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ABSTRAGCGT

A description of a series of six tests conducted on
longitudinally stiffened plate panels during 1960 and 1961
is presehtedo This progfam is a continuation of the tests
 described in Fritz Laboratory Report No. 248.4.* The test
sﬁecimens were scale models of typical ship bottom plating.
The tests were conducted to investigate the strength of
stiffened plate panels as influenced by the following para-
meters: the degree of rotational restraint furnished by the

stiffeners, and residual stresses.

The test results are given in the form of curves and
tables. The individual test readings are éompiled in a
suppiementary volume Fritz Engineering Laboratory Report
No. 21,8.54. «

The conclusions for the specimen dimensions and loading
_used ares |
té) The-degree of restraint furnished by the stiffeners
| was found to have some effect on the buckling strain
of the plates with b/t = 40 - the stress was equal
to the yield stress.
b) Welding residual stresses reduced the axial strength

of the stiffened panels by about l3 percent.

=3 o = = = = = o

# Ostapenko, A., and T. Lees TESTS ON LONGITUDINALLY STIFFENED
PLATE PANELS SUBJECTED TO LATERAL AND AXTAL LOADING, Fritz
Engineering Laboratory Report, August 1960,
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l. INTRODUCTION

1.1 QOBJECTIVES

A research project on the strength of longitudinally
stiffened plate panels as used in ship bottom plating has
been in progress at Fritz Engineering Laboratory, Lehigh
Univergity, since 1958. .Thé overall objectives of this
project are to: |

&) study the capacity of longitudinally stiffened

panels with special emphasis on the effect of
lateral pressure. » !

b) develop an analytical method for the calculation

of the strength of such panels.

c¢) develop a practical design procedure for”stiffened“_

panels of_actual ship structures, which will utilize

results of items a) and b).

In the framework of this project an exploratorylexperi=
mental investigation of the effect of lateral pressure on the
axial strength of scale models of ship bottom plating was
completed in 1960. An important part of that phase congisted
of the development of the test setup. The results of the
first five tests and a detailed description of the teét‘

3
apparatus were reported in 1960,

=3 = = e - = = -

# Ostapenko, A., and T. Lee; TESTS ON LONGITUDINALLY STIFFENED
PLATE PANELS SUBJECTED TO LATERAL AND AXTAL LOADING, Fritz
‘Engineering Laboratory Report No. 248.l, Lehigh Uhiversity,
August 1960,

1~
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The present report gives a description and test results
of the six specimens tested during 1960 and 19619__qu_paraw
meters influencing the axial'strength of longitudinally -
stiffened plate panels were to be investigated in these tests:
the effect of the rotational restraint furnished by the

stiffeners- and the effect of residual stresses.

The degree of restraint furnished by the stiffeners
was found to have some effect on the buckling strain of thse
plates with b/t = J0 - the stress was equal to the yield

stress.

Other tests showed that welding residual stresses have

a pronounced effect on the gtrength of stiffened plate panels;

the reduction in strength was about 13 percent.

102' TEST PROGRAM

Six specimens have been tested since the completion of
report 28.l4. One specimen, T-11l, was used to find the
magnitude and distribution of residual stresses. Four sp§¢i=

mens, T=7 to T-10 were tested axially, and specimen T=6 was

tested under combined axial and lateral loading.

Specimen T-6 was tested to find to what extent the
rotational restraint furnished by the stiffeners affected
the axial strehgth of the panels. A comparison was to be

made with specimen T-5 from the previous series of tests.
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Both specimens had b/t = L0 and were tested axiailyrunder a
lateral pressure of 6.5 psi. The only difference between

. these two specimens was that T-5 had box-shaped stiffeners
which gave practically complete rotational restraint and T=6

had tee stiffeners which provided essentially simple support.

Specimens T=7 through T-9 were geometrically identical;
their residual stress patterns, however, were quite differw
ent. Specimen T-7 had residual stresses due to all the
causes: rolling, welding, etc. Specimen T-8 was annealed*
after fabrication and thus contained no residual stresses
to speak of. Specimen Tf9 was welded after its component _
parts had been annealed and thus had residual stresses only
due to welding. Whereas residual stresses in specimens T=8
and T=9 were determined from the portions of these specimens
which had no visible yield lines after axial testing,a
separate specimen;.?=ll, was used to find residual stresses
in specimen T=7. T=-11 was fabricated following the same pro-
‘cedure and using the same materials as T-7, and it was

assumed that T=11l had the same residusl stresses as T=7.

Specimen T-10 was identical to T°7 ékdépt that it had .
a much lower slenderness ratio, L/r, 21 vs. 50. Its purpose
was to 1llustrate that, since all the specimensvfailed by
plate buckling, the specimen strength is practically 1ne

ldepandent of the slenderness ratio.

= oo == = s = = =

s In this report the word "énnealing" designates stress
rellieving by heat.
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The basic data and the ultimate sxial loads for the
ten specimens described in this report and Report 2&8,4vare
listed in Table 1. A qualitative discussion of test results
is illustrated with figures and tables. The actual test
readings are compiled in a supplementary report, Fritz‘
Engineering Laboratory Report 248.5A which is available on

request,
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2. TEST SPECIMENS

2.1 DESIGN OF TEST SPECIMENS

Test specimens were.desighedvin accordance with the

following criterias

1. Mhterialg .Specimens were to be made of ASTM designgtion
A=T7 carbon steel. The material should have properties as
uniform as possible.

2.  Plate thickness: t = 1/l in. This was considered the
minimum acceptable because the stiffeners were to be welded

to the plate and a thinner plate would distort excessively.

3. Dimension ratios: Slenderness ratio - L/r = 50, Wiﬁh

the radius of gyration, r, baged on‘the subpanel cross
section and L being the effectivé specimen length. The

word "subpanel" designates a stiffener and a piate the width
of which is equal to the stiffenér spacing. Ratio of subpanel
width to plate thickneés (plate slenderness) = b/t = 60. Some
specimens, T-6 and T=10, did not conform to théir require-
ments.

Lo Number of subpanelggghd conditions of end support: Fach

specimen should have at least three subpanels and should
gimulate a. pin-ended column with no support on the sides.

5. -Lateral loading: Only specimen T-6 of the current test

series had lateral loading. The loading was 6.5 psi which"

corresponds to 15 feet of water head.

=5=
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The maximum width of the overhanging portions of the
plate was limited to three inches in order to ayqiq loqg}‘
instability, and thus symmetry of the plate about the edge

stiffeners wag not achieved.

‘The nominal dimensions of the specimens are shown in
Figs. 1, 2, and 3. Table 3 gives the actual dimensions.
Tables i and 5 show the initial imperfections in the speci-
xﬁens° The maximum out-of-flatness of the plate was approxi-

mately 0.18 in., which was considered as tolerable.

2.2 FABRICATION OF TEST SPECIMENS-

Specimens T-6 through T~1l were fabricated from material

having the same properties.

[

A1l five plates were cut from one piece (Fig. l). The
plate was cut by torch, but 3/L in. of it next to the cut
line were sheared off to nullify residual stresses produced

by heat.

Tee stiffeners for all spécimens were cut from three
lengthslof rolled beam, 6Jr.l.l, of the same heat number
(Fig. L4). The beams were split along the web by torch to
give the required depth of 3 5/16 in. of the stiffeners.

