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Summary

The sxhbensive uge of reinforeed duralumin sheet in eircraft
construehbion makes it desirable to know the behaviour of such
struoturss under loads This paper deals principally with the
experimental results obtained by testing a large mumber of rein-
forced panels of various lengths under direct compression.

The main purpose of the investigation was to determine the
ultimate stresses in the reinforcing members, which in this case
were bulb-angles of a size commonly used in sircraft construction.
Tt was, however, felt that it would be desirable to obtain as much
information from the tests as possible. Consequently the stresses
in the bulb-angles were measured at intermediate loads for a
number of panels, From this data it was possible to determine
that portion of the total load carried by either the skin or the

bulb=angles throughout the entire rance of load.
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Introduction

A systematic study of the behaviour of bulb angles under load
when used as reinforcing members in thin sheet metal construction
was underbaken at the Californie Institute of Techmology during
the Institute year 1936-37, see reference I. The work has been
continued during the current yeasr and this report desls primarily
with the progress which has baen made.

The heheviour of a bulb angle stiffener, under losd, when
attached to & sheet is rabther complex and it becomes nscessary to
consider the effsct of the abtached sheet on the stiffener and
also the effect of the stiffener on the sheet, The shest stringer
combination should be considered as a unit since neither act ine
dependently and can only be separated when the intersetion is
definitely known., It is therefore necessary to lnow what the
variation of stress in the stiffener is with incressing applied
loads and for various skin stresses. Consequently, the stiffener
gtresges were measured for a large number of panels throughoub
the complete range of the applied load, By aversging the strains
obtained from the extensometer readings, an average load strain
curve was obbained for sach panel,.

To obtein the stress distribubion in the skin the wave
pattern of the buckled sheet was obtalned. Xnowing the wave
pattern it is possible to calceulete the compressive stress due 4o
the applied loads From the stress strain curves were then calw
culated the stiffener loads, the load carried by the skin and the

offective width of skin acting with each stiffenser,
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Test Specimens

All specimens were made by the Norbth Anmerican Aviation
Companys

In order to obtain sguars snd parsllel ends, all panel ends
were carefully milled in s milling machine. The ends were kept
parallel to within 0010 inch,

The panel lengths were so chosen as to cover the complete
renge of bulkhead spacings which may be encountered in design
prectice and furthermore the lengths were such as to cover the
normal short column range and in certain instances, depending on the
dimensions of the bulb angle, to reach the normel long coliumn renge.

The number of stiffeners was varied in order fo investigate the
effect, if any, of the number of stiffeners on the ultimate
stiffener stresses.

The first eighteen panels tested consisted of ,020-24 ST Alclad
skin with bulb angle #10266, see reference I and pagedlof this
report, The penel lengths were 3, 5= 11, 16%, 22 and 27% inches
and the number of stiffeners, two, three and four, For all panels,
the stiffenser spacing was teken as 5 inches and the rivebt spacing
as 0,75 inches., The rivet spacing was so chosen that premature
buckling of the skin betwsen rivebs would not occur for either the
thin or thick sheet, In each panel the sheet extended 2% inches be=
vond each outboard stiffener, that is, the total width of the panel
with twe stiffeners was 10 inches; with three stiffeners, 18
inchess and 4 stiffensrs 20 inches,

Upon complebing the first eipghteen panels 1t was dscided that,
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in the fubure, duplicate panels were to be btested in order to minie
mize experimsntel scatter. The second series of test consisted of
36 panels with o040 skin = 24 S T Alcled using bulb angle #8476,

sso reference I and pagedZ of this report. The mumber of stiffeners
vas arain two, three and four, duplicate specimens of the verious
combinations were made. It was found that in genersl the dimensions
of the bulb angle varied considerably from those specified by the
menufacturer. To determine an ares, which would represent the
average area of the stiffeners, a long bulb angle section was
weirhed and the area computed using an aversage density of .01C lbs

/ cubic inch.
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Test Apparstus and Testing Procedure

All specimens were tested flat ended in a standerd 150,000
1lbs Olsen testing machine,

To insure an even load distribubtion over the panel, two
special face plates were made, The surfaces wers kept parsllel
to within 001 of an inch. The two surface plates were placed
between the heads of the testing machine and the test panel
mounted between the two face plates. A small increment of load
was applied %o hold the panel in position while Huggenberger
extensometers were mounted on esch stiffener as shown in firure
YI . The free edgss of the panel were supported by means of
slotted steel tubes, 3/4 0. Dy x ,093, a clearsnce of approximately
1/8" being allowed at esch end of the panel. Tt was felt that
clamping the tubses to the shest would sive too great a rigidity
to the free edges; hence the free edges were merely inserted in
the slotted tubes. The clearesnce between the slot and the sheet
was aboub 010 ineh, thus zllowing the edge to buckle slightly,
This condition probably more nearly sporoximeates the condition ab
the stiffener than that which would be obtained if the edges were
rigidly clemped.

