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ABOTRACT

This report deals with the testing of 12 full scale hatch corner
specimens, One of these was essentially the same as the hatch corner used in
the earliest "Liberty" type ships, and the same as has been used in the earlier
tests, Two of the specimens tested were invalid due to laminated plates. The
others included the modifications of: continuous longitudinal girder; full
penetration welds; U.5.C.G. Code 5 and Code 1 modifications, and the effective-
ness of the doubler plate in the Code 5 modification; the British Code 1A
modification; extended coaming; diagonal braces at the bottom of the girder
joint; a new design similar in configuration to the hatches used on Victory type
ships; a new design involviag a hot-formed double radius corner plate. The
strength and energy absorbing abilities of each were determined. The use of an
extended coaming was found to be a very effective and simple modification. The
design utilizing the formed corner was far superior to all other and produced
definitely ductile behavior, a quality which has not before been found in welded

hatch: corners.
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This report deals with the construction and test of these twelve
specimens. Throughout this report specimen No. 5, from previous tests, is used

as a basis of comparison.
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PROCEDUSE .

- The specimens which were tested are listed in Table I.

- sxcept for one plece in one specimen, all were constructed from one
lot of low carbon semi-killed steel of 4BS ship quality, which had been used
for some of the previcus nests, This steel had previously been designated as
Steel "C", The analysis end strensth properiics of this material are shown in
Tables -II and 1IT. A1l of the specimens were conghructed at Shipyard Neo. 3 at
Richmond, Califorria, by project welders, end then brougnt to the University
where strain gages were app'led and the tecls condnstad. The tests were con-
ducted at approximately 70°F,, the variabion from this temperature being less
than % 4 degrees.

Energy absorption measurements were made on all specimens by measuring
the strain wnich took place between the pins in the two pulling tabs., The same
method was used as has been described in previocus reports.&

The basic design, Specinen 5, is shown in Fig. L. It will be noted
that it consists of three principal strensth members. These are: declk,
longitudinal girder, and hatch end beam. The longitudinal girde£ is actually
in two pieces. &fach of these members contains a right angle interior corner,
They are mutually perpendicular to each cther when assembled end form an extfemely
rigid structure. A deubler plate is filleh velded to the deck an& coaming. A
heavy hatch end beam flange, lohgjtudinal girder flanges an& deck beams com-

plete the specimen,

P, ' . Ao

11 welding was done with AUS type EHOLO and E6020 clectrodes. The
welds were given 'a very carcful visual inspection both prior te and after test-
ing and in ro sasc wore any significant deferts found.

In crder:to apply the load and obtain proper stress distribution
prop 3
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heavy pulling tabs were attached to each end of the speccimen. These are shown
in Fig, 58. o supply some transverée restraint, such as would be supplied by
the remaining structure in an actual ship, three transverse réstraining veams
were attache& to.éii‘spécimens above deck. These are shown in Figs. 37 and 4l
and seferélaother of the photographs. These beams were given a small initial
cémpressive lbéd; prior to testing, by means of adjustable wedges.,” This was the
same procedure which had becn used on previous hatch corner specimens,

The first modification which was made to the basic specimen was to make
thé longitudinal girder continuous instead of the hatch end beam, Since the
failures in ships were transverse and tests of previous specimens had shown that
the longitudinal to hatch.end beam joint was a weak point, it was felt that this
change would give a considerablé increase in stréngth, Specimen 27 contained
this single design variation, -

A considerable number of early "Liberty" typc ships were-constructed
with square corners in tho deck plate at the hatch openiﬁgsf~ In-order to
strengthen these hatch ‘corners a gusset type of reinforcement waswadded, as
shown in Fig.'Z; Diagonal angle brackets were also added at the bottom of the
longitudinal girder-and hatch end beam intersection, (U.S5.C.G: Code 5).  Specimen
28 involved this modification,

The hatch corners of a large number of latcr "ILiberty" ships were
constructed in accordance with U.5.C.G. Code 1, shown in Fig, 3. This type
corner was incorporated in Specimen 30, In order to determine the effectiveness
of the large doubler which is inc.uded in the Code 1 modification, Specimen 29
was constructed as shown in Fig. 4 without the doubler, Otherwise these two
specimens were identical,