'The effect of cutting by torch was less serious on the web
of the beam than on the plate, since the stiffener was later
welded to the plate. After 'ﬁhe cutting operation the tees

curved due to the release of residual gtresses. To
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straighten them, two pieces were put back-to-back, forced
together and then tack welded at three locations. The

palr was then_placéd into the furnace with the temperature
at approximately 1000°F. When the stiffeners were taken
out of the furnace and cooled, they remained straight. 1In
some cases the web plate of one of the two in a pair
'buckled in the process. The buckled piéces were straight-
ened by applying bars to stiffen the web and putting the
deformed stiffeners baék into the furnace. These re-
straightened stiffenefs were used in the fabrication of -~ .-

specimen T-8,

Befofe welding thé tee stiffeners to the plates, thé
plates were cold bent along the stiffener lines in order
to compensaté for the warpage due to the.welding process.
The amount of cold pre=bending required was detérmined
through_expériments conducted at the shop on small pieceé
of material. _The welding sequence was such, as to minimizé
longitudinal deformations due to welding. First, an intéf=
mittent weld was madé, approximately 1 in. at 6 in. inter-
vals, then the gaps were filled ino' Sufficient time was

. allowed for cooling between individual passes.

Finally the top and bottom end of each specimen were
machined plane and parallel to a "smooth finish". The side

edges of the specimens were given a "medium finish".
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Sincé it was desired to have specimens.with differentA>
residual stress conditions, the process of fabrication var%ed
with specimens. Specimens T-6, T-7 and T=11 were welded as
described above and thus had welding residual stresses cqm;
bined with the initial residual stresses which existed in
‘the materialov‘Specimen'TPB was welded and then annealed to
eliminate essentially all residual stresses. Specimen T;9‘ i
was welded after its component parts, the plate and stiffeners,

had been annealed; as a result it contained residual stresses

only due to weldlng.

Brinell Hardness Number wﬁs used as a basls for:thq o
selec€ion of the plate and beam pileces with equal properties ;
the mill reports have‘proven}rather ynreliablqqur this
purpose because the pieces of material originated from
- different sources and probably different techniques were

used to determine their properties.

The actual mechanical properties of the material were
obtained by conduoting 25 tenalle coupon tests. The coupons
were made from the reserved p;eces of plates and tee |
stiffeners. In Fig. L these pieoes are marked with letter
R The eoupons for,gtiffene;s were taken from the flange and
the web sinee the material properties of these two parts are

often different, the web having a higher yleld point than
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the flange. This was found to be the case for both the
annealed and unannealed coupons. The dimensions of coupons
were specified according to ASTM standards (Designation
E8-54T). A gage length of L in. was used, and the width

of the reduced section was 3/& in. The tensile coupon tests
were conducted on a Tinius Olsen testing machine of 120,000 1b.
capacity. In each test, a load-strain curve was sutomatically
plotted using a Tinius Olsen extensometer Type S-1 until the
strain hardening curve was well established. Then the ex-
tensometer was removed and the strain readings were taken by
means of a pair of dividers and a ruler with one hundredth inch
divisions. Average strain rate jused was 0.02 in./min, beforé

)
yielding and 0.36 in./min. after yielding.

The yield property of the steel was defined by the statle

yield stress level, oq that isg, the yield stress for a zero

y’
strain rate. Results of all the coupon tests are given in

Table 2. The average Ogy of the unannealed plate and stiffener

material is 39.2 ksi. This would be the 04, value for speci-

y
mens T-7 and T-1l. The average Ogy of the annealed plate and
stiffener is 36 ksi. This would be the Ogy value for gpeci-

mens T=8 and T=9.
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3. TEST SETUP AND
INST'RUMENTA'TI'ON

3.1 TEST SETUP- REQUIREMENTS AND GENERAL ARRANGEMENT

The design of the test setup was guided by the following
principal requirements:
l)' The setup should provide pin=ended conditions for the
specimens.
2) The setup should be capable of applying, simultane=
on;ly, a maximum lateral loading of 13,0 psi and
A . an axial force which could go as high as 1,000,000 1lb.
;i; 3) Under the appliad lateral loading phe system should
| .vbe in‘a state of self-eqﬁilibrium so that no addi-
tional lateral support'would be required. -
l) ‘Sufficient clearance should be provided to insure
free deformation of the specimen under the action

of applied loads.

A detalled description including photographs and draw-
ings of the loading system, end fixtures, and bracing is
given in F. L. Report No. 2)4804%°

3.2 INSTRUMENTATION

‘Both dial gages and electric strain gages were used in
the tests. This section on ingtrumentation 1s only for the
axlal load tests. The instrumentation for the resi&ﬁal stress

measurements 1s given in Section 6.2.

#% Loc. clt. on p. 1
«10=
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Dial Gages

All dial gages were AMES dial gages with one thousandth
inch divisions and a stroke of one inch. The location of
the points at which dial gage readings were made is shown
in Figs. 5, 6 and 7. The dial gages were used‘tgumgasgres

= Lateral deflections of the specimen at a number of
points so as to cover, more or less, the whole areavof the

specimen (Gages 1 through 25, and all C- and E~- gages;

]

C = corner, E = end).

Rotation of the specimen at the ends {S-gages; S=slope).
= Changes in the distance between the ends of the specimén,

longitudinal deflection (L-gages; L=length).

All dial gages used for laﬁeral deflection measuremgnts
were‘mounted on a dial gage frame. Drawings and photographs
of the frame are shown in F., L. Report No. 2&80u*° The dial
gage frame itself was firmly attached to the pedestal of the
testing machine. Holes 1/16 in. in diameter and 1/8 ino}in_
depth ﬁere drilled and tapred on the front face of the speci-
men at points where lateral deflectiohs were to be measured. .
Small screws were fitted into these holes. Thin black wire
connected the heads of the screws and the tips of the dial
gage stems. In this way, lateral movement of the specimen
was transmitted to.the dial gages, since the distance be-

tween the wire ends did not change.

% Loc. cit. on p.l
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It was of interest to measure fhe rotation of the speci-
men ends during testiné; the S-gages were used for this pur-
pose. At each point (See Figs. 5, 6 and 7) a half inch
diameter bar was screwed into the end block and vertical
.movement of the outstanding end of this bar was measured -
with a dial gage. Dial gage readings divided by the distance
from the Bar end to the center of the end block gave the
angle of rotation. The effect of the elastic deformatign of
the end fixtures on the readings was'negleétedo_ The dial
gages were supported by welghts at the bottom end of the
specimen and held to ﬁhe machine cross head by magnets at

- the upper end of the specimen.

Changés in the distance between the ends of the specimen
were measured with two L-gages (L-1 and L-2). This gave the
longitudinal deflection of the épecimen° Aétually,vthe
varlation of the distance from the machine cross head to
the pedestal was measured, but this introduced a very small
inaccuracy since the deformation of the end flxtures com-
pared with that of the specimen was of a negligible magnitude°
Théﬂdistance for the L-gages was bridged with thin black wire,
siﬁilarly as was done for lateral gages. The upper ends of
the wires were attached to the cross head by means of magnets,
and the lower ends to the dial gages which, connected to

welghts, were standing on the pedestal.
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Strain Gages N B .
All strain gages were electric resistance SR-l type A-1

linear gages. The location of the gages on the specimen is
shown in Figs. 8, 9, and 10, Table 6 lists which gages were

used on which test specimen.
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L. TEST PROCEDURETE

L.l PREPARATION OF SPECIMENS FOR TESTING

A brief outline of the steps preparatory to the test»
ing of a specimen 1s given here. A more detailed descrip-

tion of the procedure can be found in F. L. Report 2u8°u*.

