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ABSTRACT

Six full scale specimens, similar in design to a hatch corner of
a ship, were constructed from a low carbon, ship quality, semi-killed steel
and tested to failure. One tested at 120° F gave a shear type fracture.
All others tested at room temperature failed with cleavage type fractures.
Two which wore welded with. preheat at 400° F showed superior performance,
both in strength and energy absorption. Two which were fabrientcd by
riveting gave inferior performance.

An investigation was conducted to determine the effects of preheat
and a comparison made with the effects of 1000° F postheat treatment for
8 hours.

Studies were made of gquarter scalc gymmetrical and asymmotrieal
hatch corner models to determine which type of specimen would best dupli-

cate the stress condition cexisting in actual ships.
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INTRODUCTION

Starting November 1, 1944, a program of research was undertaken
by the University of Californis under a contract with the NDRC having os
its title "Cleavage Fracture of Ship Plate as Influenced by Design and

Metallurgical Factors (NS-336)." Work under this project continued up
to August 31, 1945, and was divided into two parts as follows:

A. A détermination of the influence of metallurgical factors
and temperature on the cleavage fracture of ship plate
containing internal notches.

B. The determination of the effect of variation of material
and temperature on the tendency for cleavage fracturc of
welded “structural specimens containing a-discontinuity,
such as hatch corners.

Part B of this project involved the design and testing of full

scale ship secctions in order to:

2. Obtain a specimen approximating an actual section of a ship,
wherein restraint to plastic flow is provided by the inherent
geometry of the structure rather then by artificially induced
notches,

b. Corrclate the effects of temperature, steel, and stress
relicf on these specimens with results obtained on flat
plate tests by other investigators.

Sinec September 1, 1945, this work has buon continued by the

University of Californiz uader a conbract with the United States Navy,

Contract N0bs-31222,



In previous reports,l’z published by the 0ffice of Scientific
Rescearch and Development, accounts wero givén of the deveiopmént of a hatch
corner type specinen ﬁhioh contained a corno} Which had éconsiderable rc-
straint ‘o plastic'flbw:' Pricr to feptordor i, 1945, thirtcen of these
1argé spccimens were béﬂstrﬁcted‘and testod. "FiQé differéﬁt'steels were
used in construcfihg the vericus specimens.

This fepbrt covers fuftﬁef tests nade on éix additional full scale
hateh corner fypé specirens and mn'inﬁeétigation of the effect of preheating
upon the hardness of welds and the adjncent heot affecfcd zones.,

Some quesfiohs regarding the full scele hatch corner specimen
design had becn raised due to the fact that the longitudinal stross disbtri-
bution across a ﬁfansvcrée soction op@osite the corner df the hatch and tho
acconpanying ratios of maximwa to minimum stross werc not quite the same as
thoso which Had been measurcd on two Liberty ships, the SS. David Bushnell
and 58. Philip Schuyler. It also appearbd that duc to *he asymmetry of
the specimen some distortion would occur which might not ekist in the
actunl ship hatch cormer. It had not boen ihtondéd.thdt the czxisbing full
scale specimen sheuld duplicate cxactiy conditions existing in actual ships
but, rather, it was to be o laboratory speeinen which contoined a severe
design notch duo:to inhorent geomofry and construction. This was to be
in contrast to nbtéhos 5rtificially introducsd by saw cuts,.holes, or
the like.

Howévér, to aid in the possibic interpretation of the full sealec

hatch corner specimen results for direct ship design purposcs, it wes

1,2 sece Bibliography.



agreed that an attempt should be made, using quarter scale models to obtain
a design which more closely approached ship conditions. The models would
enable comparison of the rela%iVe merits of & symmetrical versus ' gsym-
metrical specimen with respect to stress distribution; stress ratios,
distortion, and adaptability to further full scale design tests. These

model studies are also covered in this report.



b LI OTRT

PART I

Full Scale Specimens

Progedure,

The design of the welded full scale hatch corner type specimens
is shown in Fig. 1. The details of specimens 16 and 19, which were
riveféd, aré shown in Fig. 2. In these fiveted specimens an attempt we.s
made to keep'tho general configuration as nearly as possible the same as
for the welded spceimens so as to make the only variable that of method of
fabrication. For the welded specimens the welding sequence is shown in
Table I.

Pig. 3 shows scveéal vieWs of onec of the welded speeimens during
construction. In fabricating the.rivotcd specimens all holes were drilled
and reamed. Fig. 12 shows two views of one of the riveted spccimons.

In making specimcns'15 and 18, preheat was used in making all
welds within two feet of the corner. Hoating torches were utilized to
raisc the teﬁperature of the plato§ within three inches of the welds to
400° F, The temperature was not allowed to fall below this value until
welding was comploted.

Five differcnt stecels were availdblc for‘tosts carried out in
this projcdt. These stoeis, their chemieal #nalyscs and tensile proper-
tics arc shown in Tables II and III. For the six specimens discussed in
this report only Steel C was used.

After construction of the specimens was complcted, in order to
provide transvefso.restraint, 3 in;.i 3 in. bars were welded to the two

edges of the specimens as shown in Fig. 4. Threc transversc rostraining
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beams were then attached by means of wedges between their ends and the

3 in. x 3 in. bars. These rgstrgingng beams were made of 6 in. channels
with special strongbacks fdxpreveﬂt.bu;kling. The wedges at the ends
were driven tight until strain gages placed on the beams showed.a com=
pressive strain of 50 micro-inches per inch. It was recognized that the
_transverse restraint offere& by these bars was nét as sévére as exists in
ships. However, since cleavage typc fractures werc being obtained it
was deeided that the system should be‘used throughout the series of tests
in order to, kecp the conditions constént;

Type SR~4 clectrical £osistan¢e gtrain gages were attached to all
spccimens, excopt number 19, at the locations indicated in Figs. 5 and 6.
Sincc specimen 19 was a repeat of number 16, it was not‘felt that it was
nceessary to usc strain gages on this specimen. Sinece specimen 18 was
similar to several others the gagés were not read.