In testing Specimen 30 a failure occurred in the upper cnd tab at a

load of 2,180,000 pounds. 'The load was removed and a new end tab was attached.
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The specimen was then reloaded to failure.
On a number of "Liberty" ships operated or repaired by the British,
the hatch corner reinforcement shown in Fig. 5 was used. This has been designated
as British Code 1A, It ipvolves three signficant features. First, full pene-
tration welds are used belwszen the decw and woublier piates and the coaming.
Second, an unusual shape doubler is used. Third, diagonal strapping is-added

at the bottom

11t it

=

modifications,

bince the British Code 1A modification contained three significant
changes from the basic design, it was desirable to know the effect of each of
the changes. It appeared that the use of full penctration welds might be the
most significant of the three changes, Therefore, Specimen 32, as shown in
Fig, 6, was built using full penetration welds between thu deck and doubler
plates and the hatch coaming., Otherwise it was the same as Specimen 5.

Previous tests had shown that in the basic design the longitudinal
coaming above deck carries about 75 per cent as much load as the longitudinal
girder below deck. The abrupt termination of this longitudinal coaming at the
corner of the hatch opening results in a severs stress concentration. Specimens
.33 and 37 had the longitudinal coaming extended above deck for 30 inches'Béyond
the natch end beam as shown in Fig. 7. Unfortunately the hateh end beam of
Specimen’ 37 was made from a piece of steel which was badly laminated, This was

discovered Just prior to the test and close observation during the test showed

Specimen 34 was an entirely new design., This design was suggested

by the American sureau of* shipping and has been designated as the 4,B,S5, design,
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The details are shown in Fig. 8. The general configurafion is similar to the
hatch ecornsr used on the "Viciory”type ships but the plates are not as heavy,
The distinetive features are: {a) an 18" radius in the deck plate, (b) a coaming
separate from the longitudinal girder and hatch end beam, (c) coﬁtinﬁdhsxlongi~
tudinal girder, (d) extended longitudinal coaming, (e) a substantial one piece
flange, containing generous radii, at the bottom of the main girdéf ihtersaction,
and (f) the use of "snipes" to avoid concentrations of welding at the intersections
of three plates. The previcus tests had indicated that all of these features
would contribute to better performance.

Specimen 35 was also of entirely different design. This design was

> preliminary small scale tests which were conceived and carried out

at the University of California by Mr. H. &, Kennedy, The details of this specimen
are shown in Figs, 9, 10, 11 and 12. The main feature of this specimen is the

use of a hot-formed section at the corner. 4 piece of 3/4 inch "C" steel was
forged to form the corner, resulting in a 5/8 inch thickness.at the top of the
formed ‘section where it was attached to the ébaming. The coaming and the longi-
tudinal transition piece between the deck und céaming were formed cold. This
-design resultéd in the coaming being 6 inches out of line with the longitudinal

and transverse girder system. A continuous lengitudinal girder was used on this

Since the coaming of this specimen was not in the same location as
those of the others, it was necessary to use a special transition section in
connecting the coaming to the upper puilihg tab., This is shown in Fig. 11.

In testing this specimen no failure occurred at a load of 3,000,000
pounds, the rated capacity of the testing maChihé. ‘The load wasréémoved. After
an interwal of about 66 hours the specimén'was”bfoken By-ovﬁrioadiﬁg-ﬁﬁé tes£ihé

machine,
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Specimen 36 was the same as specimen 5 except for the addition of
diagonal brackets at the bottom of the longitudinal girder-hatch end beam joipt,
like those shown in Fig, 2., This test was designed to isolate one of the factors
which was present in the British modification., Unfortunately, upon testing,

h end beam plate so
the results were not valid. opecimen 38 was a repeat of this test. waever;
nearly all of the 5/8 inch thieck 'C" stecl had been used and it was necessary to
make the hatch end beam of this specimen out of another piece of steel. This
steel was obtained on the lecal market and had tensile properties as shown in
Table IV, .These properties are very nearly the sams as those for "C% steel and

it is not felt that its use for the hatch end beam of this specimen in any way

affected the results obtained.
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RESULTS

The principal results of the tests are shovin in Tables V and Vi. In
all cases oxcept a poyﬁién of the doubler:in specimen 30; cleavage type fractures
were obtained. _In sevaeral instances a crack would originaté and progress for a
few inches, accompanicd by a slight decreése in maximum load. This would be

followed in an instant by major failure of the specimen, in all cases complete,

vy
i}

o ailure of the deck, 1t is felt that the stress value which

is most important is the one corresponding to maximum load, On the other hand,

. the important energy value is the onc which indicates all of the energy absorbed