The specimen was connected to the end blocks and placed
on the machine pedéstal° The arrangement can be seenlin
-Figso 11 and 12. SR-l gages were then cemented and wired
up. The specimen was whitewashed ih order that the pro-

gression of ylelding during testing could be observed.

The next step for specimen T-6, which was tested under
combined axial and lateral loading, consisted of the attach-

ment of the pressure box to the specimen.

Further steps were common to all specimens. The dial
gégé frame was erécfed and the dial gages were connected‘to
the specimen by means of thin wi_res° Then the pedestal with
thé specimen on it was rolled into position in the testing
machine and the machine head was aligned to produce uniform
pressure across the width of the specimen. .After thig the

specimen was ready for testing.

o = = = - = -

# Loc. cit. on p. 1

Blhg
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k.2 TESTING OF SPECIMENS

A description of the testing of specimen T-6 is given.
Only T-6 was laterally loaded,therefore, the tésting of the

"other specimens was correspondingly simpler.

The loading procedure started with the applicgpiqn of
lateral pressure. The pressure intensity was increased
stepwise from zero to the maximum intensity of 6.5 psi which
was maintained throughout the test. Then, the machine head
was lowered until 1t made contact with the top platen. An:
initial axlal force of 50 kips was applied, and L and S dial
gages were installed. The axial load was then increased,
after one more 50 kip increment, in 100 kip steps. Smallef
load increments were used when the axisl load was approaching
its ultiﬁate value. After reaching the ultimate load a
sufficient number of readings were taken to define the nature
of the post-ultimate behavior, Oné cycle of unloading and
réloading was carried out. The amount of axial deforﬁatipn
was limited by the clearances provided for the free movement
of the end blocks, (No such limitation was imposed on
specimens T=7 to T-10.) Then the specimen was unloaded
axially. At the load of about 50 kips the top S- and
L-gages were disconnected. The machine cross head was
then raised, and the lateral loading taken off in several

steps.
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.Readings of all gages were taken at each load increment.
Load versus deflection curves were continuously plotted for
the longitudinal deflections (qyerage of the readings of _
gages L-1 and L-2) and the lateral deflections of a stiffener
and the plate at the ﬁid=height of the specimen (readings
of dial gages 8 and 11, stiffener and plate, respectively).
These éurves served as an illustrative indication of the
specimen behavior. At each increment the load was increased
slightly above the desired value and then allowed to stabilize
itself in order to have a static load reading, that is, at a
zero strain rate. The load stabilized quickly in the elastic
range, but after some yielding it took about ten minutes or
longer until the load became stable and the dial gages showed

no detectable movement,

The progress of ylelding as indicated by flaking of the

whitewash was observed and recorded.

A group of eight persons were needed for the testing of

specimen T=6,

'Since no lateral loading was aprlied to the other speci-

mens, the test procedure was cbrrespondingly simplified and

fewer men were needed.

The actual testing time for one complete ‘test was, on

the average, six hours.

\'4,".- -
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5. TEST RESULTS

5.1 GENERAL

The major parameters, the ultimate axial loads and the
, ﬁode“of fallure are listed for each specimen in Table 1.
The photographs of the fingl yield pattgrns for~the front
and back faces of each_specimen are shown in Figs. 13 to 22.
The longitudinal deflection readings are giveﬁ in Table 7;
they’are‘plotted versus non-dimensionalized axial 1oad in
Fig. 23. The lateral deflection of gtiffehers and plate for
a half-width of the specimens ﬁﬁiplotted versus axial load
in Figs. 2 to 28. Figso 29 td 33 show the complete de-
flected cross section at mid-height for different loads.
The axial strains at these cross sections are given in Figs.
34 to 38 and discussed in §ect;bni5¢uo. A complete tabu-
lation of all the readings_is available in a companion report

Fritz Engineering Laboratory Report No. 248.5A.

The general behavior of the specimens is presented iﬁ*,
section 5.3. A description ié givén:of the peculiarities
in the behaﬁioerf:the individual_spepimens: appearance 6f
the yield lines and the mode af faiiﬁ;eoi Théimajor charéc=
teristic of the'mode of failure; occurféhce Oor non=occurrence
of ingtability of the plate if»the suﬁbanels'at the ultimate
load, is illustrated by the curves shoﬁing the lateral de-

flection of the plate and stiffeners {Figs. 24 to 33).

, =17~
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5.2 .DEFORMATION OF SPECIMENS
Lateral and longitqdiﬁq; deformations of the specimens

are descrlibed in this section.

Since, in most cases, the'specimen deformed symmetrically
except at the ultimate loading, only readings of a small group
of lateral deflection gages describing the'typiqgirbepav;gp
are necessary for the qualltative discussion presented here.
The gages used and the graphs pertalning to lateral deforﬁa-
tion are shown in Figs. 24 to 33.

Neglecting the initlal deformation in the plate, the
specimen cross section may be considered perfectly straight
before the application of loading. Taking thils as thg
original condition, the lateral deflections of{the dial gage
points are plotted (Figs. 24 to 28). Actually, these de-
flections should be corrected for the horizontal movement of

- the specimen'ends.(c gages), but the error is negligible.

The load versus lateral deflectlon curves and cross
sections for T-7 and T-lOI(Figso 25, 28, 30, and 33) show
a great similarity which was to be expectéd since both these
specimens had the same b/t ratios and the same fabrication

procedure.

As & result of closer stiffener spacing the relative
deflections between the stiffeners and the plate in sbeci-

‘men T=-6 were conglderably smaller than in specimens T-7 to T-10.
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The most notable characteristic of specimen”T-é in its com%
parison with specimen T-5 was that buckles appeared in the
plate right after the ultimate load was reached. In T-5
the buckles appeared considerably later. It is important to
note that in both specimens the plate became unstable after
reaching the ultimate load and thus these two specimens
falled by general column ihstability rather than by local

plate instability as did the other specimens.

The longitudinal deformation was measured during the
application of axlal loading and is given in Fig. 23 for all

N

specimens.

5.3 BEHAVIOR OF SPECIMENS DURING TESTING

Since each specimen differed in some way from the others,

the behavior of each specimen is discusS@dﬁseparately@
£ ,5;. ! )

Specimen T-6

T-6 was tested 1n concjJunction with previously tested

T-5% to clarify the effect of rotationalirestraint furnished
by the stiffeners. Both these specimens were subjected to

lateral loading of 6.5 psi.

As shown in Table 5A, specimen T-6 had a positive initlal
eccentricity (positive meaning concave on the plate side). As
a result the lateral loading increased the initial eccentri-

city do that the lateral deflection due to the axial loads

% Loc, cit., on p. 1
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started at once. The rate of deflection smoothly increased
with %ﬁ increasing axiel load as shown in Fig. 23 for the
longitudinal and in Figs. 24 and 29 for the lateralvdéfiec=
tions. This continued until the load deflection curve
leveled off as the axial load reached its ultimate value of
163 kips. The ultimate load was the maximum stable load

obtegined.

‘ Yield lines were first noticed at 300 kips on the webs

of the tee-stiffeners at the bottom. No new yiéld linesg
appeared till close to the ultimate load. The yield lines
then extended first across the middle portion of the subpanels
and later across the portions by the stiffeners. Some more
Jielding was observed after the ultimate load. Only then did
the plate buckle.