Upon applying the load it was found that, notwithstanding the
care exercised in milling the ends of the test panel and using the
face plates as deseribed, the load distribution over the width
of the panel was found bo be uneven., This was due to the non=
parallel motion of the moveble head of the test machine with

reference to the fixed base. This necessitated shimming of the
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fece plates until the extensometer reasdings indicabted sn even load
distribution. To measure the overall deflection of the test panel
four Ames dial geges were mounbted bebtween the moveable head and the
fixed base of the test machine, The dial gages were placed two at
gach edge of the panel one on esch side. The average reading of
the four gages would indicats the overall deflention of the centre
of the panel.

It was further desired %o obtain the complete wave pattern,
between stiffeners, of the buckled sheet,

In order to do this a special machine was designed to treace
the profile of the buckled sheet. The machine consisted essentially
of the following parts, see figures Z , IV, and ¥ »

(1) A slider which cen be moved in a vertical direction.

(2} A square tube which zuides the sliders

(3) A rack which moves apainst the panel and runs on a half

inch dismeter gear which is housed in the slider.

(4) 4 reck which traces the profile of the buckled shest on

& sheet of graph paper wrapped arcund a hexagonal drum.
This rack receives its motion from a 24" diameter gear

which rung on the seme shaft as the &' diameter gears

2
The two gears are rigidly connected., The purpose of
the gear system is to obtain a five times magnification
of the wave amplitude.

{5) A hexagonal drum on which the shest profile is traced and
which revelves around a shaft which ig rigidly connscted

to the square tubs. By turning the drum through 50

degrass a new curve csn be dravr.
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(6} The frame which holds the tracing meshanisn in position
and also provides en upper snd lower puiding slot for
moving the entirs tracing mechanism in a horizonbal
dirsction.

The shaft on which the two gears are mounted is turned by a
small coiled clock spring thus causing the rack, which runs apgainst
the panel, to follow the contour of the shest end at the sane
time olimineting any slack which may exist in the gsar system, as
the pressure is always on one side of the gear Teoth.

The operabion is as follows:

The lower base of the frame is colamped to the fixed
base of thes testing machine. The btracing mechanisn
cen then be moved to any desirsd position between
stiffenors; and by moving the slider up or down the
gsheet profile is aubomatically traced on the drum.

The loading was applied in 12 to 15 increments, extensometer
and dial zage readings being recorded for sach increment of loade
The extsnsometers were removed near the failing load of the panel
and the loading conbinuved until failure, ie s until the load
decraased with an inerease in overall defleetion. A number of
panels were merely tested to failure, i. e. without obbtaining

the stiffener stressos or oversall deflections.
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Experimental Resultbs

The stiffener shress up to the proportional limit, ecan be

obtained directly from the exbensomebsr readings by means of the

equations —
0;;.== Kk & £ @

vhers = stiffener stress in 1bs./ sq. inch,

O

Exbensomeber constant

X

wnit strain in inches / inch,

SN

Toungs Modulus

To obtain the stiffensr stresses above the proportional
limit, two 2% " bulb angle specimens where tested in compression
snd standard stress strain curves obtained, ses fig.J?:/zaye.!/.
Using the strain reading for the panel, the corresponding stress
could be obtained from the stress strain curves. Since the two
stress sbrain curves &sviatod slightly an average wvelue was used,
A tension stress strain curve plotted on paged/, fig., & , indicates
thet a tension stress strain curve cannot be used since bhe
oroportional limit in compression is much lower,

» 2

The load carried by the skin is given by the equetion:

P“’?/‘?xrﬁr
And the effective width acting with ecach stiffensr by:
wy =t Fett Hor Usr.

