ANC-5
STRENGTH OF AIRCRAFT ELEMENTS -

WAR DEPARTMENT
AIR CORPS

NAVY DEPARTMENT
BUREAU OF AERONAUTICS

DEPARTMENT OF COMMERCE
_ CIVIL AERONAUTICS ADMINISTRATION

Issued by the
ARMY-NAVY-CIVIL
COMMITTEE ON AIRCRAFT REQUIREMENTS
(Revised Edition of October 1940)

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1940

For sale by the Superintendent of Documents, Washington, D.C. - . - - -

. . R D e

Price 35 cents




STRENGTH OF AIRCRAFT ELEMENTS

:':."_\'

TABIE OF CONTENTS

CHAPTER 1 - GENERAL

1.0 ~ Purpose and Use of Handbook

1.1 - Standard Structural Symbols

1.2 -~ Commonly Used Formulas

1.3 - Basio Principles and Definitions

l.4 - Types of Failures

1.5 - Columns

1.6 - Thin-Walled Sections

1.7 -~ Stiffened Thin-Walled Sections
¢ CHAPTER 2 - WOOD

2,0 ~ General Properties

2,1 ~ Columns

242 = Beams

243 = Torsion

2.4 -~ Combined Loadings

- 2.5 =

Joints and Fittings

CHAPTER 3 - MBTALS, GENERAL

340 =

Explanation of Material Properties Tables

CHAPTER 4 - STEEL

0
1
2
3
4
5

-

General Properties

Columns

Beams

Torsion

Combined Loadings

Joints, Fittings and Parts

CHAPTER 5 ~ ALUMINUM-ALLOY

e

General Properties

Columns

Beams

Torsion

Combined Loadings

Joints, Fittings and Parts

(e)

e




CHAPTER 6 - MISCELLANEOUS METALS AND ALLOYS

6.0 - General Properties

CHAPTER 7 - NON-~-METALLIC MATERIALS

7.0 - Gensral Properties

CHAPTER 8 - APPENDIX

(a)




1.

2.

3

4,

Se

6o

7.

Se

lo.

1l.

12,

13.

14.

15.

16.

REFERENCES

Working Stresses -~ (Soderberg) - Journal of
Applied Mechanics, (A4.5.M.E. Transactious),
September 1935.

A Theory for Primary Failure of Straight
Centrally Loaded Columns - (Lundquist and
Fligg) - N.A.C.A. Report No. 582,

Strength of Tubing under Combined Axial and
Transverse Loading - (Tuckerman, Petrenko,
and Johnson) - N.A.C.A. T.N. 307.

"Strength of Materials"™ - (Part II), ~ Timoshenko.

"Theory of Elastic Stability "™ - Timoshenko.

Tension Fields in Originally Curved, Thin Sheets
During Shearing Stresses - (Wagner and Ballerstedt)
Nih.Code T.M. 774,

Strength Tests of Thin-Walled Duralumin Cylinders in
Compression - (Lundquist) - N.A.C.A. Report No. 473,

Strength Tests of Thin-Walled Duralumin Cylinders in
Pure Bending - (Lundquist) - N.A.CeA. T.N. 479.

Stability of Thin-Walled Tubes under Torsion =~
(Dornell) - N.A.C.A. Report No. 479.

Strength Tests of Thin-Walled Dwralumin Cylinders
in Combined Transverse Shear and Bending -
(Lundquis't) - N.AlC.Al T.N. 523.

Strength Tests of Thin-Welled Durelumin Cylinders
of Elliptic Section ~ (Lundquist and Burke) -
NeA-CeAs T.N. 527. ’

Stability of a Monoooque in Compression - (Cox) -
Re and M. No. 1679,

Comparison of Three Methods for Calculating the
Compressive Strength of Flat and Slightly
Curved Sheet and Stiffener Combinations -
(Lundquist) - N.A.C.A, T.N. 455.

Progress Report on Methods of Analysis Applicable
to Monocoque Aircraft Structures (Newell and
Herrington) - Air Corps Technical Report No. 4313.