The buckling pattern was of a checkerboard type with
alternating concave and convex buckles. The outlines of the
buckles can be seen in Figs., 13 and 1lj. Both specimens, T=5
and T=6, failed by column instability - the plate buckled
only after the ultimate load. A lower degreewof restraint
furnished by the tee-stiffeners in specimen T-6 accounted for
a much sooner buckling of its plate after the ultimate load

than in specimen T-5 which had box-shaped stiffeners.

Specimens T-7 to T-10

These specimens were tested only under axial load. The

specimens differed primarily in the magnitude and distribution
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of residual stresses, and a comparison was to be made of
their axial strength and behavior as influenced by this

factor.

Specimen T-7

Specimen T-7 had residual stresses due to welding and

rolling.

Having had some initial imperfections in the positive
direction (concave on the plate side), it had small lateral

deflections due to axial load from the start (Fig. 25).

At a load of 350 kips the first yield lines apreared on
the web of the left stiffener in the lower quarter of the
length. When the load reached 385 kips all the stiffeners

were observed to have yielded, with the yielding not con=-

fined to any one specific area. Somewhat latef_at a load of
410 kips, the flanges also commenced yielding. - At P = 425 kips
the lower one-fifth of the outer subpanels showed some yield

lines.

When the ultimate load P, = 449 kips was reached, local
plate instability occurred in the center subpanel and was
immediately followed by the instability of the side sub-
panels. With the rapidly ihcreasing deflections the axial
load dropped. Many yield lines, clearly defining the shape
of the buckles, appeared in-the process (Figs. 15 and 16

show the yield lines very clearly). At this stage an
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unloading and reloading cycle was conducted. The unloading
and reloading was characterized by the elastic behaviorwofw
the specimen, that is, a complete recovery at the end of the

cycle (this cycle is not shown in Fig. 23).

The axial load oh the specimen was limited by the criti;
cal strength of the plate; the local instability in the center
plate subpanel triggered the instability in the side sub-
panels. With the plate so deformed, even if 1t had been de-
formed only in one subpanel, the cross section was not only
unable to carry any higher load, but was unable to sustain

the present load.

Specimen T-8

Residual stresses in specimen T-8 were eliminated by

annealing.,

This specimen had an initial positive unfairness like
T=7, and its lateral deflection curves are very similar to

those of T-7 (see Figs. 25 and 26).

At a ioad of 300 kips yield lines formed in‘the web at the
bottom of the right stiffener. Yield lines appeared in all
stiffeners except the left one at 375 kips. Between }60 kips
and 480 kips yield lines started to develop at different

locations in the plate.
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When the load reached Py = 490 kips, buckles formed
and the load dropped off very quickly. . The sharp dropping
off of the load after the ultimate load was reached can be
seen in Fig. 23. The lateral deformation of T=8 can be

seen in Figs. 26 and 31,

Specimen T=8 like T~7 failed due to local instability
of the plate. After one subpanel buckled, the specimep was
"out of commission" as far as sustaining any higher load
was concerned. The ultimate load, however, was considerably

higher due to the absence of residual stresses.

Specimen T-9

Specimen T=9 contained only welding residual stresses.

Similarly to specimens T-7 and T-8, T=9 had an initial

positive unfairness (concave on the plate side).

When the applied load was equal to 350 kips all the
webs of the tee stiffeners had yielded. Between the loads of
375 kips and 40O kips the first and second subpanels started

to show flaking of the whitewash.

The ultimate load, P,, was reached at 420 kips. The
failure of T-9 was of the same nature as T-8, plate in-

stability.
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FPigs. 27 and 32 show the lateral deformation of T-9.
They show that T=9 had less lateral deflection at the
ultimate load than T=8, . The percentage of Py attained by
T-9 was about the same as for T=7, but considerably smaller

than for specimen T-8 (see Fig. 23).

Specimen T-=10

Specimen T=-10 was identical with T-7 in every pespect
except for the L/r ratio. T-10 had an L/r = 20.7, while

T=7 had an L/r = 50.

Yield lines started to appear in the webs of the

stiffeners at about 300 kips.

At P = }j20 kips the left and center panels started to
buckle., However, the specimen still continued to carry the
load. From P = }j35 kips ti1l ;72 kips yleld lines were ob-
served to be forming in the plate. The specimen failed at
P, = 472 kips. .Thus, an additional load could be carried by
this specimen after the subpanels started to buckle.
Apparently, as the subpanels buckled, the additional load
was passed on to the stiffeners. The stiffeners could sus-
tain this incfeasg in load due to their smaller L/r ratio.

f
T-10 developed L percent more of its full yield load than T-7.

After Py was reached, the lateral deformation increased
rapidly. Figs. 28 and 33 show the load vs. lateral deflec-
tion curves and the shapé of the specimen cross section,

respectively.
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5.4 AXIAL STRAINS

The following paragraphs discuss observations on axial

strains in the specimens.

Figs. 34 to 38 show the axial strains at mid-height in
the cross section for three consecutive load stages, namelys
before, at and after the ultimate load. The curves for
specimens T-7 to T-=10 illustraté.the transfer of strains from
the plate to the stiffeners at the ultimate load dge to plate
buckling. For example, it can be seen in Fig. 36 that the
strains at the location of the two ingide stiffeners at the
mid-height cross section of specimen of T=8 rose well be- 7
yond the yield strain while the strains in the plate dropped.
This indicates that the ultimate collapse of the whole panel
occurred because of the failure of the gtiffeners to support
the suddenly increased axial load on them after the plate

became unstable and could not carry its share of the load.

In specimen T-7 additional gages were mounted on the
middle subpanel 1n order that & more accurate plot of the
sprain distribution Qould be made. The strain distribution

‘curves for this specimen are shown in Fig. 35.

The average axial strains in the plates at the plate
buckling loads for T=7, T=8, T=9 and T-10 were 950, 1070,
| 895 and 940 micro-inches per inch, respectively. These
values are essentially 88, 100, 8l and 88 percent respec-

tively of the theoretical elastic buckling strain. It 1is
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interesting to note that T-8, which had zero residual stress,
had a plate strain practically equal to the theoretically
computed elastic buckliﬁg strain. The strain in the plate
of specimens T-7 and T-9 at the ultimate load was lessithan
the elastic buckling strain by the strain corresponding to
the compresgive residual stresses. Thils clearly points to
the fact that the residual stresses have a direct influence

on the strength of the stiffened panels.

In specimen T-10 the left subpanel buckled when the
‘sStrain was 940 micro-inches_pér inch at a loag‘of uaqvkips.
The other subpanels continued to carry more load. However,
they buckled one at a time before the ultimate load of L72
kips was reached. The final few load increments after the
plate buckled represent the postbuckling strength of the

panel.

Specimen T-6 had a distinetly different failure mode
than specimens T=7 to T-10 as can be seen in Fig. 34. The
plate in the specimen started yielding at about 65% of the
ultimate load. Thus the straln measured at this load
corresponded to the magnitude of stresses that had to be
added to the residual stresses to reach the yield stress
level., All subsequent increases 1n strain took place at
the‘yield stress level and thus did not reflect changes in

the stress.
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6. RESIDUAL STRESS MEASUREMENTS

6.1 LAYOUT FOR RESIDUAL STRESS MEASUREMENTS

Residual stress measurements were performed on_spec§=
mens T-=8, T-9 and T-1l. The basic difference between the
three sﬁecimens was in the type of heat treétment they re-
ceived; which affected the magnitude and distribution of
residual stresses. Specimen T-8 was annealed after the tee
stiffeners were welded to the plate and hence was_not ex=-
pected to have any residual stresses. The pldte and
stiffeners of T-=9 were annealed and only then welded to-
gether. As a consequence, only welding residual stresses
were developed in it. Specimen T=1ll had not been annealed
and thus contained both rolling and welding residual stresses
(Specimens T-7 and T-10 were assumed to have the same re-

sidual stress pattern as T=11).

