure as a whole.

(ii) The “frame-work™ analysis is then carried out on the grillage structure in horizontal plane of the ship,
of which the “longitudinal members” are bottom and deck center line girders, longitudinal bulkheads and side
shell constructions, while the “transverse members” are those structures of oil tight bulkhcads, swash bulkheads
and the ordinary transverse plane structures consisted of bottom, side and deck transverse and vertical webs
(Fig. 3.19). In this analysis, the grillage structure is subjected at each joint (of the “longitudinal” and “transverse’
members) to the vertical load equal but opposite to the above-noted reaction Rj, and the relative deflections
at center 8, and at sides 8¢ with respect to the longitudinal bulkheads are obtained.

As the outputs X, due to the relative displacements of the center line girder 8. and of the side shell con-
structions &, (corresponding to a release of the support at center and at sides) are approximately given by
Xy = X8 + X8, the final results X can be obtained by superposing two outputs X, and X,. Namely,

X=X, +X,

Since the normal stress distributions in the end bracket of the members are by no means similar to those
calculated on the basis of the conventional beam theory which can be tacitly applied to the parallel part of the
component. In this programme “T-SAP”, a modified method of wedge analysis originally suggested by Osgood
was applied to evaluate the normal stress distributions in face plate along the curved edge of the end brackets,

merely because of its simple procedure of the analysis. In this analysis, the effect of shear force was excluded
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when calculating the stresses at 45° corner, and an appropriate modification was made to compute the stresses
at the end of the bottom transverse in center tank by using an approximate formula of third order polynomial,
taking into account the results of analysis by finite clement method.

It was found that the results of the numerical analysis on the transverse strength of oil tankers with use of
the “T-SAP” programme are in fairly close agreement with those by the “M-17 programme, and ulso with

results of full scale tests on oil tankers.

3. Series Analysis on the Transverse Strength of Oil Tankers _
The task group of this Research Committee has engaged in the analytical work of the series calculation on
the transverse strength of oil tankers by using the newly developed computer programme “T-SAP” and other

programmes, “M-1"" and ""M-2", as will be described in the following articles.

3.1 Type of Structures (Arrangement of Longitudinal Bulkheads and Number of Struts)

The transverse strength analysis was carried out with use of the computer programme “T-SAP” on six cxisting
oil tankers of from 50,000 DWT to 150,000 DWT. The results of the analysis rcvéuled a fact that the working
shear stresses in web of the structural members distinctly increase with size of the ships.

Further systematic studies were made on the transverse strength of oil tankers of 200,000 DWT and 500,000
DWT, respectively, in which a series calculation was performed on model ships of about 20 kinds of variations
in hull constructions. First, in model oil tankers of 200,000 DWT, variations were made in such structural
parameters as the ratio between breadth and depth of ship, numbers of struts in wing tank constructions,
location of longitudinal bulkheads, with or without centerline girders, depth of the transverse webs, and geometry
of end brackets of the transverses. In the case of 500,000 DWT oil tankers, investigations were made into the
structural arrangement, including the location and numbers of longitudinal bulkheads, with or without center
line girders and horizontal girders (Table 4.1.2).

The model ships were designed in compliance with the requirements of construction rules of Nippon Kaiji
Kyokai, and the scantlings of the primary members of the structure were so determined as to satisfy the minimum
weight condition for hull structure, by utilizing a computer programme “M-2" for the optimum design of oil
tanker constructions, with appropriate adjustinent of the member sizes in such a way that they vary gradually
with the increase of the size of ship.

These analysis were conducted mainly on both structural tank test condition and full load condition, and
additionally a few cases were calculated on other load conditions. It is also noted that, in some cases, only the
“two-dimensional” analysis was made without performing the “simplified three-dimensional” one (Fig. 4.1.11

and Fig. 4.1.34).

3.2 Size of Ships

In order to examine the effect of variations ir. the size of oil tankers on their transverse strength, a compara-
tive analysis was made on specially designed model ships of 50-. 100-, 150-, 200-, and 300-thousands DWT,
calculating the working stresses in the transverse members with use of the computer programme “M-1"" for
three-dimensional structural analysis. In cach type of ships, the model tankers were so designed as to fulfill the
requirements of the construction rules (the 1967 edition) of the ship classification societies, including AB, LR,

NK und NV, respectively.




When designing the model ships, scantlings of the main stuctural components were determined by using
the afore mentioned computer programme “M-2" for the optimum design of oil tanker constructions. with
the appropriate modifications as noted above, where the values of L/B-, L/D-, L/d-ratios as well as the Ch
value werc kept constant irrespective of the size of the ships.

As for the arrangement of cargo oil tanks of the model ships, a similar type of construction was assumed
in all the ships, where the length and the breadth of the cargo oil tanks as well as the space of transverses were
so determined as to be in proportion to the length of ship.

From the results of this analysis, a fairly distinguished tendency was found that the shearing stresses in
web of the transverses gradually increase in the larger ships, while the bending stresses in face plate of the

members do not widely change with the variation of the size of ships (Fig. 4.2.61).

3.3 Transverse Strength Analysis by Finite Element Method

Recent trends in the structural design of huge oil tankers have shown a fact that considerably deep girders,
webs and transverses are ordinarily used as primary members of the structure. of which the parallel part is
scarecely observed in their mid span. It should be pointed out here that, for such type of structure, the validity
-and "accuracy of the results of the transverse strength calculations based on the conventional method of the
“frame-work” analysis are by no means assured in general cases; and therefore they must be examined thoroughly
by performing more exact calculations in order to establish a reliable method of the transverse strength analysis
of ships. Moreover, it was considered of a practical importance to investigate into the effect of slots and. web
stiffening members on the stress distributions in the transverse members. Also considered of an importance
were the normal stress distributions in face plate of the end bracket of bottom transverse in center tank, and
those at the lower end of vertical web attached to longitudinal bulkhead in wing tank.

For these purposes, stress analysis was made on the transverse plane structure of oil tankers of 120,000
DWT and 200,000 DWT, by using the computer programme “M-3" based on the finite element method, in
which the structure was subdivided into approximately 1000 elements, and was subjected to a prescribed load
as well as the relative displacement of side shell construction to the longitudinal bulkhead as obtained from
the “three-dimensional” analysis on the frame-work structure (Fig. 4.3.4). The outline of the conclusions
lead from the results of this analysis can be summarized in the following..

(i) As regards the overall stress distributions in the transverse members of oil tankers, both the “finite
element” analysis and the “frame-work™ analysis gave fairly close coincidence in the results of the computations,
and they showed an allowable agreement also with the experimental results of full scale test on oil tankers.
This means that a reasonable good approximation on the stress distributions in the transverse members may be
expected from the results of combined calculations, where the bending moments, shear and axial forces are
directly obtained from the “‘frame-work™ analysis, while the stress distributions in the brackets arc analyzed
locally by utilizing the “finite element” method, instead of applying the costly procedure to the whole region
of the structure (Fig. 4.3.14).

(i) The influence of the web stiffeners, tripping brackets and the slots in the web on the deflections of
the transverse members (in the plane of the transverses) as well as on the normal stresses in their face plate is not
so significant that can be safely ignored in the transverse strength imalysis (Fig. 4.3.12 and Fig. 4.3.13).

(iii) It is considered that, from view point of reducing the magnitude of the stresses in way of the end
brackets of the transverses, the most effective means in the design of the transverse members are to provide

larger brackets at the end. This should be particularly emphasized in the design of the end brackets of the
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bottom transverses in center tank.

(iv) The effective breadth of shell plate and longitudinal bulkhead plate should be considered separately
for both bending and axial extension of the transverse members. This becomes especially important when
calculating the stresses in the members subjected to a comparatively high axial force. The results of the full

scale tests on oil tankers have proved this fact.

4. Full Scale Tests on the Transverse Strength of Oil Tankers

Experimental investigations were also carried out in this Research Committee by conducting full scale tests
on oil tankers, where the extensive measurements were made on the working stresses in their transverse members
as well as on the deformations of wing tank constructions of the ships.

The principal dimensions of the oil tankers and the test items are summarized in the Table.

Principal Dimensions in meters
Ship Dead Weight Date of Test | Test Condition
Length Breadth Depth Draft (in tons)
A 227 36.5 16.4 12.00 66.900 July 1966 Trial
B 246 40.2 21.3 15.07 103.500 Nov. 1966 Ditto
C 260 42.0 233 15.47 118.500 Dec. 1966 Tank Test
D 265 44.2 23.0 15.00 120.200 June 1966 Ditto
E 256 42.5 220 15.80 123.000 Nov. 1966 Ditto
F 298 50.8 24.2 17.40 187.500 March 1967 Ditto

Among these six oil tankers, ship C is of a cargo oil tank construction with horizontal girders, while the
other ships equip with struts in wing tank of ordinary type constructions.

The stress measurements were made on the specified parts of the transverse members by means of wire
strain gages with appropriate water-proof coating treatment. The deformations of wing tank constructions in
the plane of the transverse section of ship were also investigated in the tests, where the relative displacements
between longitudinal bulkhead and side shell plating or center line girder were measured by using piano wires
(ships A, B, D & F), optical instruments (ships C & E) and water level tube (ship E), respectively.