A Sumary of Design Formulas for Beams having Thin
Webs in Diagonal Tension — (Kuhn) - NeA.C.A.
T.N. 469,

Tests for the Determination of the Stress Condition
in Tension Fields - (Lahde and Wagner) - N.A.C.A.
T.M. 809.

(e)




17.

18.

19.

R0,

21,

2.

23,

REFERENCES

Methods and Formulas for Calculating the Strength
of Plate and Shell Constructions as Used in
Airplane Design - (Heck and Epner) — NoA.C.A.
TM. 785.

Mood in Aireraft Construction® - Trayere.

Stresses in Wood Members Subjected to Combined
Columm and Beam Action — (Newlin and Trayer) -
N.A.C.A, Report No, 188.

Strength of Welded Aircraft Joints — (Bruggeman) -
N.A.C.A. Report No, 584.

Tocal Instability of Centrally Loaded Columms of
Channel Section and Z-Section - (Iurdquist) -
N.A.C.A. T.N' 7220

Local Instability of I, Z, Clannel, and Rectangular
Tube Sections - (Stowell and Turdquist) -~ NeAlJCohs
T, N. 743. ‘

An Tnvestigation of Sheet-Stiffener Panels Subjected
to' Compression loads with Particular Reference to
Torsionally Weak Stiffeners -~ (Dum) - N.A.C.A.
T.N. 752. ,

(£)




e

CHAPTER 1

GENERAL




1.0
1.02
GENERAL

PURPOSE AND USE OF HANDBOOK

Since meny aircraft manufacturers supply airplanes for both commercial and
military use, standardization of the requirements of the various Governmental
procuring or licensing agencies is of direct benefit to the manufacturer.
Although the types and purposes of military airplanes often differ greatly
from those of commercial airplanes, necessitating certain differences in the
structural requirements, the requirements for strength of materials have for
some time been nearly identical. This publication has therefore been prepared
to eliminate the necessity for referring to different handbooks and bulletins
in calculating the allowable stresses or minimum strength of typical
structures. With a few exceptions (which are noted in the appropriate places)
the material contained herein is acceptable to the Army Air Corps, Bureau of

Aeronautics of the Navy, and the Cjvil Aeronautics Administration

Only the most commonly used materials are included in this publication.
Until a structural material has been used for some time and in considersable
quantities, the strength properties will probably vary considerably as
manufacturing processes are improved and modified. 'In such cases special
rulings should be obtained by the manufacturer from the procuring or
licensing agency. These rulings will be based upon specimen tests and will
eventually form a basis for standard accepted strength properties.

In addition to the strength of the materials themselves, there are contained
herein the most commonly-used methods and formulas by which the strength of
various structural components are caloulated. In some cases the methods
presented are empirical and subject to further refinement. Likewise, it is
expected that additional material can be added from time to time as the
methods of handling new problems become more uniform and reliable.

Engineers making use of the material contained herein are invited to submit
comments and suggestions as to the expansion and improvement of the handbook.
Such comments should be submitted directly to the committee in charge of

1.0

1.00 INTRODUCTION

1.01 SCOPE OF HANDBOOK
this publication.

1.02

USE OF STRENGTH SPECIFICATIONS

As the materials commonly used in aircraft construction are more or less
standardized as to composition and physical properties, it is customary ..
to assizn standard values to the strength properties for specification
purposes and for strength calculations. The values so assigned represent
the minimum values which will be accepted under a given specirication. Con-
versely, they represent the maximum values which may be used in substantiat-
ing the strength of a structure or component part built of material of that
specification. In this handbook the latter interpretation applies; that is,
the values stated herein or cbtained from specified formulas represent the
maximum velues which are acceptable for strength calculations. Changes in
procurement specifications will, of course, require corresponding changes

in the maximum allowable strength properties.

l1-1




GENERAL

The manasr in which the values specified herein are to be used will
depend on the type of structure being investigated and will be definitely
specified in the detailed structural requirements of the procuring or
licensing agencies. For example, it will be found that several different
strength properties may be given for a certain material: such as the
ultimate tensile stress, yield stress, and proportional limit stress. The
use of these different values and the factors of safety to be associated
with them will not be taken up in dotail in this handbook, information of

this sort being in the nature of specific requirements which do not affect
the material properties as such.