Figure 39 shows specimen T-11 and the location of the
gage sections. The expression "gage section" designates a
portion of a specimen 11 inches long which was cut out of

the gpecimen and then sliced for measuring residual stresses.

Two factors were considered in the layout of gage liness
the spacing of gage lines in a gage section and the distance
of the gage section from the ends of the plate. The spacing
of the gage lines varied from 1/2 in. to 1 1/2 in. The small

spacing of 1/2 inches was used next to and including the tee
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stiffeners. The reason for this was that the residual stress
varies quite sharply in this area. The larger spacing was
used for the middle portion of the plate between two stiffen-
ers where the residusl stress was approximately uniform.

The distance of the gage section from the plate ends had to
be sufficient to preclude relaxation of residual stresses.

To study this effect specimen T-=11 had two gage sections:

one in the center and one at the end of the specimen.
Specimen T-8 and T-9 had been tested to theif ultimate axial
load before residual stress measurements were taken. There-
fore, the gage sections had to be seiected in the regions in
which no yielding had occurred. For both specimens thisbwas

the top end section.

6.2 MEASURING PROCEDURE

Residual stresses were measured with a Whittemore gage
and.SRah electrical gages, SR-l gages were used primarily to
explore the feasibility of their use for measuring residual

stresses.

The holes for the Whittemore gage were laid out on the
front and back faces with a standard ten inch arc scriber and
thendrilléd with a special drill (No. 57 with the reamer
angle of 60°). The réamed depth was equal for all the holes
to approximately OQOO7 in. The holes were cleaned with

carbon tetrachloride and air-blasted.
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During measuring with the Whittemore gagé precaution
was taken to minimize the effect of.temperature variation.
A standard reference bar of mlld steel was lald on the steel
to be measured approximately one=half hour before measuring
so that it would be at the same temperature as the specimen.
By taking readings on the reference bar at frequent inter-
vals, témperature effects could be detected, and corrections

to the readings in any one‘sequence could be made,

The effect of bending in the plate after sectioning was
taken into account by averaging readings taken on the front

and back faces of the plate.

At each set of gage holes three readings were taken.
Readings on the standard reference bar were taken at time

intervals corresponding to approximately thirty readings;

After initial readings.were taken the gage holes were
taped up to kéeb them clean. The plate was sectioned and
the holes were uncovered and cleaned again for another set
bf readings. Taping and cleéning of the holes was performed

each time.éome work on the plate had to be done,

SR=l; gages were used on two=thirds of the center section
of specimen T=1l. This was considered sufficient to indicate
religbility and desirability of their use .compared to the

Whittemore gageo' As with the Whittemore gage, first, a set
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of initial readings were taken. Three readings were taken on
each, gage. After taking readings on all gages the wire leads
had to be cut before sectioning the plate. The wire leads
were resoldered after sectioning and new readings were taken.
FPig. 4O shows the center gage section of séecimen T-11 after
slicing and ready for residual stress measurements using SR=

gages.

The changes in the strain between the initisl and final
readings multiplied by the modulus of elasticity gavé the re-
sidual stresses in the specimen in the longitudinal direction.
Residual strains in the transverse direction were assumed to
be negligible and thus of little influence on longitudinal

regidual stresses.

6.3 RESULTS OF RESIDUAL STRESS MEASUREMENTS

6.3.1 Residual Stresses in Specimen T-11

The most extensive investigation was made on T-11. It had
two gage sections, center énd end as shown in Fig. 39. The
distribution of residual stresses at these sections based on the
Whittemore gage readings is shown in Fig. L41. The values
plotted in the curves are the avefages of the readings on the
front and back faces of the plate. The compressive residual
stress in the center gage section has values ranging from 2 to
12 ksi, with a weighted average of approximately L.5 ksi. 1In
the end gage section, the compressive residual stress had values

ranging from 3 to 6 ksi with an average of approximately l ksi.
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The maximum measured tensile residual stress for the center .and
~end gage section was 38 ksi and 33 ksi, respectively. The -
greater magnitude of compressive residual stresses at the out-
side tee stiffeners may be attributed to the fact that less
area of the plate was available around the outside than inside
gtiffeners. Hence in order to have equilibrium, higher com-
pressive stresses Wére needed on the smaller plate area since

the tensile residual stress was the same at all stiffeners.
¥ .

-,

Figure ;2 shows the residual stress patterns found before
and'after the final sectioning. The final sectioning en-
tailed the slicing of the 11 in. x 51 in. gage section into
strips 11 in. long by 1/2 in. to 1 1/2 in. wide. This opera-
tion released more than half of the tensile residual stress.
The compressive residual stress was not affected as greatly.
The reason for this is that, less restraint is needed on
adjoining strips in the compressive region where the residual
stress is:fa}rly constant, than in the tensile area where

there is a steep variatipn of residual stresses.

A comparigon of SR-4 and Whipbmore gage readings for the
center gage section is shown in Fig. 43. The readings indi-
cate that the magnitude and distribution of residual strésses
are approximately the same. However, the valués for the SR-l
gages are more widely scattered than for the Whittemore gage.
This is due to the fact that an SR-l gage givés average strains

for approximately a 3/l in. gage length while a Whittemore gage
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has the advantage of giviﬁg an average value for a ten-inch
gage length., Thus, SR-L gage readings, are easily influ-
enced by local stress conditions. Since in general the
values of overall average residual stresses are needed it
is obvious that the Whittemore gage should be preferréd,
Furthermore, its use is easier and less time consuming and

thus less expensive.

6.3.2 Residual Stresses in Specimens T-8 and T-9

The residual stress distribution obtained for T-11 in-
cluded the effects of rolling and welding. Specimens T-8
and T=9 were sectioned to show the effect of annealing and

the magnitude of welding residual stresses, respectively.

The gage section for Specimens T-8 and T-9 was selected
at thelr top ends. .Specimen T-8, which was annealed, had
hardly any residual stresses, as can be seen in Fig. Ll. .-A
comparison of the welding residual stresses in sgpecimen T-9 -
(Fig. 45) with the combined residﬁal stresses in the center
gage section of gspecimen T-11 indicates that essentially all

residual stresses were due to welding.
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7. S UMMARY

The objective of this group of tests was to investigate
the effect of residual stresses on the axial strength of
longitudinally stiffened plate panels., In addition, one
specimen, T-6, was tested to establish the effect of the
degree of rotational restraint furnished by the stiffeners
on the panel strength. Thls specimen wag to be compared

with a specimen, T=-5, from the previous series of testso*

Thisvreport is concerned with the presentation of the
test results with only a short qualitative interpretation.
Later reports will give a thorough analysis of the 65taihed

data and a correlation with theoretical studies.

Altogether five specimens were tested by subjecting

them to either axial or combined axial and lateral loading.

