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CHAPTER I 

GENERAL 

1.1 Purpose and use of document 
1.11 INTRODUCTION. Since many aircraft 

manufacturers supply airplanes for both com­
mercial and military use, standardization of the 
requirements of the various Governmental pro­
curing or certificating agencies is of direct bene­
fit to the manufacturer. Although the types and 
purposes of military aircraft often differ greatly 
from those of commercial aircraft, necessitating 
certain differences in the structural require­
ments, the requirements for strength of ma­
terials and elements 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 conta.ined herein is accept­
a.ble to the Air Force, Bureau of Aeronautics, 
!lnd the Civil Aeronautics Administration. 

1.12 ScoPE oF DocuMENT. Only the most 
commonly used materials and elements are 
included in this publication. Until a structural 
material or element has been used for some time 
and in considerable 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 manufactmer from the pro­
curing or certificating agency. These rulings 
will be based upon specimen tests and will 
e\"entually form a basis for standard accepted 
strength properties. 

In addition to the strength of the materials 
and elements themselves, there are contained 
herein some of the more commonly used 
methods and formulas by which the strength of 
various structural components are calculated. 
In some cases the methods presented are 
empirical and subject to further refinement. 
Likewise, it is expected that addition11l 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 con­
tained herein are invited to submit comments 
and suggestions as to the expansion and im­
provement of the document. Such comments 
should be submitted. to members of the ANC-5 
Panel. 

1.13 UsE OF DESIGN .MEcHANICAL PRoPER­
TIEs. It is customary to assign minimum vnlues 
to certain mechanical properties of materials 
for procurement specification purposes. In 
general, but not necessarily in all cases, the 
design mechanical properties given herein are 
based on these minimum values. The manner 
in which these design mechanical properties 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 certificating agencies. The use of 
the different design mechanical properties such 
as ultimate tensile strength, yield strength, etc., 
the factors of sa.fety associated with them, and 
the arbitrary reductions in allowable stresses 
which may be considered necessary in particular 
cases, will not be taken up in detail herein, 
information of this sort being in the nature of 
specific requirements which do not affect the 
material properties as such. 

1.2 Standard structural symbols 

A-Area of cross section, square inches. 
a--subscript "allowable." 
B--8lenderness ratio factor. (See equation 

1.392.) 
b- Width of sections; subscript "bending." 
br--8ubscript "bearing." 
0-Circumference. 
c-Fixity coefficient for columns; distance 

from neutral axis to extreme fiber; 
subscript "compression." 

cr-Subscript "critical. " 
D-Diameter. 
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d-Depth or height; mathematical operator 
denoting differential. 

E-Modulus of elasticity in tension; average 
ratio of stress to strain for stress below 
proportional limit. 

e-Elongation in percent, this factor being a 
measure of the ductility of the material 
and being based on a tension test; unit 
deformation or strain; eccentricity; sub­
script for Euler's formula; subscript 
''endurance.'' 

-The minimum distance from a hole center­
line to the edge of the sheet. 

E'-Effective modulus of elasticity. 
E,-Modulus of elasticity in compression; 

average ratio of stress to strain below 
proportionallimi t. 

E,-Secant modulus. 
E~Tangent modulus. 
F- Allowable stress. 
!-Internal (or calculated) stress. 
Fb-Al1owable bending stress, modulus of 

rupture in bending. 
fb- Internal (or calculated) primary bending 

stress. 
fb'- Internal (or calculated) precise bending 

stress. 
Fb.-Endurance limit in bending. 
fb,- Internal (or calculated) bearing stress. 
Fbru-Ultimate bearing stress. 
Fbrv- Yield bearing stress. 
F.- Allowable compressive stress. 
!,- Internal (or calculated) compressive 

stress. 
F ,,-Allowable crushing or crippling stress 

(upper limit of column stress for local 
failure). 

F ,.- Column yield stress (upper limit of 
column stress for primary failure) . 

F,p- Proportionallimit in compression. 
Feu-Ultimate compressive stress. 
F ,v- Compressive yield stress. 
Fn- Allowable normal stress. 
in- Internal (or calculated) normal stress. 
F.- Allowable shearing stress. 
!,- Internal (or calculated) shearing stress. 
F, - Critical shear stress for buckling of 

c• 
rectangular panels. 

F • .-- Endurance limit in torsion. 
F,P-Proportionallimit in shear. 
F,~Modulus of rupture in torsion. 

F.u-Ultimate stress in pure shear. This 
value represents the average shearing 
stress over the cross section. 

F,-Allowable tensile stress. 
f,-Internal (or calculated) tensile stress. 
F,P-Proportionallimit in tension. 
F,u -Ultimate tensile stress (from tests of 

standard specimens). 
F 1y-Tensile yield stress at which permanent 

strain equals 0.002 (from tests of 
standard specimens). 

G- Modulus of rigidity. 
g-
H-
h-Height or depth; especially the distance 

between centroids of chords of beams 
and trusses. 