According to the results of the tests, it was noticeable that comparatively higher stresses took place, in
general, in the lower part of the wing tank and also at the end of bottom transverse in center tank, and that
fairly remarkable stresses (20 kg/mm?) were observed especially in the face plate of bracket at the end of
bottom transverses attached to the longitudinal bulkhead (Fig. 5.11 ~ Fig. 5.16).

It was also noteworthy that, in ship C, considerably high stress concentrations were observed around slots
of transverse webs at the intersection with longitudinals, and some of them excceded over yield stress level of
the material (Fig. 5.23). Further, remarks should also be made that the stress distributions in web stiffeners
indicated very distinguished stress increase at the heels which are welded to face plate of the longitudinals.
This might be a dominant cause of initiating cracks frequently occurring in existing ships.

The test results were finally compared with those of the transverse strength analysis on the test ships, as
have been described previously, by using the “T-SAP™”, “M-1"" or other computer programmes, and they closely
agreed with each other. 1t was also confirmed. in the case of ship E, that the test results coincided fairly well
with the analytical results obtained by the “finite element™ analysis, which was thoroughly applied to the whole

structure in the transverse plane of the ship.
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5. Minimum Weight Design of Stiffened Plate Structures
Fundamental problems on the minimum weight design of stiftened plate structures were studied from view
point of the economy in the design of cross sectional properties of T-stiffeners and of the optimum numbers and

arrangement of the stiffening members in the plate structures.

5.1 Optimum Design of T-Stiffeners Attached to Plate

In order to obtain the basic data for determining the most economical scantlings ol cross sectional properties
of T-stiffener attached to plate, which is one of the most typical and primary components in ship structures,
elastic analysis was first made to minimize the weight and the cost of the material, taking into considerations
of the buckling strength of the web (Fig. 6.1.2). In this analysis, it was assumed that the load was applied to
the plate, of which the dimensions were determined by a prescribed load condition and other primary factors in
the design.

Then, a further study was made, from economical point of view, on the use of hybrid‘stccl beams consisted
of mild steel web and of mild steel or several kinds of high strength steel flanges, in which a theorctical analysis
was performed on the fully plastic moment of the beams. The results of the analysis have revealed a fact
that the usc with the high strength steels in the hybrid beams generally brings in a benefit of reducing the weight
of the structure, but it becomes of little difference as compared with ordinary mild steel beam, if taking into
account the effect of the material cost on the total cost of the beams (Fig. 6.1.4).

Then, an optimum method of web stiffening in longitudinal direction of beam was investigated through an
analysis on the buckling strength of web of I-beams or T-stiffeners attached to plate, which are subjected to
bending. In this analysis, the minimum rigidity of the web stiffeners required to assure of preventing from their
own buckling was also studied. It was found from the results of the analysis that the total weight of the
beam can be saved at most by approximately 20% through a suitable arrangement of the web stiffeners

efficiently provided against local buckling of the web plate.

5.2 Minimum Weight Analysis of Orthogonally Stiffened Plate

Theoretical analysis was carricd out on the minimum weight design of orthogonally stiffencd (in equal space)
rectangular plate structures subjected to a uniformly distributed load (simulated to the bulkhead plating of
ships), in which numerical computations were performed to determine the thickness of plate and the adequate
numbers and dimensions of both longitudinal and transverse stiffeners (Fig. 6.2.1).

First, considered were the bending strength of plate clement surrounded by the longitudinal and transverse
stiffeners along its four edges, of which the boundary condition was assumed to be fully clamped. The thickness
of the plate was so determined as to be a limiting value that the plate does not cause any permanent plastic
deformations, when considering the effect of membrane force on the deflections of the plate element.

Then, the over-all strength of the orthogonally stiffened plate structure as a whole and the local strength of
a sub-structure surrounded by two longitudinal stiffeners (a transversely stiffened plate structure) were both
considered to evaluate the appropriate dimensions of the stiffeners. In this analysis, the boundary conditions
of the orthogonally stiffened plate structure and of the sub-structure were assumed to be of a simply supported
plate. The cross sectional properties of the stiffeners were so determined as to minimize the area of the cross
section, in which a plastic hinge may be formulated just at a prescribed load as given by the working ioad
multiplied by safety factor of the structure.

Numerical analysis was made on the plastic strength of the stiffened plate structure by means of electronic

(8)
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computer, with variations in the parameters such as the aspect ratio of the rectangular plate structure, ratio
between the plastic moments of the stiffened plate in longitudinal and transverse directions, number of the
stiffeners, value of a basic constant for critical buckling load, etc., the results of which being summarized in
graphical charts for design use (Table 6.2.1).

It was concluded from the results of the analysis that, in the case of equally spaced stiffened plate structures,
the stiffening method of high efficiency from weight-saving view point is to arrange compuratively strong
stiffeners in the direction parallel to the shorter edges of the rectangular plate, as long as the local failure of the
plate element is properly prevented. It was also found that a similar relationship on the total weight of structures
and on the optimum arrangement of the stiffeners can be applied to stiftfened plate structures of the same aspect
ratio (irrespective of their dimensions). and that the number ol stiltenersof the minimum weight is not remark-

ably affected by a variation in the value of the basic constant {or critical buckling load.

6. Structural Model Tests on the Local Strength of Huge Ships

6.1 Local Buckling of Deep Girder Webs

With the recent trend of cnlzu‘gcment in the size of hull structures. a significant tendeney is scen ol increasing
the depth of girders, webs and transverses, of which the plate thickness is relatively small as compared with
other dimensions of the components. Moreover, the existence of openings. cutouts and slots at intersections
with longitudinals, which are usually provided in these members, would unsafely Tower the buckling strength of
the web. In fact, a large number of buckling damages have been found in the web of transverse members of
large ships during the past several years, and it was considered of a particulur importance to investigate into the
local buckling strength of web plate with such slots or openings. Thus, in order to obtain the basic informations
on the local buckling strength of the web plates, the following scrics of experimental works were carried out
in this Research Committee.
6.1.1 Shear Buckling Teste with Circular Opening at Center

Shear tests were made on 22 girder specimens composed of two pancls of plate, of which the depth b was
600 mm, the breadth a was varied as 600 mm and 1200 mm, and the thickness 5 mm, 9 mm, 14 mm, respectively.
The ratio between diameter of the circular hole D and the depth of the panel, D/b was so varied as 0, 0.2, 0.5

and 0.8. In this series of tests, measurements were made also on the stress distributions around the circular
hole (Fig. 7.1.1 and Table 7.1.1).

The test results are summarized in tine following.

(i) In the case of shear buckling test of plate also, a relationship holds that load increases after buckling in
proportion to the second power of the lateral deflections, through which the critical buckling load can be
uniquely determined from the test results.

(ii) The stress distributions around the circular hole may be satisfactorily approximated by a solution for
an infinite plate with a circular hole, cven in the case of the plate with a hole, ot which the diameter is approxi-
mately one half of the width of the plate.

(iii) The buckling strength of plate with a circular hole was remarkably influenced by the size of the opening:
for example, when the diameter of the circular hole vs. plate depih ratio D/b was 0.5, the buckling strength was
reduced to about 60% of that of an intact plate (Fig. 7.1.11).

6.1.2  Compression Buckling Strength of Plate with Eccentrically Opened Circular Hole

The compression test specimens were of a 600 mm square plate (6.6 mm thick). and ot a 600 mm wide and
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580 mm high rectangular plate (12.2 mm thick), with a circular hole of 150 mm diameter. In these test
specimens, the center of the circular hole located either at the center of plate or cccentrically at one quarter of
the height above the center, one quarter of the breadth aside from the center, or at one quarter of the height
and of the breadth from a corner of the plate. Besides these, additionally tested were intact plate specimens
and those with a concentric circular hole of 300 mm diameter (Fig. 7.1.12).

The following conclusions were obtained from the results of the compression buckling tests.

(i) The buckliﬁg strength of the 6.6 mm thick plate specimens with an cccentrically opened circular hole
was lower than that of the specimens with a con.centric hole of the same diameter. In the case of the specimens
of D/b ratio equal to 0.25, the buckling strength was reduced by from 10 to 15%, the rate of reduction being
pronounced when the circular hole was located off center linc of the plate breadthwisely (eccentrically toward
a direction perpendicular to the compressive force).

(ii) In the case of the 12.2 mm thick specimens, on the other hand, the effect of the location of the circular
hole on the buckling strength of the plate was scarcely observed, and the critical buckling nominal stress (as
computed for a cross section of the minimum arca) was almost equal to yield stress of the material.

6.1.3 Compression Buckling Strength of Plate with Slot at Corner

In order to investigate into the buckling strength of web plate of deep girders with slots at intersections
with longitudinals, experimental tests were carried out on simulated models subjected to compressive load. The
test specimens were either of a 580 mm square plate or of a 1160 mm deep and 580 mm wide rectangular plate,
of which the plate thickness was varied as 6 mm and 9 mm, respectively. Height of the cutout, which located
at a lower corner of the plate, was 290 mm and its width was varied as 72.5 mm and 145 mm (Fig. 7.1.27).
The specimens were clamped on the lower edge and simply supportcd along other three cdges.

The results of the tests as obtained from this experimental work are summarized in the following.

(i) The buckling strength of square or rectangular plates with cutout at the corner was reduced approxi-
mately in proportion to the width of the cutout, when its height was kept constant. In the case of the plate
with a cutout as wide as from one eighth to one quarter of the width of the panel, the rate of the buckling
strength reduction was about from 10 to 30% (Fig. 7.1.32).