2 i )il Flnei)l O,
Whers: F° = Total applied load in 1lbs.

ﬁbé = Effechive width of skin acting with each stiffener,
(Refc I )

/7 = TNumber of stiffeners

légr z  Stiffener area

£ = Skin thickness

A = The ratio between the load carried by esch
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affactive width of skin and the additional
load cerrisd by the skin due to the frse
odres supports
Evaluation of Ke
The effect of Lthe tubss over the fres edge of the panel is o
stiffen the sheet bebtwsen the stiffener and the tube, effectively
this means, that the panel width is 2% inches rather than 5 inches,
Since the panel width is decreased the critical buckling stress
of the shest is increased and the skin between the tube and the
stiffener will be acting at a higher average stress than the skin
bebween two bulb angles,  Since, the effective width is proportional
to ﬁhe load carried by the skin, the ratio of the additional load
carried by the sheet to that which would normally be carried if

the panel were conbinuous can be given by the equabtions

b o= - U @
Le
Vherss a{rg Effective width between tube and stiffener
4¢Q = Effective width bebween stiffonerss

The effective width will be calculated by the sguetion given

in reference III, - A
Wy - Z bey fji)
G;T oneunt

Wheres Q:; = Critical buckline stress of the shest
0;;.: Stiffener stress
b = Stiffener spacing.
Agauming the tube to give the sama support Lo the skin as the
stiffener and if,
G, = Critical buckling stress of the sheet
betwaen stiffenser and tube,

E:{ = Critieal buckling strsss of the sheet between

the stiffeners,
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o
1]

Spacing bebtween the stiffener and the tube

b = Stiffener spacing
_3,:.......,._..._. e,
Then &, = _f_ }/ e v f@}
m— gy
Ter
- P
And &Ua - b Ik

r - P
2 Tap @
Noting thet £ . b and subs*i“cutingr (6) ana (7)

4
K = az.,m/ (’"W

It should be noted that for all velues of‘ G;r ) K: 0o since
624 = U;T

For all values of (s

in {4) gives:

4 .
, = 6:.(. ) K = constant,
The eritical buckling stress of a pansl simply supported on 4

sides is given by:

Iee =

b (EIFFL}( R 33)
27~ /a/l /
Al = POIS.SOI?S EQI“IO

” ?
For {,_.,040’ b..f"”//u:.si, L= s0 ;/.%r,/»cd

2
5::, = T xse zm; =:€’320;»’§¢ srr2 by,

Fhere

)
3
)
iy
>
O
\

For A . .og0 b:Z.s""l e =3, é‘:/ﬁ’;}% vy

H’/z ‘:_0/ )% = g, 270 ‘;‘/.‘3’57 snck.

A plot of ,e against @:T is shown on page 26 »

The stress distribubion asross the sheet, betwsen +two S‘tiffcaners
and between the outboard stiffener and the tube, was obtained
experimentally for a stiffener stress of 19,500 f?:/ 80s inche. and

is shown in figure J page 2 /” ,
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It can be seen from the figure thet
K= 8
A

"hers A = The ares under the strass curve "a'

The ares behtween the stress curve "a" and "pt

]

he arsas where found by plenimebter to be
A -29.06 , 8-rs5/
& = f_é:__{ = 0627 v
z¢.06

ne velue of K computed by equation (8) was &. 5 & &

the difference is 7%, Xnowing the value of X as a function of
the stiffener stress the avsraze effective width was compubed using
the stiffener stresses obbained from the load strain curves which
are shown on pages3Z to 5/ , The results are shown on pages 2 &,
2¢ - and 30 , where A/% is plotted against the stiffener stress,
The experimental scatber for the three and four stiffener panels
is guite reasonabls considering the fsct that the wvariation in the
bulb angle dimensions as obbtained from the factory will wvary as
much as 10%, The experimental scetter for the two stiffener panels
is for some unimown reason much larger than for the three and
four stiffensyr panels,

The ratio w%) was plotted apainst the dimensionless paramster
A=y & ‘é_‘__ asa reference I, The values of LU;/ and G:;T wers

% & 5
read from the faired curvesS O PQoes 2 and 2§ The results are
plotted on page 25 , the curves A and B given in rsference II are
also drawn on the same page. The suggestion in reference II, that
the curve in the transition region bebtwesen A and B bs considerad as