/ - Moment of inertia. 
i-Slope (due to bending) of neutral plane of 

a beam, in radians (1 radian=57.3°). 
/p-Polar moment of inertia. 
J-Torsion constant (=IP for round tubes). 
j-Stiffness factor= .JE!jP. 
K - A constant generally empirical. 
ksi-Kips (1,000 pounds) per square inch. 
L - Length; subscript "lateral"; longitudinal 

(grain direction). 
l-(Not used, to avoid confusion with 

numeral 1). 
1\-1-Applied moment or couple, usually a 

bending moment. 
m-
.1l1a- Allowable bending moment. 
N-
n-8ubscript " normal." 
0-
0-

P - Applied load (total ,not unit load). 
p--Subscript "polar"; subscript "propor-

tional limit." 
P 4-Allowable load. 
psi-Pounds per square inch. 
Q-Static moment of a cross section. 
q-
R- Stress ratio=f/F. 
r- Radius. 
S- Shear force. 
s-Subscript "shear." 
ST-Short transverse grain direction. 
T- Applied torsional moment torque; trans-

verse grain direction. 
t- Thickness. 
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Ta- Allowable torsional moment. 
U-Factor of utilization. 
u--Subscript "ultimate." 
V-
v--
W-
w---Specific weight, lb/cu. in. 
X-
x- Distance along elastic curve of a beam. 
Y-
y-Deflection (due to bending) of elastic curve 

of a beam; distance from neutral axis to 
given fiber; subscript "yield." 

£--Section modulus, l/y. 
z-
ZP- Polar section modulus=lv!Y (for round 

tubes). 
o (delta)- Deflection. 
cf> (phi)-Angular deflection. 
p (rho)-Radius of gyration. 
JJ. (mu)- Poisson's ratio. 
' (prime)-In general denotes an "effective" 

or "precise" value. 

1.3 Commonly used formulas 

1.31 GENERAL. The formulas of the follow­
ing sections are listed for reference purposes. 
The sign conventions generally accepted in 
their use are that quantities associated with 
tensile action (load, stress, strain, etc.) are 
considered as positive, and quantities associated 
with compressive action are considered as nega-
~- When compressive action is of primary 
interest, however, it is sometimes convenient 
to consider the associated quantities to be 
positive. -----

1.32 SIMPLE UNIT STRESSES 

1.321 j 1=P/A (tension). 
1.322 fc=P/A (compression). 
1.323 jb=My/l =M/Z. 
1.324 J,= S/A (averagedirectshearstress) . 
1.325 f,=SQ/Ib (longitudinal or trans-

verse shear stress). 
1.326 f,= Tyjlp (shear stress m round 

tubes due to torsion). 
1.327 J.= T/2At (shear stress due to tor­

sion in thin-walled structures of closed 
section. Note that A is the area en­
closed by the median line of the 
section). 

1.33 CoMBINED STRESSES (see sec. 1.535) 

1.331 fn fc+fb (compression and bend­
ing). 

1.332 f,,.,._. =..JF.+<Jn/2)2 (compression 
bending, and torsion). 

1.333 fn = <fn/2)+J, • mu mas 

1.34 DEFLECTIONS (Axial) 

1.341 e=o/L (unit deformation or strain). 
1.342 E-jje (this equation applies when 

E is to be found from tests in which 
j and e are measured). 

1.343 o=eL= (jfE)L 
=PLjAE (this equation applies 

when the deflection is to be calculated 
using a known value of E). 

1.35 DEFLECTIONS (Bending) 

1.351 di/d':f-:-M/EI (change of slope per 
unit length of beam, radians per unit 
length). 

1.352 

~=i1 + fx2 
(MjEl)dx=slope at point 2. Jxl 

(The integral denotes the area under 
the curve of M/El plotted against x, 
between the limits x1 and x2.) 

1.353 

Y2=Yr+it(X:z-xr)+ fx2 
(MjEl)(x2-x)dx Jx1 

=deflection at point 2. (The integral 
denotes the area under a curve having 
ordinates equal to MjEI multiplied by 
the corresponding distances to point 2, 
plotted against x, between the limits 
x1 and x2.) 

1.353a 

y2=y1 + fx2 
idx=deflection at point 2. Jxr 

(The integral denotes the area under 
the curve of (i) plotted against x, 
between the limits x1 and x2.) 

1.36 DEFLECTIONS (Torsion) 

1.361 d¢/dx= TjGJ (change of angular 
deflect-ion or twist per unit length of 
member, radians per unit length). 

1.362 cf>= f:r, ~T/GJ)dx=total twist over a J:rl 
length from x1 to x2• (The integral 
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4 STRENGTH OF METAL AIRCRAFT ELEMENTS 

denotes the area under the curve of 
TIGJ plotted against x, between the 
limits x1 and x2.) 

1.362a ¢= TLIGJ (used when torque Tis 
constant over length L). 

1.37 TRANSVERSE DEFORMATIONS 

1
_
371 

_ I _unit lateral deformation 
f.l.-eL e- . . I d f . urnt aXJa e ormatiOn 

(Poisson's ratio). 