Specimensg T=7 to T=10 had identical cross‘sections but
.iQifferent residual stress conditions. They all were tested
E axialiy. With a b/t = 60 the failure in them wés triggeréd
by local plate instability. |

Specimens T=7 and T=-9 had very similar residual stress
}}pattgrns although in T=7 residual stresses were prodﬁced by
: ﬁbliing and weldlng and in T-9 only by welding. Spécimeﬂ T-8

wés stress relieved (énnealed) after fabrication and had no

, = an - '™ e o= o = = e
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residual stresses. The buckling strength of the plate in
the specimens, and thus, the axial strength of the specimen
was found to depend on the magnitude of the compressivelre=
sidual stress. In T-8 it corresponded to the theoretical
buckling stress, and in T=7 and T=9 it was equal to the
theoretical buckling stress less residual stress. Quanti-

tatively, the reduction amounted to about eight percent.

Specimen T-10, having the same residual stress condi-
tion as T=-7, had an axial strength about four percent higher
than T=7 due to the postbuckiing strength resulting from the

low slenderness ratio:L/r.

Some insight into the effect of the rotational re-
straint furnished by the stiffeners on the plate behavior
in the plastic range was afforded by the test results of
specimens T-5 and T-6. Both of them had b/t = 40O and were
tested under a constant lateral pressure of 6.5 péi° The
basic difference between the specimen congisted of the
stiffener cross section; speéimen T=5 had box-ghaped stiffeners,
and T-6 had tee stiffeners. Thus the plate between stiffeners
in T-5 was fully restrained and in T-6 essentially simply

supported.

The plate in both specimens had undergone congiderable

%ilelding by the time the ultimateé load was reached. At the
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ultimate load the straln in the plate differed markedly:

in T-5 it was about 0.0027 in./in. and in T-6 about _
0.0022 in./in., (the yleld strain is 0.0013 in./in.) If the
strains due to residual stresses are added to the above

strains, the difference 1n the ultimate strains in T-5 and

T=6 would rise from 0.0005 in./in. to about 0.0008 in./in.

In both specimens the fallure was due to general.column
instability. The plate in both specimens became unstable
but only after reaching the ultimate load. In T=6 the
buckles appeared right after the ultimate load, whereas in
T=-5 considerably later. The buckling pattern was different
in thé two gpecimens; in T-6 it was of a checkerboard type
with alternating concave and convex buckles; in T=5 it was
irregular. Thus, the influence of a fespectively weak and
strong rotatlional restraint furnished by the stiffeners of
T-6 and T-5 was reflected in the plastic buckling strain of
" the plate.

Some important observations were made during measurement
of residual stresses. Although the residual stress patterns
were found to be different in the end and center gage sections
of specimen T~1ll, it 1s interesting to note that the average
values of compressive residual stresses are approximately
equal. Thus, as is often the need the magnitude of compressive
ﬁelding residual gtresses can be determined, at some saving,

from an end gage section instead of from a center gage section.
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The other observation concerns the use of SR~&_str§in

gages versus a Whittemore gage. Since the Whittemore.gage

works over a much longer gage length than an SR-=l gage

(10 in, vs. 3/L in.), it gives readings with considerably

less scatter. Furthérmore, a Whittemore gage requires less

care and time.

On the basis of the obtained results some tentative
qualitative conclusions can be drawn.

l. Residual stresses play an important part in the
elastic buckling of plates and thus in the ultimate load
carrying capacity of longitudinally stiffened panels.
However, their effect on the plastic buckling of plates with
a low plate slenderness (b/t £ }j0) is negligible.

2. For plates with low b/t the rotatlonal restraint
furnished by the stiffeners affects only the plastic buck-
ling strain, and therefore, has no influence on the ultimate

strength of panels with such plates.

Development of a method of theoretical analysis is
currently (1962) underway, and a correlation of the test
results (T-1 to T-10) and theory will be given in future

reports.
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Table l: BASIC SPECIMEN DATA (T-1 to T-10)
' Specimen Date A 5 I3t L Parameters Variable Ultimate
No. Tested (in.“) {in.*) b/t L/ra Rotat. restr. Latrl. ldg. Farameter Axial 1ld. Mode
. : . . by stiffeners . q (psi) test of
(kips) Failure.
1 2 3 Iy 5 6 7 8 9 10 11
T=-1 2/24/59 17.75 2h.41 60 52 low 0 ) 532 Plate =~
. : _ Instability
T-2 L/3/59 17.75 2441 60 52 low 6.5 1450  Plate
. A \ Instability
T-3 L4/12/59 17.75 2L.41 60 52 low 13.0 q 7 L00 Plate
: o Instability
Tl 5/14/59 17.75 2L.4l 60 52 low 6.5 | 475  Plate
. » A ) //. Instability
- T-5 7/2/59  21l.34 29.52 41 52 high 6.5 b/t 681, Column
. , {full fixity) , Instability
: - . Rotational .
T-6 6/3/60 16,96 24.54 40 51 low 6.5 Restraint 1163 Column "
: ' _ Ingtability
T- 60 15.56 17.58 60 0 lo 0 9 Plate
. 7 7/1/ 5.56 17.5 5 W 49 Plate ity
Residual -
T-8 8/8/60 15.56 17.58 60 50 low 0 Stress 493 Plate
. Instability

S-ghe
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Table 1l: BASIC SPECIMEN DATA {(T-1 to T-10) (Cont'd)

Specimen Date Ass I Parameters "~ Variable Ultimate ‘
No. Tested (Inoe) (in.4) B/t C/v* Rotat. restr. Latril. ldg.Parameter Axial 1ld. Mode
: . . by stiffeners gq (psi) test of "
B . : (kips) Pailure
1 2 3 n 5 6 7 8 9 10 11
T-9 8/16/60 15.56 17.58 60 50 low 0 22 Plate -
- Residual Instability
o ' ' o ’ Stress T
T-10 1/11/61 15.56 17.58 60 20.7 low 0

L72 Plate
Instability

% The areas, moments of inertia and L/r ratios are based on the wholé cross section,
- however, L/r for T-1 to T-L would be 5l if based on a subpanel width of 15" with
T-stiffener at center of. 15",

off-
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Table 2, TENSION COUPON TEST RESULTS (T-6 to T-10)

T - | | E Egt Fgt £
c Coupon Ogy Ou S S % % Reduct.
Tak:gpgggm ' Numger (ksi) (ksi) (103ksi) (103ksi) (in./in.) Elongation  of Area
N 2 3L 5 6 7 8 9
As Delivered _ o
Pa=8 L0.8  61.3  3Lh.2¥  0.522 0.007 21,1° Sl.7
Po-9  Ll.4  62.3  31.6 0.539 0.007 32.2 56.1
_ Pc-10 10,3 60.7 31,0 0,408 0,007 31.8 59.1
Pe~11 f708 59,2 29.2 0,510 0.013 31.3 57.0
Plate Pc-12 2.0 62.3 29.8 0.655 0.01l 28.8 57,1
Pc-16 . 37.8 59.5 28.8 0.775 0,011 30, 53.2
Pc-17 38,0 60.5  29.6 0.493 0.011 29. 59,5
" Pc-18 37.9 59.8 29.5 0.650 0.012 31,2 57.2
Average 39.5 60.7 29.9 0,569 0,010 30,8 56.9
Annealead .
B Pc-13 35.9 59.4 29.5 0.561 0.022 33. 55.7
Plate Pc-1] 36.5 60,0 31,7 0.356 0,021 31°ﬁ 53.2
Pc=15 ‘ 3608 59.9 33.0 0,507 0.023 32.2 60.0
Average 36.Y 59.8 31.U 0.475 0,021 32.3 56.3"
As Delivered
Fe-6 32.8 - 5.1 30.1 0.55 0.021 1.0
St1fen Fe-7 35.2 5%,6 28,1 0,65§ 0.017 359 ﬁ%:g*
Stiffener Fc=8 36,8 58.7 32.2 0,489 0.021 23.5 57.4
plange Fc=-10 38.2 62»% 29.9 0,769 0.021 25.6 5.6
) Fe-12 36.7 58, 29.8 0.718 0.016 2l.8 L7.0
Average 35.9 58.5 30,0 0.637 0,019 26,1 53.8

