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REPORT OF TESTS OF STABILITY OF STIFFENED PLATES
BY '
ANDREW BRODSKY# AND PAUL H. KAAR##

Foreword

These tests on the behawior of stiffened plate elements
loaded in compression were started in 1941, Mr. Brodsky
worked on this project until 1943 when the war put a stop to
the work. In 1947 the study was resumed by Dr. Johnston and
Mr. Kagr., .The project was under the sponsorship of the

American Institute of Steel Construction.

Introduction

The program for the #.I.8.C, research fellowship was
outlined as follows: |
"Tests of plate elements in compression, with both
longitudinal and lateral stiffeners. This program would
consider some of the fundamental analytical problems in

Chapters 4 and 5 of the paper on Elastic Stability by

Messrs. Molsselff and Lienhardl, and would include ex-
perimental corroboration of the stability problems ine

volved. Varlations in plate thickness ratios and in
\

N

# Former Research Fellow, American Institute of Steel Construc-
tion, Fritz Engineering Laboratory, Lehigh University,
Bethlehem, Pennsylvania.

s## Engineer of Tests, Fritz Engineering Laboratory, Lehigh
University, Bethlehem, Pennsylvania,

l. Transactions ASCE, 1941 p. 1052 to p. 1088
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the relative size and spacing of the stiffener elements

would be considered."s

The tests were to deal primarily with the fundamental
plate elements for cellular tower consiruction. Previous
tesﬁs on the behavior of plates reinforced by stiffeners,
especially those made in Europe, have been limited in thelr
scopes Theoretical investigations of the problem have been
made by several asuthors. These studies have been general 1In

scope and have furnished no practical results.

Program

It was the Intention of these tests to simulate the

vertical edge conditions of a cellular tower. The scope of
: eiaht X

the tests was limited by the capacity of the sewen hundred
thousand pound capacity testing machine at the Fritz Engineer-.
ing Laboratory. Eleven pilot tests were made to perfect the
test procedure to be used on larger épecimens. Four large
specimens were tested in the main programe. _

The number of stiffenera and the thickness of the plates
were both varied. The test specimens were based on Mr, Moisseiff's
design.-using the equation //////-+—
a/t = S0(M1) (1)
total width of plate

t = thickness of plate
= number of longﬁgﬂginal stiffeners

X

#Letter from Bruce Jomston to Mr. Moisselff, July 3, 1941.
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Test Procedure of Pilot Tests

In the following description of each pilot test all test
ple te specimens are of a size 25 inches by % inch by 4 feet
4 inches with a clear length of 4 feet % inch unless otherwise
noteds The two 25 inch edges were perpendicular to the load
line and were clamped. Unless otherwise stated Bteral deflec-
tion measurements were made. Unfé-stresses mentioned are average
over the area of the plate. #11 welding and riveting were done
by expert workmen.

The following is a description of each pilot test:

The buckling load of both these and the main test specimens

was determined by the formula:

Er¥% L%
Oop = -
cr K 12 (l-v‘L ) (d) (2)

where thickness of plate

width of plate

modulus of elasticity of plate

Polsson's ratio

critical buckling stress

coefficient dependent on end conditions &
condl tions of plate

modulus factor equal to 1 below yield point

t
a
E
v
w

cr

K
Test l:= An unstiffened plate with the two vertical edges un-
supported was loaded to a total load of 14,000 pounds with an
average stress of 2,800 psi. <the critical Euler buckling load
for this plate was 20,850 pounds. The plate deflected in a half

Wave.

# Elastic Stability by Moisseiff and Lienhard
Transactions ASCE, 1941 p. 1054
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Test 2:= The plate used in Test 1 was used again in thi s test.
The plate wés unstiffened and the two vertlcal edges were un- |
supported. Horizontal bars % inch diameter by 8 inches long
were pkacéd perpendicular to the faces of the piate at the
vertical edges and were 3 inches on center. These bars, the
ends of which were 3/8 inches from the faces of the plate, were
designed to give lateral support to the vertical plate edges when
the piate deflected, The theoretical buckling load computed
from equation (2) was 102,895 pounds. At 103,000 pounds, 15,600
psi, the plate buckled into & full wave., At a load of 122,500
pounds, 18,560 psi, the 4 inch diameter bars buckled from the
plate load and the plate deflected into a half wave.