1.372 Ee,-if,- f.l..fv· 
1.373 Eev=.fv- f.l..fx· 

1.38 BAsic CoLUMN FoRMULAS 

1.381 Fc
0
=C7r2EI(Lfp) 2 (Euler formula for 

long columns). 
=7r2EirL'Ip) 2 where L'=L!{C. 

1.381a Fc=C7r2E'I(Lip) 2 (modified Euler 
formula for short columns). 

1.382 Fc=Fco{1- K[(L' IP)I7r-JEJFcoJn} 
(general parabolic formula). 

1.383 Fc=Fco [1-Fco(L' lp) 2147r2E) (2.0 
parabola-Johnson formula) . 

1.384 Fc=Fco{ 1-0.3027 [ (L' IP)I7r-JEIFco]l.6} 
(1.5 parabola). 

1.385 Fc=Fco[1- 0.385(L' I p)l7r-JEJFco] 
(1.0 parabola-straight line formula). 

1.39 BAsic CoLUMN FoRMULAS (Nondimen­
sional) 

1.391 Ra=FciFco (allowable stress ratio). 
1.392 B=(L'IP)I7r-JE!Fco (slenderness 

ratio factor). 
1.393 Ra= (liB) 2 (Euler formula). 
1.394 Ra = 1-KBn (general parabolic for­

mula). 
1.395 Ra= 1-0.25B2 (2.0 parabola­

Johnson formula). 
1.396 Ra= 1-0.3027 B 1

·5 (1.5 parabola). 
1.397 Ra= 1-0.385B (1.0 parabola­

straight line formula). 

1.4 Basic principles and definitions 

1.41 GENERAL. It is assumed that engi­
neers using this document are thoroughly 
familiar with the basic principles of strength 
of materials, such as can be found in any 
standard text book on this subject. A brief 
summary of such material is presented here for 
the sake of uniformity and to emphasize cer­
tain principles of special importance. The df'-

sign mechanical properties of various metals 
and elements are given in the tables in each 
chapter. In these tables, plate refers to mate­
rial greater than 0.249 inch thick. 

1.42 STRESS 
1.421 General. The term stress as used 

herein always implies a force per unit area and 
is a measure of the intensity of the force acting 
on a definite plane passing through a given 
point. (See equations 1.321 and 1.322.) The 
stress distribution may or may not be uniform, 
depending on the nature of the loading condi­
tion. For example, tensile stresses as found 
from equation 1.321 are considered to be uni­
form, willie the bending stress determined from 
equation 1.323 refers to the stress at a point 
locuted at a distance y from the neutral axis. 
Obviously the stress over the cross section of a 
member subjected to bending is not uniform. 
(Equation 1.324 gives the average shear stress.) 

1.422 Normal and shear stresses. The stresses 
acting at a point in any stressed member can 
be resolved into components acting on planes 
through the point. 

The normal and shear stresses acting on any 
particular plane are the stress components per­
pendicular and parallel, respectively, to the 
plane. A simple conception of these stresses is 
that normal stresses tend to pull apart (or press 
together) adjacent particles of the material, 
while shear stresses tend to cause such particles 
to slide on each other. 

1.43 STRAIN 
1.431 Axial strain. This term refers to the 

elongation, per unit length, in a member or 
portion of a member in the axial direction. (See 
equation 1.341.) There are usually strains pres­
ent in other directions also, since aircraft ele­
ments are usually subjected to more compli­
cated stress conditions than the uniaxial stress 
present in a simple tension test. To determine 
the stress state of a member, therefore, strains 
in three directions must be considered and the 
principle stresses can then be calculated. 

1.432 Poisson's ratio. Uniaxial strain in a 
metal is always accompanied by lateral strains 
of opposite sign in the two directions mutually 
perpendicular to the uniaxial strain. Under 
uniaxial conditions the absolute value of the 
ratio of either of the lateral strains to the uni­
axial strains is called Poisson's ratio. ..This 
· io is usually between 0.25 and 0.. f 
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GENERAL 5 
members the lateral strain will affect strain 
readings and must be considered in strain 
measurements under these conditions. The 
formulae for principle stresses and principle 
strains in terms of the other principle stresses 
are given in standard texts on the theory of 
elasticity. For materials stressed beyond the 
elastic limit, Poisson's ratio is not a constant 
but is a function of the axial strain. Informa­
tion on the variation of Poisson's ratio with 
strain and with testing direction is available in 
references 1.432. 

1.433 Shearing strain. If a square element 
of uniform thickness is subjected to pure shear 
there will be a displacement of each side of the 
element relative to the opposite side. The 
shearing strain is obtained by dividing this dis­
placement by the distance between the sides of 
the element. It should be noted that shearing 
strain is obtained by dividing a displacement by 
a distance at right angles to the displacement. 
wherea~ axial strain is obtained by dividing the 
deformation by a length measured in the same 
direction as the deformation. 

