@ https://ntrs.nasa.gov/search.jsp?R=19930081706 2020-06-17T22:34:32+00:00Z

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE

TUNERICAL PROCEDURES FCR THE CALCULATION
S DOCUMENT ON LOAN FROM THE FILES OF
OF THE STRESSES IN MONOCCQUES
MARNAY RONISONY COMMITIZE FOR AERONAUTI(

< (RN

)

T

II — DIFFUSION OF TENSILE STRINGER: LiOADS AronTCAL LAZORATORY

BANGS TX BOLD, BaETTON, VIRGINIA
IN REINFORCED FLAT PANELS WITH CUT-OUTS

FAHEN T BME MSUME ABDRESS.

By N« J, Hoff and Joscph™Kempnor
Polytechnic Inastitute of Eﬁ@akfyﬁBWﬁﬂﬁSEWM)%AmNHﬂT

Al ML

M3l /D ¥ COVMITOE FOR ACRONAUTICS

ageturned to

g€ ofhe National

Mmmiile
s e
Washington h? .

Tlovember 1944 T0Me \

N




!

NATICNAL ADVISORY COMMITTEE FOR AZRONAUTICS

TECHNICAL NOTE NO, 950

NUKERICAL PROCEDURES FOR THE CALCULATION

OF THE STRESSES IN MONOCOQUES
II — DIFFUSION OF TENSICLE STRINGEZR LOADS IN REINFORCED
FLAT PANELS WITH CUT-OUTS

By N. J., Hoff and Joseph KempneT

SUMMARY

Txperinents were carried out at the Polytechnic Institute
of Brooklyn with a flat reinforced sheet model the longitudi-
nals of which were loaded axially, In the first group of
tests one panel of sheet, and in the second group two panels
of sheet and the intervening portion of a stringer, were cut
out., The stress distribution in stringers and sheet was
measured with electric strain gages. The stresses werec then
calculated with the aid of a procedure of successive approxi-
mations similar to the one presented in NLCA TY No., 934 (ref-
erence 1)« The agreement between calculations and experiment
was found to be reasonably good. :

INTRODUCTION

The methods of and the formulas used in the analysis of
monccogue aircraft structures have been developed almost in-—
variably for cylinders of circular, or possibly sl liptics
cross section and of uniform mechanical properties, Yet in
actual aircraft such structural elements are seldom, if cver,
found. Unfortunately, the direcct methods of analysis arec
little suited to cope with the problems involving complex
cross—sectional shapes, irregular distridbution of reinforcing
elements, concentrated loads, and cut—outs. It is believed
that the indircet methods recently advanced by Hardy Cross,
and particularly by R. V. Southwell, (references 2 and 8)
pronise a solution of such problems.,

In this indirect approach the stress distribution in a
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structure under specified loads is determined through step—
by-step approximations. In each step the state of distor-
tion of the structure is arbitrarily modified and the
stresses corresponding to the distortions are calculated.
The proccdurc must be continued until the stresses and the
external loads over the entire structure are in equilibrium,
When the steps are undertaken at random, the procedure is
likely to lead to a solution only, if ever, after a very
great number of steps. If the calculations are to be well
convergent — that is, if a rcasonably rapid approach to the
final statc of distcrtion is t0 be attained — the steps
must be undertaken according to suitable predeterminecd pat-—
ternss, This is tho reason Southwell called the procedurec
the Method of Systematic Relaxations.

It is the object of the present investigations to de-
velop patterns which make a solution possible, with engineer-—
ing accuracy, through a limited number of stepse. This end
is approached by means of theoretical considerations, strain
measurenents, and comparative calculationss The immediate
goal is to work out a procedure which permits the solution
of the complex problems previously mentioned, even though
approxinate rcsults arc all that may be attained for the
tine beinge

The procedurc can be refined so that it will give more
acecurato results., It is planned to carry out this develop-
nment after the more immediate problems are solved.

In this second report experiments are described which
were performed in the Aircraft Structures Laboratory of the
Polytechnic Institute of Brooklyn with two flat shecet-
stringer combinations each having a cut-cut, Thc stress
distribution under concentrated loads was investigated with
the aid of Baldwin—Southwark Metalectric strain gages., Dis-—
placencnt patterns were developed for the step-by—step pro-
cedure the use of which pernits a rapid convergence of the
computationss The results of the calculations were in rea-
sonably good agreement with the testse

This investigation, conducted at the Polytechnic Insti-
tute of Brooklyn,was sponsored by and conducted with the fi-
nancial assistance of the National Adviscory Committee for
Aceronauticse For his aid in the tests and the calculations
credit is due Ivan P, Villalbda,

SYMEOLS

b distance between adjacent longitudinals
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h distance between adjacent transverse reinforcements
t thickness of sheet
u horizontal displacement

u"block horizontal block displacement

uy horizontal displacement of point N
Un tot total horizontal displacement ef point N
v vertical displacement

Yvleck vertical block displacement

vy vertical displacement of point N

Vn tot total vertical displacement of point N

X Y corrdinates

XXMN influence coefficient signifying a force in the
x—-direction at the point M due to a unit X
displacement of point XN

XYMN influence coefficient signifying a force in the
x—direction at point M due to a unit y dis-—
placement of point N

§§MN influence coefficient signifying a force in the y-—
direction at point M due to a unit y dis-—
placement of point N

Y XMN influence coefficient signifying a force in the y-
direction at point M due to a unit x dis—
placement of point N

Atet total effective cross—sectional area of a stringer

A—Q symbols used to designate points of intersection of
longitudinal and transverse reinforcements

B My symbols used to designate bottom, middle, and top

horizontal sections, respectively, of model
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B location of point B after displacement

E modulus of elasticity

G modulus of elasticity in shear

X numerical constant

L length

LMN distance between points M and N

Ox direct stress irn horizontal reinforcing strip
Iy direct stress in vertical reinforcing strip

1l - 36 symbols used to designate strain gages

I - IV symbols used to designate stringers

EXPERIMENTAL INVESTIGATIONS

The test model shown in figure 1 consisted of a flat
sheet of 24 S-T aluminum alloy reinforced with longitudi-
nally and transversely arranged steel strips, The model
was the one used for the experiments described in reference
1, but for the first group of the present teste one panel
of sheet, for the second group of tests two panels of sheet
and the intervening portion of a stringer, were removed.
The resulting structures will be referred to as "model with
single cut—out," and "model with double cut—out," respec—
tively. i

The test apparatus was the same as that used for the
experiments described in reference l. ZEqual tensile forces
applied at the four bottonm stringer extensions were balanced
by cqual tensile forces at the two top stringer extensions.
The double cut—out condition of the model is shown in the
photographs of figures 2 and 3, Two angle irons were used
to preveat the lower edge of the cut—cut from dbuckling.
These acted like the lugs descridbed in reference 1 which
supported the upper edge of the model. A lubricated sliding
contact between a fitting at the end of the angle irons and
the lower edge of the cut-out prevented restraint in the
plane of the sheet.
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Loads and strains were measured with Baldwin—Southwark
Metalectric strain gages. No details of the measuring tech—
nigue need be given here since the procedure followed was
the same asg that described in reference 1l.. The square of
aluminum and steecl to which the dummy gages were cemented is
clearly wisible in figure 2. Tests were performed on the
model with single cut—out at load increments of 240 and 496
pounds, and on the model with double cut—out at load incre—
ments of 248 and 492 pounds. A tare load of 240 pounde was
used for all tests. Since the stresses obtained for the
higher load conditions were practically double those of the
lower, the lower load condition only was used for compari-—
son of experimental and calculated stresses.

The experimental data were analyzed in the same manner
as in reference 1. For all stress calculations the modulus
of elasticity was taken as 30 X 10® psi and 10.3 X 10°
psi for steel and aluminum, respectively.

The total effective width of sheet for both model con—
ditions was taken as that obtained for the flat sheet in
reference 1: mnamely, 6.%72 inches. As was done previously
the overlapped portions of the sheet at the central stringers
were assumed fully effective in carrying normal stresses.
Consequently, the average total effective area of a verti-—
cal or horizontal edge stringer was found to he 0.1301 square
Enich W that of a central vertical stringer 0.1418 square inech,
gnad that of a central horigontal etrip 0.1381 square dnch,
For the stringers adjacent to the cut—out these values were
necessarily modified to 0,1266 and 0.1337 gsquare inch for
segments HM and GL, respectively (see figz. 7) and to
031301 sgquare inch for strips GH and 1M, Dbecause of
the absence of panel GHML. Similar chauges also were made
when the model with the double cut—out waes considered., The
Widdges for FK, ' PG, and KL (see fig. 8) became 0,133%,
0,1301, and 0,1301 square .inch, respectively. It should
be noted that the areas of 'effective widtl of the aluminum
sheet had been converted into equivalent areas of steel,

The values given in the preceding paragraph will be
used dlater for the calculation of the influence coeffi-
cients needed for the relaxation procedure.
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DERIVATION OF THE FORMULAS USED IN THE

SUCCESSIVE APPROXIMATIONS PROCEDURE

As in reference 1, the unit of the elastic structure
considered in this paper consists of a panel of sheet metal
and the four segments of bars fastened to its edges (fig.

) It is assumed that the bars are attached to one another
by ideal pins and that they have infinite rigidity in bend-
ing. In reference 1 only the forces acting in the vertical
(y) direction were taken into account. Consideration of

the horizontal forces was unnecessary because of the symme—
try of the structure and loading about a vertical axis. In
the prescont investigations, the loads are still applied
symmetrically, but the symmetry of the structure is destroyed
by the cut—outs. Consequently, it is necessary to calculate
the equilibrium of the horizontal forces acting in the struc—
ture, and thus two more types of influence coefficlents nmust
be developed in addition to the ¥y influence coefficients
derived in reference 1.