‘up to the point of major failure. These arc the two valucs which are shown in

Table VI,

The nominal stress valucs shown in Tables V and VI were ccomputed by
dividing the load by the area which supported this load. In all spgcimens
except 33, 34, 35 and 37, this arca included the deck outboard of the coaming,
the longitudinai girder up to the top of the doubler, the longitudinal girder
flange, and the doubler, if any. vhere radii existed, as in the deck plate in

Sspecimen 29, one third of the radius was included in the width of the plate. In

entire longitudinal coaming was included in the load carrying arca. For specimen
35 (Kennedy design) the formed section up to two-thirds the height of the radius
was included, Some of these areas were somewhat arbitrary but there did not
appear to be any exact simple method which could be used.

Photographs of the various specimens arc shown in Figs. 13 to 65. In
order tc serve as a basis of comparison, photographs of the failure in a previous
specimen, No., 4, are shown in Figs. 13 to 18 inclusive. The failure in this

particular spucimen was typical of all cleavage fractures which oceurred in
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specimens of the basic design.

It w1ll be noted in Tablub VI and v that tho addltlon of diagonal
brackets at the bottom of the glrder 301nt (bpec1mbn 38) 1ncrbased the maxlmum
.nomlnal stress only 5 per cent.l However, the inercase in energy absorpL}on at
'faiihre ;as 38 per‘cent; o

The use of a continuous iongitudiﬁal iSpeéimen.é?) géve a 19?4Aper
cent increase in maximum stress and increased the encrgy absopption by 140 per
cont,

The gusset reinforcement (Specimen 28, U.5.C.G. Code 5) gave a maximum
stress increase of 30,5 per cent and increased the cnergy absorption at failure
by 324 per ceh.t¢

The use of a radius in the deck plate at the hatch corner (bp801mcn
. 30, U.5.C.G. Code 1) produced a 52 per cent increasc in maximum . stress and a
lélO per cent increase in total energy absorptlon. The effectiveness of the
doubler -in this desipn is scen by comparlng the results obtained with specimen
29 Wthh was the Same uXCbpt that the doubler was omitted. It will be noted
that the absence offthu‘doubler reduced the maximum stress by 6.5 per cent and
the energy absorption by over 71 per cent. It should be remembered that about
onu—thlrd of the fracture in the doubler of SpLClmen 30 was shear, This un-
doubtedly accounts for some of the increase in encrgy. While these are single
tests, it appears that the doubler is very desirable in this particular design.

The British modification (specimen 31) produced results which are
rather difficult to account for., The increasec iﬁ maximam stress was slightly
over 25 per‘cent and thé'tétal energy absorpﬁion increased T65 por cent. This

-specimen contained full penetration welds, diagonal reinforéing brackets and a

% A11 increases in strength and cnergy absorption are based upon the values for
Specimen 5,

rv-qnv.- P n
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doubler of unique shape. Specimen 32 which also contained full penetration welds
with the regular small doubler showed an increase in maximum stress of 24 per
cent but an inéreasc in totalienergy absorption of only 280 per ccnt, Even if
the increasc of 38 per cent in cnergy absorption found due to diagonal reinforcing
brackets in Specimen 38 is added, the total is still far short of the lncrease in
encrgy absorption shown by ‘the British modification, although the results of
Specimens 29 ‘and 30 do indieate that a doubler can have considerable effect on
gnergy abscrption.

"7 The results:ef Specimen 33 are most interesting in that a simple modi-
fication‘pfdduced owtstanding rasults. By thc simple expedient of extending the
coaming above deck for 30 inches, the maximum stress was incrcased by almost 45
per cent and the total energy absorption by 1645 per cent, It should be
remolibered that the longitudinal of this specimen was not continuous but inter~
costal., As shown in Table V, this gpecimen actually carricd greater lead than
Specimen 30. Thus this simple modification gave increased strength bstter than
the U, S.:C; G. 1 modification and energy absorption considerably superior. It
is unfortunate that the repeat tost of this modification (Specimen 37) was in-
valid due to a laminated plate. However, the results, even with this badly
laminated plate, indicate that this modification is very effectives Careful
obscrvations were made during the testing of Specimen 37 and there was no guestion
but thht the laminated plate was the cause of the early failure. In bpth
Specimens 33 and 37 the absence of distortion.at the hateh corner whicﬁ resulted
from the use of the extended coaming was remarkablc. In other specimens the
corner of the coaming started to distort below & load of 1,000,000 pounds. 1In
these specimens almost no distortion occurred until just before failure.

