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FOREWORD

Ship Structure Committee Project SR-103, Static Tests
of Design Details, was initiated at the National Bureau of
Standards for the purpose of studying two particular struc-
tural connections peculiar to welded tankers of the T-2
type. These two connections were (a) the intersection of
a longitudinal bulkhead with a transverse builkhead and (b)
the interseetion of a bottom (interrupted) longitudinal
with a transverse bulkhead. The over-all project, which
began in 1947, was divided into three phases as the in-
vestigation progressed.

The first phase of the program was concerned with
tensile tests of sub=-scale interrupted longitudinals of
the original T-2 tanker design, together with longitu-~
dinals involving service meodifications of the T-2 design.
The results of this work were published in The Welding
Journalil}o

The second phase of the project was concerned with
tensile tests of full-scale bulkhead intersection speci-
mens of the original T-2 design, together with service
variations of the original design. The results of this
phase of the program were also published in The Welding
Jourﬂalcg)o

This final report is concerned with tensile tests of

v



full-scale interrupted longitudinals te expand and verify the
results obtained from the sub-scale specimens. Also certain
experimental and new designs of the bottom longitudinal-
transverse bulkhead connection were included in the third

phase of the project.
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ABSTRACT

Investigations of three discrete designs of a bottom
longitudinal connection at a bulkhead were made to furnish
information on their relative mechanical behavior when loaded
in tension. One through longitudinal, fourtesn interrupted
longitudinals, and four through-bracket longitudinals were
tested. The through leongitudinal was of experimental design;
the interrupted longitudinals were of The basic T=2 tanker
design and two major modifications of this design; and the
through-hracket longitudinals were of a Navy oller design
and one specimen of a commercial tanker design. The nine-
teen specimens were fabricated of ship plate using shipyard
procedures.

RBoom temperature tests were made to study elastic stress
distributions and stress concentrations on critical sections
of one or more specimens of each design. The specimens were
tested to failure near 0°F or other selzcted temperatures
below room temperature to determine maximum load, over-zil
elongation, and energy to fracture. Tests to failure at
temperatures above and below 0°F were made to determine the
gffect of temperature on mode of fracture and energy absorpe
tiorie

The maximum stress ratiocs (concentrations) measured on

the section adjacent to the transverss bulkhead wers 1.2 on

<
S
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the through longitudinal, 2.1 to 2.8 on the interrupted longi-
tudinals, and 1.6 to 1.9 on the through-bracket longitudinals,
except for one specimen on which the stress ratio was 2.3,
These stress concentrations were a rough measure of the ine-
ability of the longitudinals to ahsorb energy when tested to
failure.

All specimens failed with cleavage fractures after vary~-
ing amounts of plastic deformation. Generally the energy to
fracture increased with test temperature. EHesults of the
tests to failure near 0°F indicate that the nmodifications to
the basiec T-2 design were bheneficial, increzsing the capacity
of the interrupted longitudinals to absorb the energy of de-
formation., Comparisons of maximum load, over-all elongation,
and energy to fracture for the three longitucinal designs
indicate that qualitatively the order of merit for this con-
nection is (1) through longitudinal of experimental design,
(2) through-bracket longitudinal of Navy oiler design and
(3) modified interrupted longitudinals for T-2 tankers,
Additional tests are needsd to determine whether the superior
performance of the through longitudinal design can be main-
tained when the necessary modifications for tanker service

are introduced,
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TENSILE TESTS OF LARGE SPECIMENS REPRESENTING THE INTERSECTICN OF A

BOTTOM LONGITUDLNAL WITH A TRANOSVERSH BULKHEAD IN WELDED TANKERS

1. INTRODUCTICN

Welded merchant vessels built before and early in World
War II suffered fractures in the hull plating and deck whict
were not readily explained. MNumerous major casualties oc-
curred in one type of these vessels, T=2 tankers, when the
bottom hull was sustaining large tensile loads. Some of the
sources of hull fractures were at structural discontinuities
or Ymechanical notches" caused by interrupting the longitu-
dinal hull stiffeners at intersections with transverse bulk-
heads. This connection, which was repeated more than 100
times in each T=-2 tanker, is illustrated schematically in
Figure 1l. Several modifications of the details of this con-
nection were made in attempts to improve its performance.

A preliminary investigation of design details of four
interrupted longitudinal specimens with reduced cross section
and four bulkhead intersection specimens has been previously
reported(l’g).

This report is concerned with tests of nineteen welded
steel specimens representing the intersection of a bhetiom
Jongitudinal with a transverse bulkhead in welded tankers.
Fourteen full=size specimens of the interrupted longiitudinal

design for T-2 tankdrs were tested. Also four specimens
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ir, 1, The intersection of :skell plate, bottom longitudinal
and longitudinal bulkhead with a transverse bulkhead
in T~-2 tankers.
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involving two recent through-~bracket designs for this inter-
section and an experimental through longitudinal design were
investigated,

The purpose of this investigation was to study the load
carrying capacity, stress distribution, and energy abscrption
ability of the original interrupted longitudinal design, those
medifications of this design in service, and a few practical
modifications which were intended to increase the reliability
of tankers in service. Also, it was desired to provide experi-
mental data which might be used to improve other designs of
this connection.

As tests similating exact shipboard conditions were
impractical with available test equipment, the specimens were
tested in tension to simulate the action of sagging moments
on the hulil girder., Stress distribution studies at room
temperature, strain distribution studies to failure, and
over-all centerline extension measurements were made to
evaluate and compare the different specimens. Tests tco
failure were made in most cases with the temperature of the
specimen near 0°F to insure that the steel was fractured
below its ductile To brittle transition temperature. Tests
of some interrupted longitudinal specimens were made at other
selected temperatures less than room temperature to study the
effect of temperature on the mode of failures

Comparisons of peak stresses and strains on critical
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sections maximum load, axial extension and ensrgy to fracture
were made to establish the relative order of worth of the

longitudinals. In the case of welded hatch corners on ships,
the relatively good correlation of energy absorption, deter-

(3)

mined in the laboratory, with service experience indicates
that energy absorption can be used as a relia“le criterion
for clagssifying different designs of a complicated welded
structure having inherent mechanical notches. Therefore,

energy to fracture values are used in this revort to indicate

the relative worth of the various longitudinal designs.

2. SPHECIMENS

Nineteen specimens representing details of a bottom
longitudinal intersecting a transverse bulkhead were tested.
These specimens are shown in IMigure 2 and are described in
some detail in Table 1. The over-all length of the test
section and pulling heads, approximstely 16 f:., was deter-
mined primarily by the dimensiocns of the testing machine.
This length of specimen was arbitrarily maintained to
facilitate comparisonsg of over-all extension and energy to
fracture.