(ii) The buckling load of the plate with a cutout can be approximately obtained from a theoretical analysis
based on the energy mecthod, by assuming an appropriate form for the buckling mode of the plate, provided

that a relevant stress distribution be given in the middle surface of the plate.

6.2 Span Point of Structural Members in Plastic Design of Ships

‘With regard to the ultimate strength of deep grider structures with end brackets such as seen in ordinary
constructions of the transversc members of oil tankers or ore carriers, systematic investigations have never been -
done from view point of the plastic behavior of these structures. In this respect, it has been considered that a
rational estimation can hardly be made on the true value of safety factor for the transverse strength of huge ships.

A fundamental question would naturally arisc whether it is suitable to presume such modes of plastic
failure in the ship structures as is usually considered in ordinary skeleton structures of building etc., and whether
a tacit application of the simple plastic analysis is reasonable for evaluating the ultimate strength of the deep
girder structures in huge ships. As a matter of fact, there have been several unsolved problems concerning the
ultimate strength analysis on the deep girders. Of these, important are the effect of shear, which plays a
dominant role in the transverse strength analysis of huge ships, on the plastic collapse mode and load of the

deep girders, and the determination of the span points for the structural components with end brackets in the
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plastic analysis on the transverse strength of ships.

In the first part of this research project, the ultimate strength of a decp girder with round bracket was
investigated from view point of its plastic collapse by considering a “beam-type” mechanism of the girder, and
a theoretical method of determining the span point of the girder was introduced. The analysis was then extended
to evaluate the collapse load of a “frame-type” girder structure with round brackets at corners (Fig. 7.2.4 ~
Fig. 7.2.0).

The theoretical analysis was developed by using a simplified method based on the lower bound theorem of
plasticity, in which the effects of both axial thrust and shear were considered on the plastic collapse of the
girder structures. In this analysis, ordinary plastic hinges (that are free of rotational restraint) were applied in
the face plates of girders, while a new concept of “‘line hinge” was introduced in the web of the girders, along
which plastic flow occurs through yielding of the material in combination of shear and bending in its plane.
Effect of strain-hardening in shear was also considered in the analysis (Fig. 7.2.7).

Then, a series of tests were carried out on steel models of deep girder with round bracket and of “*frame-type”
girder structure so as to observe the mechanical behaviors of the plastic collapse and the development of yiclding
in the structural components.

The summary of the results as obtained from this experimental investigations is described in the following.

(i) In the case of deep girders with short span, the shear yiclding dominated in the web of the end brackets,
being followed by yielding in the face plate, that is called “shear failure™ of the structure; whereas in the case
of girders with relatively long span, general yielding commenced at the face plate and subsequently penetrated
into the web, thus forming a typical pattern of “‘bend- and shear failure” of the structure.

(ii) It was confirmed that the plastic collapse load of the deep girder structures can be well predicted, with
a satisfactory accuracy for design purpose, by the above-mentioned analysis developed in this study, provided
that the structures are so properly reinforced as to prevent a premature failure due to local buckling of the web
or lateral instability of the face plate (Fig. 7.2.10).

Thus it was concluded that the plastic analysis on the transverse strength of huge ships may readily be
performed on a reasonable basis of the ultimate strength calculations by using the fundamental data on the
span point of deep girder structures. It is expected that a rational method of analysis for the optimum design
of ship structures can be well established by conducting further research works on the development of the

plastic analysis, widely applied to the cases of possible plastic collapse modes of hull structures.

6.3 Preliminary Study on the Fatigue Strength of Transverse Web with Slots

Since a large number of cracked damages have been found in welded ship constructions, especially around
the slots in web plate of the transverse members at the intersection with longitudinals, preliminary model tests
were carried out to investigate into the fatigue strength of the structures.

The fatigue tests were made on fifteen miniature models of a 950 mm long girder, of which the web depth
750 mm, thickness 4.5 mm, breadth of face plate 400 mm, and the radius of circle at corner of the slot was
varied as 20 mm, 12 mm and 6 mm, respectively.

Static tests were first made prior to the fatigue tests to measure the strain distributions around the slots of
the specimen. The results of the measurements showed that the stress concentrations around the corner of
the slot were distinctly pronounced with decrease in the radius of circle. It was also found that the strain
distribution in web stiffener attached to face plate of the longitudinal was by no means uniform in its cross

section, showing a remarkable stress concentration at the heel of the stiffener. Complementary tests were then
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made on the specimens reinforced with attachment of a counter bracket on the reverse side of the web to the
stiffener, and the test results discloéed a fact that the magnitude of the stress concenlration at the heel of the
stiffener was considerably reduced by this reinforcement, being resulted advantageously in preventing from
initiation of the fatigue cracks.

Because of its limited number of specimens tested in this serics of experiment, it would be still early to
make conclusive remarks on estimating the fatigue strength of the web plate with slots, but the following general
tendency was found from the results of this experimental work (Table 7.3.1).

(i) From view point of the fatigue strength, the welded joint at the heel of the web stiffeners attached to
the face plate of longitudinals was in most serious condition subjected to an extremely high stress concentrations.
This was clearly proved by the results of the tests, where, in fact, fatigue cracks initiated from the said portion
in all the specimens.

(ii) As far as from the test results of this investigations arc concerned, it may be considered that crack
initiations at the corner of the slots were mainly due to pulsating deformations in bending of the web plate,
rather than by application of the repeated strain in the plane of the web plate.

It is then strongly needed to carry out further systematic investigations into the fundamental studics on the
mechanism of the crack initiations, so as to establish a proper way of countermeasure against those cracked

damages frequently occurring in ships structures.

6.4 Strength of Round Bracket

In order to investigate into the ultimate strength of round bracket attached to the transverse members in
huge ship constructions, experimental tests were carried out on four miniature steel models of two kinds; one
with stiffeners parallel to the face plate around the curved edge (designated as IS-type model), and another with
stiffeners arranged in radial direction of the round bracket (designated as S-type model).

The test specimens were of a round bracket with curved corner simulated to a bilge corner construction of
oil tanker, and the depth of web was 450 mm, the thickness was 2.3 mm. The depth and the thickness of the
web stiffeners were 35 mm and 2.3 mm, respectively, and tripping brackets were also arranged in suitable spaces
around the curved edge of the specimen (Fig. 7.4.1 and Fig. 7.4.2).

Bending was applied to the specimen in two ways; one was hogging moment causing tension in face plate
of the bracket, and another was sagging moment causing compression there.

Extensive measurements were made on the stress distributions in web and stiffeners by means of wire strain
gages, so as to observe precisely the instantaneous development of yielded area in the specimen.

The results of the tests can be summarized in the following.

(i) The round bracket specimens of S-type model with the web stiffeners arranged in radial directions
sustained the hogging bending moment (tension in face plate) without causing any problems untill general yield
occurred through the whole cross secitons of the specimen.

Under the sagging bending moment (compression in face plate), however, a phenomenon of local buckling
took place first in the web, and then yielding occurred in compression face plate, being followed by a total
collapse due to local buckling of the face plate. In this case, no buckling failure was observed in the web
stiffener, and the collapse load was reduced to approximately one half of the maximum load to which the
specimen could safely reach in the hogging bend test.

(ii) The IS-type specimen with web stiffeners parallel to the face plate showed, in hogging bend test, almost

similar behavior to that of the S-type model and reached to the same level of the ultimate strength.
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In the case of sagging bend test. on the other hand, the ultimate load of the I‘S-typc specimen was relatively
higher than those of the S-type model, where Jocal buckling in web took place at first, and then subsequent to
the yielding of the face plate, locul buckling of the web stiffencrs due to compression finally caused the total
collapse of the bracket,

(iii)  According to the results of the strain measurements on the test specimens, it was found that the
. effective breadth of the outer skin plate at the curved corner (corresponding to the bilge strake) was remarkably
less than the nominal value, and was felt necessary to conduct further investigations into the detail of this

problem.

7. Researches on Loads Acting on the Hull

The method for transverse strength calculation has been improved recently and internal forces and stresses
induced by the known external loads can be calculated fairly accurately. However, much remains unknown on
the estimation of external loads. Then, in this Commiltee, systematic experiments on the transverse wave loads

and the ore pressures have been carried out.

7.1 Research on the Wave Loads on the Transverse Structural Member

Research on the wave loads on the transverse structural member, which has been not so well investigated as
that on the longitudinal wave bending moment, are one of the most important problems in the field of transverse
strength of ships. In the Committee, model tests on the transverse wave loads in regular waves were conducted,
and calculations of the hydrodynamic pressures were carried out by means of the strip method, being compared
with the experimental results. Furthermore, the long-term distribution of the hydrodynamic pressures was
estimated.

The wooden model of T2 tanker, which was 4.5 m in length, 0.608 m in width, 0.351 m in depth, 0.268
m in draught and block coefficient of 0.74, was used. The model was self-propclled under full load and even
keel condition in regular waves having wave length of 75, 100, 125 and 150% of model length, respectively. The
wave height's'were controlled to 10 cm throughout the experiments.