1.44 TENSILE PROPERTIES 

1.441 General. When a specimen of a cer­
tain material is tested in tension using the 
standard testing procedures of reference 1.441, 
it. is customary to plot the results of such a test 
as a "stress-strain diagram." This diagram 
forms the basis for most strength specifications 
and should be thoroughly understood and fre­
quently applied by all engineers. Typical ten­
sile diagrams, not to scale, are shown in figure 
1.441. Typical stress-strain diagrams drawn 
to scale appear in appropriate chapters for the 
general information of the users of this docu­
ment. It should be noted that the strain scale 
is nondimensional, while the stress scale is in 
pounds per square inch. The important phys­
ical properties which can be shown on the stress­
strain diagram are discussed in the following 
sections. 

1.442 M~odulus of elasticity (E). Referring 
to figure 1.441, it will be noted that the first 
part of the diagram is substantially a straight 
line. This indicates a constant ratio between 
stress and strain over that range. The numer­
ical value of the ratio is called the Modulus of 
Elasticity, denoted by E. It will be noted that 
E is the slope of the straight portion of the 
stress-strain diagram and is determined by di­
viding the stress (in pounds per square inch) by 

the strain (which is nondimensional). (See 
equation 1.342.) Therefore, E has the same 
dimensions as a stress; in this case pounds per 
square inch. A useful conception of E is "the 
stress at which the member would have elon­
gated a distance equal to its original length (as­
suming no departure from the straight portion 
of the stress-strain diagram)." This can be 
easily understood from nquation 1.342 by con­
sidering that o=L in equation 1.341 , making 
the strain e equal to 1.0. 

Other moduli that are often of interest are the 
t.angent modulus E 1, and the secant modulus E •. 
The tangent modulus is the slope of the stress­
strain diagram at a point corresponding to a 
given stress while the secant modulus is the 
slope of a line drawn through the same point 
and the origin. 

Clad aluminum alloys may have two separate 
modulus values, as indicated in the typical 
curve presented in figure 1.441. The initial, 
or primary, modulus is substantially the same 
as for the core material; it holds only up to the 
proportional limit of the covering. Immediately 
above tbis point there is a short transition range 
and the material then exhibits a secondary 
modulus up to the proportional limit of the core 
material. This secondary modulus is the slope 
of the second straight-line portion of the dia­
gram. In some cases the covering is so little 
different from the core that a single modulus 
value is used. Both values of the modulus are 
based on the gross area of the piece, core plus 
covering. 

1.443 Tensile proportional limit CFtv). Since 
it is practically impossible to determine the 
stress at which the stress-strain diagram begins 
to depart from a straight line, it is customary 
to assign a small value of permanent strain for 
this purpose. In this document the limit of pro­
portionality will be taken as the stress at wfilC'h 
the stress-strain diagram departs from a straight 
lrne by a strain of 0.0001. This property or 

Characteristic of a material gives an indication 
of the type of stress-strain diagram which ap­
plies in the working range. It also indicates the 
stress beyond which the standard value of E 
cannot be accurately applied. This is of special 
interest in the analysis of redundant structures. 

1.444 Tensile yield stress (Ft11). The stress­
strain diagrams for some steels show a sharp 
break at a stress below the ultimate tensile 
stress. At this critical stress the material 
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elongates considerably with little or no in­
crease in stress. (See £g. 1.441.) The stress 
at which this takes place is referred to as the 
yield point. Nonferrous metals, and some 
steels do not show this sharp break but yield 
more gradually so that there is no definite yield 
point. This condition is illustrated in figure 
1.441. Since permanent deformations of any 
appreciable amount are undesirable in most 
structures, it is customary to adopt an arbitrary 
amount of permanent strain that is considered 
admissible for general purposes. The value of 
this strain has been established by material 
test~gineers as 0.002, and the correspond­
ing~s is called th;y;;{d stress. FOr" practical 
purposes this may be determined from the 
stress-strain diagram by drawing a line parallel 
to the straight or elastic portion of the curve 
through a point representing zero stress and 
0.002 strain. (See fig. 1.441.) The yield stress 
is taken as the stress at the intersection of this 
straight line with the stress-strain curve. 

1.445 Ultimate tensile stress (F1u). Figure 
1.441 shows how the ultimate tensile stress is 
determined from the stress-strain diagram. It 
is simply the stress at the maximum load 
reached in the test. It should be noted that all 
stresses are based on the original cross-sectional 
area of the test specimen, without regard to the 
lateral contraction of the specimen which act­
ually occurs during the test. The ultimate 
tensile stress is commonly used as a criterion of 
the strength of the material, but it should be 
borne in mind that most modern aircraft struc­
tures have relatively few members which are 
critical in tension; consequently, other strength 
properties may often be more important. 

1.45 CoMPRESSIVE PROPERTIES 

1.451 General. The results of compression 
tests can be plotted as stress-strain diagrams 
similar to those shown in figure 1.441 for tension. 
The preceding remarks (with the exception of 
those pertaining to ultimate stress) concerning 
the specific tensile properties of the material 
apply in a similar manner to the compressive 
properties. It should be noted that the moduli 
of elasticity in tension and compression are ap­
proximately equal for most of the commonly 
used structural materials. Special considera­
tions concerning the ultimate compressive stress 
are taken up in the following section. An 
example of a method of obtaining compressin 

strength properties of thin sheet material 1s 
outlined in reference 1.451. 