It follows from the derivations presented in reference
1 that the yy influence coefficients pertaining to point
B of figure 4a — that is, the vertical forces transmitted
¥4 the conatralnts at points A, B, 0, and D  when
point B is moved through a unit distance in the positive

y direction — can be given by the following equations:
Y¥AB = YypB = Gth/4D
570 = BAyoy/b — Gth/4ad (1)
¥¥pp = —(EAtot/h + Gth/4D)

It is obvious that a horizontal force arising from a
unit horizontal displacement is analogous to a vertical
force arising from a unit vertical displacement. Consequent—
ly, if point B in figure 4 is displaced through a unit dis—
tance in the positive x—direction, the following influence
coefficients apply:

X33 = (BAgoy /b — Gtb/4h)
E;CGB = ﬁDB = th/é‘:h £2)
xxgp = —(BAy,4/D + Gtb/4h)
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It should be noted that the quantities Gtb/4h and
Gth/4b are unit forces caused by the resistance of the
sheet to shearing deformations, By the law of the comple—
mentary shearing stress, however, horizontal displacements
also must give rise to vertical shearing forces, and verti-—
cal displacements to horizontal shearing forces. Conse—
quently, there are couplings between quantities pertaining
to the vertical and the horizontal directions which can be
expressed by"f} and yx influence coeficients. Those corre—
sponding to a displacement of point B as shown in figure
4b are given by the following equations:

}”-J\(CB = s’}BB = Gt/‘} o
3
yxpB = ¥xpp = —Gt/4

Similarly, through the consideration of the effects of
a unit vertical displaceément of point B +the following
formulas can be derived:

xygp = Xypp = —Gt/4
b (4)
XYAB = XYBB T G"C/‘l ;

When the structure consists of several panels as in
figure 5, the effect of all of them must be taken into ac—
count simultaneously. Therefore, the following influence
coefficients can be calculated through consideration of the
displacements of point A:

XXpy = XXp, = XXg, = XXp, = Gtb/4h

Xxgy = XXgy = Otb/2h

£Rpy = xxpy = (BAg,¢/b — Gtb/2h)

KX | (5)
EXpp = ‘(ZEAtot/b + Gtb/h)

TN

fkpy = yxpy = Gt/4

H

¥xpy, = ¥xy, = —0t/4
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F3py = I¥py = Y¥py = Tygy = Gth/4d

FF.y & Fiy; = Genfak

oz =‘§}GA = (BA,,, /b — Gth/20)

FIyy = —(3BAg /0 + Gsn/b) o
k¥gy = Xypy = 6t/4

gy = Wy = —06/4

Influcnce coefficients which do not appear in the forego-
ing equations are equal to zero, It should be noted that the
following rclations exist between influence coefficients:

Xxyy = XXyy

—~

Y¥un = YVyM (7)

XYMN T YENM

These equations follow from Maxwell's reciprocal theorem.
They may be easily verified with the aid of the formulas given
above,

The operations table and relaxation table are set up in
a manner similar to that described in reference 1. The nor—
mal stress in a segment of a horizontal or vertical strip
between points M and N, and P sand Q 1is, respectively,

ox = (uy — uy)E/Lyy

(8)
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APPLICATION OF THE RELAXATION PROCEDURE

TO A MODEL WITH CUT-OUT

The procedure adopted for the calculation of the stress
distribution in the reinforced panel with a cut—out was as
follows:

First the complete structure (without the cut—out) was
balanced. Then the unbalanced forces were determined corre—
sponding to the displacements of the complete structure and
to the influence coefficients of the model with the single
cut—out. These unbalanced forces were reduced in the third
step to negligible quantities through a number of relaxa-
tionse The displacement pattern thus obtained was used for
a first approximation to the distortions of the model with
the double cut—out. The unbalanced forces corresponding to
this pattern and to the influence coefficients of the model
with the double cut—out were calculated and reduced through
relaxations to negligibly small values.

The procedurc was found to be rapidly convergent since
the cut—outs materially affected the displacements and
stressces only in thoir immediate neighborhood., The double
cut—out condition could have been calculated directly fronm
the complete structure, but the intermediate case of the
model with the single cut—out was needed for the purpose of
comparison with test results.

In figuros 6 to 8 schematic drawings of the three model
conditions investigated are shown., Table 1 contains the
influence coefficicents 55, %%, and %y for the model in
its three different conditions., The table proper was cal-
culatcd for the complete model, The first auxiliary table
(starred values) gives all those influence coefficients
which changed because of the single cut~out, The second
auxiliary table contains the influence coefficients the
values of which (marked with a dagger) changed when the
single cut—out was transformed into the double cut-out,
Because of eguations (7) only one-half of the total number
of the influence coefficients had to be listed.

Table 2 is tho Operations Table., It contains individ-
ual and blecck displacements calculated in the same manner
as described in reference l., Several of the boxes in this
table contain two figures, The upper figure pertains %o
the model with the single cut-out; while the lower figure
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holds for the model without a cut—out, Where only one value
appears in a box, it applies to both conditions of the model.

Since both the model and its loading are synmetric,
synnetrically situated points must displace symrmetrically.
This nmeans that vertical displacements of symuetrically.sit-—
nated points are equal in both magnitude and sensejy while
their horizontal displacements are equal in magnitude and
opposite in sensec. Boecause of these symmetry properties the
group operations listed in table 3 are found convenient for
the numerical work of relaxation.

In the first line of the Relaxation Table (table 4) the
external loads are entered., With the aid of the group op-
erations of table 3 the unbalanced vertical forces are re-
duced to negligible quantities in comparatively few stepse.
Details of the procedure followed are not explained here,
since they were described in reference 1. However, after
these relaxations have been completed, residual forces which
are not coansidered negligible exist in the horizontal dircc-—
tione The structure must be relaxed, therefore, until the
horizontal forces are reduced to negligibly small quantitics.
Before this is done, however, the total displacement given
to each point is obtained and used as a check on previous
work (table 5), It may be seen that the residual forces in
the check table differ slightly from those obtained beforce
Since they define the present state of equilibrium mcre ac-
curately than dc the previous residual forces, reclaxation
should be continued from the walues listed in the check
tables

Because of the symnnetry of model and loading, the hori-
zontal residual forces just obtained are also symhetrice As
the uppermnost horizontal contains the points at which the
greatest unbalances occur, the forces there are reduced
first., It may be seen that a simultaneous displacement of
points A and D toward the axis of symmetry of the nmodel,
followed by a similar sinultaneous displacenent of points B
and C, reduces the undbalances considerably (tavle 6)s After
these operations have been carried out twice in succession,
negligible residual forces remain, Since the unbalances on
the other horizontals are of the same nature, steps sinilar
to those Jjust undertaken reduce all remaining unbalances to
small quantities, The advantage of reducing the large un-—
balances of the top horigontal first is almost self-—evident.
Large unbalanced forces require proportionately large dis-
placenents in the relaxation procedure; consequently, forces
which are not negligible are thrown on the points of the
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adjacent horizontal when the top horizontal is relaxed.
However, when the smaller unbalanced forces of the other
horizontals are reduced, the forces transmitted to tho top
herizontal are negligibly small, As a matter of Taat., in
the present calculations these forces were fractions of the
unit used in the table and werc, therofore, not listed.,

Since the effect of the relaxations undertaken in table
6 upon the forces in the vertical direction is negligible,
no further rolaxations arc necessary. However, a check is
made in order to ascertain the accuracy with which the hori-—
zontal relaxations have been performed, The residual forces
present before the horizontal relaxations are entered in the
top row of the Check Table (table 7). No additional vertical
displacencnts were undertaken after the first checky there-—
fore, a check involving only horizontal displacenents suf-
ficess The final vertical and horizontal residual forces
are given in the last row of the table. As these forces are
negligidbly snmall, the relaxation of the model without a cubt—
out is considered to¢ be completeds With the aid of equa=-
tions (8) and the total displacements from tables 5 and 7
the stresses in all segments of the verticals and the hori-—
zontals may be calculated, The calculations are presented
in table 8¢ It should be noted that E/Lyy = 30 X 10%/8 =
375 x 10* psi Bor inch for each segment.

The stresses in the verticals are found to be the same
as those obtained in reference 1, This verifiaes the assuap—
tion of reference 1 that the effect of the horizontal dig~—
placements upon the stresses in the vertical direction is
small in the symmetric model. The stress distribution in
the horizontals is given in figure 12,

The problem of the model with $he single cut—out now
may be attackeds The numerical work is facilitated by the
use of the Group Operational Table (table 9) preparcd with
the aid of table 1. As a first approximation the deflec—
tions obtained for the model without a cut—out were assuncd
to be also the deflections of the model with the single
cut—oute "The magnitude of the error made can be Jjudged if
the unbalanced forces are calculated from these deflectionsg
with the 2id of the values pertaining to the model with the
single eut—out listed in table 2 (Oporations Table)s These
calculationg are contained in table 10, which has the %$i1tido
"Check Table of Relaxations for Model without Cut—Out with
Operations Pertaining to Model with Single Cut—Out." The
forces are in equilidbrium at all joints except those in the
innediate vicinity of theo cut—out, as was to be expected,
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Unbalance exists in both the vertical and the horizontal
directions at points &, H. L, and M. With this condition
as a starting point the model can be readily relaxed,

As before, the unbalanced vertical forces are reduced
first, Stringer segment MQ is displaced as a unit (tadle
11)s This step is followed by a displacement of segment
DH, The steps are repeated in the same sequence until a
state is reached at which individual displaccement of the
points appear to be advantageous. Finally, a block dis—
placement of stringer IV reduces the vertical residual
forces to the magnitudes desired.