The through longitudinal specimen 0A was designed to
provide a reference for evaluating the results of other
specimens., The fourteen interrupted longitudinal specimens

were simiiar to T-2 tanker construction as far as dimensions,
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Table 1 - Descriptions of Nineteen Bottom Longltudinal Specimens

Speec.
No. Type Servlice Remarks
OA  Through Long'l Lxperimental Designed to furmish a reference
for comparing other designa of
longitudinal connection. A
continuous structure with
minimum mechanical notches,
EIEHE
1A Interrupted Long'l T=-2 Tanker Original T-2 design., Relatively
1A2 Interrupted Long'l T-2 Tanker rigid with pronounced notches
1A3 Interrupted Long'l T-2 Tanker at the ends of the longitudinal
1Al Interrupted Long'l T=2 Tanker web in the bottom plate and on
1A5 Interrupted Long'l T-2 Tanker the lower edge of the LO.8#
1A6 Interrupted Long'l T-2 Tanker bracket.
10A Interrupted Long'l Experimental Similar to 1A specimens with
small holes in ends of lengitu-
dinal web to ease notech effects.
1l1A Interrupted Long'l Experimental Similar to 1A specimens with
small cut outs in ends of longl-
tudinal web to ease néteh effects.
2A Interrupted Long'l Modified T-2 design made more flexible
T-2 Tanker in the intersection by removing
2A2 Interrupted Long'l Modifled material in web of longltudinal
T-2 Tanker and eliminating the tripping
2A3 Interrupted Long'l Modified brackets nearest the transverse
T-2 Tanker bulkhead.
28, Interrupted Long'!l Modifled
T-2 Tanker
3A Interrupted Long'l Modifled Stress concentrations in bottom
T-2 Tanker plate reduced by using doubler
under end of longltudinal.
12A interruptad Long'l Experimental Stress concentrations in bottom
plates reduced by doubler on the
outside to cover the area of the
ends of the longitudinal.
HRHEHE
13A Through=Bracket Navy Oller Represents structurally but not
Longitudinal in exact detail the connection
13A2 Through-Bracket Navy Oiler in one design o Navy Oiler.
Longltudinsgl Structure essentlslly continuous
14A Through-Bracket Navy Oiler with reduced stress raisers.
Longitudinal
154 Through-Bracket Commercial Approximate details of the con-
Longitudineal Tanker nection in one deslgn of commer-

clal tanker. Flat bar tying
flange of longitudinal to through
bracket acts as stress reiser.
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plate thickness, material, and welding procedures were cgncernede
Three of the four through-bracket longitudinals represented a
design of longitudinal in one type of Navy oiler, and the other
through~bracket longitudinal was a design used in certain com-
mercial tankers. Figure 2 shows that the term "through-bracket"
refers te the relative degree of continuity. All specimens had
some member continuous through the transverse bulkhead,

Materlal variations between specimens were minimized by
procuring 30.6# steel plates of one heat and by making 40.8#
components from one plate. The 40.8# bracket in specimen 14
was from the same heat as the 30.6# plates. All 204 material
for these specimens was yard stock ship plate. The chemical
compositions and mechanical properties of the steel plates are
given in the Appendix.

Generally, weld sizes and procedures designated in the
original deslgn were followed in the fabrication of specimens.
Fabrication under shipyard conditions was carried out by the
Curtis Bay Coast Guard Yard. Details of specimen 144 as

subnitted to the shop for fabrication are shown in Figure 3.

3. TEST EQUIPMENT AND INSTRUMENTS
3.1 Testing Machine and Fixtures

A horizontal Emery testing machine with a capacity in
tension of 1,150 kips was used for these tests, The accuracy
of this machine was of the order of 0.5 per cent of the

indicated load.
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Pulling heads designed to fit the interrupted longitu=
dinal specimens were welded to the ends of the longitudinal
and bottom plate. Pins and straps fastened the pulling heads
to eyebars gripped in the heads of the testing machine. A
schematic representation of a pulling head attached to a speci-
men is shown in Figure 3. During fabrication special care was
used to align the pulling heads with the proper axes of the

specimens.

3.2 Resistance Strain Gage Instrumentation

Resistance strain gages were attached on all specimens
and waterproofed. Except where space was restricted, SR-4
type A-3 single element gages and AR-2 rosettes were used
and will be referred to throughout this report. When it
was required to locate gages in limited space, A5-1 and A-7
single element gages and AR-7 rosettes were used., Strain
readings were taken using portable SR-4 strain indicators.
The manufacturer's gage factors were matched for all gages
attached to a particular specimen or, if this was not prac=-
tical, corrections to the indicated strains of the unmatched
gages were made in the computations.

One or more specimens of each design and type was gaged
extensively to determine stress and strain distributions on
various cross sections. Typical gage locations on fully gaged

specimens are shown for specimens 1A and 14A in Figure 4.
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Except for edge gages, each gage symbol represents two gages,
one on each side of the specimen in gimilar locations. When
repeated tests of a particular type of speclmen were made,
only points and sections of special interest were gaged. On
some specimens only check gagés were attached to pick up sig=-
nificant variztions in mechanical behavior. The number of

gage elements ranged from 9 to 180 per specimen.

3.3 Temperature Control Apparatus

An open top box of insulating board was constructed
around seven specimens for tests to failure. Solid carbon
dioxide distributed in the box was used as the coolant. The
twelve remaining specimens were fully enclosed in boxes of
insulating board to obtain better temperature control. A
cooling system which recirculated gas from solid carbon diox-
ide was connected to these boxes. During the low temperature
tests the welds connecting the specimens to the pulling heads
were heated with infrared lamps or electric strip heaters.

Ten copper-constantan thermocouples were installed on
each specimen as shown in Figure Y% for low temperature deter-
minations. It is estimated tha® observed temperatures differed

from true temperatures by less than 1I°F.

3.4+ Extensometers
Two dial extensometers having gage lengths of approxi-

mately 132 inches for determining over-all axial extension
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to failure were attached to the pulling heads of each speci-
nen through rigid posts. The dials were read to 0.001 in.
increments of extension. The use of two dials made it pos-
sible to correct the results of extension measurements for
specimen rotation about a horizontal axis perpendicular to

@)

the line of pull as discussed in the authors' closure

4, TEST PROCEDURES

Each specimen was placed in the testing machine with
the web of the longitudinal horizontal and flange vertical.
The axis of pull through the pins was made coincident with
the centerline of the testing machine for the tests of all
specimens.

For the room temperature tests, a preload of 160 kips
was applied to the specimens to remove bhacklash in the
fixture connections and to check over-all specimen alignment.
Fourteen specimens were tested at room temperature to obtain
elastic strain data. The indicated strains were measured
for loads.of 40, 80, 120 and 160 kips. The laboratory setup
for the room temperature test of specimen 114 is shown in
Figure 5.