1.452 Ultimate compressive stress (Feu). It 
is difficult to discuss this property without refer­
ence to column action. Almost any piece of 
material, unless very short, tends to buckle 
laterally as a column under compressive load­
ings, and the load at failure usually depends on 
the relation of the length of the piece to its 
cross-sectional dimensions. Column failure can­
not occur, however, when a piece is very short 
in comparison with its cross-sectional dimen­
sions, or when it is restrained laterally by 
external means. Under these conditions some 
materials such as stone, wood, and a few metals 
will fail by fracture, thus giving a definite value 
for the ultimate compressive stress. Most 
metals, however, are so ductile that no fracture 
is encountered in compression. Instead of 
fracturing, the material yields and swells out, 
so that the increasing area continues to support 
the increasing load. It is almost impossible to 
select a value for the ultimate compressive stress 
of such materials without having some arbi­
trary criterion. For wrought metals it is com­
mon practice to assume that the ultimate 
compressive stress is equal to the ultimate 
tensile stress. For some cast metals which are 
relatively weak in tension, an ultimate com­
pressive stress higher than the ultimate tensile 
stress may be obtained from tests on short 
compact specimens. When tests are made on 
such specimens having an Ljp approximately 
equal to 12, the ultimate stress so obtained is 
called the block compressive stress. 

1.46 SHEAR PROPERTIES 

1.461 General. The results of torsion tests 
on round tubes or round solid sections are some­
times plotted as torsion stress-strain diagrams. 
The modulus of elasticity in shear as deter­
mined from such a diagram is a basic shear 
property. Other properties, such as the pro­
portional limit and ultimate shearing stress, 
cannot be treated as basic properties because 
of the "form factor" eft'ects. 

1.462 "Jl:fodulus of rigidity (G). This prop­
erty is the ratio of the shearing stress to the 
shearing strain at low loads, or simply the initial 
slope of the stress-strain diagram for shear. It 
is also called the modulus of elasticity in shear. 
The relation between this property, Poisson's 
mtio, and the modulus of elasticity in tension, 
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eters which affect the fatigue life of u. material 

9 

under fluctuating stresses. 
1.482 Stress. The stress cycle through 

which a material is subjected may be of several 
types even in the commonly accepted sinusoidal 
variations shown in figure 1.481. To com­
pletely describe the stress history the following 
definitions of stress conditions are used, all of 
which may affect the fatigue life, either in­
dependently or in conjunction with one or more 
of the other conditions: 

1.4821 ~ is the highest al­
gebraic stress reached m a single cycle. 

1.4822 Minim1Lm stress . The lowest alge­
braic stress reached in a single cycle. 

1.4823 Mean stress. The stress midway be­
tween the maximum and minimum stress. In 
the completely reversed test, this stress is zero. 

1.4824 Stress range. Stress range is the 
stress variation between maximum and min­
imum. 

1.4825 Stress amplitude. Stress amplitude 
is the stress variation between mean and max­
imum or between mean and minimum and is 
one-half the stress range. 

1.49 TIME EFFECTS. The preceding defi­
nitions, with the exception of creep and stress­
rupture, have made no mention of time. For 
normal temperatures, i. e., between -65° F. 
and + 160° F., and for most materials included 
in this document, the effect of time can safely 
be neglected. However, as the temperature 
increases, time becomes an increasingly im­
portant factor in defining the behavior of a 
structural material. Stress and strain no 
longer uniquely describe its state. It will 
therefore be noted that rate of straining, short-
time creep-rupture, etc., are included as factors 
affecting properties in several places in the 
text describing specific properties. 

1.5 Types oF failures 

1.51 GENERAL. In the following discussion 
the term "failure" will usually denote actual 
rupture of the member, or the condition of the 
member when it has just attained its maximum 
load. 

1.52 MATERIAL FAILURES 
1.521 General. Fracture of a material may 

occur by either a separation of adjacent particles 
acruss a section perpendicular to the direction of 
loading, or by a sliding of adjacent particles 

fJ) 
fJ) .... 
a:: 

z 
2 

Or-------------~~~~--~ 

TENSILE LOADING-MINIMUM 
STRESS GREATER THAN ZERO 

~ 01---r+---++--~~:~~~~,~ 

TENSILE LOADING-MINIMUM 

STRESS LESS THAN ZERO 

COMPLETELY REVERSED LOADING 

CYCLES 
Figure 1..~81. T ypical fatigue loadings. 

along other sections. In some cases the mech­
anism of failure includes both of these actions. 
For instance, in a simple tension test sliding 
action along inclined sections may occur first 
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10 STRENGTH OF METAL AIRCRAFT ELEMENTS 

with a consequent reduction in the cross-sec­
tional area of the specimen. This may result 
in strain hardening of the material so that the 
resistance to sliding is increased, and the final 
failure may occur by separation of the material 
across a section perpendicular to the direction 
of the loading. 