The .total displacement given to each point is found
and is tabulated in table 12, The residual forces obtained
in this table now must be considered. They are small in
the vertical direction and comparatively large in the hori-
zontal direction., In accordance with the patternestablished
in reference 1, through suitable operations the unbalanced
forces are distributed in such a manner that simultancous
block displacements of the horizontals ABCD and JKLM result
in reducing the forces considerably (table 13)e A few addi-
tional individual displacements followed by a vertical group
displacenent of the edge stringer DHMQ reduce .the unbalanced
forces to small quantitiess Because the solution of the
model with the single cut—out depends on the previous solu—
tion of the complete model, a check table which takes into
account the total displacements of each point is given in
table 14, These displacements are obtained by adding the
displacement of saeh point in table 10 to the displacement
of the samec point in tables 12 and 13. Since a few of the
residual forces are slightly larger than desirable, small
adjustments are made in the total displacements of four
pointse The starred values at the end of the table are the
adjusted values of the corresponding starred values in the
table properes At this stage of the procedure the adjust-
nents were found to bs the most convenient means of balanc-—
ing the residual forces. The final residual forcos appear
¥n the lasgst line of the tadle,

In table 15 the stress calculations are presented for
the model with the single cut—-out. A comparison of the
exporimental and the calculated normal stress in the
stringers is given in figure ®.., The dotted lines in figure
12 represont the normal stresses in the horizontals,

With the solution of the problen of the model with tie
single cut—out now available, the problem of the model with
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the double cut—out can be solved in a nmanner similar to that
Just describeds The Operations Table for Model with Double
Cut-Out (table 16) is established fronm the pertinent values
0f table le¢ With this operations table the Check Table of
Relaxations for Model with Single Cut-Out with Operations
Pertaining to Model with Double Cut-Out (table 17) is calcu—
lated fron the displacements listed in table 14, The resid-—
usl forces are entered in the first row of the relaxation
table (table 18). A displacement of point G, followed by a
rigid body displacement of stringer segnent CG, reduces the
large unbalanced force at G consideradly, Similar opera-—
tions reduced the force at L, Several individual displace-—
nents are then taken,resulting in residual forces which are
negligibly small at nost of the remaining points also, A
rigid body displacenent of stringer segmnent DH is found help-
ful in this processe The unbalances in the horizontal direc~
tion are distributed by displacoments of individual points
preparatory to a horizontal group displacement of the three
upper fields, which in turn reduces the residual forces con—
siderably, A few individual point displacenents then suffice
te attain unbalanced forces in the horizontal direction which
can be considered negligibly small, In this process, however,
relatively large vertical forces are introduced at several
jointsy A group displacement of stringer I, followed by
simultancous displacenents of points A, B, Ny, and 0, reduce
these renaining forces to small values, The Complete Check
Table for HModel with Double Cut—-Out is presented in tadle 19
in which the total displacements of the Jjoints are listed as
conputed fron tables 17 and 18, Minor adjustments again are
nade in the displacenents, They are listed at the end of the
tab.'l.eo

The stress calculations are given in table 20, A con-—
parison of the experinental and the calculatced direct stress
in the stringers is contained in figure 10, The dot-dash
lines in figure 12 represent the direct stress in the hori-
zontal stripse The variation of the calculated direct stress
in the stringers with the changes made in the original nodel
is shown in figure 11,

In conclusion, it may be stated that, in general, the
agrecnent between calculated and neasured stress is reason~. ..
ably goode In the case of the nodel with the single cut-out
the neasured and the calculated stresses alnost exactly coin-
cide In the graphe along stringers I, III, and IV, The
agreeient is alnost equally good along stringers II and IV
and in the upper portion of stringer III, in the model with
the double cut—out, In this nodel, however, the stress
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neasured in stringer I is consistently less than that calcu~
lateds The probable reason is an underestination of the
load-carrying capacity of the sheet, especially in the upper
pértion of the model. Sinmilarly, tho rough assunption of a
uniforn effective width all over the ncdel night be respon-—
sible for the disagrecenent between experiment and calcula-
ticn in the neighborhood cof the concentrated load applied to
the discontinuous stringer.

CONCLUS IONS

In this second report on nunerical procedures for the
calculation of the stresses in nonoczques tests are described
which were carried out at the Polytechnic Institute of
Brooklyn in order to establish the stress distribution in
sheet and stringer combinations loaded with concentrated
loads applied to the stringers. 1In the first test model
there was a cut—-out involving one panel of sheet, and in the
second model one involving two panels of sheet and the inter-—
vening portion of a gstringer. The stresses also were deter-—
mined analytically by a step-by—step approximation procedurc,
The agrecmcnt was reasonably good between the results of the
calculations and the experimentse.

The suggestions made in the conclusions of the first
report (reference 1) regarding details of the numerical PYr O—
cedurc again were found to result in a rapid convergence of
the calculations. Moreover, it was found that the following
approach is advantageous if there is a cut—out in the sheet
and stringer combination:

(1) Colculate the stresses as if the structure were con—
plete (using influence coefficients pertaining to the struc-—
ture without the cut—out).

(2) Consider the displacement pattern obtained as a
first appnroximation to the actual digplacements of the struc—
ture with a cut—out. Determine the unbalanced forces corre—
sponding tc these displacements, using the actual values of
the influence coefficients in the structure with the cut—out,
Reduce these unbalanced forces through a suitable series of
relaxations, preferably following the recommendations pre—
sented in the Conclusions of reference 1l.

It is believed that this procedure will result in a
fairly rapid deternination of the stress distribution in




NACA TN No, 950 15

sheet and stringer combinations in which the end points of
the reinforcing strips are free to move, provided the cut-
out is not disproportionately large.

Polytechnic Ingtitute of Brooklyn,
Brooklyn, New York, July 1944.

REFERENCES

1., Hoff, N. Je, Levy, Robert S., and Kempner, Joseph: M-
nerical Procedures for the Calculation of the Stresses
in Honocoquess I = Diffusion of Tensile Stringer
Loads in Reinforced Panels. NACA TN No, 934, 1944,

2. Oross, Hardy, and Mergan, NWewlin Dolbey: Continuous
Frames of Reinforced Concrete. John Wiley and Souns,

(Wew York), 1932.

3, Southwell, R, V.: Relaxation Methods in Engineering
Secience., OClarendon Press (Oxford), 1940,




[
-

NACA TN No. 950

TABLE .. INFLUENCE COEFFICIENTS FOR THE THREE
CONDITIONS OF THE MODEL. SHEEW: "o,

VALUES FOR MODEL WITHCUT CUTOUT.

g~ 7~ Yoy N ~~N N
nm YUnm | AXnm nm YYnm | *Xam nm YYam | XXnm
X 10°%] xio* X104 | xi0* Xt b xio?

200 | 468 || Eu| 468 | 200 || uo| 200 | 200
468 | 200 || Ek| 200 | 200 ||tKL| 400 | 478
200 | 200 ||tFG| 400 | 478 || KN| 200 | 200
200 | 468 || FU| 200 | 200 || vO| 492 | 400
BE| 200 | 200 ||tFk | 492 | 400 || kP | 200 | 200
BF | 492 | 400 ||tFL | 200 | 200 ||*LM| 400 | 478

5% R B

BG| 200 | 200 |[*GH| 400 | 478 LO | 200 | 200
CD| 200 | 468 ||tGK| 200 | 200 LP| 492 | 400
CF| 200 | 200 |pGL | 492 | 400 LQ| 200 | 200
CG| 492 | 400 |[*GM| 200 | 200 MP| 200 | 200
GH| 200 | 200 ||*HL | 200 | 200 MQ| 468 | 200
DG| 200 | 200 |[*HM| 468 | 200 NO| 200 | 468
DH| 468 | 200 JK | 400 | 478 OP| 200 | 468
EF | 400 | 478 JN| 468 | 200 PQ| 200 | 468
» VALUES FOR SINGLE PANEL CUTOUT.
GH| 200 | 468 GM o 0 HM| 47.1 0o
GL | 48l 200 l HL o 0 LM| 200 | 468
t VALUES FOR DOUBLE PANEL CUTOUT.
FG| 200 | 468 el 0 0 GL 0o 0

FK| 481 | 200 GK 0o 0 KL | 200 | 468




NACA TN No.

950

147

INFLUENCE COEFFICIENTS FOR THE THREE

TABLE |
CONDITIONS OF THE MODEL. SHEET 2.
VALUES FOR MODEL WITHOUT CUTOUT.
~ ~~ 7~ ~~
nm [*Ynm| | nm Al nm %Unm nm [XYnm || nm [2Ysm||nm [*Ynm
xigr® x4 X104 X104 x 04 x1074
AB | 2.00 BA |-2.00 EJ|-2.00 JE | 2.00 JO | 200 0J| 200
AE [-200 EA| 200 EK| 2.00 KE| 200 ||t KL O||tLK (o}
AF | 2.00 FA| 200 ||tFG O ||1tGF (0} KN |-200 200
BC | 2.00 CcB|-200 FJ|-200 JF -200 KO 0 OK 0]
BE |-200 EB|-200 | |tFK O ||tKF (o) KP | 2.00 PK | 200
BF (0) FB O||[tFL|200 ||[tLF | 200 ||*LM O | |*ML (o]
BG | 2.00 GB| 200 | |*GH 0 | |XHG 0] LO [-200 oL |-200
CD | 2.00 DC [-200 | [t GK|-200 | | t KG |-200 LP (o] PL 0]
CF |-2.00 FC |-200 | tGL O | LG (0} LQ| 2.00 Q.| 200
CG (0] GC O | [*GM| 200 | |*MG| 2.00 MP |-200 PM |-200
CH | 200 HC| 200 | [*HL |-200 | |*LH [-200 MQ| 2.00 QM |-200
DG |-200 GD [-200 | [*HM| 2.00 | |*MH[-200 NO [-2.00 ON| 200
DH | 2.00 HD [-200 JK 0 KJ 0 OP |-200 PO | 200
Bk 0 FE O IN|[-200 NJ | 2.00 PQ |-200 QP | 2.00
% VALUES FOR SINGLE PANEL CUTOUT.