For the tests to failure, the specimens were cooled to
the temperature level selected for the particular test.
Figure 6 shows the setup for a low temperature test. OStrailn

readings were taken on gage elements parallel to the line of
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pull at load increments of 50 kips up to a load of 200 kips
and thereafter at increments of 100 kips until failure was
imminent. Dial extensometer and thermocouple readings were

taken up to the instant of failure.

5. CALCULATIONS

The strains for corresponding gage elements on opposite
sides of the plates were averaged for each load. The load-
average strain data taken during the elastic tests at room
temperature were extrapclated graphically to zero load to
obtain the total indicated strains due to a load of 160 kips.,
The load~strain relationships for each gage location were
reasonably well represented by straight lines.

The magnitude and direction of the principal stresses

+,5)

were computed by standard methods from the linear load-
strain relations for each rosette using values for Young's
modulus of 30,100,000 1b. per sg. in. and Poisson's ratio
of 0,290, ©Stresses in the axial direction were computed '
from the principal stresses. Stresses at plate edges on
which gages were located were computed from the indicated
strains and Young's modulus. Ratios of the computed axial
stresses to the average stress in the longitudinal outside
the region of the Intersection were computed teo give a meas-

ure of stress concentrations. The average stress in the

longitudinal (P/A) was taken as the load, 160 kips, divided
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by the measured area of the flanged longitudinal and hottom
plate indicated in Figure 2 as section D-D on all specimens.

The average axial stresses on various components were
computed and multiplisd by the applicable cross sectional
areas to determine the loads carried by the components and
to compare total computed loads on specific cross sections
with the machine load of 160 kips.

Energy to fracture values were determined from the load-
extension relationships by mumerical integration of the curve
of load vs. elongation. To facilitate direct comparisons of
energy to fracture, the computed values of energy were reduced
to a common base. That is, for each specimen the computed

value of energy was multiplied by the ratio 25.48 o
Measured area at sect.D-D

The nominal area at section D-D for the interrupted longitudinal

specimens was 25.48 sq. in.

6. RESULTS OF TESTS AT ROOM TEMPERATURE
6.1 Elastic Test of a Through Longitudinal

The elastic data taken during the test of through longitu-
dinal specimen OA indicated that serious stress raisers were
eliminated in this specimen. Some results of the elastic test
are given in Table 2. The axial direction of the principal
stresses, shown in Figure 7, are one result of minimizing the
local constraints and "hardspots" of stress. Axial stresses

computed from the principal stresses on the bottom plate and



Table 2 - Moasurements and Results of Elastlic Tests. Machine Load: 160,000 1ib
Specimen No.
“Thru

Long'l . Interrupted Longitudinals — . Thru Bracket Long'ls
CA 1A 1a2 1A3 10A 11a 2A 2A13 3A 124 134 13a2 lja 154

Test temperature, °F 9C 74 81 85 8o 76 83 83 73 79 79 81 T2 73

Section thru the Long'l

Area, In% 18.8Y 25.06 25.63 25.48 25.89 25.42 25.58 25.88 25.60 25.61 21.14 20.99 21.04 20.89
Average stress,
1b/in? x 10- 3’ B8.50 6.39 6,24 6.28 6.18 6.29 6.26 6.18 6.25 6.25 T.57 T.62 T7.60 T.66
Max., atress# ratio
in bottom plate 100 1.1 - - - - 0-8 - 0-8 - lua 1.3 0.8 1.1
Max. stress# ratlo
In longitudinal 1.4 2.1 - - - - 2.2 - 2.0 - 1.9 2.1 1.8 1.6
Bottom plate load,
1b x 10-3 1.5 63.0 - - - - G8.5 - 63.0 - 55.0 - 51.6 56.3 Y,
Longitudinal load, 4
ib x 1073 101.3 95.8 - - - - 100.8 - 96.6 - 98.8 - 92.7 100.4 1
Section B-B
Area ol bottom
plate, in% 7.90 13.57 13.50 13.60 13.44 13.52 13.45 13.40 13.55 19.56 9.80 9.72 9.74 9.76

Bottom plgte leoad,
ib x 107 59.4 101.9 - - 96.8 - 100.4 - 97.9 103.8 63.2 65.7 59.4 68.0
Max. stress* ratlo ’
in bottom plate % 1.6 1l 1.5 1.5 1.5 1.3 1.0 % .1 l.1 1.3
Ares of bracket, 1n¥ 10 9o+13 0 13 h5 13.37 13.57 13.47 13.47 13.30 13.52 13.53 11.83 11 52 11.72 12.98
Bracket lgad,

1b x 10-3 g8.2% 56.7 - -  60.8 56.7 62.3 - 60.9 53.3 94.7 101.0 B6.0 95.2
Max, stressi ratio +

in bracket 1.2 2.3 2.5 2.4 2.3 2.5 2.7 2.8 2.1 2.1 1.6 1.9 1.4 2.3

Section C-C

ottom p gte load,

1b x 107 - - - - - - - - - - 6.9 Tl.2 67.5 70.0
Max. stresss ratlo

in bottom plate - - - - - - - - - - 1.3 1.1 1.1 1.2
Freeing hole stress

ratio - - - - - - - - - - 1.2 1.3 1.2 2.1

#  Stresses given are for the axisl direction.
+ Values for flanged longltudinal near intersectlon wlth trensverse bullkhead.
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longitudinal adjacent to the transverse bulkhead are shown
in Figure 8, Axial stress ratios on this section ranged

from 0.7 to 1l.2.

6.2 Blastic Tests of Nine

RN A ———t| AT e | e —

Interrupted Longitudinals

Tests at room temperature were made on nine interrupted
longitudinal specimens to obtain information on their elastic
behavior. Some results of these tests are given in Table 2.
Extensive strain data were taken on three interrupted longitu-
dinals. These were specimens representing the original design
in T-2 tankers (1A) and the two major modifications of this
longitudinal in service (2A and 3A). Strain gage data taken
on six other specimens were limited to checking results of
previous tests and studying effects of minor modifications
made in a particular design.

The magnitude and direction of the principal stresses
for the three designs of interrupted longitudinals are shown
in Figure 9. Comparisons of these stresses and their direc-
tions indicate that somewhat similar stress patterns were
obtained for the brackets, bottom plates and longitudinals
of the different specimens. The major principal stresses in
the bracket were directed toward the flange of the longitu-
dinal. Convergence of the major principal stresses in the
bottom plates was toward the weh of the longitudinals, while

in the longitudinal web, the convergence was toward the line
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of pull,.

The stresses measured on the edge of the semi-circular
cutout of specimen 2A were about five times as large as the
major principal stresses in similar locations on specimens
14 and 34, The higher principal stresses were measured in
areas adjacent to mechanical notches on all specimens. The
most pronounced stress raisers were (1) the ends of the
longitudinal flanges at the underedge of the 4%0.8# bracket,
(2} the ends of the web of the longitudinals in the bottom
plate and (3) the tapered ends of the bracket in the flange
of the longitudinals. The notch formed by the longitudinal
web and the bottom plate has been a source of major ship
casualties. The other stress raisers could be contributing
factors.