Fourteen pressure gages were used to measure the pressure on the bottom and on the side of model at
square station S (midship), square station 7% (0.25L from F.P.), and square station 8% (0.15L from F.P.)
(Fig. 8.1.2). Besides this, the relative water level at midship, pitching, heaving, surging, wave height, and model
speed were also measured.

The pressure gages, whose sensing diaphragm was 30 mm in diameter, were electric capacity type device
specially developed for the tests. Relative water levels were measured by sonic wave probe mounted on the ship
side.

The summary of the results obtained from the investigations is as follows.

(i) Test results of the hydrodynamic pressure amplitudes on the midship bottom were ncarly equal to the
amplitudes of “mean pressure” which was the calculated vertical force on the strip per unit width. Amplitudes
of the hydrodynamic pressure on any positions of the bottom and the side were between amplitudes of mean
pressure on the bottom and amplitudes of hydrostatic pressure obtained from the relative water level (Fig. 8.1.3).

(ii) Test results of the hydrodynamic pressure amplitudes on S.S. 5 and 7% coincided nearly with the
calculated value by means of the strip method. However, certain amount of discrepancy between test results

and calculations of the amplitudes of hydrodynamic pressure on the S.S. 8% was found (Fig. 8.1.7). Pressurc
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distribution on the bottom at midship was ncarly uniform. Howéver, it was not so uniform at S.S. 7% as at
midship, and pressure on bilge part was somewhat larger than that on center of the bottom.

(iii) - Amplitudes of the hydrodynamic pressures on the fore body were larger than those on midship- (Fig.
8.1.4 ~ Fig. 8.1.5).

Long-term distribution of the hydrodynamic pressures on the hull was calculated based on the linear super-
position principle.. In this calculation, correlation between pressures on the bottom and on the side was not
taken into a¢count, then the long-term distribution was not directly used to estimate the transverse wave loads
for design. However, it could be useful for estimation of design loads relating to the local strength of ship.

Additional tests on the model with bilge keel and under light load condition were also carried out.

7.2 Model Tésts on Ore Pressures

In order to investigate -the ore pressures acting on the structural member of ore hold, small sized model
tests were carried out on the fundamental behaviour of ore. At the same time, statical loading test and vibration
test were performed on large sized model.

7.2.1 Small Sized Model Test

Two types of model were used for the tests. One, named model A, was the steel plate box which was 1.50
m long, 0.25 m wide and 0.50 m high, and its end wall was movable in lengthwise direction of the model by
screw mechanism.

Another model B was also the steel plate box, bottom of which was 1.00 m x 1.00 m square, and a
pair of opposite walls was not vertical. Angle of inclination of the wall could be changed (Fig. 8.2.1).

Sand or pebble, in place of ore, was loaded into these models and then the pressure acting on the wall of
model was measured (Fig. 8.2.2).

7.2.2. Large Sized Model Tests

Large sized models were structural models of ore carrier. Two types of models were used for the tests.
Model C was made of steel plate, 2.07 m in length, 1.00 m in depth, and 1.30 m in width at top and 0:9 m at
bottom, and side walls were inclined.

Another model D had the same dimension in length and depth, but had vertical side walls, and its width
was 1.00 m. Side walls of these models equipped with vertical stiffener, and end walls corresponding to the
bulkhead of actual ship were reinforced by horizontal stiffeners. Sand or pebble was loaded into these models
and statical loading tests were carried out by pressing the wall, investigating into the effect of inclination of
model, where the pressures on the bottom and side wall were measured and recorded (Fig. 8.2.5 and Fig. 8.2.6).
7.2.3 Vibration Tests

It is considered that pressure of ore loaded in the hold increase due to decreasing porosity caused by ship
vibration. As for this problem, relation between frequency of vibration and ore pressure was investigated by the
test in which model C was vibrated on the excitor. In this test, sand, coal and coke were used (Fig. 8.2.10).

The results of these experiments are as follows.

- (i) Distribution of ore pressure acting on the side wall can be calculated approximately by Coulom’s theory
of active earth pressure against the retaining walls. Variation of the statical pressure in the inclined model was
nearly zero on the bottom and on the side wall it was increased with the angle of inclination of the model.
Pressure distribution in this case can also be calcuiated by Coulom’s theory.

(ii) Distribution of ore pressure on the bottom had a trend that the pressure was large on the center of the

bottom and small on'its edge. This was caused by deflection of the bottom, and the smaller the rigidity of the
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bottom structure, the trend was more remarkable. Approximate formula for the pressure distribution was
derived for this case.

(i) When the ore loaded in the model was vibrated, the porosity of ore decreased and ore pressure became
high. After vibration test, ore pressure did not return (o initial value. These phenomena could be more
remarkably found in the case of fine particie like sand. In the case of coal or coke, variation of pressure above

mentioned was small. And pressure distribution on the wall was influenced by loading procedure.

7.3 Full Scale Measurement of Ore Pressures

Full scale measurcments of ore pressures during the voyage and loading at port were conducted in order to
investigate the ore pressurcs on actual ship structure and point out problems for further study.

Measurements were performed on a 56,100 DWT ore carrier, 211 m in length, 31.8 m in width, 17.5 m in
depth and 11.7 m in draught, on her boyage Peru to Japan. Crude iron ore, a mixture of dry sand and dry clay,
was loaded (Fig. 8.3.1).

Ore pressures were not directly measured but they were estimated from stresses recorded by strain gages
mounted on longitudinal stiffener and bulkhead plate (Fig. 8.3.2).

Results are summarized as follows.

(i) Ore pressure on the upper part of hold wall at loading coincided nearly with Coulom’s theory. However,
on the lower part of hold wall, ore pressure was rapidly decrcased. Further study on this point is needed
(Fig. 8.3.4).

(ii) Ore pressure distributions under loading and unloading conditions were fairly different. During the
vbyage, load on the stiffener was increased but load on the hold plate decreased. It was probably caused by
ship motion or vibration.

(iii) Ore pressure variation at sea was complicated but the statistical distribution of the record of each
measuring point was approximately represented by Rayleigh distribution.

(iv) Ore pressure variation at sea was comparatively large on upper part‘ stiffener of bulkhead. [t was smaller
on bulkhead plate.

(v) Many problems on ore pressure still remain unknown, and further investigation is nceded.
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2) v A7 ry s ORI & RERRRBERIT & % M THRIE LABe LIRHIRBIT T a7 E L Tid . Load
Condition 1 THXHOBENBEIENICADTWAS, MOFERETHER EM ULV RN TS b,

(FIG, 413004131, FIG, 41.334.1.3 4)

3) HOBEBEEAMRH L b B/ IOMEICS b OB OB & KERREESRRI I b B/ 4 OALE I 2D THLHRIT
WEeHTLM a5 L,

a UAYIEYI ERAFERITIC LA T PO OENR OF 3% SBIENK 2D TnaFIe. 4130

<4.1.33)

b VYA Ey I EFTHICLABTRELEAERILIEAVINV TS S, (FIG, 413 14.134)

4) v A7 2 2%k 14D BN 25 ORBIKEBHT CHIA L7l T 1 R O O AMF ICIR BRI O = —F —HT
BIENERLTWS, (FIG. 4.1.32¢4.1.53)

5) HRAOBHIROBEERC S LERBMREE & TR VAR EA EERE RV, (FICG. 41319413 4¢4.1.35)

6) EHEORBJENC L A5 0F b v 2 H— D ARBTHBISHER D b \n,

7) BIETY Y —X5tE %722/ 2 0 D, W. THER T ESE U HEEE £ DT\ 5 NK5 08 TRAEGHESD
FB%Ahfcl BCLoad Condition 1RUF4 Ty F—2Y 7IEMBIEOT —F —HOILNDEL %5 D
NEBINL, (FIG.41.37 &4.1.40)

8) BIMIZTHICES (AEEAORBIE A 27 MEDKTH1LI/1000THDT, 20F b2y =L LT,
ByE et S, (FIG.4.1.38&4.1.39) '

9) b I ¥RA=RY ¥ S OIEERIBIC T BIET EABGEIMCES LN & L HEBRETH=CHOEILHEM D
I CHE L3 O2iTabel 416 Thhb, VA4 ¥ 78y 7REMTOZ -7~ Tl &~ #— & >~ 7 OFEXIHE
HPCLBIENEYA 27227 ORISR CE BIEHE 2T SHB L CREICHBERICND LT vE LK, &T5
e 2= v OREBIHTLCOW TR, £ F— 2y 7 OHAERX T L HILINHAH TS h HBEIGICH X
NELE D LERKISHEFEEICTL b hZ VEL ZDTWA,

10) B EOmMEBEASH5 0FD.W. T. HEMBICENT S ERMICRIHERE E2 512 05D, W. T, HEME
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TABLE 411 LIST OF SHIPS

D.W. T L x Bx D~d (m)
A - SHIP 200. 000 72940 x 49.0 x 294 ~200
8 . % /148,000 302.0 x 44.0 x 242 ~ /65
c ! /123 000 2860 x 425 x 220 ~ 156
D ” /119.250 265.0 x 4.7 x 2185 ~ /50
E . o’ 76. 123 2370 x 368 x /8785 ~ 12.492
Fo " 66. 900 2270 x 3685 x 164 ~ 12.0
G . " 49. 699 2/3.0 x 308 x 152~ 71354