’




GENERAL
1.1 STANDARD STRUCTURAL SYMBOLS
A - area of cross section, sq. in, 8 -
B ~ slenderness ratio factor (See b -
Eq. 1:28). '
br -
c = circumfersnce. c -
or -
D - diemeter. | d -
E - modulus.of elasticity in e -
‘tension.
-E° -~ modulus of elasticity in
compression,
Es - secant modulus.
Eg -~ tangent modulus.
F ~ 8llowable stress. £ -
Fy ~ allowable bending stress, fy -

modulus of rupture in bending.

- Ry . = critical bending stress for
buckling of rectangular panels.

Fbe - endurance limit in bending.

Fbr = ultimate Bearing stress. f -

Fo ~ allowable compressive stress. £ -

1.1

TN

subscript "allowable",

width of sections; subscript
"bending".

subsoript "bearing®,

fixity coefficient for columns;
distance from neutral axis to
extreme fiber; subscript
"oompression®,

subscript "oritical™

depth or height; mathematical

- operator denoting differential.

unit deformation or strain;
eccentricity; subscript for
Euler's formula; subscript
"endurance”.

internal (or oalculated) stress.

internal (or calculated)
primary bending stress.

internal (or calculated)
precise bending stress.

internal (or calculated)
bearing stress.

internal (or calculated)
compressive stress.
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GENERAL
allowable crushiﬁg or orippling
stress, (upper limit of column

stress for locel failure)

eritical compressive stress for
buckling of rectangular panels.

column yleld stress. (upper limit
of column stress for primary
failure)

proportional 1limit in compression.
ultimate ccmpressive stress.

compressive yield stress.

allowsble normal stress. f

alloweble shearing stress. by

critical shear stress for
buckling of rectangular panels.

endurance limit in torsion.
proportional limit in shear.
modulus of rupture in torsion.
ultimate shear stress.

allowsble tensile stress. f

proportional limit in tension.
ultimate tensile stress.
tensile yield stress.

modulus of elasticity in shear, g
(modulus of rigidity).

- internal (or calculated)
normal stress.

~ internal (or calculated)
shearing stress.

- internal (or calculated)
tensile stress.

~ height or depth; especially
the distance between centroids
of chords of beams and trusses.




GENERAL

I -~ marent’ of inertia. . i - slope (due to bending) of
neutral plane of a beam, in
radians, {1 radian = B57.3

degrees).
Ip ~ polar moment of inertia
J ~ torsion constant ( = Ip for 3 ~ stiffness factor = \/E—%
round tubes).
K ~ a constant, generally empirical. k -
L ~ length; suoscript "lateral. 1 ~ (not used, to avoid confusion

with numeral 1).

M ~ applied moment or couple, oo -
usually a bending moment.

M, ~ allowable bending moment.
N

- n ~ subscript "normal”.
0 - . ko) - '
b3 ~ applied load (tétal, not unit ° ~ subscript "polar"; subscript
load). "proportional limit".
Py -~ allowable load. psi -~ pounds per square inch.
Q ~ gtatio moment of a oross section. q - .
R ~ stress ratio = —;- T - radius.
] ~ shear force. - s ~ subscript "shear".
T - applied torsional moment, torgue. ¢ ~ thickness.
T, -~ allownble torsional moment.
U ~ faoctor of utilization. u -~ subseript "ultimate™
v - v -
W - w -~ speocific weight, 1b /ou.in.
X - x - distance slong elastic curve .
of a beam.
Y‘ -~ v w doflection (due to bending) of

elastic ocurve of a beam; dist-
ance from neutral axis %o
given fiber; subsoript "yield"




-~ section modulus,.l.

GENERAL

~ polar section moduluS,z._P.

(for round tubes)

Y

& (delta)
& (phi)
p (rho)

B ()

t (prime)

deflection.

angvlar deflection.
radius of gyration.
Poisson's ratio.

in general denotes an
ngpfective or "precise"
valuve.