Test 3:= This test was identical to Test 2 except timber backe
ing-up strips were used 1n an effort to prevent buckling of
the % inch diameter bars. At a load of 110,800 pounds, 16,790
psl, the strips slid and the‘plate buckled into a half wave.

TeSEVZ§;_ Tnis test was identical fo Test 3 except ties wegel
used between the plate and the timber strips. At a load of
125,100 pounds, 18,950 psi the % inch diameter bars buckled
and the plate showed a permanent deflection. The plate had
yielded at many points.

| Because the actual buckling load always exceeded the
theoretical critical buckling load of 102,895 pounds and be-
cause the bteral support bars buckled this test method was

abendoned. It was felt that the bars took too large a percentage

@
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of the axial load for good test results.
It was declded to weld flanges to vertical edges of
the platea and to apply the load to this bullt-up colum.

Test 53- A plate 4 inches by 4 inch by 4 feet % inch was
welded perpendicular to both vértical edges of fhis plate.
These four inch plates were made to bear against the plate
clamping angles so that they took their proportionate share

" of the load. The theoretical critical load was 134,000‘pounds.
At 135,000 pounds, 15,700 psi the plate buckled into a half
wave, The maximum load sustained was 143,000 pounds, 16,630
psi. |

Test 6:- A plate 2} inches by % inch by 4 feet # inch was
welded to one face of the plate>at the center line and ldentical
slzed plates were welded to the vertiecal edges of the test plate.
All . stiffeners were made to bear against the loading blocks.

In order to prevent the flanges from bending excessively steel
strips 1-inch by % inch by 7 inches were welded to the flanges
at the mid height‘of the plate and three inches from either
ends -One end of the strip was welded to the plate edge stiffen-
ers, the other to the vertical support beams. The thiclmess

of the strips was reduced to 1/8 inch at the beam end to lessen
the veptical load they might absorb during the test. A ﬁre-
liminary test was made to see the smount of load -the strips-
would possibly absorb. It was obvious that these strips would

not take more than one percent of the load.,.
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Connection engles were bolted to the supporting
beams and a reference plate of the same size as the test plate
was bolted to the angles., This plate was at a distance of about
-16 inches from the test plate and 1t was necessary to design
a special deflectometer for reading lateral deflections, An
extension was made for a 1/1000 inch dial gage. Gage holes
were drilled into the reference plate and punch marks were
made in the test plate. Deflection readings were takeﬁ\along
a number of points at aifferent loads,

At a load of 240,000 pounds, 28,070 psi there was
gene ral yielding of the plate. The maximum load sustained
was 260, OOO pounds, 30,410 psi, Fige. 1 shows the general test
set-up and Fig. 2 shows the set-up after the supporting beam

on one side had been removed.

Test 7:-,»The set-up was ldentical to Test 6 except that an
angle 2_—;3 inches by 2 inches by 3/16 inches by 4 feet % inch.
was rivetéd to the plate at the center line. At a load of
240,000 pounds, 27,550 psi there was general yielding. The
maximum load sustainéd was 275,000 pounds, 31,570 psi. Figs.

d and 4 show the specimen after removal from the testing machine.

Test 82~ A plate 22 inches by inch by 4 feet 4 inches was
used the width of which was below the maximum as providedaby
Equation (1) Plates 2% 1nches by % inch by 4 feet % inch were
welded.to the vertical edges of the plate and a plate 2% inches

by %4 inch by 4 feet 6 inches was weided as a center stiffener.
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The center stiffener was longer than those used in the other
tests. It was cut to fit the clamping angles and was partly
bearing against the loading blocks. This was to prevent the
plate from bending in the direction of the stiffener. The

plate did deflect in the opposite direction. At 140,000 puunds,
18,490 psi there were strain lines throughout the plate and

on the center stiffener. The maximum load sustained was 241,000
pounds, 31,840 psi, when the stiffener buckled and then the
plate.buckled in a half wave. Fig, 5 shows the specimen after
the test was completed. ' '