The axial stress distributions on the bottom plates
and longitudinals, section A-A, were computed for specimens
1A, 2A and 3A. These distributions, figure 10, show the
effects of the tapered end of the 40.8# hracket as a stress
raiser. The axial stress ratios at these locations in the

longitudinal flanges ranged from 2.0 to 2.2. Maximum bottom

plate stress ratios varied from 0.8 to 1.1l. No marked change

of stress in this section was observed where the longitudinal

web jolned the bottom plate.
Representative axisl stress distributions computed for

the bottom plates and brackets, section B-B, are given in
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Figure 11 for a load of 160 kips. The peak values of stress
measured on the bottom plates were in line with the longitu-
dinal webs. The maximum stress ratios measured on the bottom
plates of nine interrupted longitudinals ranged from 1.0 to
1.6, Stress concentrations on the bottom plates were smaller
for those specimens with doubler plates in the area ¢f the
stress raisers. The highest values of stress on the brackets
were measured at the ends of the longitudinals as shown in
Figure 11. The axial stress ratios at these points ranged
from 2.1 on the more rigid specimens, 3A and 124, to 2.8

on the more flexible 2A specimens. The maximum stress ratios
on the brackets of the 1A specimens of intermediate rigidity
were from 2.3 to 2.5, Except for specimen 3A, small compres-
sive stresses were measured on the upper edge of the bracket
of all interrupted specimens.

Some unbalance or gradient of stresses on the bottom
plates was expected and observed due to gravity forces and
minor misalignments inherent in the fabrication of large
welded structures. These factors are thought to have had
little significant effect on the results of these tests.

Sufficient strain data were taken on five interrupted
specimens to compute the loads carried by the bottom plates
and brackets of section B-B. The sums of these lcads, Table 2,
differed from the testing machine load of 160 kips by -1.8 to

1.7 per cent.
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6.3 Blastic Tests of Four
Through-Bracket Longitudinals

The four through-bracket longitudinal specimens were
gaged and tested at room temperature for elastic stress
distribution. Some results of these tests are given in
Table 2.

The magnitude and direction of the principal stresses
for a load of 160 kips are shown in Figure 12 for through-
bracket longitudinal specimens 14A and 158, The stress
patterns found for specimens 134 and 13A2 were similar to
the stress patterns for specimen 14A., Major principal
stresses in the through-brackets, section B-B, were directed
toward the central portion ¢f the longitudinal web. The
major principal stresses in the bottom plates were generally
paraliel to the line of pull. Stresses measured on the edges
of the freeing holes in the longitudinal webs were large com-
pared to stresses at nearby locations. Comparable stresses
were indicated on a photoelastic model of specimen 134 studied
in another laboratory(é)o

A pronounced stress gradient was present across the flat
bar of specimen 15A approximately in line with the butt-weld
joint. The major principal stresses in the longitudinals
outside the intersection were generally axial and reached
highest values in the longitudinal webs 2 to 3 inches below

the root of the flange. Compressive stresses were measured
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on the edge of the flanges, section D-D, of the 13A specimens.

The axial stress distributions on the bottom plates and
brackets, section B-B, of specimens 134, 1%A and 15A are
shown in Figure 13. For a load of 160 kips, the maximum
stresses on the bottom plates of through-bracket specimens
were measured on the upper plate edges as referred to the
position of the specimen in the testing machine. Maximum axial
stress ratios ranged from 1.1 to 1.4 on section B=B across the
bottom plates. Axial stresses on the brackets reached peak
values in the 13A design near the end of the tapered lap~weld
joint of the longitudinal web and through-bracket about twelve
inches above the inside of the bottom plate. The highest
axial stress measured on specimen 1%A was found on the
through-bracket at the end of and in line with the L40.8#
flat bar. Stress concentrations of 1.4 to 1.9 were found on
the through-brackets of the 13A design, and a maximum concene
tration of 2.3 was found for specimen 154,

The effects of the freeing holes on the stress distribu-
tion on the bottom plate section C~C are shown in Figure 14,
An increase of stress on the bottom plates in line with the
web of the longitudinals was noted. The axial stress ratios
under the center of the freeing holes were from 1.0 to 1l.1l.

The axial stress distributions on the bottom plate and
longitudinaly section D-D, were computed for the through-

bracket specimens and are shown in Figure 15 for specimens
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134, lHA, and 15A. Bottom plate stresses were higher on the
upper edge of the plate except on 13A2, which was misaligned
with the pulling heads. Maximum stress ratios on section D-D
of the bottom plate ranged from 0.8 to 1l.3. Stress concen-
trations ranging from 1.6 to 2.1 were found in the web of the
longitudinal 2 to 3 inches below the root of the flange.

Gravity forces acting on the through-bracket specimens
caused stresses on the upper edge of the bhottom plates to be
considerably larger (exeluding specimen 13A2) than stresses
on the lower edge. Initially, the specimens were deflected
downward fnder the action of gravity forces such that the
straightening which accompanied the axial loads caused the
axial and bending stresses to be additive on the upper edge
of the plates,

The loads carried by the bottom plates and brackets of
section B-B were computed from the average axial stresses
and areas of the respective components. These and other
loads computed similarly are listed in Table 2. The sums
of the bottom plate and bracket loads for the through-
bracket longitudinals differed from the testing machine
loads, 160 kips, by =9.1 to 4.2 per cent.

7. RESULTS OF LOW TEMPERATURE TESTS

Zo1l Test to Failure of a
IThrough Longitudinal

With the temperature at -WeF, through longitudinal
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specimen OA failed with cleavage fractures across the longitu-
dinal and bottom plate (Figure 16) after sustaining a load of
1,113 kips. Chevron patterns on the fracture surfaces and the
position of the specimen after failure relative to the line of
pull indicated that the origin of the fracture was at the root
of the formed flange. The measured reduction of area of the
fractured section was 6 per cent. Some results of the low
temperature tests are given in Table 3.

Selected axial strain gages on specimen OA were read at
load up to 700 kips. The strain distributions on section B-B
as determined from the average axial strains for several loads
are shown in Figure 17. At a load of 700 kips the strains
neasured on the bottom plate and longitudinal at this section
ad jacent to the transverse bulkhead ranged from 0,11 to 0.57
per cent. OStrain gradients on section B-B did not appear ex-
cessive for this load and type of specimen.

The energy to fracture as computed from the load versus
the centerline extension relation was 342,200 ft-lb. Assuming
other factors vary proportionately to changes in area, if the
caleulated energy to fracture specimen OA is adjusted to compare
with the energy of a geometrically similar specimen with the
nominal area of the interrupted longitudinals outside the inter-

section, the energy to fracture would be 462,800 ft-1b.



