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ABSTIRACT——

Six full scale spccimvns, similar

a ship, were constructed from a low corbon,

in design to a hatch corner of

ship quality, semi-killed steel

and tested to failure. One tested at 1.20°F gave a shear type fracture.

All others tested at room +x+rnperaturefailed with cleavage type frxctures.

TWo which wore welded with,preheat at 400° F showed superior performance,

both in strength end energy absorption. Two which were fabricated by

riveting gave inferior porformancti.

An invcstigutienwas conducted to determine the effects of preheat

and a comp~,risonmade with the effects of 1000° F postheat treatment for

8 hours.

Studies were m~.decf qumter scale symmetrical and asymm.~trical

hatch corner models to determine which type)of specimen would best dupli-

cate the stress condition existing in actual ships.
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Starting

by the University

INTRODUCTION

November 1, 1944, a program of research

of California under a contract with the

was undertaken

NDRO having as

its title “Cle~vQgc Fracture of Ship Plnte as Influenced by Design and

Metallurgical Factors (NS-336)o” Work under this project cbnti.nuedup

to August 31, 1945, and was divided into two parts as follows:

A. A d6tcrmination of the influence of metallurgical factors

and tempcr:~turo on tho cleavage fracture of.ship plate

containing internal notches,

B. The determination of the effeot of variation of material

and tompcrnture on the tendency for cleavage fracturo of

welded’structwal spocinwns cor.t,aining?.discontinuity,

such as hitch cornors.

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

scale ship sections in order to:

a. Obtain a specimen approximating an ?.ctualsection of a ship,

wherein kw::trr.intto plastic flow is provided by the inherent

.geomdry of the structuro rather then by artificially induced

notches. .

b. Correlate Hw effects of temperalwie; s-heel,and stress

relief on.the’scspecimen.swith”rcsults o’otninc+don-flnt

plate tests by other investig:~tors.

Since September 1, 194$, this vcrk has ’b~on continued by t!le

University of (hlifornit,uhder a.contract with the TJnitcdStates Navy,

Contract NObs-31.Uj22.
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In previous repc~ts,1,2 published bY the Office of Scientific

Research and Development, accounts ~.~ci:~givdn of t’hcdevelopment of R hatch

corner type specinen which c“olltaincda ~or~oi-l;~~~j.c]lhadc~nsid~rab~er~-
.,

skraint to pl~stic flow. Fri.crto Septrn’ocr1, 19LE, thirtoon of these

lc.rgespecimenswere

usc~din conctructi’ng

This r~p’;rt

,,..
construc?wd and tested. FIvo d’i,ffer”entste~ls ~~erc

the v:..ricusspecimens,
,.

ccmwrs furtlicrtests r,adcon S5.Xo.dditionalfull scale

hntch corner type specimens ond nn “investigationof the;effect of preheating

upon the hardness of welds and the o.djacentheat affected zones.

Some questions regarding the full sc~lc hatch corner spccimcn

design had been raised due to tinefact that the longitudiilalstress distri-
,,

bution “a’cross~,tran~verse section opposite the corner of the hatch and the

acoo.npanyingratios of mximm to minimum s’tresswere not quite the sw,e as
,.

tlloscwhich had hecn iwasurcd on +.xfoLiberty ships, the SS, David Bushnell

and SS. Philip Schuyl.er. It also appcartidthnt due to the asymmetry of

the specimen some distortion viouldoccur which night not exist in the

actual ship hr.tchcorricr. It hfidnot bcbn ih+cnd;d that the existing full

scale specincn shculd duplicate exactlj conditions existing in actual ships

but, rather, it ‘i~p.s to be :;. laboratory spccirwn which contained m severe

design notch due”to inherent gconetry and construction. This’wfisto be
...

in contrast to notches ?.rt’ificiallyinkroduccd bcysaw cuts, holes, or

tha like.

How&vcr, to aid in the possible interprctntion of the full scale

hatch corner specimen results for direct ship design purposes, it vm.s

1)2 Soe Bibliography,
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agreed that an

a design which

attempt should be made,usin~ quarter scale xnodels,to obtain

more closely approached ship conditions. The models would

enable comparison of the relati,vemerits of B.sylnmetricalversus @sy-

mmetricalspecimen with r’espeetto stress distribution stress ratios,

distortion, and adapt~.bilityto further full scale design tests. These

model studies are also cov~red in this report.



PART I

Full Scale Specimens—.—— ..—.—

Procedure——*

Tho design of the welded full scale hatch corner type specimens

is shown in Fig. 1. The details of speoimons 16 and 19, which were

riveted, are shown in Fig. 2. In these riveted specimens an attempt was

made to keep the general configurationas nearly as possible the same as

for the welded spccinens so as to make the only variable that of method of

fabrica.kion. For the wcldod specimens the welding sequenoe is shown in

Table I.

Fig. 3

construction.

shows several views of one of the welded
.,

In fabricating the riveted specimens all

specimens during.

holes wi?redrilled

and reamed. Fig, 12 shows two views of one of the riveted specimens.
,.

In making specimens 15 and 18, preheat was used in making all

welds within two feet of the corner. Heating torches were utilized to

rmise the temperature of the plates ~:~ithinthroc inches of the welds kO

400° F. The temperature was not allowed to fall below this value until

welding was complctod.