Test 9:-, A plate 28 inches by % inch by 4 feet 4 inches.was.
uséd the:width of whiéh was'gb6§é the maximum width as pros- .
vided .in Equation (1). Plates 2% inches by % inch by 4 feet

% inch.were welded to the vertiﬁgl edges andha'plage 2% inches
by % inch:by 4 feet 2 3/4 igchggﬂwas’weldéa as a center stiffen-
er.’ This stiffener was cut to bear closely against.the clamp-
ing angles‘;slnvadditionﬁa s?eg}[strip 2% inches by % inch by

4 inches was welded to the test spécimen both on top:and:pottom
1n@back,of/:2§ter sttfféner;;égheée pieces were also.made.to

fit the. clamping angles. <The-purpose of these plates was-to
give  the,.test plate added fig;g;yy. At a load of 250,000:pounds,
27,176 psi the center line stiffener bégan to yield rapidly

end it buckled at a load of 261,000 pounds, 28,370 psi. The
stesl of the center line stiffener had a lower proportional
1imlt then that 6f the main plate., Figs. 6 and 7 show the

specimen after testing.
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Test 10:=- A standard size plate was used for this test.
Plates 4 inches by % inch by 4 feet 3 inch were welded to the
vertical edges of the test plate. The wider flahges would add
to the rigidity of the built-up colum and it was hoped would
allow the full strength of the plate to be util;zed. ‘A plate
2% inches by % inches by 4 feet 2 3/4 inches was welded along
the center line. Strips 2% inches by % inch by 4 inches were
welded to the plate in baék of the cenfer line stiffener on
the top--and -bottom to increase the rigidity.

“Lateral support for the plate was provided by steel
strips 1 inch by % inch by 6% inches welded at one end to the
flange plates, and ét.ﬁhe other end to fianges of WF sections.
These lateral supports were located three inches from the top
and bottom and at the center of the flanges. The maximum load
_sustained was 509,000 pounds, 33,590 psi at wﬂiéh time the plate
buckled in a half wave with at least two smaller full waves in
each panel, l'igs. 8 and 9. show the specimen after the test
had been'completed. 1g /sgows a contour plot of lateral de-
flection of this plate. Fige 11 shows a load deflection curve
for this plate.

Pl tes, in some of the pilot tests, were welded to
.the unloaded vertical edges of the plates as flanges. ,Hofizon-
tal steel strips weré welded to these flanges to tie the plate
to columns which were in turn fixed. It was the original in-
tention to use this arrangement in the tests of the large plates

with the horizontal tie plates being spaced six inches on center.,
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In a letter to Mr, F. H. Frankland dated December 22, 1942,

Mr. Brodsky proposed that the system for supporting the unloaded
vertical edges of the pla tes be revised. He proposed the method
of suﬁpprt whiéh was adopted and is described on Page 11 of this
report. <he majority of the Committee on Technical Research

of the American Institute of Steel Construction agreed to Mr,
Brodsky's proposal. Dr, Bruce Johnston, who was away from the
University on war leave at the time, approved of the suggestion
"to speed up production", with the supposition that the originally
planned test method could be used if difficulties arose with

the new method.

Test 11:= In this test was tried the entirely different sup-
port method which Mr. Brodsky proposed. On & normal sized plate
5/8 inch diameter bars 5/8 inches long were welded to the verti-
cal edges ,of the plate 6 inches an center. The only stiffener
used was a. 2% inch by % inch by 4 feet 3/4 inch longlplata
welded to:.the test plate along the center line. The rounds
fitted into guide slots made by welding plates to‘a column,
The guldes and plates were greased before the test began.
There was free vertical movement of the plate in the slots
before the plate was clamped for the test.
. Near the ultimate load one of the guide plates

broke away fromithe column thus freeing the plété. Because
of this breaking deflection notes could not be made for all
points, The ultimate load was 183,700 poundé, 25,550 psi.

The results of the eleven pilot tests are summarized

in Table I.
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On the basls of pilot test eleven pchedure for

testing the four main plates was formulated.