TABLE 412 SUMMARY TABLE OF 200000DWT & 500000 DWT SERIES TANKERS

~ (04D CONDITION | LoAD CoNDITION |
\ NAME | wine vk BREADY 8 CENTER TANK WING TANK | _EXCLUONG RELATIVE DEFL. __\ExcLyomes RELATIVE NOTE
8 o AaTstal sl l2ls]a ( TYPE 0F sHIP)
NK =20 0.29 194 ¢ Gk seor-2  |O1OOIO0101010 Ol o sramomcosmer |
M/ 2.29 180 C GIR STRUT =2 O Ol 4
M2 0.93 /94 C GIR STRUT =2 O O OI0I0I0I0 O d
M3 229 /94 € GIR STRUT= 1 O Ol .
M4 0.29 /.94 C.GIR STRUT =3 @) Ol .,
MS 0.20 /.94 C.GIR STRUT=Z O Ol &
200,000 Tonl_Mé 029 2.20 ¢.6IR STRUT=2 O Ol 4
TANKER | NK= 204, 0.29 /.94 cGIR et imieleolelelelle) . (”"""’{5””’"“”)
SEeRIES | NK- 208 029 192 cGIR STRUT=2 OlO1I0101010 . (VK- 20 BIVEORCED )
wNK-20C, 029 94 C GIR STRUT =2 O101010 OO R (me ”é"’r”cw)
w00 | oz jor | caw  swr-z_|00[0[0J0O L (EEE)
NKk-20. £ 029 74 C GIR STRUT=2 O O O O O O . (A/k-zo/e@fwmecsu
NK&~20. F. 0.29 L od CGIR STRUT=2 O O O O O O . (/«k-za A(;E)/N/-WRCED)
NK-20G 229 L od ¢ GIR STRUT=2 O O O O O O . (m—m kaﬂﬁaecso)
NE=20.L. 029 194 C GIR LESS STRUT =2 OIOI010 O 5
M =24 055 L9 ¢ GIR LESS STRUT =2 OlIO0ICIO O s
M-28 233 194 . GIR LESS swor-2  |OIOI00] |0 , (TR
NK~80-1 003 7/ C GIR LESS sswe-z 100|010 O 4
Nk - S0-2 230 7/ € G/IR.LESS smevr=2 [{O1O1O10O O 2
500,000 oM\ NK - 30-3 027 7/ ¢ &R s.s=/  |OOI0 000 <
TANKER | NK- 50 -4 027 7/ ¢ GIR S STR=2 O ollellellelle ;
SERIES Nk~30-5 227 . . GIR STRUT =2 C)__O_Q O O10 2
NK~50-6 027 L7/ 57’,"2;5 seer-2 (OO OI010 O | 4
NKk-50- 7 227 L7 SR e elleleelele P
NK-50- 8 0.29 194 caR sur-2 | OO |OIOI0I0IOIOI0IO] |

( TYPE OF SHIP)

L4 L < A T SN T LA e -
o o]l rJg] ol Ho o o o 9 3
! e} d Q ! b O ! . e Q-
SERSERSE RICIRICINBE RIS RO sk
1 l ! ‘ | | I |

(_PART 0F REINFORCEMENT ]

=
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&
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TABLE 413 SUMMARY TABLE OF 200000D.W,T.AND 500000 DWT
TANKiZA'S TANK ARRANGEMENT
—
RIGIDITY | MEAN MEAN
TANK THICKNESS
NAME | CONSTRUCTION - Mffm,sf oE O T Tp’z‘gﬁf MIDSHIP
LENGTH CING 8D | BrD SECTION
NK-20 g0 NK - 20
m/ 150 M/
me 150 M2
M3 150 M3
M4 /50 mda
mMS /50 v ME
. ORDINAR
Mé 150 Mmé
S5/ | cenTER /80 NK - 20H
Sz 150 NK = 20
53 G/RDER /20 NK - 201
nn
4 WNK = 20
S 4 180 REWNEORCED . 425 HO
200000 | S 5 SYSTEM 120 17.0 NK - 201D
Dw.T I3 K -
S 180 1 prDINARY NK = 20H
S 7 120 NK - 20T
TANKER 7 R
S8 /80 PEINFORCED o0 NK=~ 20HD
59 120 MK - 201D
S /0 180 | ORDINARY 425 M- 2
S/ /80
NY4 CENTER 180 | ORDINARY M- 24
373 120
GIRDER
S/ 1% | emrorces)  mo| T M- 28
4 -2
S/4 LESS 120
S 16 | system | 130 | prpinary NK-20L
S$/7 /50 M- 24
170
S/& 150 | REINFORCED M- 28
sw,o00 | NK-50-2| €. GIR. LESS| 80 NK-S50-2
DW.T | nvk-50-5 ¢. GIRDER 180 ORDINARY NK-50-5
TANKER | yx-s0-8|  SYSTEM 200 NK- 50-8

NOTE ; -

TANK (ENGTH

TANKS .

MEANS TOTAL TANK LENGTH OF THREE (3) C(4RGo 0/L

EACH CARGO HOLD HAS A SWASH BULKHEAD AT THE

MID- PART OF THE HOLO.
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TABLE 4146

K/ m

EFECT OF RELATIVE DERFLECTION ON

50 0O TRANSVERSE RING

T 5/6 J 5} ) . z
~ ] T Tbw| 40 g5 | o | gw lorenn Rew| 05 | 6 | 6o | seess| ren
NESO—1| i P VR4 e B o O S A D B R A P
-2 6354| 1366 | 217 |~ |— 16 |= 16 |- 76|-250 s/ |—s/| z0a
~3~s501-2250) 0.0 | 1780\ 170 f’;{mf—é.f (pt [ 883089 k;f/‘”;‘”f-/z./ 23 |~/
LOAD T4l s50 72250 /0.0 | 17.80) 123 | 180 |- 67 | 113 |793)-s50| 107 |m12.6]-09 | 60
COND T 81-16./93|-2¢.29]| 9863 | 1726 | 20.5| 192 |- 67| 125 640 |-262 | 134 1—r/2 22 | -84
-/ T b1-/00|2/80 1 100 |/7.50) 206 s/ (- 79 | 62(263|-275| 59 |—e5|-36| 13/
T 700 |~/50| /0.0 (1750|128 129 |—67| 62| s559]-62] 53 28 1 —¢5| 549
= 861892 23.70| 10071 2223 ) 270\ 183 |- 73 | 110 (524 |-224 | 106 -4 02]-09
NKEO~ 1|,.~ T =80 |—2/5 |-13.6 21| 2/|-s82] g0 74 | 74| 2466
—2 -~ ~8.25/|= 1774~ 155 7 2./ 211436\ 7/ 86| 66| 930
L040 DI e | 2250|2100 |- 1750~ 134 |-176| 65 |-11.7|828) 65 |-2d | 12/ |-05)-as
COND. T4 180 (2250~ 10.0 |-1750)-10.6|-180| 67 |=11.3)w68| 52 || 126 07| 173
-4 T 81/5667| 23.50|-10.9/|-19./01-134 |-186| 74 |-11.2] 834] 9.5 ~/29| 124 | -05 | -&3
" & /00 | /850 |~10.0 [750|~s7/ =14/ 79 |~62|383| 00 -89 9% FE| s460
T 71100 | 150 |~10.0 |-s750[—95 —129| 67 |-62|853| 29 -42| 78 48| /88
~ 8\ 155748 2260 -1 5582500\ 140 |- 176| 75 =101 120\ 78 |-nz| 106 | ve| 77
8c 5 RELATIVE DEFLECTION AT £
éw 3 “ AT SIDE - L
0% ; NORMAL  STRESS AT BASIC mvo/r/ﬂA/R _ e+ i ,_’§f EZ__ J
0C 5 NORMAL STRESS C4qu SED 8y Sc T  Jend
0'\3/) ” dw
20
70 ; .
® ® g p
8 ®
&
®0
0 50.000t 100.000 t /50000t 200000t
Dead Weight
FIG, 411 MAXIMUM SHEARING STRESS
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Table. 421

Principal Dimensons

% Freeboad Calculation

\;:;;\“\\~\\\Efii\f; 5 10 15 2.0 50
Dead Weight % 50000 100000 150000 200000 300000
Light Weight % 10000 20000 50000 40000 60000

o % 60000 120000 180000 240000 360000
A /18219 329326 658653 987980 1317304 1975959
B m 3205 40,40 4425 50.90 5825
L m 19230 24230 27735 30530 34950
D m 1450 2080 2385 2625 5005
d m 1187 1495 1712 1884 2157
~act. 1 59989 120002 180077 24007 1 340087
L/D 11655 11649 11688 11630 11,631
L/B 6000 5998 5997 5998 6000
L/d 16201 16207 16200 16205 16203
Trans. Space m 3102 5910 4474 4925 5638

O e dth n 6787 555 9794 10779 12335

Tank Length (T~8) m 1551 1955 2237 244625 28179

" (7~1) m 31.02 3910 4474 4925 5638
Tank Length (total) = 13959 17595 20133 221625 24971,
Noes of Hori,Gir, 3 3 4 4 5
Freeboad Caluculation (Unit:m)
Lroo—SRiP A ripw sHIP 5 10 15 20 30
D 2900 1650 2080 2385 2625 3005
g 1580 1187 1495 1712 18.84 2157
Freeboeard 620 463 5.85 673 7.41 848
Lo 25710 19313 24334 27854 30661 551.00

arourar 5035 2543 2969 317 5287 3408
Cb Correction 2348 2.805 3275 3497 3626 3759
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Table431 Principal Particulars and Condition of actiual ship Experiment