& straight line is shown by the experimental results to be a good

approximation. The experimental results indicebe that when “We is

b
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Fhal mh@nz 48 plotted acainst A it is probable that a
family of curves will be obtained ons for sach sheet thickness.
Stresses in the sheet:

An alemen®t of thin sheet subjected to an axial compressive
load will deform in the axial direction an amount proportional to
Q%%: until buckling tekes place, Beyond the buckling load the

deformation will be a fumetion of tho axial compressive stress in

the sheet and the magnitude of ths compression waves,

X
gFD Let

| 5

The +total deformabtion in the "x" direction

"

The deformation due %o the axial

]

compressive sbress

v oL S— g = The deformation due to the wavs

i formation

fﬁ Then 3;7_ = Si + é;s (ZD

-§F3 Vhere gz: = tﬂ: L

£,

If "ds" is the length of an slement of buckled sheet and the
corrasponding element of chord is "dx" then the displacement due
A L p

to bending in the "x" direction is

P | g; = ds-dx = E/cﬁx'f.céy‘ - x

dE, = d'x;//*gg/’ ~ dx Qfgf/qu

. Py (,ff‘ﬁld
C AT E i)

ég may be obbalined experimentally by measuring the overall
r

Feom which

deflection of the pansl, or for the cese in which the stiffensr is



not buckled.
£ Gro

Svbstitubing in Bquation (9) rives:

Tp b = L + £ //a’
E; £ 2 dx/

o o= L ) Gy
¢ Tszf"mfm g;zjf‘d]/d?

F. = Axial compressive stress in the shest
¢

Prom which
Yheres

U3+ = The axial compressive stress in the stiffener

L = Panel length under consideration

£,

= Youngs modulus for the shest
A.c;,. = foungs modulus for the stiffener

For the cass in whioh 45; = 4’:,. equation {10) reducss %o

C -0 - £ /o2
= :o‘sz?g;(z ox @

It was found from the wave pabttern obtained for the buckled
skin that a olose approximation could be obtained by taking

7: /7::42«“%5

‘hers A = Amplitude in inches {obbtained experimentelly)

Substitubting in Bg. {II) gives:

z
c- G,-z2:454
<Z=
A disadvantage of Bq {11) is that in general both terms on

>

the right hand side are large and the difference debtermines a small
gquantity. Howsver, with a reasonable amount of care satisfactory
results can be obtained, The stress distribuhion for two duplicate
panels is shown on pare B7 -

Stiffener stresses.

The ultimete stiffensr stresses were compubsed by the formula.
—
P n (A, +2ze, f/“’:r *r 2k wy tUsy

The procedure being as follows:
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A value of ?;T is assunmed and the corresponding valuse of
obtained from curve A, reference II, This procedure is repeated
witil the above equation is satisfied. The Ulbimate stiffener
stresses are plotted against f?; as shown on pare 2/ to24 ., The

value of A is that of the stiffener plus the effective width.



14

Conelusions

The éresant date 1s not sufficient to draw sny definite
conclusions; however by observing the manner in which the bulb
angle stiffeners fail it seams that failure may oceur by:

(a) 1local buckling of the outstanding legs
(b) Twisting of the angle section.
{(¢) Euler column failure,.

Local buekling will occur if the outstanding leg is wide as in
this case the torsional stiffness of the section is comparatively
large and the critical local buekling stress of the stiffener is
lower then the eritical stress for a twisting failure,

Failure by twisting will oceur if the outstanding leg is
narrow, in this case the torsional stiffness is low and the
twisting moment introduced by the skin at the stiffener cause the
angle to roll., As soon a twisting takes place, torsion-bending
stresses are produced causing failure of the section at a lower
stress Than the critical local buckling stress.

Buler failure will occur for values of é/' large enough to
f£8ll in the Euler range, ’

It was observed, from the profiles obtained for the buckled
skin, that the 27 inch pansls with o040 skin will buckle in 8 half
weves and the 21 inch panels in 6 half waves. The half wave is
therefore approximately 3% inches, whereas theoretically the half
wave length should correspond to the stiffener spacing, nemely 5
inches, The same phenomena was observed for the ,020 skin. This

difference between the theoretical and actual wave length mey be a
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contributing factor to the difference which exist between the
effective width caleulated from exisbing theory and that

determined experimentallye
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