Fig. 16. Specimen OA lmmediately after fracture. Maximum load :
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Table 3. Results of Low Temperature Tests

Speci=~ Test HMax. Avg.Stress Axial Energy Ad justed
men Temp. Load on Long!'l, Exten=- Lo Energy
No. Sects D=D, sion  Fracture to

at Failure Fracture
o kips kips/In% in. TE-1b Tt=1D
Thru Longitudinal
0A -l 1,113 59.1 148 342,200 1162 ,800
Interrupted Longitudinals

14 -13 843 33.6 0.52 28,300 28,800
lh2w 38 1,083 42.3 1.39 102,900 102,300
1A3 21 1,015 39.8 0.91 62,700 62,700
14y =6 905 35.3 0.62 36,300 36,100
145 3 1,052 Ll.1 1.31 9L, 100 93,600
104 =2 960 37.1 1.00 6L, 300 63,300
114 =7 912 35.9 0.62 36,000 36,100
24% -1 993 38.8 1.71 121,600 121,100
2A2% O 918 36.3 2.168 141,000 142,200
243 ~20 826 31.9 0.23 11,300 11,100
EA)_I, ""2 981 3801 1018 ?85700 ?73 800
34 8 1,091 h2.6 1.68 126,300 125,700
12A% = 1,047 L0.9 0.92 65,900 65,£00

Thru~Bracket Longitudinals

13A% =2 938 Llyaly 1.37 88,900 107,200
13424 2 83l 39.7 0.42 21,000 25,500
1A 0 1,14) Shaly 2.2l 172,500 208,900
15A 3 799 38.2 0.57 30,200 36,800

#* Specimen falled outside the intersection.
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7.2 Tests to Failure of Fourteen
Interrupted Longitudinals

Ten of the interrupted longitudinal specimens were tested
to failure at temperatures ranging from -7° to 8¢F. Two
interrupted longitudinals were tested at temperatures somewhat
higher than 0°F and two somewhat lower to obtain information
on the effects of tehperature on the mode of fracture. Sone
results of the tests to failure of fourteen interrupted longi-~
dinals are summarized in Table 3,

The maximum loads, listed in Table 3, sustained by the
interrupted longitudinals before failing were from 826 to
1,091 kips. The surfaces of the fractures were granular in
appearance. Ten specimens failed with fractures across the
bottom plate and bracket adjacent to the transverse bulkhead
and four specimens failed in the longitudinal outside the inter-
section., OSpecimen 10A immediately after fracture is shown in
Figure 18. The chevron pattern on the fracture sqrfaces and
the position of the specimen after failure indicated that, in
the ten specimens which fractured through the intersection,
the fractures originated in the center of the bottom plate at
the end of the longitudinal web, except for specimen 2A3. In
thls specimen, the origin of the initial fracture appeared to
be at the under edge of the bracket at the end of the longitu-
dinal flange. The origin of fracture in the four interrupted

specimens that failed outside the intersection was at the root



Filg. 18.

Specimen 10A immediately after fracture.
Maximum load: 960 kips.
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of the flange adjacent to the pulling head (specimens 1A2, 2A
and 12A) and in the longitudinal flange at one end of the
bracket (specimen 2A2),

At the edge of the fracture of specimen 3A, in the center
of the bottom plate, a reduction of plate thickness of 4 per
cent was measured., No appreciable reduction of plate thickness
could be measured with micrometer calipers at the fracture edges
of other specimens.

Axial strain gages were read on all interrupted longitudinal
specimens until failure appeared imminent. Strain distributions
were determined for various sections of one or more of each
design of interrupted longitudinal. The axial strain distribu-
tions on sedtion A-A of specimens 1A, 2A and 3A are shown for
several loads in Figure 19. The strain distributions measured
on this section of the bottom plates were relatively even and
did not exceed 0.12 per cent at 800 kips. Up to a load of 700
kips the axial strains on the longitudinal, section A-A, tended
to peak at the end of the 40.8# bracket with values of strain
from 0,65 to 0,84 per cent. At higher loads, the largest strains
were measured on the edge of the flange., This is shown in the
strain distribution curves for specimens 24 and 3A in Figure 19
at 800 kips load. The strains on the edges of the flanges were
1.86 and 2.18 per cent, respectively.

The axlal strain distributions measured on the bottom plate

and bracket, section B-B, of specimens 1A, 104, 2A, 2A% and 3A
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are shown in Figure 20 for several loads. These curves are
typical of the strain distributions measured on this section
of the interrupted longitudinals tested at low temperatures
except on specimen 12A. The strains on the bottom plate,
section B-B, of specimen 12A ranged from 0.07 to 0.12 per
cent for a load of 800 kips with relatively little concen- !
tration in the center of the plate. On all other interrupted |
longitudinals,; strains measured on the bottom plates at the

end of the longitudinal webs indicated a pronounced stress
concentration at this mechanical notch. Excluding specimens
2A2 and 12A, the axial strains measured at this point in line
with the longitudinal web were from 0.35 to 0.88 per cent for

a load of 700 kips and from 0.65 to 1l.62 per cent at 800 kips.
The strain gages located at this point on the bottom plate

had hecome inoperative on about half the specimens before a
load of 800 kips was reached. Results involving plastic defor-
mation of specimen 2A2 are not thought to be comparable with
results measured on other speéimens because the material in

the bottom plate of 2A2 appeared to be quite different from

the material in the other specimenss: These differences are
discussed in detail in the Appendix. The contlnuous outside
doubler on specimen 12A was the only design detail which
appeared to influence patterns of strain distribution on the
bottom plates significantly.

The axial strains measured on the brackets of the iInterrupted
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longitudinals were influenced by the notch effect caused by
terminating the longitudinal flange. Tensile strains in

the plastic range were measured on the lower edges of the
brackets at the end of the longitudinal flange and elastic
straing, usually compressive, were measured on the upper

edges. Excluding specimen 2A2 for reasons previously mentioned,
the maximum strains were measured on the lower edge of the
brackets and ranged from 0.24 to 0.78 per cent at 700 kips and
0,39 to 1.39 per cent at 800 kips., At 700 kips, the largest
strains at this mechanical notch were measured on the somewhat
flexible 24 specimens, intermediate values of straln were
measured on the more rigid basic 1A specimens and the smallest
strains were found on the most rigid 34 and 124 specimens. At
800 kips, the maximum strains measured on the 1A and 24 speci-
mens did not differentiate clearly between the two designs.

The strains on the lower edge of the brackets for 800 kips

were from 0.90 to l.26 per cent on the 1A specimens, from 1.06
to 1.39 per cent on the 2A specimens and 0.39 and 0.4l per cent
on specimens 3A and 124, respectively. Gages on three 1A speci-
mens were inoperative at 800 kips.