1.522 Direct tension or compression. This 
type of failure is associated with the ultimate 
tensile or compressive stress of the material. 
For compression it can apply only to members 
having large cross-sectional dimensions as com­
pared to the length in the direction of the load. 
(See also sec. 1.452.) 

1.523 Shear. Pure shear failures are usually 
obtained only when the shear load is transmitted 
over a very short length of the member. This 
condition is approached in the case of rivets and 
bolts. In cases where the ultimate shear stress 
is relatively low a pure shear failure may result, 
but in general a member subjected to a shear 
load fails under the action of the resulting 
normal stresses (equation 1.333), usually the 
compressive stresses. The failure of a tube in 
torsion, for instance, is not usually caused by 
exceeding the allowable shear stress, but by 
exceeding a certain allowable normal compres­
sive stress which causes the tube to buckle. It 
is customary, for convenience, to determine the 
allowable stresses for members subjected to 
shear in the form of sht>ar stresses. Such allow­
able shear stresses are therefore an indirect 
measure of the stresses actually causing failure. 

1.524 Bearing. The failure of a material in 
bearing may consist of crushing, splitting, or 
progressive rapid yielding in the region where 
the load is applied . Fa.ilure of this type will 
depend, to a large extent, on the relative size 
and shape of the two connecting parts. The 
allowable bearing stress will not always be 
applicable to cases in which one of the contact­
ing members is relative}~· thin. It is also neces­
sary, for practical reasons, to limit the working 
bearing stress to low values in such cases as 
joints subjected to reversals of load or in bear­
ings between movable surfaces. These special 
cases are covered by specific rulings of the 
procuring or certificating agencies, involving 
the use of higher factors of safety in most cases. 

1.525 Bending. For compact sections not 
subject to instability, a bending failure can be 
classed as a t.ensile or compressive failure caused 
by exceeding a certain nllowable stress in some 

portion of the specimen. It is customary to 
determine, experimentally, the "modulus of 
rupture in bending," which is a stress derived 
from test results through the use of equation 
1.323 in which case M is the value of bending 
moment which caused failure. If not deter­
mined experimentally, the value of the modulus 
of rupture in bending may be assumed equal to 
the ultimate tensile stress when instability is 
not critical. Since equation 1.323 is based on 
assumptions which are not always fulfilled at 
failure, the modulus at failure cannot be con­
sidered as the actual stress at the point of 
rupture. This should be borne in mind in 
dealing with combined stresses, such as bending 
and compression, or bending and torsion. 

1. 526 Fauure due to stress concentrations. 
The static strength properties listed for various 
materials were determined on machined speci­
mens containing no notches, holes, or other 
avoidable stress raisers. In the design of air­
craft structures such simplicity is unattainable, 
and stress distributions are not of the uniform 
quality obtained in the specimen tests. Con­
sideration must be given to this condition since 
maximum stresses in a material, and not average 
stresses, are the critical factor in design . The 
effects of stress raisers vary, and references to 
available specific data are given in the sections 
pertaining to each material. 

1.527 Failure due to fatigue. Although the 
component parts of airplane structures are 
usually designed for static load conditions, they 
are subjected in service to repeated loads. It 
is well known that the strength of a material 
under repeated loads is less than that which 
would be obtained under static loading. This 
phenomenon of the decreased strength of a 
material under repeated loading is commonly 
called fatigue. Stress raisers, such as abrupt 
changes in cross section, holes, notches and re­
entrant corners, cause a much greater effect on 
the fatigue strength than they do on static 
strength. The local high stress concentrations 
caused by such stress raisers are often greatly 
in excess of the nominal calculated stress on the 
part and consequently it is at such locations 
that fatigu e fractures usually begin. Other 
factors of major importance in fatigue are the 
range of a repeated stress cycle, from maximum 
to minimt:m stress, and the mean stress in the 
stress cycle . In the following chapters of this 
document, fatigue data are presented for various 
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materials. These data were obtained in various 
types of repeated-load tests and are included 
for general information. They are not to be 
used as allowable stress values unless their ap­
plicability to the case at hand has been estab­
lished. 

1.528 Failure from combined stresses. In 
combined stress conditions where failure is not 
due to buckling or instability it. is necessary to 
refer to some theory of failure. The "maximum 
shear" theory has received wide acceptance as 
a simple working basis in the case of ductile 
materials. It should be noted that this theory 
interprets failure as the first yielding of the 
material, so that any extension of the theory to 
cover conditions of final rupture must be based 
on the experience of the designer. The failure 
of brittle materials under combined stresses can 
generally be treated by the "maximum stress" 
theory. 

