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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 stmc-

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 bulkhead and (b)

the intersection of a bottom (interrupted] longitudinal

with a transverse bulk-head. The over-all project, which

began in 1947A “wasdivided into three phases as the in-

vestigation progressed.

The first phase of the program was concerned with

tensile tests of sub-scale interrupted Imgitudinals of’

the original T-2 tanker design$ together with longitu-

dinal involving service modifications of the T-2 design.

The results of this work were published in The Welding

Journal(l).

The second phase of the project was concerned with

tensile tests of full-scale bulkhead irit~rsectim 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

This final report is concerned with tensile tests of’

T



full-scale interrupted Iongitudinals to expand and verify the

results obtained from the sub-scale specimens,, Also certain

experimental and new designs.of the bottom longitudinal-

trarwverse bulkhead connection were included in the third

phase of the project.



Inwwstigations of three discrete

longitudinal connection at a bulkhead

designs or a ‘bottom

‘w’er~made to furnish

tested to failure near

below room temperature

elongation~ and energy

temperatures above and

effect of temperature on mode of f“ractureand energy absorp-

the

The maximum stress

section adjacent to



the through longitudinal? 2.~7 to 2.8 on ‘theinterrupted longi-

tudinals$ and 1.6 to 1*9 cm the through-bracket longitudin.als~

except for one specimen on which the stress ratio was 2.3.

These stress concentrations were a rough measure of the in-

ability of the Iongitudinals to absorb energy when tested to

failure.

AU specimens failed with.cleavage f’raeturesafter vary-

ing amounts of plastic deformation. Generally the energy to

fracture increased with test temperature. Results of’the

tests to failure near OQF indicate that the modifications to

the basic T-2 design wer~ benefieia~~ in~~ea~ing the ~aPacltY

of’the interrupted Iongitudinals to absorb tke energy of de-

formation. Comparisons of maximum Ioad$ over-all elongation~

and energy to fracture for the three longitu6.inaldesigns

indicate that qualitatively the order of merit for this con-

nection is (1) t?mough longitudinal of experimental designj

(21 through-bracket 10ngttudinal Of NaWy oiler design and

[3) modif’iedintermpted Km@tudinals for T-2 tankers.

Additional tests are needed to determine whether the superim

performance of the thrnugh longitudinal design can ‘bemain-

tained when the necessary modifications for tanker service

are introduced.



TENSILE TESTS OF LARGE SPECIMENS REPRESENTING THE INTEHSECTION OF A—.
BOTTOM Lm~~N~~~TWNS=RSE HULKHEAD IN W5LDED TANKERS

— -%.—.— — .
—— — — —.—

1. INTRODUCTION

Welded merchant vessels built ‘beforeand early in Iiorld

War 11 suffered fractures in the hull plating and deck which

‘werenot readily explained. Numerous 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 “mechanical notchesr~caused by interrupting the lm@tu-

dinal hull stiffeners at Intersections with transverse buU-

heads. This connection? which was repeated more than 100

times in each T-2 tanker, is illustrated schematically in

Figure 1. Several modifications of the details of this con-

nection were made in attempts to improve its performar.c=.

A preliminary investigation of design details of f’o~r

interrupted longitudinal specimens with reduced cross section

and four bulkhead intersection specimens has been previously

~eported(152).

This report is concerned with tests of nineteen welded

steel specimens representing the intersection of a “bottom

longitudinal with a transverse bulkhead in welded tankers.

Fourteen full-size specimens of the interrupted.longitudinal

design for T-2 tankdrs were tested. Also four specimens
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p+ ~
A<., . 1. The intersection (>VtIIItell platey bottom lon,gitl~dinal

and longitudinal bulkl-~eadwith a transverse bulkhead
in T-2 tankers.
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involving two recent through-bracket designs for this inter-

section and an experimental th~ough longitudinal design were

investigated.

The purpose of this investigation was to study the load

carrying capacity? stress distribution and energy absorption

ability OT the original interrupted longitudinal desigr.5those

modifications of this design in serviceY and a few practical

modificaticms w’nichwere intended “toincrease the reliability

of tankers in service. Also$ it was desired to provide experi-

mental data which might be used to inprove other designs of

this connection.

As tests simulating exact shipboard conditions were

impractical with available test equipmen%$ the sp~cimens were

tested in tension to simulate the action or sagging moments

on the hull girder. Stress distribution studies at roon

temperature? strain distribution studies to failure7 and

over-all centerline extension measurements were made to

evaluate and compare the different specimens. Tests to

failure were made in most cases with the tempez’atureof the

specimen near O~F to insure that the steel was fractured

below its dtictileto 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 & failure.