Strains in the plastic range for the material were measured
on the edge of the cutout in the longitudinal web of specimen
2A, At 700 kips, the magnitudes of these strains were 0.81 per
cent on the edge near the hottom plate, -0.19 per cent In the

center of the web, and Oo.1k% per cent on the edge adjacent to
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the flange of the longitudinal. Strains measured at these
points were 1.86, -0.24 and 0.20 per cent at 800 kips,

The energy required to fracture the interrupted speci-~
mens, listed in Table 3, was computed from the load versus
centerline extension relationship for each specimen. The
magnitudes of these energies were little changed when adjusted
tc be proportionate to the nominal area of the longitudinal
outside the intersection. Excluding specimen 242, the adjusted
energy values for nine specimens tested near O°F ranged fronm
24,100 to 125,700 ft-1b. Comparison of the energies to frac-
ture the specimens of the hasic T-2 design or minor variations
of it (specimens 1A4%, 1A5, 1A6, 10A and 11A) with the more
flexible (2A and 2A4) and the rigid specimens (34 and 124)
indicates that both methods of modifying the structure had
improved the energy absorption ability when sustaining tensile
loads.

Energy to fracture versus test temperature relationships
were not definitely established from the results of these
tests, but the general trend was apparent. When comparisons
are restricted to'Specimens of one design, higher test tempera-
tures were usually accompanied by higher energies to fracture.
Within the small temperature range of =-7¢ to 8°F, the energy
to fracture values for nine interrupted longitudinals generally
follow this trend as can be seen from inspection of Table 3.

An exception was specimen 1A6 which failed at a low value of
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energy compared with values for the other interrupted speci-
mens. The following excerpts from Table 3 of values deter-

mined for four specimens tested at temperatures farther from
OeF show the influence of temperature on the energy to frac-

ture these structures.

Spvecimen No, Test Temperature Energy to Fracture

degrees F £t-1b
2A3 =20 11,100
1A -13 28,800
1A3 +21 62,700
1A2 +38 102,300

Energy to fracture values versus test temperatures for
eight specimens of the 1A design are shown in Figure 21.
Test temperatures for these eight specimens ranged from -13°
to 38°F, The trend for energy absorption to increase with
higher temperature 1s apparent.

/.3 Tests to Failure of Four
Ihrough~Bracket Longitudinals

The results of tests to failure of four through-bracket
longitudinals are given in Table 3., The fracture surfaces of
these specimens, tested at or near O°F were granular in ap-
pearance. Specimens 13A and 13A2 fractured through the longitu-
dinal outside the intersection. The locations of these frac-
tures were thought to result in part from an unsuitable design
of the welded joints between the pulling heads and the longitu-

dinal flanges. Remedial designs of this connection were
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incorporated in subsequent specimens. Inadvertently, specimen
1342 was shortened 10 inches. This and the poor end connections
probably invalidate direct comparisons of maximum load, axial
extension and energy for this specimen with corresponding re-
sults measured on the other longitudinals. Specimens 14A and
15A sustained loads of 1,144+ and 799 kips, respectively, before
fracturing across the intersection. These specimens are shown
in Figure 22 immediately after fracture. Examination of the
chevron patterns on the fracture surfaces indicated that the
fracture origin in specimen 14A was in the through-bracket at
the end of the tapered longitudinal web, approximately 14 inches
from the inside of the bottom plate. The fracture sources in
specimen 15A appeared to be at the corner of the flat bar near-
est the butt-weld joint and on the upper edge of the through-
bracket adjacent to the butt-weld.

The axial strain gages at selected locations on various
sections of the through-bracket longitudinals were read until
failure appeared imminent. Strain distributions on various
cross sectlons were determined from the average axial strains.
The distribution of axial strains on the bottom plates and
brackets of specimens 13A, 14A and 15A are shown for several
loads in Figure 23. Maximum axial strains measured on the
bottom plates, section B-B, of these three specimens ranged
from O.14 to 0.18 per cent at 600 kips, and from 0.25 to 0.36

per cent at 700 kips. Peaks of strain were developed due to
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localized plastic vielding on the bottom plate at 700 kips.
The strain distributions on the through-brackets of specimens
134, 144 and 15A reflected the effects of the freeing holes
adjacent to the bottom plates and the mechanical notches
caused by connecting the flanged longitudinals to the through-
bracket, The peaks of strain were in the regions of maximum
stress as determined in elastic tests. At 400 kips, maximum
strains of 0.18, 0,13 and 0.35 per cent were measured on the
brackets of specimens 13A, 14A and 15A, respectively. When
the load was increased to 600 kips, maximum axial strains of
0.53 and 0.38 per cent were measured on specimens 134 and 1WA,
At this load the gages on the highly stressed portion of 154
had bheen damaged. Extrapolation of the data taken at lower
loads oﬁ specimen 15A indicated that strains exceeded one per
cent at a load of 600 kips,

The strain distributions on the bottom plate under the
freeing hole, section C~C, are shown in Figure 24 for speci-
mens 134, 14A and 15A. Strains in the mid-portion of the
bottom plates, in line with the through-tracket plates, were
appreciably higher than strains measured elsewhere in the
bottom plates of the 13A design. The design of the freeing
holes in the 15A specimen appeared to minimize the notch
effect indicated in the 134 design. At 600 kips the strains
under the freeing holes of the three 13A specimens (134,

13AZ, and 14A ranged from 0.23 to 0.3% per cent and reached
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0.17 per cent on specimen 15A. At these locations, strains
on specimens 134, 14%A and 15A were 0.83, 0.62 and 0.33 per
cent, respectively, at 700 kips. Edge strains in the center
of the freeing holes, section C-C, reached 0.09 per cent for
the 13A specimens and O.74% per cent for specimen 15A at 600
kips. At 700 kips, these edge strains were 0,12 per cent
for specimens 134 and 14A and 1.44+ per cent for specimen 15A?
The distribution of the axial strains in the bottom plates
and flanged longitudinals, section D-D, were determined for the
through~bracket specimens and are shown in Figure 25 for speci-
mens 13A, 14A and 15A, Strains across this sectlion of the hwottom
plates did not vary greatly up to 700 kips. The maximum strains
measured on bottom plate, section D-D, ranged from 0.12 to 0.21
per cent at 700 kips. Maximum strains in the flanged longitu-
dinal were measured in the longitudinal webs 2 to 5 inches from
the root of the formed flanges. Maximum strains in specimens
134, 1%A and 15A of 1.17, 0.75 and 0.19 per cent, respectively,
were measured at 600 kips, and strains of 1.55, 1l.1% and 0.36
per cent at 700 kips.
Axial strains were measured on the flat bhar of specimen
15A approximately in line with the butt-weld joint. The strains
at this section ranged from -0,09 to 0.62 per cent at 600 kips
and from -0,25 to 1.33 per cent at 700 kips. The maximum values
of strain were measured on the edge of the flat bhar nearest the

through-bracket,
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The values of energy required to fracture the through-
bracket longitudinal specimens were computed from the load
versus axlal extension relations. These values were adjusted
proportionately to the ratic of the nominal cross-gsectional
area of the interrupted longitudinals outside the intersection
to the comparable areas of the through-bracket specimens. The
computed and adjusted values of energy are listed in Table 3,
The adjusted energy to fracture values for specimens 134, 144
and 15A were 107,200, 208,900 and 36,800 ft-1b, respectively.
Specimens 144 and 15A fractured through the intersection, while
on specimen 13A failure was at the commnection to the pulling
head. Determinations on specimen 13A2 were not comparable
with other specimens for reasons previously discussed. The
longitudinal design represented by specimens 134 and 144
appeared to be superior to the 15A design in ability to absord

the energy of deformation while sustaining tensile loads.