It would be interesting to cxtend the coaming of a specimen of the
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‘basic design by adding a triangular-plate to a completed specimen, This would
correspond to adding this reinfordemenf td an oxisting hatch corncr on a ship.
If the result; were nearly as effuétife ééifdund in Specimen 33, this simple’
procedure would be an casy and effuctive waj of strengthening hatch corncrs of
existing ships. ‘

The performance of Specimen 34, (ABS design) was excellént, a5 was
expected from the fcaﬁures which‘ﬁere_inéorporated in it, The‘computéd increase
in maximum stress was only 36.8 per ceat which is someﬁhat léss than for somc
_,éf ﬁho-other modificaticns. However, the'compuﬁed stress for this spucimen is
 pr$b$bly Aoﬁ é féir nethod of éOm;ariSOn sincé it contained ﬁore metal which had

to 5; inéluded iA the load carrying area than was the case for the other ‘specimens,
‘YLt it sooms cbrtaln that a lot of thls arca was actually carrying vcry little

load; Thls is borne out by thu load valucs which show that this specimen

.35. Thu enorgy absorptlon of thls opVClmen was an increase of 1990 per cent
over that of tho ba51c Spyc1mun. The fracture 5f this spceimen origiﬁaﬁed at
thg lntLerCtlon of thg longltudinah 3nd transvcrse cﬁamlngs and the chK and
travelled in four dlrcctlona as shown b; FlgS. 49, 50, 51, 52, 53 and 5.
opeClmun 35 rcprbsbntgd a departuro from convbntlonal hdtch deblgn.
' Thu rnsults 1ndlcate that this departure was wcll Justlflbd Thc:maximum load
subtalned by thls spec*men wag much grbator than for any other and the maximum
nomlnal stress was more than proportlonally hlghar due to the fact that )

minimam of material w used, The maxim 54,100 ng is an

L was DTle 212 maxamum nomin. LS R 255

=
=
=
=
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increase of lZL per cent over that of the ba31c deslgn and is the onlJ casc
whbru the maximum nominal strcas clbariy CXCdeed the yleld strength of the

material, That this specimen did behave in a truly ductlle manncr is shown
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Cleérly in Figs. 56 and 57 which were taken after the specimen had been subjected
to the first 3,;000,000 pound loadihg. Fig. 56 is particularly significant in
that this cvidence of necking in the deck platc did not occur in any other speci-
melt.

The total cnurgy absorption of 6,786,000 inch pounds was considerably
boﬁtor.tﬁah éﬁy other specimen and represented an increase of 2840 per cent over
.thaglof the basic specimen.

Perhaps the most significant fact about the test of Specimen 35 is

that the fracture did not occur in the corner, as shown in Fig., 58, This is the

only specimen for which this is true. The fracture originated in the cold-formed
| éectién‘ét anut the midﬂpoint of the radius where an arc had becn struck in
welding on a fianging clip. At the conclusion of the tests there was no sign
of any cracks of any kind in the vicinity of the corner,

Uhile it could not be measured, obscrvation indicated that the re-
duction in thickness in the deck plate on a scctlon ncar the corncr was probably
greaturﬁthan'that which occurred near the fracture, .There was considerably more
necking ncér the corner than at the fracture, Since over 60 hours elapsed between
the'inifial and sccond loading of ‘this specimen, it is possible that some strain-
'age hardeniﬁg may have occurred.

The design of Specimen 35 represents a distinetly different spproach
than that of Specimen 34 (ABS design). Specimen 34 is extremely rigid as the
resull of the use of the extended coaming and the heavy cross—over flange at the
bottom of the girder interscction. On the other hand, Specimen 35 was designed
to avoid rigidity and allow plastic flow to occur easily., However, strength
was not sacrificed'by this procedure,

dnile spocimen 35 represents a departure from conventional hatch design,
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it appears to be entirely practicable. Only slight structural changes would

have to be made to incorporate‘ip into new ships. Iﬁ view of the results obtained
in these tests, it appcars that these changes could well be made in order to
utilize this type of hatch corper.