Comparisons of peak stresses and strains on critical
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sections maximum load9 axial extension and en:rgy to fracture

were made to establish the relative order of worth of the

longitudinal. In the case of welded hatch corn~rs on ships?

the relatively good corr~lation of energy absorption~ deter-

mined in the laboratory~ with service experience(3) ind-icates

that energy absorption can be used as a relia”blecriterion

for classifying different designs of a complicated welded

structure having inherent mechanical notches. Thereforej

energy to fracture values are used in this regort to indicate

the relative worth of the various longitudinal designs.

2. SPECIMENS

Nineteen specimens representing details of a bottom

longitudinal intersecting a transverse bulkhead were tested.

These specimens are shown in Figure 2 and are described in

some detail in Table 1. The over-all length of the test

section and pulling heads, approximately 16 f:.y was deter-

mined primarily by the dimensions of the testing machine.

This length of specimen was arbitrarily maintained to

facilitate comparisons of aver-all extension and energy to

fracture.

The through longitudinal specimen OA was designed to

provide a reference f’orevaluating the results of other

specimens. The fourteen interrupted longitudinal specimens

were similar to T-2 tanker construction as fa:cas dimensions%



Specimen

I

No.
No. Test-d

OA II

.— _ ThOughLmgituchal.— —._ ———

t
%- 3A-W Vhwof HUllk

‘0”*-

3MCdII 2A

SPuimm IOA SMcim4m 11A

No.
Tested

6

4

I

I

I

I

lnterrupt~d Lcmgitudinals
—— ——— ____ ——— —— ._

+

S~cknsn No.
No. Testsd

13A 2

14A I

15A

!-2+----’--~ ,,~

Thrau@I Bracket Lmgitudinols
.—— ———— __ ___ —— ———.
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Table 1 - DescrlptlonaofNineteenBottomLongl~~dlnalS~eclmens

Spec.
No. T’YPe Service Remarks

OA

M
1.A2

iii

IA6

10A

11A

2A

2A2

2~3

2*

3A

12A

13A

13A2

lU

15A

ThroughLOngtl

lnter~p~ed
Interrupted
Interrupted
Interrupted
Interrupted
Interrupted

interrupted

Interrupted

Interrupted

Interrupted

Interrupted

Interrupted

Interrupted

interrupted

Longtl
Long ‘1
Long 11
Long 11
Long t1
Long i1

Long 11

Long

Long

Long

1

1

1

Through-Bracket
Longitudinal
Through-Bracket
Longitudinal
Through-Bracket
Longitudinal

Through-Bracket
Longitudinal

Experimental

T-2 Tanker
T-2 TankeF
T-2 Tanker
T-2 Tanker
T-2 Tanker
T-2 Tanker

Experimental

Experimental

Modified
T-2 Tanker
Modified
T-2 Tanker
Modlfled
T-2Tanker
140d~~led
T-2Tanker

Modifted
T-2 Tsmker

Experimental

NavyOiler
1

Navy Oiler
}

Navy Oiler
J

Commercial
Tamkem

Dedgned to furnish a reference
for comparing other designs of
longitudinal connection. A
contlnuoua structure with
minimum mechanical notches.

Original T-2 design. Relatively
rigid with pronounced notches
at the ends of thelongitudinal
web In the bottom plate and on
the lower edge of the 40.8#
bracket.

Similar to 1A Specimenswith
small~oleainendsorlong~tu-
dlnalwebko easenotcher~ects.

~im~lartoU specimenswith
smallcutouts in endsoflongi-
tudinalwebto easenotcheffects.

T-2designmademorerlexlble
inthelntersec~~onby removing
materialinweboflongf~udinal
andelltinat@thetr~pp~ng
bracketsnearestthetransverse
bulkhead.

Stress concentrations in bottom
plate reduced by using doubler
under end of longitudinal.

Stress concentrations in bottom
plates reduced by doubler on the
outside to cover the area OX the
ends of the longitudinal.

Represents structurally but not
in exact detail the connection
In one design of Navy Oiler.
Structure essentially continuous
with reduced stress raisers.

Approximate details of the con-
nection In one design of commer-
cial 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 concerned.

Three of the four through-bracket longitudinal 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-brackett!

refers to the relative degree of continuity. ‘All specimens had

some member continuous through the transverse bulkhead.

Material variations between specimens we~e minimized by

procuring 30.6# steel plates of one heat and by making 40.8#

components from one plate. The 40.&# bracket in specimen 1A

was from the same heat as the 30.6# plates. All 20.4j4material

for these specimens was yard stock ship plate. The chemical

corripositionsand mechanical properties of the steel plates are

given in the Appendix.