8. DISCUSSION OF RESULTS

The investigation of three discrete types of longitudinal
connections at a transverse bulkhead was made to determine
elastic stress distributions, strain distributions near failure,
maximum load, and energy to fracture. The direction and magni-
tude of principal stresses, axial stress distributions and
axial stress ratios were determined for one or more specimens
of each design. Major principal stresses were larger in the

region of and tended to converge on mechanical notches where
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such notches were due to specimen geometry. The "hardspots®
of stress were also evident in the axial distributions of the
various specimens.

There was notable correlation of energy absorption to
fracture with the maximum stress ratios found on section B-B
adjJacent to the transverse bulkhead. These stress ratios
could be used to classify the specimen types using energy
absorption as a measure of worth. That is, the stress ratios
generally varied inversely with the energy absorption to frac-
ture. At section B-B, a maximum stress ratio of 1.2 was meas-
ured on through longitudinal OA, maximum stress ratios ranging
from 1.4 to 1.9 were measured on the through-bracket longitudinals
(exctiding 15A), and maximum stress ratios of from 2.1 to 2.8
were found for the interrupted longitudinals. A maximum stress
ratio of 2.3 was measured on the bracket of specimen 15iA. Com-
parisons of these values of stress ratio with corresponding
values of energy to fracture, listed in Table 3, indicate that
designs having the higher stress ratios on section B-B absorb
less energy before fracture.

There was considerable scatter in results of the tests to
failure. For any one design of longitudinal, this may be at-~
tributed to numerous factors, such as;

(1) Variations in the mechanical properties of the material

within plates and between plates from which specimens

were fabricated,
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(2) Variations in chemical composition within and between
vlates.

(3) Small dimensicnal differsnces between specimens of a
given design.

{4} Misaligrment of component plates within the specimens
and between the pulling heads and specimens.

(5§) Differences in the aculty of the notches, mechanical
and metallurgical, due tc the human elsment involved
in making large weldments.

The maximum loads sustained by the different specimens
ranged from 799 to 1,1kl kips. Values of maximum load did not
define the order of merit of the various specimen designs,

Plastic flow was measured on all specimens at loads
substantially below the lecad corresponding to the proportional
limit of a tensile bar of tThe same material and comparable cross
section. At loads at which a tensile bar of cross sectlon come-
parable with the appropriate specimen would have sustained C.1
per cent strain, the average over-azll strains were 2,13, C.l
and 0.3 per cent for the through longitudinal, through-bracket
longitudinals and interrupted longitudinals, respectively. Only
those specimens tested to fallure at temperatures near 0% are
compared., Bxcept for specimens 124 and 1%A, the change in
average over~-all strain due tc increasing increments of load
could be correlated with the maximum stress concentrations

£y

measured adjacent tc the bulkhead. This indicates that the
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localized plastic flow resulting from loads greater than 160
kips did not decrease the stress concentrations indicated by
the elastic tests.

Openings in the longitudinal web at the bottom plate are
necessary to provide drainage for the space between longitu-
dinals. These openings unfortunately constitute a mechanical
notch. At the higher loads, maximum strains in the bottom
plates were measured in areas adjacent to these mechanical
notches. Comparison of the maximum axlal strains measured
on the bottom plates of the through-bracket specimens with
strains measured on the interrupted longitudinals shows that
the aculty of the notches inherent in the interrupted design
was diminished considerably by the through-bracket design.
Maximum bottom plate strainsg of from 0.35 to 0.88 per cent
at 700 kips were measured on the interrupted speé¢imens, and
strains of from 0.18 to 0.34% per cent were measured on bottom
plates of the through-~bracket specimens at 600 kips. The
ratio of the cross-sectional areas of the interrupted longitu-
dinals to the areas of the through-bracket longitudinals is
nearly equal to the ratio of the loads 700 to 600 kips.

The large strains on the edges of the cutouts in the
webs of interrupted longitudinal specimens of 2A design and
on the edges of freeing holes in the through-bracket speci-
mens probably are not significant criteria for selecting or

rejecting a specific design. These regions of high strain
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were relatively free from the constraints that existed at the
sources of the brittle fractures in all specimens.

The tests to failure are thought to have been between
the upper and lower transition temperatures for these struc-
tures as is Iindicated in Figure 21. The general trend for en-
ergy absorption to increase with temperature indicates that
the energy absorption of a structure of given material is a
function of its temperature over certain ranges. More ex-
tensive data and better control of the variables of material
and workmanship are required to determine where and if upper
and lower transition temperatures exist for this structure.

The load versus over-all extension curves for three
accepted designs are compared with the load-extension curve
of experimental design OA in Figure 26. The data represented
by these curves were not adjusted to account for the differences
in cross-sectional area of the specimens. On the basis of com-
pleted tests, these relationships represent the upper limit of
load, extension and energy to fracture for interrupted longitu-
dinal designs 1A and 2A and through=bracket design 134 when
tested to failure near 0°F, The measured extensions of speci-
mens 1A5, 2A, and 1%A were 29, 38 and 50 per cent, respectively,
of the extension measured for specimen OA. Comparisons of the
adjusted energy to fracture values for these four specimens,
Table 3, show that the energy to fracture for specimens 1A5,
2A and 144 was 20, 26 and 45 per cent, respectively, of the
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adjusted energy to fracture specimen 0A, Tﬁese comparisons
of extension and energy to fracture point out the improvement
of one through-bracket design over the interrupted designs
and indicate the possibility of even better performance for
this type structure.

As a measure of the over-all absorption of energy
independent of specimen size, a method used by other investi-

(7,8)

gators may be employed to advantage. To make this com-
parison, the average energy absorption to rupture per cubic
inch of material was computed for a number of specimens. The
effective specimen length was taken as 100 inches, and the
volume of material included only those components that sus-
tained axial loads. These comparisons of energy absorption,

using energy to fracture as the area under the load-extension

curves in Figure 26, are listed below.