From thc productien vicwpoint the design of Spoecimen 35 offers no
difficultiecs, In fact it is very.well suited to either small or large scale
production,

‘While, in view of the results, one hesitates to makc any suggestions
for changes in the design, bir. Kennedy and the investigators believe it would
‘be desirable to Ysnipe" the hateh cnd beam at the top and bottom where it inter-

sects the longitudinal girder.

are shown in Fig, 66.
The gage layouts used on the various spcecimens are shown in Figs..67

‘to 70 inclusive. Since a very completc stress investigation haa been made on
VSpecimen 1, tested previouély, it is included to scive as a basis for compari-
- son. Thls speeimen was of tho standdrd des;rn cxcopt thgt it had a longltudlnal

and hatch end beam B/A inch thick 1nstead of 5/8 1nch Flgs. 71 to 74 1nclu31VL,
show the prmncmpal stresscs actermlned at the various gagu Locatlons at a load
of 200,000 pounds on somc of the specimens, Althoggh the stress values determined
at this low load are quite small it was necessary to use this ioad sinée at
higher loads some of the gages in cach Spec1mbn 1nd1catmd plastlc flow so the
strain rcadings could not be converted to stress values, Fig, 75 shows the
stress distribution in bpecimen 34 (ABS design}.

For those who are intcrested in the strain valucs at higher loads,

the load-strain data for the individual gages are included as Figs. 76 to 80,
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inclusive, in Appondix A,

In a provious report"+ a temperature-transition curve for hatch corncr
type specimens constructed fram "C" steel was included. Data have recently been
obtained at the University of California, but not directly as a part of this

'h'\l'f'\'l"]('
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the temperature~transition curves for hatch corner type specimens of both "B*

and "C" stecls.

CONCLUSTONS

From the results of thu tests describoed in this report the following
zonclusions are drawn:
1. There are two basically different approaches to improved welded hatch
corner design. One results in a very rigid structure wherein improved per-
formance is cobtained by the addition of structural membors and the reduction of
points of high multi-axial stress concentration insofar as possible (a problem
which is difficult with inereased rigidity). The second approach is to design
for a minimum of rigidity so that plastic flow may occur naturally and easily,
with the result that high stress concentrations do not occur, This second type
of design appears to be the superior.
2. Since the p
hatches are longitudinal rather than transverse, th. longitudinal girders near
hatch corncrs should be made contimuous with the transverse girders intercostal,
Such construction adds about 19 per cent in strength and 140 per cent in ability

to absorb cnergy.

3. The use of a hot-formed corner, having a radius in both vertical and

horizontal planes, in the corner of a welded hatch, as cxemplified by Specimen 35,
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produced far better results, both in strength and cnergy absorption, than any
other design tested., This was the only design in which the plates showed any
appreciable plastic flow.

L. If the rigid type of welded hatch design is to be used, the most bene=-
ficial single featurc which can be incorporated is an cxtension of the longi-
tudinel coaming for at luast 30 inches beyond the transverse coaming. This single
feature produced an increasc of nearly 45 per coent in maximum nominal stress and
1645 per cent in cenocrgy absorption, as compared to the basic design. This simple
change resulted in as much of an improvument as that obtainod by the use of the
more complicated U,3.C.G. Code 1 medification.

5e The usc of a hatech corner gusset plate and diagonal bars at the bottom
of the girder system 25 a method of strengthening WIdberty" type ships (U.5.C.G.
Code 5) was fairly cffective. Its use in those tests produced a strength in~
crease of 30 per cent and a 324 per cont increase in encrgy absorption, Of thosec
increases, about onc-sixth of the strength and one-fourth of the encrgy absorption
was due to the diagonal brackets and the remainder to the gusset plate rein-
forcement.

6. The method of reinforcemsnt uscd on "Liborty" type ships by the British,
commonly désignated as British Code 1A, was about cqual to the U,5,C.G, Code 5
modification in strength but was about twice as gocd in cnergy absorbing ability,
7. Hatch corncrs of U.5.C.G. Code 1 design arc very much superior to those
having the basic design. They are about 52 per cent stronger and will absorb
about 1600 per cent more energy. The doubler plate used in this design adds

only moderatecly to the strength but appaars to be responsible for nsarly 76 per
cent. of the increased cnergy absorbing ability.