Generally, weld sizes and procedures designated in the

original design were followed in the fabrication of specimens.

Fabrication under shipyard conditions was carried out by the

Curtis Bay Coast

submitted to the

Guard Yard. Details of specimen lLIAas

shop for fabrication are shown in Figure 3.

~. TEST EQUIPMENT AND INSTRUMENTS

~ Testing Machine and Fixtures

A horizontal Emery testing machine with a capacity in

tension of 1,1S0 kips was used for these tests. The accuracy

cd?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 S. During fabrication special care was

used to align the pulling heads with the proper axes of the

specimens.

~ Resistance Strain,GaRe 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-% strain indicators.

The manufacturers gage factors were matched for all gages

attached to a particular specimen or, if this was not prac-

tica15 corrections to the indicated strains of the unmatched

gages were made in the computations.

One or more specimens of each design and type was gagecl

extensively to determine stress and strain distributions on

various cross sections. Typical gage locations on fully gaged

specimens are shown for specimens lA and 14A in Figure ~.
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Except for edge gagesa each gage swbol r~Pre~ent~ hWQ gages~

one on each side of the specimen in similar locations. when

repeated tests of a particular type of”specimen were madea

only points and sections of special interest were gaged. On

some specimens only check gag-eswere attached to pick up sig-

nificant variations in mechanical behavior. The numbe~ of

gage elements ranged from 9 to 180 per specimen.

u &gQQQQ& Qr&Q @aratus

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 o“btainbetter

cooling system which recirculated

ide was connected to these boxes.

temperature control. A

gas from solid carbon diox-

During the low temperature

tests the welds cnnnectigg the specimens to the pulling heads

we~e heated with infrared lamps or electric strip hea-fiers.

Ten copper-constar~tanthermocouples were installed on

each specimen as shown in Figure % for I-owtemperature deter-

minations It is estimated that observed temperatures differed

from true temperatures by less than I@I?.

~ Extensometers

Two dial extensometers having gage lengths of approxi-

mately 132 inches for determining ove~-all axial extension



to failure were attached to the pulling heads of each speci-

men 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 exten.slonmeasurements for

specimen rotation about a horizontal axis perpendicular to

(2)the line of pull as discussed in the authors” closure .

40 TEST PROCEDURES

Each specimen,was placed in the testing machine with

the web of the longitudinal horizontal and flange v~rtical.

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 backlash in the

fixture connections and to check over-all spelcimenalignment.

Fourteen specimens were tested at room temperature to obtain

elastic strain data. The indicated strains were measured

for loadsof

for the room

Figure ~.

For the

40$ 307 120 and 160 kips. The laboratory setup

temperature test of specimen lIA is shown in

tests to failure? the specimens were cooled to

the temperature level selected for the particular test.

Figure 6 shows the setup for a low temperatur~ test. Strain

readings were taken on gage elements parallel to the line of
..
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pull at load increments of SO kips up to a load of 200 kips

and thereafter at increments of 100 klps until.failure was

imminent. Dial extensometer and thermocouple readings were

taken up to the instant of failure.

~. 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 ‘testsat room

temperature were extrapolated 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

“75) from the linear load~were computed by standard methods

strain relations for each rosette using values for Young”s

modulus of 30,100,000 lb. per sq. 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

strains and

stresses to

were located were computed from the indicated

Youngts modulus. Ratios of the computed axial

the ‘averagestress in the longitudinal outside

the region of the intersection were computed to give a meas-

ure of stress concentrations. The average st~ess in the

longitudinal (P\A) was taken as the loada 160 kips~ divided



by the measured area of the flanged longitudinal and bottom

plate indicated in “Figure2 as section D-D on all specimens.

The average axia% stresses on various components were

computed and multiplied by the applicable cross sectional

areas to determine the loads carried by the components and

to compare total computed loads on speciSfc cross sections

with the machine load of 160 kips.

Energy-to fracture values were determined from the load-

extension relationships by nunerical 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 2s.$8 .—
Measured area at sect.D-DO

The nominal area at section D-D for th@ interrupted longitudinal

specimens was 25.k8 sq. i~e

6. RESULTS OF TESTS AT ROOM TEMPERATURE

Q Elastic Test ~ Q Through Lon~itudinal

The elastic data taken during the test of through Tongitu-

dirialspecimen 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 ~’hardspotsi’of stress. Axial stresses

computed from the principal stresses on the bottom plate and.



Table 2 - Measurements and Results of Elastic Tests. Machine Load: 160,000 lb
Specimen No.