A Ship B Ship
L 2560m 3100m
Principal B 4 2.5m 484m
Particulars D 220m 236m
DW 122000+% 202250%
CLASS N K NV
Test No — 0,0 3,/3 0,70 3,3
Head Tank m 0 2288 0 2418
Weight t 0 | 18800 o - 24800
Draft m 420 615 520 8.10
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Condition and Shearing of Counter

Ballancing Force
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Balancing Force f4(fa/X11) t 32 ( 4) 14 (1)
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Tanled33d Coumparison of Deflection
(mm)
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7.4 OEHENC LAV, SIS QWA LR R o IS BT mIC K E 2B A e, RO Lo~y
— S TEMIL 2B ICHEARENE I NS0 EEL LIl

HemIEEE & AR AR A OFC T 2 DD D bo F 2 OHETICDO N THEICHT 34 &
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Fig.51 The method of Measurement 1 Fig.52 The method of Measurement 2
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Fig.53 The mevhod of Measurement 3 Fig. 54 The Method of Measurement 4
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Table52 The method of measurement
mli]) The method of measurement o *See Pig.51~Fig.54, about the
pame siress relative deflection meathod of measurement of
A uﬁ;i?’jy‘li‘i”l' gaw 5o method 4, 2 relative deflection.
B " vo4 0,3
C ” v 5
D ” v 4,01
E o v 2,3
F ” v 4
B.4 FRASIKEE
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TO L 9 RRMHIRIBICH L O
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DL

20225

| hoz
f9a

da =129m,df =12.im da=14.25, dt = 14.8

(a) At Ajustment X The Trans Ring, where (a) At Ajustment
stress is measured i i
the domain of calculation the_domain of C°'°”'§“°”
B t " :
L [ o PseBar |
D 75 8 85 90_§5 |
da=7.7m,d¢=1.7m do= 92m,df = 58m
(b} At Measurement % The Trans Ring, where
. . , . ) _ {b) At Measurement stress is measured
Fig.55 Loading Condition of A—ship
f'ig.56 Loading Condition of B—ship
29.10_26.0 . " “ . 21.60
]
K 3
" Tiateor 137801 lios
I~ e - 7B 8 0 9% 192

3 da=83m,df=64m
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draft 4.3m )
_the domain of calculation

(a) at ajustment

the domain of calculation ‘
|

—f

X Trans Ring, where stress [

droft gom ° meosured 0=89m.dt = 58m
(b) at measurement (b) At Measurement X The Trons Ring, where stress
is measured
Fig,57 loading Coandition of U—snip Fig,58 Loading Condition o T D—shinp
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Table 621 Minimum Weights and Stiffener—Arrangements
for Various Panels and Pressures
! i rigidity . mean
dimemsions of ‘ press (number of giVen Stiffener Sec tional area | Plate thickness
—ure by; given by
stiffend panel stiftfeners | eq. i space of stiffeners thickness|eq.
(e221) (6239)
a X b pPKg, n m Az, s (n+1)n A1) Asy Asy h n
5000x 5000 2 17 577 1667 278 1322 82 279 1087
72500x 5000 3 15 11.88 1875 | 313 1399 10.4 314 1.18¢6
10000x 5000 v 5 16 3017 1667 29.4 1350 85 295 1.243
15000x 5000 7 15 5690 1875 313 1431 10.4 S14 1.294
5000x 5000 2 17 579 1667 278 2115 130 430 1.718
7,500x 5,000 3 15 1192 1875 313 2239 165 484 1.87 4
10000x 5000 20 4 14 2016 2000 333 2306 188 .516 1.964
15000x 5000 7 14 5727 1875 333 2249 171 516 2.046
5000x 5000 2 15 584 | 1667 513 | 3886 257 801 | 3127
7500x 5000 3 14 1199 1875 333 4171 31.6 .855 3408
10000x 5000 >0 4 13 20.28 2000 357 4290 361 916 3570
15000x 5000 7 13 5759 1875 357 4184 32.9 916 3724
5000x 5000 1 11 1.85 2500 417 6999 881 1.523 4871
7500x 5000 3 12 1210 1875 385 654.6 54.7 1.415 5346
10000x 5000 100 4 12 2038 2000 385 6858 6 0.1 1415 5598
15000x 5000 7 12 5786 1875 385 6687 54.7 1.415 5848
10000x10000 1.0 2 17 577 3333 55.6 5287 328 .558 2174
20000x10000 1.0 5 16 3017 3333 588 5401 341 591 2486
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i) Brgtro i EEHE
Btk O L EE O AR T Fig. 622 9~6235%% 5L, EAROBE bR LEEnE 1
LIERIGINE 4T 5 ¢ ICoh, BRARD LTWh, Thdnofinid X b \ERoFENE { 22T o)
ERBLTAEEOTEH 5, nhidIBELALEEnE TSl UDEERIENT 2, chldn gL TH/A0
KB OREEH A 2.0 L EIC & ¥ % 2700 WEOZMbEZ (. —Fn s B Lz LICk B OERHE L ET A8
BTHD9, TOBPEDIILICnEEL 5 EWEHBD L TEEENI L % b
Tn=nllEnTifnBrELTn 2, Chigndinsb (n+ 1 )Nt 5 &, MEEIOIERENICZ
DCHEABRD Ly WEREAE % 525 EHEL LEFH~OELTD 52 DWEORD 2 E < I THER
B OBE LA S X ZEEENHD T, 4L LTRERORIEHHIE L, HBEC LD TN 570
THD 9, '
EFHOBBRICOWT Y EAHOLE LRAL L9 2RBRA LR S, LA LIThARn=0Td% {\ NXEl
MEFHE %2 ZEFNICHE NI A ZPEHEEBO & & ICEL TR 5
(v Bk & NE R
Bi= G2k L7BA G nicBIL TRAME LR LU hbi#ittofliEa (n+1) OBMfREFig. 6236
FLU 6237 GRS, WBICTERE LEUORE O,y SMCEB P fa L0 ORI ol th ThEn
THERTAL LT D B, Thd b Ok EERA CERRIC, BEIOEA0 3 sHROL 2R/ INERLLZ LT
L b, TR COMIERE HP=1.0Kget L xr2.0Kgtt & LTHELRAILZOTHE2, Table 62,1
KRLEND Lo CEBENHZIL LT b EUH bt OB O BRIERFEA EE LR, LK Ly TOR®RIE
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WRENDVE LA L & BAEE 5 4 HHHEBEED 5 AP O o AR OL O KHALEL R
DI S, BIHEE b O 0l d BERIIEN 25k (%2 2o TR LT 5,
W ZeK LRANER
WL 2 0=2.0, FHESHP =1.0Kethl ORI ONTRELS LEIFEEORMFE Fig. 6 2.3 8ITR
Lzo Bidbroftm, n e XU fPe—EICHRDAT S, HEEERE (T 5L WEEELR WA, B Ok
T Po AT B BEFBH IR R E C LI R b, BHHETERIC ST, £ OR Mt E— A >
F Mos A RSB ICH B L. 2 7aMmE Ay & M@ (6230), (6233) THUIDITLATN D, L
Leh b ORXAHEHTSH b, T/n, n OFEMEIZILT S OT, S OFBRFIERPOVICHEE T2 & & E#Ep Lin,
STEEE LS L ETFBRE LAY SICHFILTIEMLTY 5,
iD EREN LR/ ER
EFRIE ) LRI O MR MR E A E LT Fig. 623 9IUR L7z, Cha b Okt b DU
WORNEREKD LT ENTE D,
Vi EMoRBEEER & O
ER OB 3FEICOANT N Ko — 2 THE I 2 KT Ly $70 &7 U OB 2ELE L /B0 BHR &
L UBH OMh s TR E LTcE B QTR R FNTNEIE L, Fig.6 240~ 6242103 L7, Pty
TFET S ORMEREOHI DA T, HUBIKERE L k, =43, k,=17 &5 LERMOREE
I DEBEOLAKEL 2Dk, FOFRREERO Y =7 OFE LEOH kpHRE L & i s ke n
7 Th b, FLTRFEMNIRAHEET 2D/ kEE(THIEORT, E LOEEMICER)VINE (2D
A KA 0 0L RIC % B EBEOEMIE® 22502 DT A, 4 L THMBER UH O #REHE L2 54E(T
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bulkhead (m)
e

or

~ 77500—

m
a =22,200

m
b= 7, 500 d
m= 2 8
n= 23 EN.
P = 2,96 kg/cm2 N

& 1of
5
» m=23, n=2, B%2=B%xm
—
fiod
]
Q
PFEY
f
5L
296 kg/cm i s the water head at the bottom
of tank given by NK rule, n=8
O 1 1 L
100 200 300
—> (Stiffener depth) /(web thickness) k,
FF'ig, 6241 Comparison between the weight of bulkhead
of actual ship and calculation
3
~ m -5?1670
o - a =13, 000
§ b= 5,670 (L
I m= 6
o
= n= 2 )
“ P= 1.94 kg/cm? &
; |
@]
° m=6, n =2, B%=B4m
z 20 ‘
© an exampl of bulkhead of actual ship
P
+
o]
S
1
or
n=6
m:
194 kg/em is the water head at the bottom =g
of tank given by NKrule.
(o} 4 . L
100 200 300
—)(Stiffener depth)  (web Thicknsves) k,
Fig,6242 Comparison bHetweéen the wegint of bulkhead of

actual ship and calculation
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(2) Bz mEE A Un WIRY . BICETR P OTEE KE 3 B EERWICHRT &2 b,