Discussion of Test Data - Pilot Tests

Table I shows in tabular form, the results of the pilot
tests and the characteristics of the plates. Critical buckling
loads are computed by Equation (2), by Southwells Method#, and
by "top-of-the-knee method"##, As can be observed by compari-
son of values obtained as above with testing machine loads re-
quired to budkle the plates there is some agreement but seldom
do all methods agree closely. Agreement of the testing machine
buckling load end the critical load as determined by Eduation
(2) 1s evidence of the correctness of the subject peper.

| Transverse stiffeners were not used in these tests so the
theory concerning the action of these stiffeners could not be
checked,

The writer does not believe the pllot tests were of large
enough size, Hexdling of the main test specimens . :presented
such a number bf new problems that it was almost like an en;

tirely new research project.

Test Procedure for Main Plates

Two bearing blocks 5 inches by 8 inches by 2 Inches

## NACA TN No., 1124, 1946
# Re V. Southwell, Proceéddings Royal Soclety
Serles A, Vol. 135, p. 601
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thick were tack-welded to a load-bearing-block 4 feet 2
inches by 4 inches by 9 inches deep. <The load was applied
to the smaller bearing blocks which, in turn, transmitted
the load through the large bearing block to’the plate specimen.
Fixed~end conditions along the top and bottom of the plate were
established by bolting the specimen to the lamsrge bearing bloéks.
The connection was mede in the following manners two 2 inch
by 5/8 inch angles were bolted to the large bearing block, back
to back, spaced far enough apart to permlt insertion of the -
end of" the plate. Bolts, three inches on center , passing -
through the plate and the angles fastened the plate specimen
| éecurely to the bearing block. A bearing plate 4 feet 2 inches
by 8 inches by 3 inches deep with the identical plate fastening
arrangement was used to secure the bottom of the plate specimen.
The’ following method of securing the vertical edges 6f the
plate Was used: Round bars 5/8 inches in diameter by % inch
long were welded to the vertical edges of the plate specimens
2 inches on center. 'Each vertlical edge of the plate test
specimen with the rounds attached was inserted between two 3
inch by 3 inch by 5/8 inch angles welciéd back to back to a
colum. The column was fixed against lateral deflectlion (but
not against'twisting as later developed) and raised above the
table of the testing machine. In this manner, it was thought,
the vertical edges of the plate specimen were free to rotate
or to move up and down, but not free to move laterally. The

angle backs and the rounds on the vertical edges of the plate
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/mhe\angiq_pd@kg*gnd\ph@\gguﬁag\ggfﬁﬁg\veftéggiggdges/éfw—”’/
ﬁﬁe’%ma@§f§ere greased before the tesf so there would be

a minimum of friction. Since the colﬁmns were clear of

the testing machine teble, no load could be transmitted

by them to the load weighing mechanism. A croés-section

of the plate and supports is shown in Fig. 12.

. At the beginning of each test vertical strain.measurements
were tsken with a Whittemore Strain Gage along the vertical
edges of the plate at various load 1ntervals within the elastic
range. If there was a difference in the amount of strein, the

loading heasd was adjusted by means of shims until the strain

was nearly equal at both edges.

Description of Main Test Specimens

Test'*  Plate Calipered Plate Longe. ‘Trans.

Noe. Size Plate Area Stiffener Stiffener
Thickness .

1 363"x3/8"x19!¢ 0.3735" 15.11sq.in. 1 1

2 38"x 3/8"x19! 0,374 15.14 1 4

3 ﬁfx 5/16"x171 0.313 18.10 2 1

4 qﬂ/ie"xs/ie"x17v 0.524 17.97 2 3

g Al m-»er—

The maiﬂeplate material was purchased from the Bethlehem
Steel Company, Bethlehem, Pennsy lvania, The 3/8" plates were
from the same heat as were the 5/16" plates. The physical and
chemical properties are as follows: '

Pl. T'ness Yield Point Tensile Elong- Reduc~ Chemi- Analy-
No., PeSele Strength etion tion cal sis
pSi % of area C., Mn, P. Se.
% 5 % % %
182 3/8" 37,900 61,700 26,0  56.5 18 .51 020,032