1.53 INSTABILITY FAILURES 

1.531 General. Practically all structw·al 
members such as beams and columns, particu­
larly those made from thin material, are subject 
to failure through instability. In general, in­
stability can be classed as: (1) Primary, or (2) 
local. For example, the failure of a tube under 
compression may oc<::ur either through lateral 
deflection of the tube as a column (primary in­
stability), or by collapse of the tube wall at a 
stress lower than that required to produce a 
general column failure. Similarly, an !-beam 
may fail by a general sidewise deflection of the 
compression flange, or by local wrinkling of thin 
outstanding flanges. It is obviously necessary 
to consider both types of failures unless it is 
apparent that the critical load for one type is 
definitely less than that for the other type. 

Instability failmes may occur in either the 
elastic range (below the proportional limit) or 
in the plastic range (above the proportional 
limit). To distinguish between these two 
types of action it is not uncommon to refer to 
them as elastic instability failures and plastic 
instability failures, respectively. It is im­
portant to note that instability failmes are not 
usually associated with the ultimate stresses of 
the material. This should be borne in mind 
when correcting test results for material varia­
tions. It also has a bearing on the choice of a 
material for a given type of construction as the 
"strength-weight ratio" will be determined 
from different physical characteristics when 

this type of failme can be expected. For 
materials which have a very small spread be­
tween the proportional limit and the yield 
stress, the plastic instability type of failme 
occurs in such a narrow range that it is not of 
much importance, but in materials which have 
a considerable spread between these two proper­
ties, the plastic instability type of failme may 
be equally as important as the elastic type. 

In studying any structw·al member it is im­
portant to avoid confusion between the different 
types of failure, particularly where instability 
is expected to be important. In general, most 
members should be investigated first from the 
standpoint of failures of material. They should 
then be checked separately for their resistance 
to primary instability failure. Members which 
are suspected of being weak in resisting local 
instability should also be checked for this third 
possible type of failure. Whichever type of 
failw·e gives the lowest strength should be used 
as the criterion in design. 

1.532 Instability failures under compressive 
loadings. Failures of this type are discussed in 
section 1.6 (Columns). 

1.533 Bending instability failures. Failures 
of round tubes of usual size when subjected to 
bending are usually of the plastic instability 
type. In such cases the criterion of strength is 
the modulus of rupture as derived from test 
results through the use of equation 1.323. Elas­
tic instability failw·es of thin-walled tubes hav­
ing high Djt ratios are treated in later sections. 

1.534 Torsional instability jail11res. The re­
marks of the preceding section apply in a similar 
manner to round tubes under torsional loading. 
In such cases the modulus of rupture in torsion 
is derived through the use of equation 1.326. 

1.535 Failure under combined loadings. For 
combined loading conditions in which failure is 
caused by buckling or instability, no general 
theory exists which will apply in all cases. It is 
convenient, however, to represent such condi­
tions by the use of "stress ratios," which can be 
considered as nondimensional coefficients denot­
ing the fraction of the allowable stress or 
strength which is utilized or which can be de­
veloped under special conditions. For simple 
stresses the stress ratio can be expressed as: 

R=fiF- ___ -- _- _- __ _ (1.5351) 
where 

.!=applied stress. 
F=allowable stress. 
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12 STRENGTH OF METAL AIRCRAFT ELEMENTS 

Note that the "margin of safety" as usually ex­
pressed is given by the equation: 

M. S.= 1/R-1.0 _________ (1.5352) 

Considering the case of combined loadings, the 
general conditions for failure can be expressed 
by equations of the following type: 

In this equation R1, R2, and R3 may denote, for 
instance, the stress ratios for compression, bend­
ing, and shear, and the exponents x, y, and z 
define the general relationship of the quantities. 
This equation may be interpreted as indicating 
that failure will occur only when the sum of the 
stress ratios is equal to or greater than one. An 
advantage of this method is that the formula 
yields correct results when only one loading con­
dition is present. Consequently it tends to give 
good results when any one loading condition pre­
dominates. It also permits test data to be 
plotted in nondimensional form, which is a de­
cided advantage. 

In many cases it is convenient to deal directly 
with "load ratios" rather than stress ratios. The 
load ratio is simply the ratio of the applied load 
to the allowable load and is equal to the corre­
sponding stress ratio. 

Considering only two loading conditions, such 
as bending and torsion, equation 1.5353 can be 
plotted as a single interaction curve of Rb 
against R.. Likewise, in the case of combined 
bending and compression, Rc can be plotted 
against Rb. When all three conditions exist, the 
equation represents an interaction surface, 

. which can be plotted as a family of curves. 
Typical curves corresponding to various ex­
ponents are shown in figure 1.535. The gen­
eral significance of equation 1.5353 and figure 
1.535 is that the addition of a second loading 
condition will lower the percentage of the allow­
able stress which may be utilized in the original 
loading condition. If the exponents approach 
infinity, the curve of figure 1.535 will approach 
the lines R 1=1.0 and R2=l.O, indicating that 
the two loading conditions have no effect on 
each other. 

When only two stress-ratios are involved and 
when the two different applied stresses remain in 
constant proportion, the margin of safety of the 

member may be determined from figure 1.535 by 
the following method: 

(1) Locate the point on the chart represent­
ing the applied values of R1 and R2 com­
puted from the applied stresses (illus­
trated as point (1) on fig. 1.535). 