8, iho use of full penetration welds between the deck and deubler plates
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and the coaming in a specimen of the basic desrigh, in which the transverse hatch
end beam was continuous and tho longitudinal girder was intercostal, increased

the strength by 24 per cent and the encrgy absorbing ability b 280 per cent.
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TABLE I,

Specimens Tested

Distinguishing Features

Continuous longitudinz) girder,

Gusset plate reinforcoment - U.S,0.G. Code 5,
Slotted coaming (no doubler) - U.S.C.G. Code 1,
Slotted coaming (with doubler) - U.S.C.G. Code 1,
British medification - British Code 1A4.

Full penctration welds,

fxtended coaming,

ABS design.

Diagenal brackets - invalid, laminated plate.
Extended coaming, repcat of No. 33 - laminated plate.

Brackets on lower part, repeat of No. 36,
Commercial type steel, similar to "C" steel,
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TABLE II,

Analysis of Steel "OM

% C. % in, % P. % S.
0.24 0.49 0,015 0.033

{Suppliert's analysis)

TABLs I1I.

Tensile and Hardness Properties Steel nCH

Plate No. Direc. Tensile Data (.505 Bars) Hardness
Tield Ultimate Break Elongatlon Heduction  (Rockwell
(PSI) (PSI) (PSI) (% in 2") in Area % N )
Cc-1 long. 35,230 68,700 554300 - 36.0 59.6 AR
Trans., 35,750 68,000 57,050 33.6 52,5

Tensile Data (Fuli Thickness)

c-1 Long. 37,500 66,500 53,600 45.5 56.5
Trans. 34,100 66,200 56,600 32.5 50 .4
TABLE IV

Tensile and Hardness Properties Commercial Steel
(Used in bpecimen 38)

Direc, Tensile Data (,505 Bars)
Hardness
J¥icld Ultimate Elongation Reduction (Hockwell
{PSI) (PSI) (% in 2") in Area % M)
Long. 35,720 6,480 37,0 53.9 67.3
Trans, 36,003  64.403 39.5 59.8

Tensile Data (Full Thickness)
. ' {in 8"%)
Flat, 35,737 6,800 30.8 59.7
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: -4f13115 18]13] 140 | ) 51134l s |24 3.1 |36 14 4535131 |- B|— 1,000 34|20 10| &34
KENNEDY IGN.
1 L4[12| 151405 HL3|-2.7-6.5-31 -25-&3-25:*—‘ 1819140 | 5| .3 | .21 SPECSMEN Egipgp TO 3,000,000 LBS.
3,265,000 | 54,100 ||1.4[1211.5 14| L4} 14 . 6,786,000 + SPEGMEN RELCADED TO FAILURE.
21]16(32|14 |45 L63.9-57)18]-11 | 3933 — 34{17|10 [ 7| 4|3 MO, GAGE READINGS TAKEN oK SECOND
BASIC DESIGN WITH ANGLE BRACES.
1,460,000 | 23,700 146,000 . INVALID, LAMINATED PLATE
. 44—+ N0 GAGE READINGS TAKEN
1,380,000 | 22,400 221800 :
! REPEAT OF 33— INVALID, LAMINATED PLATE
MO GAGE READINGS TAKEN.
2,470,000 | 33,800 2,017,000
782, y
1550000 | 25,300 s7|ioj2zedsi f2e :‘g LT ': 52 :':_E 3 5? 277,000 ||-edfazles|— |68l 43lazjag10 AT o oM OF COMMERGIAL STEEL.
19|21 (18| 32|2.61.4 [4.5| 42 e T iTos (6224 10,000 [ 1,200 | 5300 12,900
1,400,000 | 23,000 0.1 [24]23)1.6[43 |28] | |57 sha ; 417,600 |AO70 28]~
NOTES
I.BASED Oi LOAD cnaavme SECTION OF DECK, DOVBLER, LONGITUDINAL
COAMNG  BELOW (ACTUAL PLATE THICKKESS)

2.84ASED ON A\ERAGE ©OF LONGITUDINAL STRESSES FOR GAGES |-2-3-4
TOP AND BOT

3.BASED ON AVERAGE OF LONGITUDNAL STRAINS FOR GAGES 1-23-4
TOP AND BOTTOM

4 AEADINGS OQUESTIONABLE. GAGE Il VERY CLOSE TO DOUBLER WELD.
S TEST TEMPERATURE 70" % 4%g
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CORNER TESTS