Long I1 { Interrupted Longitudlnala-. Thru Bracket Long~ls

OA lA 1.A2 1A3 10A 11A 2A 2A3 3A 7.2A 13A 13A2 l!@ 15A

Test temperature, ‘F 90 74 81 85 80 76 83 83 73 79 79 8~ 72 73

SoctlonthrutheLowtl
&ea, fn+ -r,n,---, --,---,n --*- -J,- ---,.---- --.—-- .-—-–. -
Average atress,
lb/in~ x 10-3

Max. titresaaratfo
in bottom plate

Max. stress% ratio
In longitudinal

Bottom plate load,
lb X 10-3

Longitudinal load,
lb X 10-3

Section B-B
Area of bottun
,plate, in?

Bottom pl te load,
lb x 10-3

Max. stress+!ratio
in bottom plate

t 8Area of bracket, in? l;I~O+l~~ O l~~!~ l~;?7 l~1!$7 1~1$7 l~;27 1~1~0 l~1!?2l~;~3 l;: 3 l;;~2 ~;~2 1;;Z8
Bracket load,
lb X 10-3 98.? ~6.7 - - 60.8 56.7 62.3 - 60.9 53.3 94.7 101.0 86.0 9S.2

Max. stress* r~t~o
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

LO.(S4ri>.LIb Zj.bj 2>.40 ,Z5.D9 25.42 2>.>6 Z5.OU 25.60 25.61 21.14 ZO.99 21.04 20.B9

8.50 6.39 6.24 6.28 6.18 6.29 6.26 6.18 6.25 6.25 7.57 7.62 7.60 7.66

1.0 1.1 - - - - 0.8 - 0.8 - 1,2 1.3 0.8 1.1

1.4 2.1 - - - - 2.2 - Z.o - 1.9 2.1 1.8 1.6

61.5 63.0 - - - - 58.5 - 63.0 - 55.0 - 51.6 56.3 !

101.395.8 - - - - loo.8 - 96.6 - 98.8 - 92.7100.4
$
t

7.9o13.5713.5013.6013.4413.5213.4513.4013.5519.569+8o 9.72 9.74 9.76

59.4101.9 - - 96.8 - 100.4 - 97.9103.863.2 65.7 59.4 63.0

Section C-C
Bottom p~~te load1
lb X 10 64.9 71.2 67.5 70.0

Max. stress% ratio
in bottom plate 1.3 1.1 1,1 1.2

Freeing hole stress
ratio 1.2 1.3 1.2 2.1

* Streasea given are for the axial direction.
+ Values for flanged longitudinal near Intersection with trmsverse bulkhead.
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Iongltudinal adjacent to the transverse bulkhead are shown

i.nFigure ~. Axial stress ratios on this section ranged

from 0.7 to 1.2.

6.2 Elastic Tests ~bm
‘~ =tudnals

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-

dinal. These were specimens representing the original design

in T-2 tankers (lA) 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 longitudinal are shown

in Figure 9. Comparisons of these stresses and their direc-

tions indicate that somewhat similar stress patterns were

o“btainedfor the brackets, bottom plates and Zongitudinals

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 web of the longitudinal, while

in the longitudinal web? the convergence was toward the line

●
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of pull.

The stresses measured

cutout of specimen 2A were

on the edge of the semi-circular

about five times as large as the

major principal stresses in similar locations on specimens

M and 3A. 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 ko.8# bracket?

(2] the ends of the web of the longitudinal in the bottom

plate and (3) the tapered ends of the bracket in the flange

of the longitudinal. The notch formed by the longitudinal

web and the

casualties.

factors.

bottom plate has been a source of major ship

The other stress raisers could be contributing

The axial stress distributions on the bottom plates

and longitudinalsq section A-AS were computed for specimens

lA$ 2A and 3A. These distributions, figure 10Y show the

effects of the tapered end of the &O.8# bracket as a stress

raiser. The

longitudinal

plate stress

of stress in

axial stress ratios at these locations in the

flanges ranged from 2.0 to 2.2. Maximum bottom

ratios varied from 0.8 to 1.1. No marked change

this section was observed where the longitudinal

we”bjoined the bottom plate.

Representative axial 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 longitudinal ranged from 2.0 to

106. Stress concentrations on the bottom plates were smaller

for those specimens with doubler plates in the area of the

stress raisers. The highest values of stress on the brackets

were measured at the ends of the longitudinal as shown in

Figure 11. The axial stress ratios at these points ranged

from 2.1 on,the more rigid specimens 3A and 12A5 to 2.B

on the more flexible 2A specimens. The maximum stress ratios

on the brackets of the 1A specimens of intermediate rigidity

WH’~ f~OIn 2.3 tO z.~o Except for specimen 3A5 small compres-

sive stresses were measured on the upper edge of the bracket

of all interrupted specimens.