3&4 5/16" 38,800 64,100 5160 59485 416 446 011 .03
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In each case the stiffeners were welded so that the plate

was divided into equal sized panels. The stiffeners were cut
in such a manner that neither end contacted the bearing blocks.|
Thls procedure kept the stiffeners from taking any of the

testing machine load inAd§péct compressione

. N
Plate l:= This plate had been Ffabricated with welded'flanges
end single transverse and vertical stiffeners., After round
edge supports had been selected, the flanges were burned off.
The plate was then only 36% inches wides

Seven horizontal strain gage lines were laid out
on the plate at the top and bottom ends and approximetely ét
the sixth points. Each gage line was divided into five gage
sets = one close to each end and the others at quarter points
along the plate width. Gage lines were also laid out on the
stiffener, <
Twenty=-six horizontal deflection gage linés were
laid on the plate at fhe top aﬁd bottom and spaced at equal
intervals of 4% inches along‘theﬂvértical edge of the plate
in the same manner as the strain gages.

The plate was not of uniform length and one side
took more load than did the other. An attempt wad made to..
shim the bottom loading Elock up. Strain and deflection. .-
readings weré taken at 75,000 pound intervals on plate and
stiffener. |

The first strain lines sappeared at a lower corner

at 144,000 pounds load, 9,530 psi., At 300,000 pounds, 19,850 psi
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there was much yilelding at this cornere.

The strain measurements at the lower end frequently
showed a variation from tension to compression along a straight
horizontal lihe perpendicular to the face of the plates At
the maximum load the strain had become almost constant through-
cut the middle of the plate. |

A reference plate was fastened to the tesfing machine
parallél’ to the specimen plate for deflection measurements.

A drawing of this plate is shown in Fig. 14.-

Plate 2:- This plate was 38 inches wide. A single vertical
stiffener and 4 transverse stiffeners whre welded to the plate
mgking equal sized panels.

Eight horizontasl strain gage lines were laid out |
on the plate at the top end bottom and at 9 inch intervals at
the center of the plate in the same manner as described for
Plate 1.

At 225,000 pounds, 14,860 psi strain lines showed
behind all horizontal stiffeners. At 300,000 pounds, 19,820
psi strain lines appeared on the vertical stiffeners about'%
of the plate length up from the bottom. At 375,000 pounds,‘
24,770 psi there were strain lines generally all over the plate.
and stiffeners.

The variation of strain measurement along horizontal
lines perpendicular to the face of the plate described in Plate
1 was found in Plate 2.
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A drawing of this plate is shown in Fig, 15.

Plate 3:= This plate was 48% inches wide.

Four horizontal strain gage lines were laid out on
the plate at the top, bottom,fmiddle, and lower quarter point;
Each gage line was divided into eleven gage sets two éach in -
two of the three panels and one in the remaining panel. The
remaining six gage lines were located on the vertical stiffeners,
three lines on each.

Deflection gage lines were laild out'similaf.toithose
in Plate 1. | |

At 180,000 pounds, 9,940 psi. strain lines were ob-
served in one vertical stiffener at the top of the plate. At
270,000 pounds, 14,920 psi. strain lines appeared in one bottom
corner,. At 360,000 pounds, 19,890 psi. strain lines appeared
behind. the. two vertical stiffeners the entire length of the
plate, At 450,000 pounds, 24,860_p31.‘the load dropped off
to 443,000 ﬁéunds, 24,480 psi. At 4#5,500 pounds, 26,270 psi.
the plate buckled in the bottom quarter., The finasl form of
the plate was 1% waves.

A drewing of the plate is shown in Fig. 16,

Plate 4:- Strain gage lines were laid ouf as’described in
Plate 3. Deflection gage limes were lald out similar to those
in Plate 1. |

At 180,000 pownds, 10,020 psi. strain lines appeared |
in the upper corner of the plate. At 270,000 pounds, 15,030 psi.
strain lines appeared at the lower edge of the'plate and beiow

the bottom trensverse stiffeners. At 360,000 pounds strain lines
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appeared on the edges of the vertical stiffener. in- the upper
quarter of the plate, At'450,000 pounds, 25,040 psi the plate
buckled. The ultimate load was 465,000 pounds, 25,880 psi.