S-gfe
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Egt

: COU.pODS : COU.pOI'l O'sy o'I.J. "'Est ' . % % Reduct.
Taken From Number (ksi) (ksi) (103ksi) (103ksi) (in./in.) ©Elongation of. Area
1 2 3y 5 T 4 8 9

o _ Annealed

Stiffener Fc=9 31.7 L8.0 " 33.6 Oo%u9 0.022 30.5 59.3
Flange Fe-11 4.7  L49.3 33.1 0.615 0.019 27.14 -

A Average 33,2 L8.6 33.4 0.532 0,020 29.0 59.3

As Delivered
‘We=l 40.9  67.0  34.6 0.481 0.017 25.5 46.9

Stiffen We=5 38.6 62.14 29.4 0.356 0.021 3302 50,1

Web er Wqﬁé 40,1 60,0 28,8 90592 0,029 28,8 45.5

- Wo=0 42.0 6.2 32,2 V.57 0,030 29.6 53.6

We=9 36,8 60,0 - - - 30,8 60.5
We=10 39.7 59,9 29,1 0.465 0,026 33.7 57.0
Average 39.7 62,2 30,8 0,49 0.025 30,3 5o,
o _ Annealed
;:%ffener WC°7 34.8 Sl 7 30.4 0.731 0.029 29.0 -

_x_

These values are not included in averages

S°gfe

2h-



Table 3., ACTUAL

SPECIMEN DIMENSIONS

Plate Stiffeners
Specimen Width Length Avg.Thickness Flange Width Flange Depth Web
) T _— . L . L Thickness Thickness
in, in. in, in. : in. - in, in.
1 2 3 L 5 6 7 8
T=6 51 58.5 0.2553 1.88 00161‘ 3.32 0.120
51 50.5 0.2529 1.93 00162' 3.30 0.122
51 50.5 0.2512 1.86 0.161 3.31 o°118
51 50.5 0,2530 1.89 0,161 3.33 0.119
51 19.43 0.251Y 1.93 0.162 3.29 0,115

Notes

For nominal dimensions, see Figs. 1, 2, and 3.

S gfe
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Initial Spacing of Stiffeners (in.)

INITIAL TILTING AND SPACING OF STIFFENERS

Specimen e b1 b2 b3 bu b5 85
T-6 Top .50 9.97 10.00 10.06 9.97 10 .50
| Bottom 13 10.06 9.91 10.03 10.03 10 .50
-7 Top 3.02 15.00 15.00 15.00 2.95
| Bottom 2.97 15,00 1L.97 15.03 2.99
T“B TOp 2o 97 15002 15000 1}_’,0 97 3002
‘ Bottom 2.99 15.00 15.00 1.99 3,00
T=9 Top 2.99 15.02  15.00 14.99 3,02
, Bottom 2,97 15.03  15.03 1.9k 3.03
T-10  Top 3.00 15.00 15.00 15.00 3,00
_ Bottom 2.95 14.99  15.00 15.02 3.05

af

. Cross - Section

A T T

s

e,

o]

Pa?,da
e,

[ foec FT Jasb T Boecn T T Jouch T T Jouch P T e

b )

N

o)

e by

b e .

Specimens T-7 +o T-1|

Specimen

T-0

segte



Table l. INITIAL SPACING AND TILTING OF STIFFENERS (Cont'd)

b. Initial Tilting of Stiffeners (in.)

Specimen aQ 4, , 4, dg dg d dg
T-7 Top 3,31 3,27 3.3l 3,28 3°3g 3.28 3,29 3,28
. BOttom 30‘32 30_32 30 35 3c 31.]. 302 30 29 3029 30 29
7-8 Top 3,31 3,30 3,28 3,32 3.28 3.31 3.29 3,30
: Bottom 3.30 3031 3,32 3.28 3.31 3631 3.28 3.36
T-9 Top 3.35 3,30 3.35 3.30 3.30 3.31 3034 3036
. Bottom 3.30 3.32 3033 3.31 3:30 3.26 3,31 30,31
T-10.% Top 3,26 3,30 3,32 3,32 3,28 3.32 3,28 3,32
. . Bottom 3.26 3.28 3.29 3030 3.28 3,31 3,28 3.29
Top 3.31 3.26  3.32 3.28 3031 3.3l
) Bottom 3,30 3.35 3.29 3,30 3.31 3.34
T-6 <
. d7 dg dg dio dij djp
Top 3.35 3.39 3.28 3,36 3.29 3031
Bottom 3.31 3.32 3,20 3.31 3.25 3.32

.

gegtie



Table 5A. INITIAL UNFAIRNESS OF PIATE (SPECIMEN T-6)

(1073 1n.)
a. Horizontal Sections
- Points
Sect. 1 2 3 in 5 6 7 8 9
HT -2 =30 =51 =79 =100 -9 -6 -21 -1y
HC -10 -57 -49 =95 -90 ~104 <49 =49 0
HB -18 -48 =93 =152 -159 -174y =111 =74 -36
o R S " . ) 5},11
b- Vertical Sections 22 @s = g0 2
oD Points ] . -
Sect. 1 2 3” I 2349 585 6,789
VR . L7 62 55
e T or-'_: _____
Ve 93 118 96 i T
§ |
VL L6 81 50 " !
- |vR e
t 1
l - B |
Pl wel
[ } L}
o -
. |
| |
: i
t {
! I
! !
N | N

- Geghe

o=



Table 5B. = INITIAL UNFAIRNESS OF PLATES (SPECIMENS T-7 to T-9)

S {io”3 150) ” '

.ao Horizontal Sections b. Vertical Sections

Spec. Sect. | - Points Sect. Points

1 2 -3 ly 5 6 7 1 2 3

HT 63 59 80 36 60 -5 25 VR 1 12 -2
T=7 HC 68 111 101 8L 59 153 - é4 Ve L2 L1 Ls
: HB 80 66 83 1 -7 =12 27 VL =50 -1 20
HT =16 =9 =15 =2 =37 U, =22 VR 30 104 8l
T-8 HC -6l =30 =37 =20 3 —% -5l ve 88 8y 11
- HB 35 138 L2 3 16 - =15 VL 40 57 39
HT -29 =111 VR 39 68 23
T-9 "HC -98 -80 ve L1 - 29 17

HB -2 =84 VL 55 53 53

Seate

-



Teble ?5:36 .