GH |-200 HG| 2.00 GL|2.00 LG [-200 GM 0} MG (o]
HL (0] LH 0] HM 0 MH (0} LM | 200 ML |-2.00
t VALUES FOR DOUBLE PANEL CUTOUT.

FG |-200 GF | 2.00 FK| 200 KF |-2.00 FL 0] LF 0.
GK 0 KG O || ~GL 0 LG 0] KL | 2.00 LK [-2.00




TABLE 2. OPERATIONS TABLE FOR MODEL WITHOUT CUTOUT
AND WITH SINGLE CUTOUT. SHEET I

ERE TWO FIGURES APPEAR IN A BOX, THE LOWER PERTAINS

TO THE FORMER CONDITION, THE UPPER TO THE LATTER CONDITION.)
DISPL. [Ya[Ya|Ye [Yo [Ye [ [Ye [ Yo ViYL [Yoa Y[ [ Yo [ Yoo XXX P X P X XX, DX XX XX
V,= 1 [508z00 46.8(2.00) 200200 200[2.00
Ve = I [AeBj200 016400 468200 00[2.00 ofo 200200
Vi=| 46.8(2.00 0l.6(4.00] 458200 2.00[200 ofo 200 200
Vg~ ! 468(200 50,8200 200200 200[200
Varock = ! [+00400 800/800 8001800 40014.00| 4001400 of 0 ofo 400400
Vg = | [L00[572[200( [20049.2200 200| o[200] [200] 0200
Ve = | [goofasz]e0of  [aooi4a{acol  [2.0049.2[2.00 200| 0 200 of of o] [oof o200
V=l 200492[200] (40044400  [200[492[ 00 200 0 00 of o] o] Roof o0Jeoo
Vo= ! 200]492/2.000  [200/57.2[200 oo| o fz00[ oo o200 |
Vaiock = | [t00[80ola00] [Boojesojsoo| |Boojieodace| jaoojeooiaso| faoo| o [ace olofo ol o 400( 0 {40
Ve 200572 |200|  [200[492[2.00 200( 000 [eoo| 000
o332 48.1 | ©
V=1 O0MIZRO0  JA00[ "Il Cl ROOLS: boo 200| 0200 O[*3°f2 [eool*2°f, o,
4 k] X i o
AL 200[ 50 L% I aalaso| [LOOpSZ[200 RO Sl 0o 0 0000l R00f 0 [200
i 2oopIzZ200|  R00[57.2[2.00 00| 0 [200] [200] 0 ROO
Vi | 4.008.0014.00 ,oo*?é;;;; BOOC oleoo|  [400[B00[A00[ [a00f ofaso] | o Ro°Jsoo 0 [*92[420[  l400[ 0 [400
Vel 200[508 2.0086.8 200 200 2.00[2.00
= 00|37, U (&7 2.00 [
Vo= | 2 00[468 40 L5 o 200200 = Eﬁ-‘f}ﬁgf
= 7-) /
%! 2o0jscs 400 boie | B oofz 00 o o L9000
V=1 2.00 46 200 [50. 200{200 2.00[200
Varock ™! (oA 800|300 [s.00] €50 [A-00] 44 001400 ki Fele 400400

UNDERLINED NUMBERS ARE NEGATIVE.
FORCES IN LB, DISPLACEMENTS IN IN. X 1074

"ON NI YOVN

0s6

81



TABLE 2. OPERATIONS TABLE FOR MODEL WITHOUT CUTOUT
AND WITH SINGLE CUTOUT. SHEET 2.

(WHERE TWO FIGURES APPEAR IN A BOX, THE LOWER PERTAINS

TO THE FORMER CONDITION, THE UPPER TO THE LATTER CONDITION)

DISPL ANBYCYDYE Ye Yo [ Yo [k Y Y[ Yo [Ye Yo Al X Ko X X 5 XkPl P Yoo
U, — | [200f200 2001200 50.846.8 200200
Ug = I oo ofeoof [200f o200 Jrosforelass|  J2oojsso
U= 1 200| Of200f 200 0200 468 pol6
R 2.00[2.00 2.00p.0
| Ug, oci = | [490] Of 0400400 0 0 1430 4001800800
U = 1 [oofeoo oo ROOJR..
= | 00] 0200 olo]o]| [oo| ofzoo jpoojoojz00
Use | 00| 000 ) s i T e S 004
=t 200[200 peai > g0k 50 [0
Upocr~ ! Proo| of ofaool of o [*S°[%8%Rso[ 0 [*s°.3, 400[8908.00
u, = 2.00[2.00 of o 200200
=1 00[ 0 [200 olo[o| [oo| opoo
u = | 20o[*0L 01 | of58°[%°| eo| ofeoo 00
Uy = | 2.00k06 o 290200 00
| Unock ™ ! 400 0429 J 10 [0 [A2948%00( 0| O jas 400
=l 20000 00200
=1 200[ ood [Roo| 0[200
U= | 200{ 0 [200[ 00| 0200 0\.6/46.8
Ug= | 2.00[200 [200f2.0¢ {508
e i | 00 0| O [400[400] 0| 0400 400

UNDERLINED NUMBERS ARE NEGATIVE.
FORCES IN LB., DISPLACEMENTS IN IN. X 1074,

"ON NI VOVN

0S6

6T



TABLE 3. GROUP OPERATIONS TABLE FOR MODEL WITHOUT CUTOUT

DISPL. |Ya|Ya|Ye Yo [Ye [ [Ye [ Y YL [ NN Yo [Ye [Yo XAXBXCXD,XEXF XD JXKXLWN Xq
Va=Vp=1 [508200[00{50.8468[ 00200468 2001 00 20000 200200 2.00
V= V- | 00 468 oLe[400 4 0ohoLelas afz ooz oofasef 200 2,00 0000 200 0o 90p.00
VNV~ 46812001200 46.8/50.6{200 (200 J50 8f .00 00200200 200 2.00200p.00
Vg~ V=1 Roopss.2fs52R00 k00512 512 oo Jooookookook oo 0o 00
Vi~V =1 ROOPSL2 512 200 400 hiuAf0.4490 2001512 51.2 ] oof 00200 [200[2.00 2002.00p00R00
Vo= Vp =1 5.2 512 200200552552 oo .00 200 200200 200 [2.00[200 .00
Ug ~Uc~ | [200R20020020020000/200 200 Jae 848 444468 00 200 200200
U,--Ug | bookookookookookoo 200200 50.8 |46.8 4.8 08 .00 2.00f 00 .00
Ug=-Uy=1 koofoof.00p.00 00[200 200 [2.00 00[290 .00}2001558 |47 8faz 855 8 00 00 00 fo.0¢
Ug"-Uc=1 RooRookookoo 20000  00f2.00 J290 0o o kool hsa s alazsle 0o | 0o f.oofeu
U-U,~| 200200200200 00 poot 00 oo oof200[s5.8}47.8 Jaz6lss 8 [290}2.00%2.00
U= -U, = | Roo pooloo 00 0020012 00fz00f 902002002 0075 53 4fssafaz8f 00 o 0ofeoo oo
Uy -Ug= | 200200 poo R oofoo fzookoof.oof | lrookookookoofos fasefass[sos
Ug-Up= | 290290 £.00 0000 p.00fz00 0of 1200200 P00 2,00 [a6.8 jaadealac s
zAEJN Z, [asohoo w,oo'@_o 008! nolago &gfoo .00 890400 }4.00}400 43)1430 400 Aoorwo Pno A.0+£0 400
DHMQ

UNDERLINED NUMBERS ARE NEGATIVE.
FORCES IN LB., DISPLACEMENTS IN IN. X 1074

"ON NI YOVN

0g6

oz



TABLE 4. RELAXATION OF VERTICAL FORCES FOR MODEL WITHOUT CUTOUT.