Discussion of Test Data « Main Tests

Plates 1 and 2:- When the original test data was re-exemined
in 1947, it beceame appdrent that the upper head of the testing
machine eand the bottom of the piate and fixture must have
moved laterally. This movement was probably due to "play! be-
the screws and nuts of the machine. This conditicn wes sﬁown
by the lateral deflections which were measured at the top and
bottom of the plate which should have reméined fixed. Correc-
tion of the lateral deflection data wasgiffected by applying
a corrective factor equal to the measured deflection at the
‘two endé of the plate, -This correction factor was proportioned
throughout the length of the plate. |

Plots of the deflected surfaces of the pla tes

are shown in Figs. 18 and 19,

Plate 3:- Some of the deflection data for this sheet was not
: recorded. Data for areas along the edges of the plate is sketchy
and there is 1little available data for deflections of the top
one~third of the pléte. ‘On dénly the middle two of the five gage
lines was & deflection measurément made for the top of the plate.
These two available meassurements indicated that the same thing
had happened on Plate 3 that had happened to Plates 1 snd 2 =
i.e., the plate top and bottom had moved laterally during ioad—

ing « Corrections similar to those outdined in the discussion
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of Plates 1 and 2 were made in the case of gage lines 3 and 4,
the gage lines having a recorded end lateral deflection.
Corrections for gage lines 1, 2, and 5 were made in the follow-
ing manner. There were no measured defleétmxls (head movement)
at the top of the plate along these‘gage 1ines. It was assumed
that the movement would be proportional to the distance from
gage lines where the measurements were made; i.e., assuming

the top. of the plate to be & straight line, two pointé would
determine the line. After the movement of the upper head had
been determined in this fashinon, proportiénal corrections |
along the vertical length of the gage lines were made as had
been done in Plates 1 and 2.

‘Mr., Brodsky observed and recorded in the data that
the supports of the vertical'@dges of both Plates 3"and 4 de-
flected during the test., Because the function ofAtﬁe colurms
was to:furnish an unyielding support, s d since the supports
falled to function.in this fashion, the usefulness of the test
data is questionegble.

- It is the writer's belief that the deflection and
twisting was due to the weakness of the open wide flange sup~
port sections in torsional resistance. There is no mention
of this lateral deflection in the data‘of Plates 1 and 2, but
since the maximum loads are in the same general range, and
since the deflections are simllar, it is probable that 1£ existed
during these tests and was not discovered until the third piate
was tested, | ‘

| A plot of the deflected surface of the plate is
shown in Fig. 20.



Plate 4:¢~- Some of the deflection data, as in the case of
Plate 3, was not recorded. There 1s no recorded data for de-
deflections of the vertical edges of the top three-quarters
of the plate. As in Plates 1 and 2 it 1s evident that the
upper head of the testing machine must have slipped laterally,
and the bottom of the plate and fixture must have slippéd a
slight amount. Corrections were appliéd exactly &s in the
case of Plates 1, 2, and 3.

A plot of the deflected surface 1s shown in Fig. 21.

The machine load on some pla tes was compared w th
the product obtained by multiplying the plkate strain times the
modulus of elasticity of the plate material times the aresa,
In very few.casés d1d these two velues agree closely, There
is .a general trend for the percentage difference between the
two values to iIncrease toward the bottom of the pla te. . This
was . to be expected becasuse once the vertical supports had twisted
or deflected the plate could not slide freely 1n the;veftical
slots.  The vertical columns probably took load from the plate.
The maximum difference was 80% and the minimum difference was
10%. | |

Determinations of the modulﬁé.of elasticity of the
plate steel were carefully made. Five coupon tests were méde
of material from each plate. Each of the five tests was mede
by the use of a different gage. The gagés used were: Huggen-
berger, Whittemoée;-aﬁd Moore. The aversge of the five separate
modulus determinations was used aé the modulus of elasticlty

of that plate. The modulus determination of Pl tes 1 and 2
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was 30,100,000 psi and that of Plates 3 and 4 was 30,000,000
psi. In order to test the difference of individual interpre-
tation of data two different'engineers examined the stress-
strain data and 1ndependéntly computed the modulus values.
While the individual vealues assigned to the modulus value for
the five separate tests varied, the average of the five values

was the same for each man,

Discussion of Theory

The following quotatlons are taken directly from the

paper Elastic Stability by Moisseiff and Lienhard:

"The principal function of stiffeners consists
in _increasing the buckligg;resistance of the plates.
to which they are attached. The stiffeners divide the
plates or webs into panels, and it is evident -that
tﬁeirugconomical usefulness demands such proportione
Ing that the critical stress of ‘the entire structure
is equal to the critical stress of the most stressed
penel, The dimensloning of the stiffeners must be
such that they form nodal lines at their locaticns when
the critical stress is reached."