Specimen No, OA 145 24 144
Energy Absorption, in.-1b per cu. in. 2180 390 500 870

The absence of stress raisers and freedom from some of the
constraints Ilnherent in the other designs are factors that
contributed to the larger value of energy absorption deter-

mined for specimen OA.

9. SUMMARY

The nineteen specimens representing the intersection of a
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flanged bottom longitudinal with a transverse bulkhead in-

cluded one through longitudinal of experimental design,

fourteen interrupted longitudinals comparable with T-2

tanker designs, and four through-~bracket longitudinals,

three of which were of one design of Navy oller and one of

a commercial tanker design.

The significant results of elastic tests of fourteen

specé¢imens at room temperature and tests to failure of nine-

teen specimens at low temperatures are summarized as follows:

(1) The highest values of axial elongation, energy to

(2)

(3)

fracture, and energy absorption per unit volume were
associated with the experimental through longitudinal
specimen OA, Also, stresses and strains measured on
this specimen at the section adjacent to the trans-
verse bulkhead indicated the least notch effects or
stress concentrations of the specimens investigated.
Modifications of the original 1A (T-2 tanker) design,
which became the 2A design and the designs of specimens
3A and 12A, improved the performance of the structure
as indicated by the values of maximum load, axial ex=-
tension and energy to fracture.

The values of axial elongation, energy to fracture,
and energy absorption per unit volume were generally
higher for the Navy oiler design than for the T-2
tanker design. Also, the distribution of plastic
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(5)

(6)

(7)

(8)

(9)
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strains adjacent to the transverse bulkhead was more
favorable in the oiler design.

The longitudinal representing a commercial tanker
design compared unfavorably with the through-

bracket design for Navy oilers and the better inter-
rupted longitudinals, except that there was less
noteh effect on the bottom plate due to the details
of the freeing holes. Results of tests of a single
specimen, however, are not considered conclusive.
Maximum axial stress ratios (concentrations) measured
adjacent to the transverse bulkhead in elastic tests
can be correlated, qualitatively, with energy absorp-
tion capacity determined in tests to failure.

All specimens failed with cleavage fractures; thirteen
specimens failed across the intersection being inves-
tigated and six specimens failed near the connection
to the pulling heads.

Maximum loads sustained were not indicative of the
order of merit for these structures.

Except for specimen OA, little or no change in plate
thickness was measurable in the area of the fractures,
Energy to fracture versus temperature relations for
elght 1A specimens point out the scatter of results
in these tests and establish the general relationship
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of higher values of energy to fracture with increased
test temperature. Other specimens follow this same
trend.
(10) The test temperatures were probably between the upper
and lower transition temperatures for these structures.
(11) large values of stress and strain measured on the
edges of cutouts and freeing holes were not significant
criteria for determining the ultimate worth of these

designs.

10, RECOMMENDATIONS FOR FUTURE WORK

The accepted designs of longitudinal intersections inves-
tigated in this laboratory did not utilize efficiently the
maximum strength and ductility of the material from which they
were fabricated. In cooperation with shipbuilders and operators,
designers could make a coordinated attack on this problem and_
produce a small number of practical fundamental designs of this
type of intersection. Prototypes of these designs could be
evaluated under controlled conditions in order fhat designers
can have a set of standard intersections of known advantages
and limitations to serve as guides to solve particular problems.

It has come to the attention of the investigators that
there 1s not now a means of analyzing the constraints to defor-
mation inherent in bullt-up or compound structures. These cone

straints in the presence of stress concentrations appear to be
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related to the initiation of brittle fractures in welded steel
structures. Basic research that will yield quantitative re-
sults is needed. Connections in structures are neither 100 per
cent constrained nor completely without constraint. Simplified
models invelving typical restraints could be evaluated experi-
mentally and analytically. It appears that empirical and
perhaps analytical methods and formulas could be developed
from such an investigation that would permit deslgners to pre-

dict the operating characteristics of complex connections.
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12. APPENDIX

Carbon steel plates rolled from one heat were acquired
at the beginning of the investigaticn of bulkhead inter-
sections. Most of this supply of material was exhausted
during fabrication of the eight specimens for the preliminary
tests, results of which were published earlier. The 30,6
bottom plate material for the nineteen specimens considered
in this report and the Y40.8# bracket material for specimen
14 were from this original stock of material. Silicon killed
steel from W0.8# plate was used for the brackets of the other
interrupted longitudinals. All 20.4# material used in these
nineteen specimens was from yard stock ship plate. It is
thought that the 40.8# flat bar material in specimen 15A was
also yard stock.

The chemical compositions of samples taken from various
plates are given in Table 4., These plates apnear to have been
rolled from semi-killed ingots with carbon and manganese as
the alloying elements except for the 30.6# bottom plate in
specimen 2A2 and the 40.8# bracket material for the interrunted
specimens. Test results of specimen 242 indicated that the
material used in its fabrication had properties different from
those of previous specimens. A subsequent chemical analysis,
Table 4, indicated that the bottom plate was nearly pure iron
with manganese the only important alloying element detected.

The compositions of the 20.4# plates for specimens 242 and
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154 are thought to be representative of the other 20.4# plates
used in this investigation.

The mechanical properties of some of the plates used in
these specimens are listed in Table 5. These plates had the
characteristic properties of carbon-manganese ship plate ex-
cept the 30.6# bottom plate of specimen 242. The values of
vield strength and reduction of area determined for this plate
were influenced by the test to failure of specimen 2A2.

The tensile strength of this plate, 47,900 1lb. per. sq. in.,
indicated that the material in this specimen had less strength

than normal ship plate.



Table 5. Mechanical Properties of Steel Plates in Nineteen Longltudinal Spscimens

Component Specimen Yield Tensile Elong. Elong. Reduetion Young's Trans, Lab,
Point Strength in in in Modulus Temp %
_— 2 ina 8 ino Area
ib/in% 1b/In? percent percent percent 1b/in% °F
20.4# Long'l 15k 38,800 63,000 ---o 3044 55.0 30,100,000 -ce- NBS
30.6# Bott, Pl, All spec, == === <= -== co== soeo ceee c= =c= === 100 NYNSY
except 242 .
3%.6# Bott, Pl. 2A2 35,900+ §[7,900 29,5+ e c=eo e s-= moe  ecoso NBS
30.5# Bott. Pl. 1%A 32,200 64,000 cees 254 50,2 30,206,000 =--=- NBS
AO,S# Bracket 18 2 == == =2 =e- -——eo —e=o seee o= === =-= 120 NYNSY
40.8# Bracket Interrupted L2,000 64,400 37.5 como 65.7 ce coo e== 110 NYNSY
specimens |
except 1A o
v
L4O.8# Fla t Bar 154 30,100 60,700 -———— 32.4 S2.4 29,400,000 ---- NBS

# Transition temperature as determined by the Navy Tear Test

+ Values affected by preload of 918 kips required to fractv=e .specimen 242