DISPL. 1Y, Y)Y |Yo | Ye ¥ [Ye [ Y [ Y [ iYL Y [Yo Yo [YalXaPXaXcXoPXelXe XaPealX XX XXt XoXe X
EXLTOEARDNSAI_HZO 120 60| 60| 60| 60
V- Vp =-236[ 10|~ 4] - 4] TIO[I5T| - 4| - 4100 2 "al-4l-al-4al -4 3 a
10|~ 4] -4 10101 -4 - 4|01 IEEEE —-T 4l 4
Vy= Vy = 173 ai| 3| 3| sihrel 7| 7H7e| 81| 3| 3|8 =st~3t s 3 3| 3|-3]-3
20 —1] -V|-20H76| 7| 776|141 63| 63141 B ) 3] 3[-3[-3
Wi - Vg = 333 ise| 7| 7|vsepes| 7 7»\59% =27l al.zlizl gl =tl=7
20| 14| Va}-20-28] 70| 70F28] =7[=7| 7| 7| 10] 10]-10 0
Va=Vc=-.25| - || 14| 14| -t| 1|13 |13 | -} 0l L0 e D ) =0 s
i S 10 101t F21 14 14 21 3] 3[-3|-3|-¢|-6| 6 o
V=V, = .66 1|34 38| 1| a3f-73]-73 3| 1] 34|34 ) ] =i =] af
20| 20| 20|-20117 | 59F 5917 F27|10a104[27 =S| 5] &I 5 9[ o -9 -9
Vo=Vp=154 3| 79| 79 3| 3}ssiss| 3 3| 3|-3|-3|-3|-3| 3| 3
Viesk 14 [ 20| 20114 |-24] 19] 19 [24] ~a|-4] a| 4] 6| 6|-6[-6
VE!!!Q"ZA 10|-10|-10 | 10| 20|-20}-20| 20| 20|-20{-20| 20| 10} 10} 10| 10] 10| 10|-10]-10 20101010
‘ -1l o] o] -1 o o] o| o] &| o] of e|-1a] o] shal 13| 13|-13|13|-5|-5] 5] 5|-4|-4 4 a|-a|-4] a| 2
V= Vy, =-04 -2 -2| 4 Al-2 -2
-2 -2 10 10F16 16
Vy- Vg=-25 Liz| -] -1 i3] - <13 W d=al =il <] =a] 4]
—2| -1 | -2[-3] 8] 8|-3 =3|-3] 3] 3|-5|-5] 5] 5
| Va= Ve=-02 i -t]-1] 0
i1 =1[-1-2
V=V, = . al 3 =7|-7 3| 3
z| 2 -8|-8 nln
- Vp= 20 0] 10 -1 |-
Vi ™ : 2] 2 ol o
| Vormag=-25] M -1[ -1 of 2j-2|-2| 2| 2|-2|-2] 2| |-t <] o} of o|-af )=t | o
RESIDUAL | o] o] o] o] of of o] o] o] o] o of-2| | -1|-2] 14| 14|"4]2a|-5]-5| 5| 5|-3]-3] 3| 3l-6|-6] 6] 6

FORCES IN LB., DISPLACEMENTS IN IN. X 10~

"ON NI YOVN

oG8

16



TABLE 5. CHECK OF RELAXATIONS IN TABLE 4.

DISPL.. Y, [Ya Ye Yo Ye Y= e [ [ [ Y T [Yo e T e P P B B B el
*E{BEA%’;AL-W Lo 60| 60| 60| 60

Va=Vp=—4.91 [250[-10 |10 [250[ 30|10 |10 [ 30 10[ 10[-10]-10/40]0[ 10 1o

Va=Ve= —.27| 1] 15| 1S|~1] ~1|-14|-14] -1 S T T S Ry e

Ve=Vi=-2.75 [129| - 6] -6 2o z80|-11 [1 1 28029 -6 |- 6|29 7 B =TT T

VF-'VG- 0

V,=V,=-1.06 -50( -2[-2 |-50[108[-4|-4}08 [-50|-2 |-2 |50 2| 2]-2[-2 2|-2| 2| 2
VeV = 72 3737 [ 3l7al79| 3| 1[37]37] 1 T i B T} T O I
WVq = .33 sl v JslFa] = BT AT [ Y T Y e [
Vo=Vp =174 3| 89| 89 3| 3[-96]-96| 3 3| 3|-2|-a|-3|-3[ 3] 3
RESIDUAL [o[-1[-1foo] o] o[ of o] 1] 1[ o]-3] o] o[-3[ 5[ sF-s5[-6|-6] 6] 6|-a|-a] 4] al-s|-5 5[5

FORCES IN LB., DISPLACEMENTS IN IN. X 10~

"ON NI VOVN

0s6

ge



TABLE 6. RELAXATION OF HORIZONTAL FORCES FOR MODEL WITHOUT CUTOUT.

DISPL. [Ya[Ya[Ye o [Ye PV [Ye P 1Y, Mic Y [l Youl¥o [¥ I xAxBxchxExeGx*xeKxLbe(Nxoxpr
RESIDUAL g
O|-\V|-1\| O O] O] O|] O © \| V] Of-3] O O|-3f \S| \5|-\5|-\5|-6|-6| 6| 6|-4|-4| 4| 4|-5|-5| 5 )
FORCES =)
UA=-Up =30| -1\ \ I[=V]—=\] V=) -15| 14|44] 15| | 1 =] -\ 3
-1 O] O|—-1|—-1 Il V-0 0| 291-29| 0|-5|/-5| 5| 5
Ug-U.=.20 9]-29| 29| -9
9|1 o] o|-9
UA--UD-.ia -9| 8|-8| 9
Oo| &|-8| O
Ug-U =05 2|-8| 8|-2
2| 0|l o|-2
Ug-Uy=-09 5|-4| 4[-5
0|-9]1 91 0
Ugs-U~-06 -3 9[-9] 3
-3| 0] C] 3
uz-u,=-07 4|-3| 3|-4
o(=71 71 ©
UK —UL ".04 -?. 6 —6 2
=-2|=1] 1] 2
Uy -Ugr - 10 : 5|-5| s[-s
0|H40| \0| ©
Ug-ugz-07 -3|10/-10 3
RESIDUAL |-\| O] Of=tv|—=V] tf 1vf=t] ©Of I| 0|-3] 0| O0]-3f 2| O] ©|-2|-3] o] o] 3|-2|-\] | 2|-3]| o]l o| 3

FORCES IN LB., DISPLACEMENTS IN IN. X 1074,

"ON NI VOVN .

0G6

N



TABLE 7. CHECK OF RELAXATIONS IN TABLE 6.

DISPL.

RESIDUAL
FORCES

YG
¢]

=3

15

"

Ug-Upy~ .48

|

22

-2?2

UB ‘UC' 25

a7

Ug-U,;-.09

Us-uz=-.06

U=th=-07

u K‘—U t= -04

Uge e -0

Uo' -UP- =07

=5

RESIDUAL

2isZ IR0

0

-3

0

(o}

=3

3

0

0

-3

=2

2

=3

FORCES IN LB., DISPLACEMENTS IN IN. X 1074

"ON NI VOVN

0S8



NACA TN No. 950

TABLE 8. STRESS CALCULATIONS FOR MODEL
WITHOUT CUTOUT.

CALCULATION OF STRESSES IN VERTICAL STRINGERS,

Vn ror— |Kxi0o~4
S bl VO £V
AE | DH | -4 9! = 2.9 2.16 375 | 810
EJ iyHAM | ~-2.75 | — 1.06 1.69 % 634
JN | MQ| - 1.OB 33 .39 " Sal
BE 1 CG 1~ .27 0 .27 » 10l
FK | GL o 72 A e 270
KO | LP Je .74 .02 - 382

CALCULATION OF STRESSES IN HORIZONTAL STRIPS,

4
Tl PO o
AB CD .48 .25 -.23 | 9IS |~ 86
BC 25 | -25{ -550 | v |-187
EF  GH =09 = 08 .03 . i
FG -.08 .06 e N 45
JK LM = 0T -.04 .03 " i
KL -.04 .04 .08 X 30
NO PQ -.10 = O .03 . I
oP w O .07 14 . 53




TABLE 9. GROUP OPERATIONS TABLE FOR MODEL WITH SINGLE CUTOUT.

DISPL. [Ya[Ya [Ye Yo [V Y [Ya M 1Y) i DY [t e[ Yoo Yo [Yeo [Xa XX Xi0lXe DX XD X DX XX
U= -Uc=1  [200[2.00[200/2.00 200200(200200| O O 2.00[2.00[2.00[2.00|47.8)59.4/154 4 468[200[200| 0 | O
U U= 200(200| Of O 2.00 [2.00{200200(2.00[200 00[290( 0 | 0 |47859.4544466200p 00 2.00[2.00
e 400{A00 400400 4.00/4.00 400[400 400(4.00 4.00[4.00 400 14,00 4004.00
Ve 400{800[400(  [800(I2001400{  (B00(I2001400{  [4.00(800(4; 00( O (400 0 (400}400 0 4001400  (400f O 1400
Vir Yo 47| 400[51:! 4.00 (400 400(4.00 1400 1400
VeV, =l 00]4.00 400(51.) 47.) 00400 1001400
U Uy, =1 200 200400 4001400|  [200[200| 0 200(600{400(  (47.8598(400|  [200[200| O
U= 2,002,001 O 0] 0 2.00{2.00 200200/ O 7.815341976  [200[2.00

U.-U_ =1 00200200200 200(2.00{2001200/400 00600600 [2.00 [47.8 [63.8[58.8 468 [2.00 (600 |4.00

U=-Url  [200[200@00[2.00 2.00[200[200/2.00 200 [200[2.00)200[55.8/478 [468[50.8 200 200
U -U, -l i [0O[200 200 [2002.00{200 200 200 00{200 5.8 47.8 1468 1508 [2.00 200 200 2.00
Uspep = JA00 400( 0 400 {400 40040044 00 L00JA00 [8.00 J8.00}400 [8.00 §6.00 00 .oorzoop_oo 400800800 400

gkim !

UNDERLINED NUMBERS ,ARE NEGATIVE.
FORCES IN LB., DISPLACEMENTS IN IN. X 1074,

‘ON NI VOVN

0s6

92



TABLE 10. CHECK TABLE OF RELAXATIONS FOR MODEL WITHOUT CUTOUT
WITH OPERATIONS PERTAINING TO MODEL WITH SINGLE CUTOQUT.

DISPL.