INITIAL UNFAIRNESS OF PLATE (SPECIMEN T-10)

(1073 in;)
Sy ,

a. Horizontal Sections _ b, Vertical Sections
Points Points |

Sect. 1 2 3 N 5 6 7 Sect. 1 2 3

HP  -132 =177 =171 =185 -149 -120 =3 VR o 9 15

HC. =~ =92 =128 -148 =107 -136 =85 =4O Ve 21 23 23

HB -87 =136 =134 =84 -106 =89 -57 VL 12 -4 =9

T T 7 A
. I
<l { | ®
o-————-—- 14— =[N 5\‘
af : " &
I —
oo ) | 0
Bottom =

g gfe

f1-
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P Table 73 LONGITUDINAL DEFLECTIONS
_J]L—l -~ Deflection = Average of Gages L1
A ben and L-2
! pa Note:s Longitudinal deflection readings
| = were made only during the appli-
b cation of the axial load, therefore,
| — none are given for Specimen T-6
P for a few first (and last) load
| ] numbers, Ld, No,, at which the
< lateral loading was put on (and
off) . »
P P
g -7 7-8 T-9 =10
* Ld.| TLoad Defl. Load Defl, Load Defl. Load Defl.  Load. .Defl.
No. P P P P | P
0.001 0.001 ‘0,001 0.001 0.001
kips in.. kips in, . kips in, kips in, kips in.
1 0 - 0 = 0 = 0 - 0 -
2 0 - 50 0 20 0 20 0 50 -
3 0 - 50 0 20 0 20 0 50 0
- b 0 - 100 7 50 6 50 6 100 6
5 50 0 150 15 100 1, 100 16 150 10
6 100 10 200 22 150 22 150 2l 200 15
7 200 27 300 37 200 28 200 32 250 19
8 300 L2 350 Lk 250 35 250 39 300 23
9 Loo 60 375 50 300 L2 300 L6 350 27
10 ‘423 69 385 52 3%0 L9 350 5k 375 29
11 | k2 76 389 52 375 53 375 58 390 30
12 L5080 394 54 400 57 Loo 63 L0o 31
13 Ls8 787 103 55 u2s 60 410 66 L10 31
1k L60 90 Lo6 56 450 6L 1120 72 350 29
15 162 92 411 57 Léo 66 380 80 390 31
16 L63 95 L17 58 470 67 370 80 410 32



2L'.8 ° 5 “"50
Table 73 LONGITUDINAL DEFLECTIONS (Cont'd)

T-6 T-7 : T-8 T=9 T-10.
Ld. Load  Defl. Load Defl. Load Defl. Load Defl. Load Defl;:,
No. P P P P P
0.001 0.001 0.001 0.001 0.001
kips in, - kips in, kips in, kips in, kips in, -
17 L53 103 h25.. .59 L8O 69 350 77 Lo 33
18 he2 116 b30. 60 485 71 300 70 b26 33
19 | 397 15 136 6 M1 66 20 62 31 3k
20 330 108 Ll2 62 450 67 200 55 437 '35
21 | 297 100 L7 6k W8S 72 150 b7 W2 35
22 | 348 106 LL9 66 L0 L 100 39 Lhé 36
23 398 113 W3 70 360 9 50 29 hs2 37
2l 398 125 1418 83 34l0 100 20 22 . L55 37
25 263 | 167 382 98 323 108 0 - L61 38
26 sL, 118 | 3L9 93 200 87 o Lés 39
27 | o - 299 8, 100 68 w1 39
28 0 - 200 68 200 8L bes Ll
29 298 82 325 107 e b3
30 348 92 308 116 L65 h?m
31 _ 382 98 294 128 Lh3 60
32 368 106 206 1 423 69
33 | o3l 122 .éo 71 373 66
3L 200 . 96 | 300 60
35 - 30 59 200 51
36 | 0 186 300 59
37 = | K23 69
38 | J 402 81
39 399 86
Lo | L3 50
L1 | 0 -
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Table 8 EFFECT OF RESIDUAL STRESS ON THE STRENGTH OF

LONGITUDINALLY STIFFENED PANELS-TEST PROGRAM

Test Condition of State of Nature of
No, Specimen Residual Stress Test
T=-7 As welded Rolling and
Welding
Axial
T-8 Welded then None
Annealed Compression
T-9 Parts Annealed Welding
then welded
T-11 Same as T-7 Residual Stress
Measurement
Table 9 EFFECT OF RESIDUAL STRESS ON THE STRENGTH OF
LONGITUDINALLY STIFFENED PANELS-TEST RESULIS
_ State of , P P /A B, /Ap
Test || Residual | O e | Ty u o/ ®
No. Stress Ksi ksi kips ksi ksi
T-7 Rolling & 31,9 | 39.5 LL9 28.6 29.3
Welding
T-8 None 31.9 36.L 493 31.9 31.9
T-9 Welding 31.9 | 36.L 422 27.0 28.L
T-10 Rolling & 31.9 | 39.5 L72 30.5 2L.6
Welding

# Elastic buckling stress based on:

b/t = 60, E = 30x10° ksi, k = 4.23
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Flg. 3 TEST SPECIMEN DIMENSIONS {(T-10)

Scale 1,21-0"
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L sy
YR Front face
(Q
Back face Sy
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231-6"F
58.5 50. 5" 50.5" Q1]' 50.57 ;  50.5'
T |
-1
Specimen
T-6 -7 .| 110 || 15 T-3
? T mow T T T
Piates
~. 32030 ¥
56.5" 535" LAY 58.5% ) se.sv | ) 55050 ] Tgg s
1 . [~ I ' .
T-5 -6 |¢] T€6 | 16 lc|l T-6 | 75 I
6 -]"A’.‘ “"04
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50.5" 50.57 | 16| 50.5" 50,5 | 50,57 50.5" LAPIGY  50.5'  5C.5'
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tiffeners
liote: ™
R®: Reserved piaces for residual stress measuremant
C: Reserved pieces f£or coupun tests

Fig. L
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Notes

Saction A=A:

8 LOCATION OF SR-l STRAIN GAGES (T-6)

For each gage on the front face there
is a corresponding gage on the back
face. The gage number on the back
face is the following ewven number

to that of the gage on the front face.
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Fig. 9 LOCATION OF SR-ij STRAIN GAGES (T-7, T-8, 7-9)

Notes: 1. For each gage on the front face there
‘ is a corresponding gage on the back
face. The gage rinumber on the back
face is the followimg even number .
to that of the gage on the front face.

2. Table A shows which gages were used on
which specimen.
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Fig. I3 SPECIMEN T-6 AFTER TEST
FRONT FACE

Fig. 14 SPECIMEN T-6 AFTER TEST
BACK FACE
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Fig.15 SPECIMEN T-7 AFTER TEST
FRONT FAGCE

Fig.16 SPECIMEN T-7 AFTER TEST
BACK FACE
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Fig.17 SPECIMEN T-8 AFTER TEST
FRONT FACE

Fig.18 SPECIMEN T-8 AFTER TEST
BACK FACE

S*gne
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Fig. 19 SPECIMEN T-9 AFTER TEST
FRONT FACE

Fig.20 SPECIMEN T-9 AFTER TEST
BACK FACE

S°8Me

99-



SPECIMEN T-10 AFTER TEST-FRONT FACE

Fig.22 SPECIMEN T-10 AFTER TEST-BACK FACE
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Fig. 24 ILATERAL DEFLECTION, SPECIMEN T-6
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Fig. 25 LATERAL DEFLECTION, SPECIMEN T-7
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Fig. 3. AXIAL STRAIN IN PLATE OF
SPECIMEN T-6, MID-HEIGHT
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Fig.40 CENTER GAGE SECTION -SPECIMEN T-II
ARRANGEMENT FOR RESIDUAL STRESS
MEASUREMENTS WITH SR-4 STRAIN
GAGES
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