Five different stcols were

this project, These steels, their

available for tests carried out in
,.

chemical nnalyscs and tensile proper-

ties tireshown in Tables 21 and III. For the six specimens discussed in

this report only Steel C was used.

After construction of the specimenswas complctcd, in order to

provide transverse restraint, 3 in. x 3 in. bo.rs,wcrcwelded to the two.

edges of the specimens as shown in Fig. 4. Three transverse restraining
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beams were then attached by means of wedges between their ends and the
,’

3 in. x 3 in. bars. These restraining beams were made of 6 in. channels,.
,.!

with special strongbacks to prevent buckling. The wedges at the ends

were driven tight until strain gages placed on the beams showed-a c’om.-

prcssive strain of 50 micro-inohes per inch. It was recognized that the

transverse restraint offered by these bars was not as severe as exists in

ships. However, since cleavage type fractures were being obtained it

was decided that the system should be used throughout the series of tests.,

in order to,keop the conditions constant.

Type SR-4 electrical resistance strain gages were o.ttachedto all

sp~cimens, cxccpt number 19, at the locations indicated in Figs. 5 and 6.

Since specimen 19 was a repeat of number 16, it was not felt that it W~S

necessary to usc strain gages on this specimen. Since spccimcn 18”was

similar to several othors the ga,gcswere not read.

With the exception of number 17, over-all energy absorption was
.,

determined by taking pin-to-pin strain measurements as indicated & Fig. 7.

Integration of the load-strain ourvcs gave the energy absorbed.

For all the specimens exocpt number 17, readings of the various

gages wer~ taken at loads of 0~ 100,000; 200,000: ~OO,OOO; 600,000;,.-

.. 1,000,000;,a,nd1,200YO00 pounds. Beyond 1,200,000 pounds the readings

of ~fourga,gcswere followed continuously up to failure, or until the

gages became inoperative.

The purpose of testing specimen number 17 was to determino whether
-,,

tho strain conccmtrations at various locations would change if loading was
..:

repeated. Therefore, in testing this specimen the following loading
,..~.,

schcdulc was used: 0; 100,000; o; 100,000; 200,000; o; 200,000;
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300,000; O; 300,000; .500,000; O; 500,000; 800,000; O; 800,000;

1,200,000; o; 1,200,000 pounds and then to fail,ure.

Results—.

The major results obtained from the tes~s of the full scale

specimens are shown i:nTable IV. For convenience in comparing results

Table V gives similar data for the first thirteen sp~cinens. Photographs

of the various specimens after failure are shown in Figs. 8 to 24,

inclusive.

fracture

fracture

test was

absorbed

previous

Tho failure of specimen 14, tested Et 120° F, with a shear type

verified expectations} based upon previous tmsts, that such a

could be obtained in this type of specimen with Steel C if the

conducted abov~ 112° F.2 It should be noted that the energy

by this speci.monwas more than double that obtained with my

specimen made from this steel and for which cleavage type

fractures had been obtained. Howover; the nominal breaking stress was

very nearly the sanz as had beer.obt~incd with cleavago type fnilures.

The results obtained from specimens 15 and 18 ‘wereby far the

most outstanding obt:~intidin -Meso tests to d~.te. The breaking stress of

these specimens W.S about 33 per cent high,;rthan the z.voro,zcbreaking

stress of all previous specirwns, a~:dnearly 10 pcr cent better than the

best previous SpC?CiWD (nul.~bcr9) whj,ell h[icl‘ocengiven a high tcnpcraturc

specimen.



?.

The performancc of “thewelds on theso preheated spccimens was

particularly notcwort~, In the welded specimens which were made without

preheat thorc was always rather general failure of the welds adjacent to

the fracture. This was particularly true of the weld connecting the longi-

tudinal girder to the hatch end beam and the fillet weld between the deck

and doubler plate, In those preheated specimens there was almost no

failure in the welds. This is shcwn very olcarly in Fig. 21 where the

longitudinal girder plate was fractured but the weld was almost intact.

In order to obtain a better pioturc of the reason for this superior

formanco the studies discussed in Part II of this report were made.

The behaviors of specimens 16 and 19 were net anticipated

per-

until

load was applied, The “working” of the joints was very considerable even

at low loads. This resulted in the angle at 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 difference in the

rigidity of tho riveted and welded specimenswas striking to all who had

observed both types under load.

Fig. 25 shows the load-strain curves from which the energy ab-

sorption of the various specimenswas computod.. The superior performance

of the two preheated specimens is apparent in this figure.

The results obtained from the test of specimen 17 by repeated

loading arc show in Figs. 26, 27, and 28, As showm in Fig, 26, for loads

greater than 300,000 lbs. there was, in general, less strain increment

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 cf load. This resulted in a

for

redistribution of stresses. As a result there was a decrease in the strain
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concentrationsas shown in Fig. 27. The fact that strain concentrations

measured in these tests are greater than those found in aotual ships1,3

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 corner

angle resulted, and that both elastic and plastic strains were measured

whereas in the case of at least one of the series of measurements made

on ships only elastic strains were reoorded.

Fig. 28 shows the behavior of gage 19H (Fig. 26) during the test.

This indicates that tho nwterial at this poiht exhibited elastic behavior

upon unloading and for reloading up to the previously applied load: 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 example, using

the slopes corresponding to the

of approximately 8 is shown for

the outboard gages.

800,000 pound I.oada

gage 19H as compared

strain concentration

with the average of

.— — ——

1,3
See Bibliography.