Some unbalance or gradient of stresses orIthe 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-E. The sums of these lcacls~Table 2A

differed from the testing machine load of 160 kips by -3..8to

1.7 per cent.
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~Elastlc Tests of Four—— —
Through-BTacket Ta@tudinals

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 kfps are shown in Figure X2 for through-

bracket Idngitudinal specimens 14A and 15A. The stress

patterns found for specimens 13A

the stress patterns for specimen

and lsA2 were similar to

14A. Major principal

stresses in the through-brackets, section B-B$ were directed

toward the central portion of the longitudinal web. The

major principal stresses in the bottom plates were generally

parallel 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 OT specimen ISA studied

(6)in another labo~atory .

A

bar of

joint.

pronounced stress gradient was present across the flat

specimen 15A approximately in line with the butt-w-eld

The major principal stresses in the Iongitudinals

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 ISA specimens.

The axial stress distributions on the bottom plates and

brackets~ section B-E, of specimens 13A, 14A 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 &13 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 15A was found on the

through-bracket at the end of and in line with the 40.8#

flat bar. Stress concentrations of 1.4 to 1.9 were found on

the through-brackets of the 13A design, and a maximum concen-

tration of 2.3 was found for specimen 15A.

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 longitudinal was noted. The axial stress ratios

under the center of the freeing holes were from 1.0 to 1.1.

The axial stress distributions on the bottom plate and

longitudinal section D-D, were computed for the through-

bracket specimens and are shown in Figure 15 for specimens
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13A9 lkl, and 15A. Bottom plate stresses were hi~her 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 1.3* 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 bottom plates to be

considerably larger (excluding specimen 13A2) than stresses

on the lower edge. Initially, the specimens were deflected

downward tinderthe action of gravity forces such that the

straightening which accompanied the axial loads caused

axial and bending stresses to be additive on the upper

of the plates.

the

edge

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 longitudinal differed from the testing machine

loadsa 160 kips, by -9.1 to 4.2 per cent.

7. RESULTS OF LOW TEMPERATURE TESTS

~ Test to Failure pf~——
ThroqRh Lon~itudinal

With the temperature at -4~F, 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

posttion 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

measured on the bottom plate and longitudinal at this section

adjacent to the transverse bulkhead ranged from 0.11 to 0.57

per cent. Strain 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

calculated energy to fracture specimen OA is adjuxted to compare

with the energy of a geometrically similar specimen with the

nominal area of the interrupted longitudinal outside the inter-

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

.

,.



Fig. 16. Specfm.enOA immediately after fracture. Maximum load
1,113 kips.
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‘Table3. Results of Low Temperature Tests

~Speci- Te’st Max. &al’ En&gy Adjusted
men Temp. Load on Longll, Exten- %Q Energy
Nom Sect. D-D, sion Fracture -to

at Failure FMC ture

m -k

1A -13

1A2* 38

1A3 21

lid+ -6

1*” 3

1A6 -1

10A -2

11A -7

2&+ -1

2A2+s O

2A3 -20

2A4 -2

3A 8

12AX -4

13A* -2

13A2G 2

14A O

1.5A 3

Interrupted Longitudinal
843

1,083

1,015

905

1,052

831

960

912

993

918

826

981

1,091

1,047

33:6

42.3

39.8

35.3

41.1

31.6

37.1

35.9

38.8

36,3

31*9

38.1

42.6

40.9

0.52

1.39

O*91

0.62

1.31

0.48

1.00

0.62

0.23

2.18

1.68

0.92

28,300

102$900

!%?,~oo

36,300

9Q, 100

2~,900

64$300

36,000

121.,600

141.,000

113.300

~83’700

126,300

65,900

Thru-Bracket Longitudinal

938 44.4 1*37 88,900

834 39*7 0.42 21#ooo

1,144 54.4 2.24 172,’5C0

799 38.2 0057 30,20G

462,800

28,800

102~,300

62,700

36$100

93,600

24,100

63,300

36,1oo

121,100

142gm

11,100

77$800

125$700

65, Lco

I()?$z(jo

25,500

208,900

36,800

%rSpecimen failed outside the inte~~section.
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= Tests to Failure Q Fourteen——
Interrupted Lon~itudinals

Ten of the interrupted longitudinal specimens were tested

to failure at temperatures ranging f’ram-7” to 8~F. Two

interrupted longitudin.alswere tested at temperatures somewhat

higher than O@F and two somewhat lower to obtain information

on the effects of temperature on the mode of fracture. Some

results of the tests to failure of fourteen interrupted longi-

dinals are summarized in Table ~.