(3) EBEOMHREEICC OFT4EA L. BEE B LA LTS, EEOS o LE LM &I L. ity =

ORI LREOKE 2 0 05T ICT 2 BREOBEEE L2 Y FLWEIE b, I b ICH#E Oz 2t

o
M
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2) B R #fh mFTER ST LR ORERE
EFAHRYE  FE1145 (B3 84E)
3) & M B oz RERORIHEKOWT
iR aEE 4455 (HBRI414)
4 JOINT COMMITEE OF WELDING RESEARCH COUNCIL PLASTIC DESIGN IN STEEL
(19614) P.P 50
5) B B F M BMRE 2 CIES A BNHN OB T LY
MEERT S (HEFI3 845 )
4) Clarkson.J. Ytest of Flat Plated Grillages under Uniform Pressure,

R.I.N.A. (196342)
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MBILa A+ A MONKEEEERT s Fig, 211 ORTL 0% THRICKPFHREMA BRRETZ 270
Fig. 712CRT Lo ERCL 0 BRBHEY = 7 2RETALUMICRE LTHRE LA 2D L ST 5 ¥ FOF
HohE Ah, M L VENE ORI ERE S CI ML) e =T — KL VIR N, ABHOTER
o Table 7.1.1 WCRF, 5 RREROEE, MAIG) s LUBNIGTEBUE 5 9 1 4 moOJEICERLh, 3 4.7 k3,/mi,

285, 26 6% X5, 473kg/Th 465, 446THDR,
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TABLE 711

Unit mn
Specimens | a Wib web . D Flanget

$5 —0 600 5 0 14
s5 —2 600 5 120 147
§5 —5 600 5 500 14

s5 —8 600 5 480 14
s? -0 600 9 0 54-
s9 —2 600 9 120 54

59 —5 600 ) G 3 4

s9 —8 600 9 8 0 =2 |
s14-0 600 14 0 14
S14—2 600 14 120 5 4

S14—=5 600 14 500 s 4
S14-—38 600 14 480 34

R5 —0 1200 5 0 14|
RS —2 1200 5 120 14

RS —5 1200 5 300 14

RS —8 1200 5 480 14

R9 —0 1200 9 0 3 4

R? —2 1200 9 120 34

R9 —5 1200 9 200 3 4

Ry -8 1200 9 480 54

R14-—5 1200 14 300 34

R14-—38 1200 14 480 34

Note web height D=400M (constant)

(l)7I7K%ﬂ%%?£%ﬁt%ﬁm5ﬁéI;%@é&“l%ﬂ@@@ﬁ%?béCtbE%Téé# v

Ny =T 9T BERE L TOME D H b T L,

BN AT HROMERL L LT, BEOLDAILTEROS L WAL (FLIRER ) WCE 3 LTSI ¥
T AC—RRICA A+ 5 & LTEIE LicERo—Gl2iFig. 713, Fig. 214 ICGRIN T,

WIS & LC, B S ST O7c o BT Stk A iR L R BT 2 b DHMAE O EE FTE L7, BTN,
Y =7 ORCHMERN, T LRGN & b BEBETATh 5 LEThEES CHATE 2, thb
OlEY FEE: LcAEFrEGE TR LTS 5, TableZ 1.2 TCROMEMEBERNE LAENED BRI ah
Tnhb,

$5 P-4 Curve SS9 P-F Curve

Fon «—Shows The buckiing v Shows he buckling pornt

; /n///r dekmm:d & 7 getermined by € -d*method
s |

M — — — _—— - S ?“g

78 s52 70 59-2

/] N Y77/ G —

401 §6-6 A== S_?' 8

D m=== =38 ML

0 ‘ .
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TABLE 712 EXPERIMENTAL RESULT

unitmm
- s o PG{V (_ Pmax
ppesimens Exper iment Thu()ry?Experimont SZiéapse PmaX_A
55 —0 83 734 | 111 12730 9 03
85 —2 57 61 855 96
85 —5 26 49 50.5 60
S5 —8 20 235 24
89 —o 192 178 201 178
59 —2 168 173 142 B
s9 —5 113 1185 89 )
89 —8 70 715 356
S14—0 274 259 259
S14—2 269 207
S14—5 191 199 1295
S14—8 120 1235 51.8 i
R5 -0 48 54 765 69 8 03
RS —2 28 46 71 69
R5 —5 26 305 49 60
R5 —8 158 222 24
R9 —0 180 178 182 178 7
R9 —2 170 171 142
R9 —5 100 109 89
R9 —8 74 3556
R14—5 205 214 1295
R14—8 140 147 51.8 T

note after Baslar

Cii) BYBTEERIED BRI (075 )

i TOMRICL D, HOMMERER?) o oW I LT, 62 e —02 EELT, %
HOEFEEME IR FHEL OMICEBEROD L C &EnE b Tnd, + T THHR THEIIETAE OB & [k
ZBROBII D & &R L, KEREDHITCHIE Lo

ICHES D & A2 AR HIRIC LD,

0 04 04 02w _2 2 ¢
49 = T T2 ¢ + e =E{( ) - OFw Otw (711)
ox 0x20y? Oy Ox 0y 9x2 0y?
62 a2 6 2 2 2 2
DA4W=1;(__7E.OW+ ¢ 6W_2 0 ¢. OFF (712)
Oy ? 0x? 0x? 0Qy? 0x 0y 0x Oy
BArweELT(Fig. 715 ) BIERELT7 13K EET S,
2 2
w=50053 Cosﬂy+fsin X sin Y, (713)
a b a b
k7 1A IARA LT,
B N 2mx 2 4 4ty
¢=:52 a{—g?r{——of(n4cos ay + Db congy) + f2(a40034§}+b4cos'j§¥)
Tx 5T 3r T bd
+0f(A sin sin— + B sin xsin‘l)—y')“}—‘rxy ......... (714)
a b a b b
Veaiall O
4meE T in
A= AR GO L G
a?z p a s}
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Table 7 2.1 Numerical Values for Analysis
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Fig, 7 33(c) Strain Distribution Around Cut—Out
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CoAF7HIER (6) O—EhEk hiE oo TnabIZE LA FRTEIELS & b o-TEX B LR,
Y 7O NES . REMBIC L 2 BB £ (T x OorER. 1.8.-C, 1.S.—-T @ I - FHONAFOKREN
RANMCENTETFRELTTHLED, HEA%Z W IEZECEFI T O TN,
B, BAREESLTT DTN
(3) MEEBRER
BEO7 5y, 2%y Fr=t, U7 E8ELREIRE E—8is b, FhEh JI8 1505 IRIFR T
2HTORBL., MBBESREITE D,
fEHRE Table 7 43RS,
7.4.3 REBHE
) EROEH
SEE LU T SBOMBICOnT, ThENEMERE SEEFREZ1TE Oko 4. SHOERERKRTRY =7
O—BEWEE L CBERETE 2%, ChbOoRBOLTE Table 7. 4 410RT,
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Table 7 4.3

Results of

material tests

\\\\ Ttem Yield poins tensile Stl‘;,;lgth Elongation
model \\plac;\""‘\u.\,,,,,‘_\ 0y Ko/ mi? op K¢ m? ¢ %
Web 2 6.3 3 4.5 333
S—type Flange 2 2.1 . 353 313
Skin plate 232 383 3273
Web 2 2.2 346 3 6.2
IS—type Flange 2 6.5 45 0 330
Skin plate 2 6.8 4 5 8 28.5_

Table 7 4.4 Kinds of experiment
Type of Loading Number of
i Note
Experaiment structure condition models
S—-2¢C S compression
y the flange and the web of
s ¢ S ” model S-C were reinforced
by a doubler and a stiff-
ener
S—-T 3 tension 1
I1S5S-0C IS compression 1
IS5S-T IS tension 1
Table 7 45 Test results
) Ultimate . s
Experiment Load ton Failure condition c.f.
After the cormer part of $he web had buckled,
cldin started from the flange plate and the ]
s - : yie 5 : & g
© 112 model was finally collapsed by buckling of the Flg. 747
flange plate
The nelighboring web pannel to the pannel which
S —c' 130 had been reinforced after S—C test, was buckled |Fig. 748
under bending moment and sShear force
Yielding started from flange plate of
corner part, then web pannel of straight par?t
S—1T 220 buckled under bending moment and shear force Fig. 749
and overall web ylelded under dliagonal tension
finally
IsS—-2¢C 155 as samec as case 3-0C Pig. 74180
Is—17T 2 2.8 as same as case B5-T Fig 7411
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HEHFMOBS, B LTIy, RFvTU—Lt, VIT RFT7FOEFEDEIMES - 2T L hEMAIL 7
YT IURF Y FICEEER MBI EY — Pk, BERL ALVt 5 L9 Lk