GENERAL

1.2 COMMONLY USED FORMULAS

1.20 The formulas of the following sections are listed for reference purposes.
The sign conventions generally accepted in their use are that quantities
asdociated with tensile action (load, stress, strain, ete.) are consider-
ed as positive, and quantities associated with compressive action are
considered as negative. When compressive action is of primary interest,
however, it is sometimes convenient to consider the associated quantities
to be positive.

1.21 SIMPLE UNIT STRESSES

1:1 £y =_§ (tension).
_______ 1:2 £, =.§ (compression).
L3 £y =EIE% )
1:4 £ =.i_' (average direct shear stress).
18 £ =% (:—L.o‘ngitudinal or transverse shear 'stress).
1:6 Ty =EI§ (shear stress in round tubes due to to;'sion).
1:7  fg =§_§Tﬁ (shear stress due to torsion in thin-walled structures

of closed section., Note that A is the area enclosed
by the median line of the section).

1.22 COMBINED STRESSES

1:8 fo=f, + fbl (compression and bending).

. = 4 Y4
1:9  fgpay = ‘/;s + (_f__n) (compression, bending, and torsion).

2

£
3+

1:10 £, =— _—

1,23 DEFIECTIONS (AXIAL) "~~~

I 1:1) e =-% (unit deformation or strain). ‘ -

1:12 E =f (This equation applies when E is to be found from tests
® in whioh f end e are measured).

1113 &= el =-§- L =2£ (This equation applies when the deflection is
: AE "L, be caloulated using & known value of E).

1

LI




GENERAL

1:24 DEFIECTIONS (BENDING)
di _ M . .
1:14 =~ FI (change of slope per unit length of beam, radians per
unit length).

Xz

1:15 ig = iq + f%&I dx = slope st point 2. (The integral denotes the

Xy area under the curve of M/EI plotted against
%, between the limits x; and xz).
Xz .
1:16  y, =y + i (%o - Xl) + _/%il (Xz ~ x) dx = deflection at point 2.

xi (The integral denotes the
area under a curve having
ordinates equal to WEI
multiplied by the corres-~
ponding distances to
point 2, plotted against
x, between the limits

/.Xz Xy and xz).
1:18a y, =y, + jidx = deflection at point 2. (The integral demotes *he
8 area under the curve of (1) plotted against x,
between the limits x, and X, ).
- 1 2
1:25 DEFLECTIONS (TORSION) '
ap_ T . . .
1:17 T oy (change of angular defloction or twist per unit length of
member, radians per unit length).
X2
1:18 ¢ = f%-J dx = total twist over a length from xj to xp. (The
Xy integral denotes the area under the curve of o
plotted against %, between the limits xq a.nd-xz).
1:18a ¢ :% (Used when torque T is constant over length L)
1.26 TRANSVERSE DEFORMAT IONS
_ °L _ unit lateral deformation . . .
1:19 /J ~’e ~ unit axial deformation (Poisson's ratio)
1:20 FBe,= fx —/ny
1:21 Eey= y - MEf, )
1,27 BASIC COLUMN FORMULAS

2
1:22 F. =SF (Euler formulae for lon colums)
e = T1/pJ2 g

TY‘?‘E

=W where L' =

1:23 F. = FGO [:l - K ( L'/p
F

L
c

{e]

n
) } (General parabolic formula)

co

1-8




1.28

GENERAL

Foo(L'/p)?

1:24 P, =TF 1 —WET—_] (2.0 parabola - Johnson formula)

L

_ 1.5
1:25 F =F 1 - .3027 (JZE—) ] (1.5 parabola)

-~ FCO

1:26 F,=F_ |1~ =385 '/p) ] (1.0 parabola - straight line formula)
oo

-

BASIC COLUMN FORMULAS ( NON~DIMENSIONAL).

r

1:29 R, =_° (Allowable stress ratio)

& Feo
1:28 - B =Tr\%;§" (Slenderness ratio factor)

co
2
1:29 Ry =(_}].3:) - (Buler formula)
1:30 R, =1 = KBn (General parabolic formula)
2 : o

1:31 R, =1 - .25B (2.0 parabola - Johnson formula)
1:32 R, = 1 - .5027B*° 1.5 boli
: o = 1 = o (1.5 parabola)
1:33 R, = 1 - .385B (1.0 parsbola -~ straight line formula)