Ya

o

\G

Yo [V Y0 [Yic YL [ Y [Yo | Ye | Yo RaXaX c XolXeXF

X,

Xk

X

Xp

Xnpo

Xe

Xa

EXTERNAL
LOADS

120

H20

60| 60| 60| 60

2501-10

2501230

Va& V=27

=

VE- V,;—Z.?S

H29

H29

280

-6|269-29(-6| OH30 6| b[-b|-6

VF=VG —3 o

¥y VG-|.06

0|-50] 108[ -4 - 2| w4]-50[-2 [ -2 |-50]| 2| 2

V= VL =72

V= Vg =33

o
7]
L
=
L
by

=1

-\

Vo= Vp=174

3| 89 3| 3196-96| 3

Ug-Up=.48

Ug-Uc=.25

Ug~U,==09

Ugs- u; -06

-3| 10

Us-ih=-07

u,;-u,: -.04

Ug-ug 10

Ug-uUg=-07

o

RESIDUAL

8[-14| of 1|2|-7|-3| o| o|-3] 3| 0| 0|-3|-2| 2

1

FORCES IN LB., DISPLACEMENTS ININ. X 1074,

‘ON NI VOVN

0Se

L2




TABLE II. RELAXATION OF RESIDUAL VERTICAL FORCES FOR MODEL
WITH SINGLE CUTOUT.

"ON NI VOVN

0S8

DISPL. [Ya [Ya [Ye [Yo [Ye Y [Yo [¥4 [Y Vi YL Y Yo [Yo [Y Yo X X XX X X P
RESIDUAL 21 1[ 1[-2[-2| 2| 814 of 1|\e]-7[-3] o] o]-a| 3| o] o[-3|-2| 2| 8| 11)-2 -1[-8|-7(-3[ o
FORCES i
Vu- Vo -14 7 1|7 ZIN S
= 1l o -1 2 3-8
VD- VH-.'4' ‘2 2 -2 2' .\9 '2 -2 2 2
-] o 6 o 49 -2|-s 0/ 13
Ve V=37 7 -1]19 -1 | -1]-1
4 -7 10 O -21{-l 01=9
Vg ¥, =-33 -1 ~1] 17] -6 - - Mo
=2 1 5[ 0 6 -3[-6 s
s 15 -1 16 A4 oy d
hs 9[ o -3[ 0 -0
Vo~ V=29 -1 -1]15 4, -1 -t i o
-3[ 2 ) F14 -4-7 12[1s
Vi V@27 -13 -1} 14] -] )it o] \
=E) 8| 0 -4[ 1 H2[-1
V== 13 -6 NE 3 -
2 0 -6
vy~ 06 -3 & -3
-3 0 -2
v, - 07 3 -8 3
7 ) -l
Ve = 06 3 -7 3
5 0 3
Vp=-08 4 -8
0 -7
V== 07 -3 7 =3
-3 0 BiE
S5 -2| 2 -2| 2 2} 2 -2| 2 -2]-2 2| 2 -2f-2
RESIDUAL [-2f V[-2(~1f-2| 2[-2] 2| o] [ \[-1[-3| o|-3[ o] 3| o|-elol-2| 2 al 7|2 Labial-3] o
FORCES N LB, DISPLACEMENTS IN IN X 104

82



TABLE 12 CHECK OF RELAXATIONS IN TABLE II.

DISPL. Ya[YaYc (Yo [Ye [Yr Yo Vi Yo [Yic Y Dt P o Yo Mo PXaPXaXc XofXe X XXX XN oXp X
R'_FOSA%‘::‘;LQ \|-2|-2| 2| 8]-1a| o| 1|12]|-7|-3]| o] 0|-3| 3| o o|-3]-2| 2| 8| n|-2|-1]-8|-7]-3] ¢ o] 3
Va=—16 3| 82 -3|-75 5|3 3] 3
Vy=-1.73 -3[8) -3[169 81 -3]3 3[ 3
Vo165 70 36 377 33 3| 3
VQ--|.59 =3 = =3 18| -3(-3 3| 3
V. - O
Ve =06 3 =, 3
v = 07 3 8 3
RESIDUAL |~2 -2|-\[-2| 2|-2| 2| O] V| V[=-V|-3] Of-3| V| 3| Q|-6|~-9|-2| 2|\4|\7|-2|-)[-V4}13|-3 6| ©
FORCES IN LB., DISPLACEMENTS IN IN. X 10-4.

"ON NI VOVN

0s6

62



TABLE 13. RELAXATION OF RESIDUAL HORIZONTAL FORCES FOR MODEL

WITH SINGLE CUTOUT. SHEET I
DISPL. (Y Vo e ¥ ¥ [¥ [V M Y. Vi IV ¥ P Yo Yo Y XD PPE X DX 361D XXX Xe
RES'DU“--Z 1|-2|-1|-2| 2|-2| 2| o] 1| 1|-1]-3| o|-3| \| 3| o|-6|-of-2| 2| 14 vT|-2| -1}14}13]-3] o] 6| o
[ Up=-.10 : s
11]-4)
Ug = .06 | 3|-6| 3|
6[-6/-8
Uy, - 26 -1 1] -1 1K i2}-13
Vj=2 =y -7l-3 2d 4
Ug=-29 |-t | | b= -1 |-t el s2hal f-] -]
3 (o TR s[-7-8 e[zl [-3[2[s
Ug=-38 |-1] 1 - i 21|18 B B
Ca] 2 2| 0 al-8 GEG -a|-3
u,--18 -8 o
[23]-a
Uy = 23 ' nl-2/ i) \
7 7F29k12 |
u, =27 1 -1 -] Vo Lis| 13 Vo
) o vy 618 -8 2| 2
u, = .10 5|5
N[ a
UO--.°6 -3 6 -3
Uaaco - -5| 8| 8
| Wear! -4 4|-4 al-4 4 -4 | 8| 8 4|-8l6f12|-| 8| 16| 12| 4[-2[-8]-8]-4
o| 2| o]-6|-1| 1| 3|-3] 2[ 0] 4|-5] o] V|-3F3| 8 o] o] 1|-2| 2| 0| o[ o] 0| 0| ©|-3| 0| 0| O
RESIDUAL

FORCES IN LB., DISPLACEMENTS IN IN. X 1074,

*ON NI YOVN

056

og



TABLE 13. RELAXATION OF RESIDUAL HORIZONTAL FORCES FOR MODEL

WITH SINGLE CUTOUT. SHEET 2.
o A A N N A S S o o ) Y T o
Rgg&%légozo-s-n|3-3204-50|—3-3sool-zzooo o| ol-9| o o] o
Ua = .12 -6 6
2 6
U =—.06 =3l &l-&
3l 6]-2
Ug=—-09 -4| 5
2| 3
U= 14 717
22 -7
Up = .09 4l-9| 4
“3|-9| &
Ug"' A3 . 6|-7
_3_
Vyuzo=5 -2| 2 -2| 2 -2| 2 -2| 2 -2|-2 2|2 -2|-2 > 2
RESIDUAL | o 2[-2[-a|-1] [ 1|1 2] o] 23] 1| o[-s[=| 2[ 3| o i|-2[ 2| 2| 2[ o o|-2F2|~2|-3[=1=1

-

FORCES IN LB., DISPLACEMENTS IN IN. X 1074,

‘ON NI YOVN

0S6

10



TABLE 14. COMPLETE CHECK TABLE FOR MODEL WITH SINGLE CUTOUT.
* ADJUSTED VALUES APPEAR AT END OF TABLE.

SHEET |

DISPL.

\A

Y5

e

o[V

\a

e Y

Y,

i

\

YM

N

Yo

Yo

Q

Xa

Xg

X PoXe

Xe

Xo

X

X

P

EXTERNAL

LOADS

120

=120

60

60

60

60

VA=—4.9|

250

-230

Ve=-275

29

4

29

VJ=_|.06

=50

108

VN = 33

Vg=-.27

Vg = 72

~82

35

Vo =174

86

100

VC= =27

V= .79

-86

x Vp =174

w

86

* VD’—7. 02

357

-14 1329

Vir-4.98

233

235

Vy=-3.2

-1

34

VQ-—|.76

-4

89

U ==40

~\

20

-19

UB__' ~69

70

U=—13l

=3

-6l

133]-6)

| ug-167

3|53

78| 85

FORCES IN LB., DISPLACEMENTS IN IN. X 1074

"ON NI VOVN
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TABLE 14. COMPLETE CHECK TABLE FOR MODEL WITH SINGLE CUTOUT.

x ADJUSTED VALUES APPEAR AT END OF TABLE. SHEET 2.
DISPL. YANsIYc Yo Ye Yr Yo YL Y G M M Yo Ve Yo XaXaXcPXoXeXe b(HXJD(Kb(,_ XN aXa
Ug~=47 '|=1] 1 - -1 -1 26|-22 ~4i=1
Ue==35 3! | | A | B 1§ ~17| 39|-\7 =\ =1
*U. = 06 3|-6| 3
Uy, =.35 i - = R 16(418
U= =80 =2l 2 2|-2 -21-2 451-38 -2(-2
U,=—.8I -2 2 2| |-2 -2|-3|-2| |39/ 9of-39| [-2[-3]-2
thi=m=196 =21 2 2= 4 -2 =e|=2 46| 10214 -2|-4|-2
Ukl 2|-2 2]-2 52| 56 cere
Un=—24 12{-11
*Ug==.13 -1 -6 13|-6
uP-.m | TH6| 7
UQ- 33 | 1] -\ I\ 1S5-\7
RESIDUAL | O I|-3|-4|-3| 2| (| of 2| Q] 3|-3| V[-1|-6]-V] {| 3] Q| 2[-3| V| & 2| Q| -1|-3|-3|-3|-4|-1| 1|
*VD~JO7 -141 359 -14 33| -14(-14 14] 14
*Vp = 166 3|82 3 3195 3 3 -3 -3 3
*Ug= .09 A0 4
*Ug=—135 -\ -6| 14/-6
FINAL
RESIDUAL | Of t|-3|-2|=3] 2| V[-2] 2] O|=|=3| V| =A|=1|=)] 1| 3] O 2|-3] 2| O| 3| O ~1|-3|-3|-3|-=3|-] |
FORCES
FORCES IN LB., DISPLACEMENTS IN IN. X 1074,

"ON NI VOVN

0S6

e



NACA TN No. 950

TABLE 15. STRESS CALCULATIONS FOR MODEL
WITH SINGLE CUTOUT.