Ty — JBREIER Fig. 7 4.4, Fig. 7 4. 5TRL %,

(@) B
BRI, —ficiFe— 4>, 300, @srRAECE <, SHCHTs2h bofEe Filg. 746
CRLTH b,

7.4.4 REBEER

HERORENE, BERRE Table 7.4 5 CR4, SEROBHIFHAKRS Fig. 7412, Fig.72413C
N

BWHECET 27 T7OREOBROFHBEOH % Fig. 74 14~Fig. 7. 417 CERT,
.45 F &

NS OTE AT HIRER LA BEIcon T, 2RF 7+ ANRT 22 L ¥ VB2 TERZIRXORER. RO X

5 7% k&R B L U AR MET T~ s EEDTH b IC % D,

) 2F73%7 5 CEAFACARASEITR, R bllFICR LT & QK@% (. BIgEliiaB i3 23T
NINTIEH T 5,

¥ 7, EfTICHL T, 2Ty 27 0BBE AR Y, FoBY 5 oL, RENICET 7 ¥ v OFREE
BICLOTHE L. COBEAT 7 HEERET. BEMEIFIRY T ol V) T b,

@ =F7Fr%75y JCFFCARL ISETE, 5BRD 8O LTl S B & T U4 &~ L, Tl
CxLTd, 2TV L IABERLADE T T Y IR L, BEICEAT 7 S HEEL THERL, SEO 1.5 81
OHWERT Lo Cild IS Boigs, BHMECERE 7 7 v YO EROWER LUEBRIE DA S8 L b ETKRE
{ DRz b, 2a2FI7FO L/ G T 2RE L ZELTH, T F2DORELZETD b,

@ v EURERLASEORERECHLT. AF7F0FE0ssBESL0LELN I, chxBET AR
BT, JEFRITE 7 — £ lciiF. ihh, FEREBC b orBe 0 v = T ERBEOES W L HICT L LEN D
Bo

@ FEHERCIBE, I—FEORF 7V —  OMEHIFECEADT, COL I BHEDOAF Y TV =t DR
MO & b HIConT T B LER S B,

-224—



i
|

SORE—

\\\%

7

.

/

e

j

ing Braocket

t

e
<
o
]

)

i

NV S,




Steel wire

Notation
F . Flange
_Weight | S Skin plate
Dial gauge T . Tongential direction
R © Radial direction
D . Diagonal direction
Gauge . PL-5 & PR-5 X
}I Stiffener
Y
sor ST sope
-/ 0 | 773 $7-1°
)
N
S
7727 *7’/2
S
717°
‘J%b%/
FH
r-1 Sec 2-2 sec J-3sec 4-4 sec S-§sec

Fig. 7 44 Strain gauge locations for E&—Lype models
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Notain

Fionge

Skin plate
Tangential direction
Radial direction

. Diagonal direction

N<X O ® 4 w ™M

JZ Stiffener

Steel wire _

Weight
Dial gauge

7

75

75

Fl Sec 2-2 Sec -3 Sec 4-4 Sec 55 Sgc

Flg., 7 4.5 Sirain gatge locasions for IS—tlype models
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(1N-(1),(3)-(3)(5)-(5) sections are measured sections

Fig. 7 4.6 Bending moment, shear force and axial force
dilagram
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81 MAEBEMCMHLDIHEREFTEOHR
811 TapsE
Itk OIS E 2 RS+ 5 9 2 T IR IROBEBIHICIND 2 WR SR OMBE AR 5 T LABBTH D, ko
AT < IR BTTE, b b ORI M3 A EERE O R EENE 2, 3 O FIRETE & BRIFE Lo
7% < ‘x@WHWE—//F FOMERIE_ OB BRFMEO VLN T L E 5L (T, HEIBEER 21T
9 & EOHBEAD—DE DTNk,

A TMC@uﬁw@”»KM<”ﬁki&M%T%kb RNV X AFRRIESAR S o 7Kl 35 & ¢ mﬂ%kﬁ

N7z BFFIR OB IC X ZmW THEWHBBE Ui, & SICHRIETT &4 0MERIC X o CIlFEUTIR D28 Bk o &
376 %2R feo
7 d. LROFEBRE ST EHRE T Y X - A 02 WREHT 23 0T 5, € P F— L OF i&é EERHRBEIC
1) BT E S DN T 0 JRE 17 D1,
8.1.2 HRAFEPOEIMKE
() BEERETR ‘ :
BB R U B U R s BB WWW%T&%&K&@J“&#W?WWWIQ(&Aéﬂkg
OIIFEEA Y )Y TELC L DTN D, TN EMEIBGER LETR 217 % D, BT FVClﬁE%ﬁO@E%’%&ﬁ’\f%o
&w%xivﬁﬁeﬁ%&Eng 811),MKTJOM%&mWﬂmf%WQEﬁ@Qi" |
1) B T OMBICIES CIETL, vy, ‘ ' .
2) D orbital acoceleration, orbital velocity KX BET,

3) KOLEWITEN,

P2)

P

P HIAe

1) HKH T OB ICHE S CETR | |
WIS Lewis form T2 ARBRAAEME ve THATIPICT L FRAES A& &, TORIRMKE
T VT < A HE T,

a¢p
81

R

sin we t — (Dg -+ B) COS e & ] ooveeemeesens (811)

TE2 LN A, oHAKDEME, gEENONEE, 73 TR I oTEL A#TE oKD, 0c 2 L Ogid
ST e+ 4T v v v, S XU EEIEREH., ARRKNGEN 2HE 3567 Y Y Y TH b,
NE L PR (=, 008 we b TLETHEh2E &, LA » 2I0EEE C LIRBAO A paw & ¢

tﬁﬁm@mﬁomftwﬁwéo

Daw = 0 5( Daw 008 We b
........................................................................ (812)
n N
Paw = 08¢ Paw sin @we t
LR, Yaw & Paw I
" Py Bu'i‘ Pc Ao
Paw = —§p——5 T3
/\0 ‘i‘ Bo
§TRTTeTITAeIeriiiinie (81.3%)
. pg Ao— Pg By J
Pagw = —¢B 7 2 _2
" Boal+ B

fefél, Ep=2eB/y,, Pg=0g+ T, Pe=0c+S Thh, Ca T BEWOM, A, & B, [T
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Fig.811(& Co—ordinate System Fig.811() Co—ordinate System

Mifgdhs €p K EDTELLOT, Li2) KEHL LGN TN, 4, ko ETHEA ¢ fRn ¢ %,
C=CuCOS(met'1‘ac). ¢=¢UCOS(0)e'L+OL¢) .................................... (81.4)

&b x ORI T BIRRETTD L FHBOEME 2 45 &,

o= [ xp, L=Cdxd—Vd, ToemCAdnd 2 Ve e (815)

A NC T 2 U PRATITICH)  ZSIKIE. by,

n n
Paw - Daw -
Is) =—ng—:-pgl wZ—*-pg a‘y"z .......................................................... (8.1.6)
{1 g O

chic, (815 )XeANnBl,

p(l) = pp+ D(lyl- Dpg pq}d"‘ Dqﬁvd’i' Pha p(ba'l' Ppva et (817)

n
) Pdw ;
fefel. pn=-pg(, Pp=-prg¥d, phd:—pﬁ‘m""“(
e
Dt P )
ddwr ! dw Yavr o0
p(bd:‘[)g..__',:qﬁ’ Dq‘;vd:"/’i_§~—-‘v¢y pha:pfj—~—C ......... ( 8, 18)
w5 O e
P v}
Pavw - Tav
Ppa =0g —EP, Pgva=—2pg 5V
@ e W e

2) i@ orbital acceleration, orbital velocity WIAESN

LA o B o el %
-Kog

he = hoe S oS (1,; Y (/)L) T DT R RRRETRTLILIET: ( 819 )

ET A, TCT, ¥=270 0 AR 2 KA HOMEE L ol O HIL T B Do INIRICKH B Filo

he == Iy © '(‘ZSCOS (s @ g b ) reeer et e (81.10)

T Ay we ELHVEIMNEL, Eim s IAFHTOE L CHnAEEOIRE( Tig. 81 10)), Thh b, <k

FAMe orblital velocity, orbital acccecleratbvion I,
. . r_y‘:?'S - By b
he = hyw ¢ sin (wgt +kx) )
Che. } ...................................................... (8111)

hey = — hyw e Soos (wg b 4k )

ot

LT, @ ornital motion W EAHTN Pig) i,
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WCoONWTH 7 D, Table 8 1

WS R A RS, Flg. 812 7T, I TG A Lewis form T, KA CEHLG
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=M { (1-a,) cos 0-a,cos 50 } } ................................................... (81.15)
m:%/(«ral»;-:”) |
WAL OREWE o Lewis form ZfAwnik, HH Ho’(,t%/d, 0 TR T®2, Hy & 0 2D

o, a, HEE A, 0=0°, 10°, 9 0° O %HH TR L
WiE A A FRFEROTSL, L00L, .25L, 1.50LoHA0 §=10°, 20°,40°, 60°,80°%,
9 0°0 &R OEFKIEDOIRMD OMENITHE o/pz, n, OFHEE Flg. 81.3~81L5RT, Fig. 813
midship Oy, Fig. 814 S.5.7 7 Wl A/, Fig. 815§ 5.8, 8-‘ V3 BAEHEKALC H Bo
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Fig, 8314 Relation between Rolling Anglc and Pressure
Variation
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