1
MAXIMUM NOMINAL STRESS AND ENERGY ABSORPTION

SPECI- DESIGN MAXIMUM NOMINAL STRESS - PSI - .0
MEN  FEATURE [ loooe | 20000 ) i ; Hopee r e | e
oo oo [ ——

CONTINUOUS :
27 LONGITUDINAL
GIRDER
GUSSET PLATE
28 REINFORCEMENT
USCG CODE 5 B
[SAME AS 30O |
29 |EXCEPT NO W
DOUBLER
30 |USGG CODE 1 iy
3 BRITISH
MODIFICATION
BASIC DESIGN - . ’
32 |WITH BN M '
WELDS. ~
33 EXTENDED
GOAMING A
34 |ABS. DESIGN 2 7777
15 KENNEDY
DESIGN [/, A
|
BASIC DESIGN
28 WITH
ANGLE BRACES ~
b 1000l000 ' 200000 ! 3,000l000 ' 4000l000 { 5,000l000 60000000
ENERGY ABSORPTION — IN. LB.
I vz 7

MAXIMUM NOMINAL STRESS ENERGY ABSORPTION
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Fig. 11 Specimen 25: Above deck view before test Fig., 12 BSpecimen 35: Below deck view before test
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Pi 15 Specimen 4@ View of fractures from above

LONGITUDINAL GIRDER

View of fractures {rom below, outboard and

Fig, % Dbyecimen 4:
fopward of hatch end beam



Fig. 17 8pecimen 4: View of fracture in weld between longitudinal
flange and hatch end beam flange

Fig. 18 3pscimen 4: View of corner from inside of hatch
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. 22 Opesimen 27: Yiew from below dack, irdaard, smowing
abgence of frasturas

¥
e
et

Fig, 24 Specimen 27: Close~up of fracturc pstterrs in desk and doubler
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Fig, 23 Specimen 30:. View of fractures from abowve
E

N L e
FLARGE

fractures {rom below deck and sutboard




i, 35 Specimen 30: View of frectures from inside of hatch

Fiz, 38 Specimen 30: View of fractures in deck and doubler



F

37 Specimen 3l: View of fractures from azave

peie
9%
.

38 Specimen 31: View from below deck, outboard and aft of hateh
end beam



o

HATOY

FTUBINAL GIRDER

r1j

ig. 39 Specimen 31t View from below deck, outhoard and forwsard
of hatch end beam

Fig., 40 Specimen 31: View from inside of hatch



Fig. 41 Specimen 32: View of fracture from above

HATGH END BEAM

LONGITUDINAL GIRDER

Fig. 42 Specimen 32: View from below deck, inboard and forward
of hatch end heam



Fip, 42 Specimen 32: View from inside of haten

Fig. 44 Specimen 32: Fracture pattern in deck arid doubler



Fig. 45 Specimen 33: View of fractures from above deck and inboard

View of fractures from above deck and outboard




Fig, 47 Specimen 33: View of fractures from below deck and outboard

Fig. 48 Specimen 33: Fracture patterns in deck and doubler



Fig, 50 Specimen 34: Overall view from below deck

Fig, 49 Specimen 34: Overall view from above deck



Fig, 51 Specimon 34: View of fractures from above deck

Fig. 52 Specimen 34: View from below deck, outboard and
forward of hatch end besm
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Fig, 53 Specimen 34: View from inside of hatsh

COAMING

s o
YT

Fig. 54 Specimen 34: Fracture patterns, looking forward



Specimen 35: View showing
distortion in coaming at end
of first test

Fig. 56 Specimen 351 View show-
ing necking in deck plate

at end of first test
(3,000,000 1b, load)

Fig, 57

Specimen 35%: View showing
distortion in lengi tudinel
at end of first test
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Fig., 60 OSpscimen 35: View of fractures from above deck

Fig. 81 Specimen 35: View of fractures from below deck
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Fig. 62 Specimen 38: View of fractures from above deck

Fig. 63 Specimen 38:

View of fracture from below deck, cutboard end
forward of hateh end beam



Fip., A4 Specimen 38: View from inside of hetuh

Flg., 65 Spesimer 38: View of fracture patterns in decx and doubler
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APPENDIX A

Load Strain Data for Individual Gages.
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Temperature Transition Curves for Hatch Vorner Specimens, "B" and "C" Steels
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