"The proper spacing end proportioning of. longl-
tudinal stiffeners increase the allowable plate slender-
ress to multiples of the unreinforced columm plete,

depending on the number of stiffemers used,"
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"An unreinforced plate subject té uniform compres-

sive stresses will buckle into waves; the number of

 these waves depends on the ratio of length to width

of plate, It is evident that if a transverse stiffener
is placed at the nodal line of the plate the latter will
not increase 1ts buckling strength. However, shald
transverse stiffeners be placed in such a manner that
they will shorten the length of each half wave, the
buckling stability will be increased."

The size of the plates 1s covered by Equation (1),
50 (N#1: The terms of this equation are defined on page

2 of this report.

The size of the longltudinal stiffeners required is taken

from design tables in the paper Elastic Stability, and the

design procedure is also outlined in that paper on page 1066.

The size of the transverse stiffeners is governed by the

equation:
I, = o.sa/.éNi £3 A VAT = TEd a
whers It = moment of inertia of the transverse stiffener
N7 = number of stiffeners
T = coefficlent given in paper Elastic Stabiligz
t = thickness of plate
d = width of plate

. Had thils series of tests been perfect, and if all material

in the paper Elastic Stability 1is correct we would expect the

test specimens to have the following characteristics: N

(1) The buckling resistance of the most stressed

panel to be the same as that of the whole plate
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(2) The critical buckling load to be (N4¢l) times the
~ eritical buckling load of a similar plate unreine

forced and one panel width wide. N = the number

(3) The buckléd plate to be of sucr form that each
transverse stiffener be at a node, 1.,e., the |
transverse to bruly shorten the buckled wave .
length under that occurring in a'plate with fewer
or no transverseﬂstiffeners than the specimen,
The main tests did not confirm any of ocur expectationse
Since there was serlous difficulty with the test set-up-we
cannot evaluate our agreement o6r disagreement with the thépry

of the paper Elastic Stability. f

The pilot tests while not being similar in size to the
min test specimens, did conflmm some of the theory in the
subject paper.

. Recommendation

The writer recommends that 1f the tests are continued
the two untested plates be used as pilot test plates and new
specimens be obtained for the new tests. The writer bel;eves
the best test set~up to be that developed and used in pilot
test 10, He does not believe any value can be derived in
merely testing the two remaining plates. If the two tests
were entirely successful, a research project consisting of
questionable value data on four tests and good date on two

tests would Btill hot be given much consideration.

e e s et

\w__of longitudinal stiffeners., i
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Flg. 2

General Test Set-Up - Pilot Tests 5 to 10
(Supporting beam on near side removed)
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Figi
Pilot Test Specimen No. 7



Fig 5

Pilot Test Specimen No. 8
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Crossectional View-Pilot Test
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Fig.

Pilot Test Specimen No.

13

11 After Testing



Fig. 13A

Pilot Test Specimen No. 11 After Testing - Reverse
Side
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Fig. 28

