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INVESTIGATIONS ON THE STRENGTH OF SHIP STRUCTURES
AND STRESS MEASUREMENTS DURING LAUNCHING

Abstracts

§ 1 Stress measurements during launching

It is one of the most important parts of the investigations on the construction
of ships to examine the sirass coacentration at hatch corners, the behavior of stress
transmission at superstructure ends and furthermore to research the effect of the
stress distribution upon the strength of ships.

There are, however, so many factors which should bhe taken iato consideration
in case of analyzing the stress distribution of ship structures that it would be
difficult to clarify this problems mesrely by th=oretical calculations or by model
experiments. Consequently, nzed would arisz for the experiments in actual ships.

The recent remarkable dzvelopment of wire strain gauges and other measuring
instruments has accelerated the pzrformancs of the expsrimants in actual ships, the
results of which have extensively contributed to the d=velopment of the structural
design of ships. There are, however, other difficulties in such expzrim=nts in view
of their requiring enormous labors, costs and time.

On the other hand measuremsnts of stress distribution in ship structures at the

time of launching would bz another available method in th2 senss that the parform-

ance is relatively easy. It should bz noted, however, that since the external forces
acting on the ships during launching are different from those due to waves in ocean,
we can not expect to obtain the absoluts value of stresses acting to various structural
members of ships in service condition. The significance of this expzriment should be
to obtain the relative valuss of stresses at respzctive structural members, thus facili-
_téting the qualitative analysis of stress distribution of ship structures.

In these view points, in order to measurs th2 stresses produced in ship structures
at the time of launching, a subcommittez was organized in Ship Structural Commit-
tee of Zosen Kyokai (the Society of Naval Architects of Japan) in 1951. The work
of this subcommittee was mainly related to the preparation of wire strain gauges of
various types and also to the ascertainment that such strain meters were available
and advantageous in many respects over those of mechanical types.

The preparation of such wire strain gauges had been completed when this Com-
mittee succeeded to the work of the above subcommittee and commencad the experi-
ment.. ' '



In this experiment, the measurements of stress distribution of the following
structural parts utilizing the above strain gauges were carried out with regard to
seven newly built ships in Japan.

(1) Around the openings on the deck house walls;

(2) In the vicinity of superstructure and deck house ends;

(3) Around hatchway openings; )

(4) In bottom floors;

(5) At the intersection of bottom longitudinals with transverse bulkheads in

tankers.

Analyses of the test results were made, and furttermore model experiments were
carried out with regard to some parts of the above tests in order to compare with
those results.

§ 2 Research on the effective breadth
of the corrugated bulkhead

The conception of the effective breadth, which is introduced for the purpose to
calculate the strength of structures consisting of plates and beams by the elementary
beam theory, is very convenient for practice, and the methods of calculation of the
effective breadth regarding flat plates are attacked theoretically and experimentally
by various researchers. Recently, however, corrugated bulkheads became to be often
used, and the following problems arise; how to apply the conception of the effective
breadth to the calculation of the strength of a corrugated bulkhead; that is, for a
corrugated plate, when one wave length of it is regarded as a beam, what percentage
of its sectional area is to be considered effective for bending, and for a girder on a
corrugated plate, how much part of the plate is to be added to it as the effective
breadth.

This paper treats the problems mentioned' akove. The 2nd chapter describes
about the model experiment (by a concentrated load), which was intended to get the
effective breadth to be added to a girder, on a corrugated plate and on a flat plate,
respectively. From this experiment it is pointed that, in the former, on calculating
the strength and rigidity, if the girder is assumed to have the uniform section
identical with the section of the least depth, the effective breadth seems to be about
23~25t (t; thickness of plate), while in the latter it is about 78t. The 3rd chapter
describes about the experiment by water pressure for a corrugated bulkhead of an
actual ship (28,000 tons). On analyzing the results, it is pointed that on calculation
the strength of a horizontal girder, the effective breadth may be, with some assump-
tions, about 185t. It is slightly less compared with the one mentioned in the 2nd
chapter, and this fact probably results from the simplified boundary condition and
load condition which are assumed for the purpos: to calculate the strength of the
girder independently. And in this chapter some analysis for stressss of a corrugated



plate is worked. The 4th chapter describes about the experiment which was intended
to compare a corrugated plate with a stiffened plate concerning the strength and
rigidity. The experiment was executed by water pressure for a box-type model,
which had a corrugated plate on one side and a flat plate with stiffeners on the
opposite side. In the 5th chapter, the effective breadth of a corrugated plate (which
has one wave length) is calculated theoretically. From this computation, for a cor-
rugated plate of an ordinary dimension, all sectional area may be considered fully
effective when one wave length of it is considered as a hbeam. And this conclusion
s guaranteed by the results of the experiment menticned in the 4th chapter.

§ 3 The effectiveness of doubling plats

in ship structure

The' experimental investigaticns reported herein consist of the following three
parts.

I Research on the effectiveness of doubling plate

installed on wide plate

As a fundamental problem, specimens of wide flat stecl plates centrally installed
welded doubler were tested in tension. The purpose of the tecst was to appreciate
the influence of thickness ra‘io, aspsct ratio etc. of doubler ard mother plate on the
effectiveness. of doubler.

The results obtained from fourteen specimens with respective coublers of system-
atically varying scantling are summarized as follows:

(1). The effectiveness of doubler depends on the “length-thickeness ratio”

(‘f}ﬁ%ﬁiﬁféﬁ%&?ﬁf‘) and aspect ratio.
(2). The larger the length-thickness ratio becomes, the more effective the doub-
ler gets. This seems to Le analogous to the long superstructure of ship.
(3). Doubler of large aspect ratio, i.e. long doubler in the loading direction is
effective. '
(4)? In. quantitative expression, it may be shown as follows :
Sufficient effectiveness may be anticipated if
{length thickness ratio > 20 when aspect ratio = 1

”» > 10 ” = 2

. . thickness of doubler . .
(6). Thickness ratio <"ﬂi‘iékness of mother plite ) shows little influence on the

effectiveness of doubler in the present test, and so does breadth ratio

( breadth of doubler )
breadth of mother plate

(6). Local bending moments exist in front of and abaft the doubler. They in-
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