The maximum loads? listed in Table 3? sustained by the

interrupted

1,091 kips.

appearance.

longitudinal before failing were f~om 826 to

The surfaces of the fractures were granular in

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. Specimen 10A immediately after fracture is shown in

Figure 18. The chevron pattern on the fracture surfaces 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

the end of the longitudinal web? except for specimen 2A3.

this specimen, the origin of the initial fracture appeared

at

In

to

be at the uncleredge of the bracket at the end of the longitu-

dinal flange. The origin of fracture in the four interrupted

specj.mensthat failed outside the intersection was at the root



Fig. 19. Specimen IOA immediately a“fterfracture.
Maximum load: 960 kips.
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of the flange adjacent to the pulling head {specimens lA2, 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 IA, 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~ sectton A-A7 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 2A 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 axial strain distributions measured on the bottom plate

and bracket, section B-B, of specimens 1A? 10A~ 2A5 2A4 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 longitudinal tested at low temperatures

except on specimen 12A. The strains on the bottom plate$

section B-B, of specimen 12A ranged from O.OT 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 lJe”bs 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 1.62 per cent at 800 kips.

The strain gages located at this point on the bottom plate

had become 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 spec~.mensbecause the material in

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

the material in the other specimens. These differences are

discussed in detail in the Appendix. The continuous 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 interrupted
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longitudinal 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

strains$ usually compressive~ were measured on the upper

edges. Excluding specimen 2A2 for reasons previously mentiOmed$

the maximum strains were measured.cm the lower edge of the

brackets and ranged from 0.2~ to 0.78 per cent at 700 Mps 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 2A specimens, intermediate values of strain were

measured on the more rigid basic 1A specimens and the smallest

strains were found on the most rigid 3A and 12A specimens. At

800 kips, the maximum strains measured on the I-Aand 2A speci-

mens did not differentiate clea~ly between.the two designs.

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

were from 0.90 to 1.26 per cent cm the 1A specimens~ from 1.06

to 1.39 per cent cm the 2A specimens and 0.39 anti O.hl per cent

on specimens 3A and 12A$ respectively~ Gages on three M 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 t’hesest~ains were 0.81 per

cent on the edge near the bottom plate$ -0.1$1per cent In the

center of the web? and O.IL per cent on the edge adjacent to
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the flange of the longitudinal. Strains measured at these

points were 1.863 -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

to be proportionate to the nominal area of the longitudinal

outside the Intersection. Excluding specimen 2A2$ the adjusted

energy values for nine specimens tested near O@F ranged from

2\a100 to 125~TO0 ft-lb. Comparison of the energies to frac-

ture the specimens of the basic T-2 design or minor variations

of it (specimens lA4~ U5~ 1.A6$IOA and 11A) with the more

flexible (2A and 2A4} and the rigid specimens (3A and 12A)

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 d&finitely 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 tc fracture.

Within the small temperature range of -~~ to 8QFP the energy

to fracture values for nine interrupted Iongitudinals generally

follow this trend as can be seen from inspection of Table 3.

An exception was specimen IA6 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

OCF show the influence of temperature on the energy to frac-

ture these structures.

Suecimen No. Test Temperature Energy to Fracture
degrees F ft-lb

2A3 -20 11,100
IA -13 28,800
IA3 +21 62 ~700
lA2 +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 -136

to 380’F. The trend for energy absorption to increase with

higher temperature is apparent.

~Tests to Failure of Four—. .—
ThrouRh-Bracket Longitudinal

The results of tests to failure of four through-bracket

longitudinal are given in Table 3. The fracture surfaces of

these specimens, tested at or near OQ’Fwere 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

13A2 was shortened 10 inches. This and the poor end connections

probably invalidate direct comparisons of maximum loadl axial

extension and energy for this specimen with corresponding re-

sults measured on the other Iongitudinals. Specimens 14A and

15A sustained loads of 1~1~ and 799 k~psl r@sP@~tivelYl 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 longitudinal were read until

failure appeared imminent. Strain distributions on various

cross sections were deterrnin~dfrom 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 0.14 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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specimen15)1immediatelyafter f’r~ctur~” 1

Tipximum load: 799 kips .“:
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Fig. 23. Axial strain distributions on the bottom plate and
bpacket, section B-B, of specimens 13A, 14A and 15A.
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Iocalized plastic yielding on the bottom plate at 700 kips.

The st~ain distributions on the through-brackets of specimens

13Aa Ikliand 15A reflected the effects of the fre~ing holes

adjacent to the bottom plates and the mechanical notches

caused by connecting the flanged longitudinal to the through-

bracket. T?m peaks of strain were In the regions of maximum

stress as determined in elastic tests. At %00 kipsq maximum

strains of 0.18~ o.1~ and 0.35 per cent were m~asu~ed on the

brackets of specimens 13A2 lkA and 15Aq respectively. khen

the load was increased to 600 kips, maximum axial strains of

0.53 and 0.38 per cent were measured on specimens 13A and lkA.