With the exception of numbér 17, over-all cnergy absorption was
determined by taking pin-to-pin strain measurémentsvas indicaﬁéd in Fig. 7.
Integration of the load-strain ourves gave the cnergy absorbed.

For all the specimens exccpt number 17, readings of thé various
gages were taken at loads of O; 100,000; 200,000; 300,000; 600;000;

- 1,000,000 apd‘llEOO)OOb pounds. Beyond 1,200,600 pounds the rcadings
of four gagcs werce foliowed continuously up to féilure, or until tho
gages became inoperative. |

_Tho purpose of*tegting sﬁeciﬁen number 17 was to determino whethor
the strain concontrations‘ap varioué 1§ca£i§ns ﬁouid'change if loading was
repcated. . Thercfore, in testing this épeciﬁén thcvfollcwing loading

schedule was used: O; 100,000; ©0; 100,000; ZO0,000; 0; 200,000,



300,000; 0; 300,000; .500,000;. 0; 500,000; 800,000; 0; 800,000;

1,200,000; O; 1,200,000 nounds and then to failure.

Resulﬁi

The major results obtained from the tests of the full scale
specimens are shown in Table IV. For convenience in comparing results
Table V gives similar data fdf the first %hirteen specimens. Photographs
of the various specimens aftef faiiure are shown in Figs. 8 to 24, |
inclusive.

.Tho failure of specimen 14, tested at 120° F, with a shear fype
fracture vorified expoctations, based upon previous tests, that such a
fracture could be obtained in this tyée of specimen ﬁifb Stecel C if the

test was conducted sbove 112° F.2

It should be noted that the encrgy
absorbed by this specimen was mofc than double that obtained with any
previous spceimen made from this.stocl and for which cleavage type
fractures had been obtained. Howaver; the nominal breaking stressrwns
very nearly the same as had been obtained with cleavage type failures.
The rcsults obtained from specimens 15 and 18 were by far the
most ouﬁstanding obtained in thess tests fo date. The breaking stress of
these speciméns wo.s about 33 per cent higher than the svorage brecking
stress of all previous ﬁpecimuns, and nearly 10 per cent better than the
best previouéqépcciﬂun (puber 9, which had been given a high tomperature
streags relief aftor wolding} In spite of the fact thut cleavage type
froctures Wofe obtaired in spudimcns‘IS and 13, tho cnergy absorption vwas
vary high, being more than twrice is muéh o0 WoS measu;od.on any provious

specimoen.



The performancc of “the welds on these prcheated spceimens was
particularly notcworthy, In the welded specimens which were made without
prehoat thore was always rather general failure of the welds adjacent to
the fracturec. This was particularly truc of the weld conneeting thc longi-
tudinal girder to the hateh cnd peam and tﬁo fillet weld between the deck
and doubler plate. In thesc pr§hcated spceimens there was almost no
failure in the welds. This is showm very clearly in Fig.‘21 where the
longitudinal girder plate was fractured but the weld was almost intact.

In order to obtain a better picturc of the reason for this superior per-
formance thc studies disoussed in Pért IT of this.roport'were made.

The behaviors of specimensvls and 19 were not anticipated until
load was applied. The "workiﬁg" of the joints was very considerablc even
at low loads. This resulted in the angle ét the corner opening up to
quite an extent. This opening was very apparent while in welded speci-
mens it was difficult to observe any change. The aiffefenoe in the
rigidity of the riveted and welded épecimené wes striking to all who had
obscrved both types under load. |

Fig. 25 shows the load-strain curves from which the energy ab-
sorption of the various specimens was compubed. The superior performénce
of the two preheated sbcqimens is apparent in this figure.

The results obtained from the test of speecimen 17 by repcatcd
loading arc shown in Figs. 26, 27, and 28, As shown in Fig. 26, for loads
greater than 300,000 lbs. there was, in general, less strain increment for
the second application of a given load than for the first application.
This was due to the permanent strain resulting from plastic flow which
occurred during the first application of load.  This resulted in a

redistribution of stresses. As a result there was a decrcase in the strain



concentrations as shown in Fig. 27. The fact that strain concentrations
measured in these tests are greater than those found in actual shipsl’3
may be due in part to the fact that this specimen was not as rigid as an
actual hatch corner in a ship and as a result some opening of the corncr
angle resultcd, and that both elastic and plastic strains were measurcd
whereas in the case of at least one of the serics of measurements made
on ships only elastic strains were regorded.

Fig. 28 shows the behavior of gage 19H (Fig. 26) during the test.
This indicates that the material at thisg poiht exhibited elastic behavior
upon unloading and for reloading up to the previously applied loadi As
indicated, this gage failed, in that it ceased to function normally, at a
load just above 800,000 pounds. The strain concentration is also indi-
cated by the slopes of the two curves in this Figure. For cexample, using
the slopes corresponding to the 800,000 pound load a strain concentration

of approximately 8 is shown for gage 19H as compared with the average of

the outboard gages.

1,8 .
See Bibliography.