CALCULATION OF STRESSES IN VERTICAL STRINGERS,

MEMBER - =4
mn Vm T|0Jx 10%lv, 'ro':‘x o' (‘\jrﬁnT:o:') 0% ?é;;m. STfsE..S i
AE | -4.9I -2.75 216 375 | 810
DH |[-7.07 | -4.98 2.09 " 785
EJ [-275 | -1.06 1.69 " 634
HM | ~498 | -3.21 .77 " 664
JN | - 1.06 .33 1.39 " 521
MQ | -3.21 -1.76 .45 " 544
BF | ~ .27 0 27 " 101
CG | ~ 27 .08 58 " 124
FK 0] 72 72 " 270
GL .06 .79 .73 " 274
KO 72 1.74 1.02 " 382
LP 79 1.668 .87 " 326

CALCULATION OF STRESSES IN HORIZONTAL STRIPS,

-4
e %T&Txuo‘um%-x n‘rg:\“ i ot ':5!0"‘_ STRESS

AB- | -40 | -69 | -29 |375 |-109
Bc | -69 | -1.3 | -62 | v |-232
co |-13 | -187 | -.38 | * [-135
EF | -.47 | -.38 12 " 45
F6 | -.35 09 44 | " | 185
GH .09 e L .26 G 98
JK | -.wu | -8 - .ol o -4

KL | -8 | -9 | -u5 | v |-56
M | -.96 | =10 -15 | v |-58
NO | -24 | -.35 105 | 39
oP | -.3s5 16 25 W
PQ 16 33 17 " 84




TABLE 16. OPERATIONS TABLE FOR MODEL WITH DOUBLE CUTOUT. SHEET 1.

Yc

Yo

AT

\*

Y [YL

™

Ya[Yo [Ye [Ya PlaXaXcXo

XXX

X, XX

XeXq

4682 00

Jor6{a00

200

lask 00

o

g[8k

200

128

400

3

og oll

18)8[18] o
'o;g |§

00

HE

572200

B8

181!

57.2

200

2.00

200 P‘).Z

0o

200

400

400!

4,00[800

400

1

Igig|!

8|'8

0

AT

200

F.OO

7

Fo0fis

oqlg |
o lg |

.00

46.8

8

2.00

A00

A%

400

4

S

400

4,00

(E=]
(=4

00!

A

400

1818

EIS]E

UNDERLINED NUMBERS

ARE NEGATIVE.

FORCES iN LB., DISPRLACEMENTS IN IN. X 1074,

"ON NI VOVN
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TABLE 16. OPERATIONS TABLE FOR MODEL WITH DOUBLE CUTOUT. SHEET 2.

DISPL.

Yk

X

Xq

Ea =

00

UB- |

IBlIg| >

400200

Uc= |

20000

UD‘|

olg
z/g8]8
OIS

200

u |

BLOCK

00800

400

Ug = |

200

200

558418

UF-'

43

.00

781086468

Ug= |

e

UpLock = |

00

o § ol§
& 12
AN

8

ADO

28

u, = |

8l

Bl
o|8

u = |

00

15

200

UM-l

0

200

Upiock™ !

A00(400

00

UN-'

400
koo
koo

|
8] o

Ug= |

Up = |

g

468

Ug'l

UsLock™ !

#00f 0

UNDERLINED NUMBERS ARE NEGATIVE.
FORCES IN LB., DISPLACEMENTS IN IN. X 1074

"ON NI VOVN
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TABLE 17. CHECK TABLE OF RELAXATIONS FOR MODEL WITH SINGLE CUTOUT WITH
SHEET |

OPERATIONS PERTAINING TO MODEL WITH DOUBLE CUTOUT.

Ya

Ya

Ye

o

\3

Y

=G,

ViYL

Y

S

Yo

\G

Yo

X

Xg

Xe

Xo

Xe

X

Xs

-~

X

Ko

Xp

Xa

HL4|

HlA

62

62

62

62

250-10

10

10

-10

-0

HL9

-6

-9

108,

15

15

35

00

2

3 2

e

3

=95

=3

35

(14

\4

\4

233

23

-10

10

\0

34

=6

H50

-4

89

FORCES IN LB, DISPLACEMENTS IN IN. X 1074,

*ON NI YOVN
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TABLE 17 CHECK TABLE OF RELAXATIONS FOR MODEL WITH SINGLE CUTOUT WITH
OPERATIONS PERTAINING TO MODEL WITH DOUBLE CUTOUT. SHEET 2.
DISPL. [Ya[Ya[Ye Vo Y [¥e [Ya ¥ Y, [YeIY_ MalYalYo Ve Yo XofXe X XX X XX XX
Up=--40 | |- i -1 20119 -1 -1
UL-—.GQ | ~1 | -1 -32] 701-32. -1]-3]-\
U =—1.3I 3] |3 3 |-3 rel|133kel|  |-3]-5[-3
Ug-1.67 3[-3 3|-3 -78| 85 -3|-3
UE=—.47 -1 ! t1-% == 26}-22 o 1 e |
U!.---'.35 - | -1 | 1 -1 === -1T| 37]-\6 SilE=1y
Ug= 09 4l-9| a
U, = .35 18 -1 1 16-18
U,~-80 2] 2 21=¢ =Zlre AS|38 salTe
Ux=—.8I -2] 2 2|-2 z -2 -2l-2 -39| 86[-38 =-2]-3]-2
UL-—.QG Z -2 Z ~2 45| 98}-45 -2|1-4|-2
O, =l 2]-2 2|-2 -52) 56 -2]-2
U, =—24 12|-11
Uo=-135 -1 ~-6[14[-6
Up = 16 [ 7h6| 7
Uqr- 33 =1 1]-\ | | \S|-17
RESIDUAL |-4| \|-31-86|-3 3F3'l-2 21 5139-3] 3] 1] V| | 11 3] 0 2|-3] 2| S| 3| 0|-3]-4|-3|-3]-3|-1] 1

FORCES IN LB, DISPLACEMENTS IN IN. X 1074,

‘ON NI VOVN
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TABLE 18. RELAXATION OF RESIDUAL FORCES FOR MODEL WITH DOUBLE CUTOUT.
l.

SHEET
DISPL. [Ya|Ya|Yc|¥o |Ye ¥ [¥a Y Yo [¥i[Ye MhalYu[Yo Yo Yo XXX XX X XX fX1X: XXX oKX
|RESIDUAL
-4 1|-3|-6]-3| 3|-371-2| 2] 5| 32]-3| 3] | v|] s} 1| 3] O] 2]-3]| 2 3| 0|-3|-4|-3|-3|-3|-1] 1
| FORCES _
VE=~.3I =1|-15] -\ -1 18|-1 -1 | | -1
ofi18]-7 2[-19[-3 2 3 3 2
VeVg=-2.25 ~9] 18|-9 -9| 18/-9 -9 9 9 -9
-9| 0}|-16 =71-1]-\2 -7 12 12 -7
Vi = .30 -7 sy | -1 -1\ |
6| \5|-2 2| 16| 2 -2 -4 -4 2
Vi=Vp = 1.88 8l4s| 8 8l-15| 8 Bl .1-8 -8 8
14 O] 6 10y L]0 6 -12 -2 10
VE"".l-, 10 -8
\ -5
Vk = 33 1|16 1136 | 1| 16 | { \ =)= -1\ |
-21 | 3|-22] | 4] 26 2 -2113 5|-5% -4 0
Vo = .45 1|22 1t 1|26 \ =i = \
4| 0] 2 5 0] 3 | -6 -5 |
Va =~08 A -4
0 -6
Vg = I3 6 13 6
0 ~9 1]
Vny = .22 10 -1
| 0
Vp=-.28 -1} 14 -1]-13 -1} \
-i1j-2 -2 -25 -t} -6
Vq =.20 9 -10 1M -1]-)
1) 0 =S1=\ 0| o
VoV~ — 49 -2| 2 -2]| 25 23 -2]-2 2
=-3] O -4 0 -8 0 i -4 =51zt 0| 9
Viu~~06 -3 6 -3
-3 =< =3
=Vp =25 1{-21 1 1=z i - -~ |
1| O|-1 | V-2
Vp = 02 - |
-1 -2
VeV = —25 -] 2]|-1 -1| 2]-1 -\ \ \ -\
RESIDUAL 0] O|—-1|-2| o O|-2|-3] | 1| O]-1} kO ] \|-2] V|-8|-3]| 101-2| -5 || 6|-5|-12|-5}13] 0|10
FORCES IN LB., DISPLACEMENTS IN IN.X 10 4.