At this load the gages on the highly str~ssed portion of 15A

had been damaged. Extrapolation of the data taken at lower

loads on specimen 15A indicated that

cent at a load of 600 klps.

The strain distributions on the

freeing hole$ section C-CT are shown

strains exceeded one per

bottom plate under the

in Figure 2h for speci-

mens 13A? l&A and 15A. Strains in the mid-portion of the

bottom plates, in line with the throug”h-bracketplates$ were

appreciably higher than strains measured elsewhere in the

bottom plates of the 13A desigr~. The design of the freeing

holes in the 15A specimen appeared to minimi~e the notch

effect indicated in the 13A design. At 600 ldps the strains

under the fr~eing holes of the three 13A specimens (13A9

l~AZa and 14A ranged from 0.23 to 0.3% per cer~tand reached
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F@. 21. L. Axial st~ain distributions on the bottom plate, section
C-C, of’ specimens 13A, llIAand 15A.



0.17 per cent on specimen 15A. At these locations? strains

on specimens 13AY 14A and 15A were 0.83$ 0.62 and 0.33 per

cent, respectively at 700 kfps. Edge strains in the center

of the freeing holes~ section C-C? reached 0.09 per cent for

the 13A specimens and 0.7’4per cent for specimen 15A at 600

kips. At 700 kips, these edge strains were 0.12 per cent

for specimens 13A and l%A and l.~ per cent for specimen 15A.

The distribution of the axial strains in the bottom plates

and flanged Iongftudinals, section D-D? were determined for the

through-bracket specimens and are shown in Figure 25 for speci-

mens 13A5 lkA and 15A. Strains across this section of the bottom

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 welts2 to 5 inches from

the root of the formed flanges. Maximum strains in specimens

13A.JlkA and 15A of l.1~~ 0.75 and 0.19 per cent9 respectively?

were measured at 600 kips~ and strains of 1055q 1.14 and 0.36

per cent at 700 kips.

Axial strains were measured on the flat bar 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 bar 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 axial extension relations. These values were adjusted

proportionately to the ratio of the nominal cross-sectional

area of the interrupted Iongitudinals 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 fcr specimens l,3A~14A

and 15A were 107~200~ 208~g00 and 36Z800 ft-lb~ respectively.

Specimens 14A and 15A fractured through the intersection while

on specimen 13A failure was at the connection to the pulling

head. Determinations on specimen 13A2 were not comparable

with other specimens for reasons previously discussed. The

longitudinal design represented by specimens 13A and l\A

appeared to be superior to the .15Adesign in ability to absorb

the energy of det’ormationwhile sustaining tensile loads.

8. DISCTJSSIONOF 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. Th~ direction and magni-

tude of principal stresses7 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 “hardspot$!l

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

adjacent 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 sectton E-B, a maximum stress ratio of 1.2 was meas-

ured on through longitudinal 0A3 maximum stress ratios ranging

from 1.4 to 1.9 were measured on the through-bracket longitudinal

[exc~tiding15A)3 and maximum stress ratios of from 2.1 to 2.8

were found for the interrupted longitudinal. A maximum stress

ratio of 2.3 was measured on the bracket of specimen 15A. Com-

parisons of these values of stress ratio with corresponding

values of energy to fracture, listed in Table ~, indicate that

designs having the higher stress ratios on section B-B absorb

less energy befor@ 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 ~ateria~

within plates and between ‘platesfrom which specimens

were fabricated.

-.
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plates.

(3] Small dimensional differences between specimens of a

substantially below the load corresponding to the proportional

limit of’a tensile bar of’the same material and compa~able cr~ss

section. At Toads at which a tensile ha~ of cross section com-
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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 bottotnplate are

necessary to provide drainage for the space between longitu-

dinal. 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 axial strains measured

on the bottom plates of the through-bracket specimens with

strains measured on the interrupted Iongitudinals shows that

the acuity of the notches inherent in the interrupted design

was diminished considerably by the through-bracket design.

Maximum bottom plate strains of from 0.35 to 0.88 per cent

at 700 kips were measured on the interrupted specimens, 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-

dinal to the areas of the through-bracket longitudinal is

nearly equal to the ratio of the loads 7’00to 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 indicated 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

The load versus

accepted designs are

temperatures exist for this structure.

over-all extension curves for three

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 testsq these relationships represent the upper limit of

load, extension and energy to fracture for interrupted longitu-

dinal d~signs IA and 2A and through-bracket design ISA when

tested to failure near O@F. The measured extensions of speci-

mens IA5, 2A, and 14A were 299 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 lA5~

2A and 14A was 20, 26 and 45 per eent~ respectively, of the



“in
m
i



-59-

...