Plates I to 4 - Main Test Specimens



SUMMARY OF PILOT TESTS o
— MachineLoad af| Py by "op] |
Test| B | Avg.| R | Stiffener Ared  IimeP Buckled| Mox Load Ry by GormulaRrby Southwell| £y nee Remarks
No.|Width | Thick.| Area | Arrangement | g+; Avg. Avg. Avg. Avg. Avg.
| g Stiff. | Total | Load |gyre55| L0 |stress | L00d Igtress| 199 |Stress | L99d |Stress
| | 250" 0264" | 660  None o | esd™ S . 0286 15585 18a5%| 280" “None
KX : . - K - | Restraining
2 250 (0264 | 660 None 0 660 | 1030 If').GOpSl 1225 | 1856 |10286| 1558 | 14.0 | 1727 95 14.4 members
: | buckled
| . | T 'Restraining |
3 | 2560 0264 | 660 None" O | 660 | 1108 | 1679 o8 | 1679 |10286| 1558 | 1200 | I18I8 85 12.9 members
| “slipped
t . ; | ' Restraining
4 250 | 0264 | 660 | - None" o) 660 | 1251 [1895 | 125l 1895 110286 | 1558 | 1333 | 2020| 124 | 188 members
| | : | buckled
One bearing | } '
5 | 250 | 0264 | 660 s"f,f:r’;e; dgee““ 20 | 860 |1350 | 1570 | 1430 | 1663 |13402| 1558 | 1985 | 23.08 | 138 | 1605 | None
4'x /4 Plate
One bearing
stifféner each | . - D
6 250 | 0264 | 660 |vert. edge.- One| 195 | 855 | 2600 | 304! | 2600 | 304l [27660| 3235 | 275.0| 32.16 240 {2807 | None
€ stiffener. All |
2l6'x4 Plate®
One bearing
stiffener 4% 15 R | |
7 250 | 0264 | 660 |each vert edge| 2| 8.7l 2750 | 3157 | 2750 | 3157 |281.80 | 32.35 | 3780 | 4340 | 250 | 2870 None
One €. stiffener » | -
2l x 2" xYg' ® :
| | One bearing | - | Center
' | stiffener 218 144 ' | , | | :
8 220 | 0262 | 576 1.8\ 757 | 2410 | 31.84 | 2410 | 3184 |257.60 | 34.03 |375.0| 4954 | 235 | 3104 | stiffener
at each vert. e ‘ . N
and center line® | . buckled
o 280 0264 739 |Same a5 OV g | 990 | 2610 | 2837 | 2610 | 2837 [280.70| 3051 | 2600|2826 | 240 | 2609 [“SMer SN
| One bearing
plate 4xl/3 | | -
0 | 250 |.0263 | 658 |gqch yert, edge| 262 | 920 | 3090 | 3359 |3090 | 3359 | 2976 | 3235 | 3310 | 3598 | 290 | 3152 |  None
| €. stiffener ' | |
2lb'x 3'am | |
Il | 250 | 0263 | 658 |9 L shiffener g | 719 1837 | 2556 | 2326 | 32.35 | 1960 | 2726 | 155 | 2156 [Guide plate
2V/ax Vg = | | broke away
% Not loaded to buckling load or to failure ¥ NACA TN No.li24, 1946 |
* % Same plafe as used in test No. | | + -+ See report-page 3
+ Same plate as used in test No.3
® Vertical edges of plate restrained from lateral displacement
A& Plate 21/2" X |/4" x 4 welded on top and bottom plate opposite @ stiffener




SUMMARY OF MAIN TESTS

TABLE 1L

No.

Test

Width

Avg.
Thick

Area

Stiffener

Area

MachineLoad at
Time P. Buckled

Max. Load

Rr by Formula

Ry by Southwell

R by
o? Knee Method|

Amrangement

Stiff.

Total

Load

Avg.
Stress

Load

Avg.
Stress |

' Load

Avg.
Stress

Load

Avg.
Stress

Load

? Top I

Avg
Stress

Remarks

36lp

0.373"

1363""

stiffener 4" x¥g

One vert. @

One horizontal
¢ stiffener

148"

151"

3670

243!

474.0k

34"

49|.Ok

325 300

k

I9.85k$q

38

48l/4

0374

0313

14.21

151

}sﬂffeners 4'x

One vert.
stiffener 4"'x /g’
Four horizontal
stifener 3"'x14

093

15.14

3750

2477

387.0

256

| 4650

30.7

330

2180

Two vert,

One horizontal
stiffener 315x 4

299

487g

0.324

15.70

Resulfs nof reasonoble

Two vert.
stiffeners 3'x 38
Three horizontal

stiffeners 4'x3g

2.27

18.10

2486

475.5

262

5520 | 305

412

2276

I7.97

2504

465.0

259

559.0 | 3ll

512.0

28.49

325

18.09

* See report page 3.
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