"ON NI YOVN
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TABLE 18. RELAXATION OF RESIDUAL FORCES FOR MODEL WITH DOUBLE CUTOUT.
SHEET 2

DISPL. [Ya M Yc|Yo|Ye [Ye Yo Y YlYi YL VYo Yo Y o XaXelX Ko e X XXX XX paXoXoXo X
RESIDUAL ~i)~2f o} olz|-3] 1| 1} o}~s t| t]-2] 1|-8|-3|10]-2| 14| 8|-5| 1| 6|-5)12|-5}"
FORCES 0] Oo]-I1]-2 2]1-3 0 0 2 3 2 5 6|-5H 5(-13] 0| \0
U ==10 =91°S
31 0
Up=~.06 -3| 6|-3
-5} 201 O
€y 9
B 24 11| 12
-6 O
UK LY i\ - = =1 | 1 161-36| 16 | I [
11 -1 of 1 =1 2 8| 10 171-30| O -41-12 |
UJ = 44 1] -1 -1 1 13 -29 21 1
UABCD- Z-Z "Z 2 9 \‘ ‘8 ‘9 _3'|l
EpaT2.00 -8| 8 -8| 8 -8[-8 8| 8
-6| 6 -7 8 s o|-1
UC = T 8117 8 |
0{-20{ 18
. =38 18[-19
-2|~1
U,=—04 2172
-1}-\3
i ~24 ! 1{~24{ 11
| -21~23] 21
Ug = .44 2122
O] oj-t1]-2]-6] 61-2]-31-7| 8] \|=-1}|-2] 2] 2|-2] ] O]-2]-) i B | fee )] e (| 1 Ol= Cl=d=2 =
Vagun=-50| 2|-2 4|-4 4l-4 2l=2 | 2] 2 -2|-2
Vi Vg 21-2 =21 2 -3! 4 0f O 31 2 -3-4
Vi=Vo=04|-2| 2 2|-2 2|-2 -2| 2
RESIDUAL | O] O|-1V|-2] O] O|-2]-3|-t| 2| |-t|-2] 2| 2]-2] 3| 2]-2]-t] V] 3] ] o] o]-\]| | Oo|-3}4|-2]-!

FORCES IN LB, DISPLACEMENTS IN IN. X 1074,
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TABLE 19. COMPLETE CHECK TABLE FOR MODEL WITH DOUBLE CUTOUT.
* ADJUSTED VALUES APPEAR AT END OF TABLE.

SHEET 1.

DISPL.

Ya

A3

Yc

o

Ye

Ve

Yo

g

Y,

Yk

\&

A

N

Yo

G

Ya

XaXg

Xc

Xp

Xe

Xo

X

Xy

Xk

X

K

XKoo

Xq

EXTERNAL
LOADS

24

H24

62

62

62

62

VA=—5.45

77

-255)

Vg=-3.25

H52

3N

152

=7

vV,m~l43

-67

45

67

Vy — 09

VB=_'48

27

*VF 0

51

15

52

e

Vo =215

106 4

HZ3

Ve=-277

1-6

158

=0

=6

V=275

-135

=6

M=o 22

184

158

186

217

*V= ~7.82

-6

397

H 6

*V,,=-5.47

-1\

Al

536

25

11

V32l

-5

31

=/

H53

\l

79

Uy = 160

75

Ug = L3I

3

6l

33

6l

%]

U. = .86

40

-87

40

~

Uy 71

33

-3b

FORCES IN LB, DISPLACEMENTS IN IN. X 10°4,

‘ON NI VOVN
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TABLE 19. COMPLETE CHECK TABLE FOR MODEL WITH DOUBLE CUTOUT.

* ADJUSTED VALUES APPEAR AT END OF TABLE. SHEET 2
DISPL. |Ya|Ya|Yc|Yo|Ye [YF Yo [Yu[Yu [Yi YL [Ym[Yn[Yo [ Ye [Ya XA X c XoPXe X PXGPXMX oXkX XvuPXnXolXeXa
Ug= 132 | 3{-3 -3( 3 3 3 -74{ 63| 3| 3
xUg=159 | 3] [-3 3|-3| |-3] 3 3| 6| 3| |76}69| 74 3| 3
Ug= 209 4 |-4 4l |-4 | 4| 8] 4| |98f212 98
u,=2.25 5|-5 5|-5 5] 5 105[-1 14
u,=-.36 -1 1 i - -1 -1 20|-\7 ==
U,=-.47 -1 - ) -1 -1{=1 -22| sof-22] |-1[-2[-1
U, =-.96 2} J-2 2| |-2 45| 98[-45| [|-2[-4]-2
Ui =-135 3(-3 3|-3 63| 69 -3]-3
Un=—.28 =1 ~t} =1|-) (413
=3 -1 -6 13[-6
Up ~ .40 {58 5 ] I LEzhi g 19}41] 19
Uy = .77 2|-2 2|-2 3 36[-39
RESIDUAL | of-1|=t|=t] 1]|-2]-3]|-2]|-2 2|-51-3| 5| 3f-6| 3| 1|-3}-2| 1| 6| o] 2| o]-2| 1| 3}-3}3]|-3|-1
*Up =16/ | 3| |-3 3(-3] |3 3 3 6| 3 77HT2| 75 3| 3
¥xVep=—04 2 4 -2
*V o= 218 4(107| 4 Alus| 4 a4l |-4| |-4 4
*Vp=-7.78 16395 6 -16 [-16| 16| 16
V544 11 (255 -11 (533 256 =111 TRl
x vQ-—n 59 -3)-74 -3| 8l -3]-3 3
an'a?-%‘é," O|-1|-3|-2| (| 2[-3|-3|-2| 2| 2|-4|-3]| 3| 3|-4] 3| 1]|-3}-2] 2| 3| 1| 2| o|-2| 1| 3|-3|-3]-3]-1
FORCES IN LB., DISPLACEMENTS IN IN. X 1074

"ON NI VOVN
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NACA TN No. 950

TABLE 20. STRESS CALCULATIONS FOR MODEL
WITH DOUBLE CUTOUT.

CALCULATION OF STRESSES IN VERTICAL STRINGERS,

i -4
AE | -545 |-325 | 2.20 | 375 | 825
DH | -7.78 |-544 | 234 | * | 878
EJ |-325 |-1.43 .82 | » | 683
BN ‘I =544 | 327 2.17 X 814
IUN | -1.43 09 52|~ l's
MQ | -327 |- 159 .68 | * | 630
BF |- 48 [- .04 44 [ v ] es
CG |[-277 |-275 o | * 8
FK | - .04 1.05 .09 | » | 409
KO 1.05 2.18 1.13 " | 424
. LP 3.22 3.79 - S e S ¢
CALCULATION OF STRESSES IN HORIZONTAL STRIPS
T i o e O
AB 1.60 1.3l - .29 | 375 |-109
BC 1.3 86 | a8} v Mg
cD 86 7 - .15 " |- 56
EF 1.32 1.6l 29 | v 109
FG 1.6l 2.09 48 | 180
GH 209 1 225 16 - 60
JK | - 36 | -.47 | -.1 N T
KL | - .47 | -.96 | —.49 | » |-184
. LM | - 96 | -1.35 | -.39 [ " |-146
NO | - 28 | - .3 15 n 56
: oP | - .3 40 53 | v 199
| PQ 40 S 37 o - ase
|




I e i
3? g # DIA. HoLE —t
|
|| .
Al ——- Aﬁ—,ilf S e e e ] o e e -
‘T: 1 K_ul .E |
4 ‘ g BOLTS —g BOLTS
gu||[SECTION T | MPITCH [\ Z'PitcH [I|
| |oNa N AL
|HORIZONTAL S { STRINGERS ||
i[— — 4r' | I‘_’T:_‘___ = 4'” e ’”h
4| 1 ;:
|secTion m | |I] e
B M - (23" STRAINI:
| | l §  GAGE |
g Il il
| l_ | H
. —T ':h"f:'ﬂ*%&;'—tﬁi i_
1 l £
gu |i|SECTION ET | e e || : :
L 4" :j |
o 3% ! =
LH‘E _‘E’\}"DlA.HOLE fl’_
.021"24 ST.AL. SHEET.  {'x{' STEEL STRIPS

1
immls
It

—n

H

- 1T

S e (e e T

FIG. I.

LA
OOt
il
i

8"

MODEL TESTED.

LOCATION OF SINGLE CUTOUT.
LOCATION OF DOUBLE CUTOUT.
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NACA TN No. S50

Figure @.- Front view of test

setup.

Fig. 2




NACA

TN No. 950

Figure 3.- Three-quarter

view of test setup.
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FIG.6. SCHEMATIC DRAWING OF MODEL

WITHOUT CUTOUT.
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FIG. 7. SCHEMATIC DRAWING OF MODEL

WITH SINGLE CUTOUT.
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FIG. 8. SCHEMATIC DRAWING OF MODEL

WITH DOUBLE CUTOUT.
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FIG.9. CALCULATED AND MEASURED DIRECT STRESS IN

STRINGERS FOR MODEL WITH SINGLE CUTOUT.
° MEASURED VALUES
CALCULATED VALUES.
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STRINGER NO. ;
STRINGER NO. § I I IV
T I jiig A B C D |
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S : b i i e ; : B
TrF— =y 3 = ,
\ - P k % dor .
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1000E;
FIG.1l. COMPARISON OF CALCULATED DIRECT STRESS
FIG.10. CALCULATED AND MEASURED DIRECT STRESS IN IN STRINGERS FOR THE THREE
STRINGERS FOR MODEL WITH DOUBLE CUTOUT. MODEL CONDITIONS.
) MEASURED VALUES. —_— FOR MODEL WITH NO CUTOUT.

CALCULATED VALUES. —————— FOR MODEL WITH SINGLE CUTOUT.

e e FOR MODEL WITH DOUBLE CUTOUT.
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NACA TN No. 950 Fig. 12
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FIG.12. COMPARISON OF CALCULATED DIRECT STRESS
IN HORIZONTAL STRIPS FOR THE

THREE MODEL CONDITIONS.
FOR MODEL WITH NO CUTOUT.

______ FOR MODEL WITH SINGLE CUTOUT.
it i i FOR MODEL WITH DOUBLE CUTOUT.