..

adjusted energy to fracture specimen OA. These 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 investl-

gators~~?8) 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 und~r the load-extension

curves in Figure 26, are listed below.

Specimen No. o~ IAJ 2A 14A

Energy Absorption, in.-lb per cu. in. 2180 390 Joo 87o

The absence of stress raisers and freedom from some of the

constraints inherent in the other designs are factors that

contributed to the larger value of energy absorption deter-

mined for specimen OA.

9. FmmAm

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

cluded one through lo~git~dinal of experimental designl

fourteen interrupted longitudinal comparable with T-2

tanker designs, and four through-bracket longitudinalst

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

a commercial tanker design.

The significant results of elastic tests of fourteen

specimens at room temperature and tests to failure of nine-

teen specimens at low temperatures are summarized as fo~lows~

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

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 adjacentto the trans-

verse bulkhead indicated the least notch effects or

stress concentrations of the specimens investigated.

(2) ~odificattons of the original ~ (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 loady axial ex-

tension and energy to fracture.

(3) 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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strains adjacent to the transverse bulkhead was more

favorable in the oiler design.

(k) The longitudinal representing a commercial tanker

design compared unfavorably with the through-

bracket design for Navy oilers and the better interr-

upted Iongitudinalsa except that there was less

notch effect on the bottom plate due to the details

of the freei”ngholes. Results of tests of a single

specimen, however? are not considered conclusive.

(5) 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.

(6) AJ-1specimens failed with cleavage fractures; thirteen

specimens failed across the intersection being inves-

tigated and six specimens failed near the connection

to the pulling heads.

(7) Wximum loads sustained were not indicative of the

order of merit for these structures.

(8) Except for specimen OA, little or no change in plate

thickness was measurable in the area of the fractures.

(9) Energy to fracture versus temperature relations for

eight M 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.

The test temperatures were probably between the upper

and lower transition temperatures for these structures.

Urge values of stress and strain measured on the

edges of cutouts and freeing holes were not significant

criterfa 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

were fabricated. In

designers could make

ductility of the material from which they

cooperation with shipbuilders and aperatorsa

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 that 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 is not now a means of analyzing the constraints to defor-

mation inherent in built-up or compound structures. These con-

straints in the presence of stress concentrations appear to be

.

I
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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 involving 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 designers to pre-

dict the operating characteristics of complex corunections.
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12. APPENDIX

Carbon steel plates rolled from one heat were acquired

at the beginning of the investigation of bulkhead inter-

sections. Most of this supply of material was exhausted

during fabrication of the eight specj.mensfor 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 40.8# bracket material for specimen

.IAwere from this original stock of material. Silicon killed

ste~l from 40.8# plate was used for the brackets of the other

interrupted longitudinal. 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

rolled from semi-killed ingots with carbon

the alloying elements except for the 30.6#

appear to have been

and manganese as

bottom plate in

specimen 2A2 and the @.8# bl+acketmaterial for the interrupted

specimens. Test results of specimen 2A2 indicated that the

material used in its fabrication had properties different f~om

those of previous specimens. A subsequent chemical analysis?

Table 4? indicated that the bottom plat~ was nearly pure iron

with manganese the only important alloying element detected.

The compositions of the 20*4# plates for specimens 2A2 and
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15A are thought to be representative of the other 20.W 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 2A2. The valtiesof

yield 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 lb. per. sq. in.~

indicated that the material in this specimen had less strength

than normal ship plate.

.

-—
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Table ~. Mechanical Properties of Steel Plates in Nineteen Longitudinal Specimens

30.6# Botto PI* All spee. -= --- .. ... ---- =-.. ---- .. --- ... IO() NYHSY
except 2A2

3o06# Botito P30 2A2 x,w~+ 47,900 290fA -=-. ---- -. .=. ..= . . . . NM

3od6# Bott. PI. 15A 32,200 64,000 ---- 25og 50.2 30,200,000 .-.O NBS

I ~0~8# Bracket Interrupted 42,000 64,400 3705 ..-. 65.7 -. =.. .-. 110 NYNSY
speeimena
except 1A &

m
hO*8# Flat Bar l~k 30,100 60,700 ---=- 32& 52.4

I
29,100POO0 ---- NBS

u Transition temperature as determined by the Navy Tear Test

+ Values affected by preload of 918 Idps required to fraetw=e specimen 2A2

I