(2) Draw a straight line through this point 
and the origin (shown as a diagonal 
dotted line on fig. 1.535). 

(3) Extend this line to intersect the proper 
stress-ratio curve (corresponding to the 
condition under consideration) at point 
(2). 

(4) Read the allowable values R 1a and R2a 
as the ordinate and abscissa, respec­
tively, of point (2). 

( 5) The factor of utilization or strength ratio 
is obtained as the ratio of the applied to 
the allowable value of either stress 
ratio as follows: 

(6) The true margin of safety then can be 
computed from the following equation 

1 M. S.=u-1_ _____________ (1.5355) 

Note that when the following stress ratio ex­
pressions are used, the margins of safety can 
be computed as indicated 

For R1+R2=1, 
1 

M. S.=(Rr+R2) 1 

Other M. S. formulas can, of course, be deter­
mined for the more complicated stress r11tio 
expressiOns. 

The general formula for the margin of safety 
stated analytically for interaction equations 
where any or all of x, y, and z are 1 or 2 but 
no other figure (except one term may be miss­
ing) is as follows: 

2 M.S.= 1 
[R' +JCR?+4(R")2) 

Here the R' designates the sum of all first 
power ratios; (R') 2 is the square of the s11me 
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sum; and (R") 2 the sum of the squares of all 
second-power ratios. The table gives all com­
binations: 

--~oteractlon rormulf. -1----Marg~~~rety ___ _ 

2 
R,+R22=1.0 R,+..jR,2+4Rzz-1 

R,+R2+Ra= l.O R,+~2 +R~-1 
2 

The practical application of equation 1.5353 
will be taken up in the following chapters. 

1.6 Columns 
1.61 GENERAL. A theoretical treatment of 

columns can be found in standard textbooks on 
the strength of materials. The problems con­
fronting the designer include, however, many 
points which are not well defined by theory and 
which frequently cause some confusion. These 
will be taken up in this section. Actual 
strengths of columns of various types are given 
in subsequent chapters. 

1.62 PRIMARY INSTABILITY FAILURE 

1.621 General. A column may fail through 
primary instability by bending laterally (stable 
sections) or by twisting about some axis parnl­
lel to its own axis. This latter type of primary 
failure is particularly common to columns hav­
ing unsymmetrical open sections. The twist­
ing failure of a closed section column is pre­
cluded by its inherently high torsional rigidity. 
Since the available information on twisting in­
stability is somewhat limited it may be advis­
able to conduct tests on all columns subject to 
this type of failure. 

1.622 Long columns (Stable sections) . The 
Euler formula for long columns which fail by 
lateral bending is given by equation 1.381. No 
explanation of this classical formula need be 
offered, as its derivation can be found in many 
standard textbooks on the strength of materials. 
The value to be used for the restraint coefficient, 
c, depends on the degree of end fixation. The 
true significance of the restraint coefficien t is 
best understood by considering the end re­
straint as modifying the effective column length, 
as indicated in equation 1.381. For a pin-ended 
column having zero end restraint c= 1.0 and 
L' = L. A fixity coefficient of 2 corresponds to 

R, 
•· Refer to section 1. 535 for analytical margin of safety. 

Figure 1.535 . Typi rol interaction curves for combined loading conditions. 

Downloaded from http://www.everyspec.com



14 STRENGTH OF METAL AIRCRAFT ELEMENTS 

a reduction of the effective length to 1/{2 or 
0.707 times the total length. 

1.623 Short columns (Stable sections). If the 
length of a column is reduced below a certain 
critical value, failure in lateral bending will 
occur at loads below those predicted by the 
Euler formula. This is in a great part due to a 
reduction in the effective value of E caused 
primarily by changes in the slope of the stress­
strain diagram and secondarily by unavoidable 
eccentricities. In this region the test results 
show more scatter than in the Euler range and 
empirical or semi-empirical formulas for pre­
dicting the allowable column stress are often 
adopted. When a definite eccentricity exists, 
the critical column loads are reduced due to the 
combined effects of axial load and bending. 
Special formulas for such cases can be found 
in standard textbooks and handbooks. 

Although many types of formulas have been 
devised to cover the short-column range, it has 
been customary, in aircraft work, to use the 
Johnson formula for round steel tubes and the 
straight line formula for round aluminum alloy 
tubes; these formulas are used in this document. 

It will be noted that the above column for­
mulas are of the general form given by equation 
1.382. For example, the straight line formula 
is a special case of equation 1.382 in which the 
exponent n is equal to 1.0. In a similar manner 
the Johnson formula can be obtained from 
equation 1.382 by setting n equal to 2.0. The 
above equations strictly apply only to round 
tube sections as they were derived from tests 
on such sections. In many cases, however, 
they will be found to be satisfactory for sections 
of other shapes when local instability is not 
critical. 

Short column failure can also be expressed by 
the modified Euler formula in which the elastic 
modulus is replaced by an effective modulus, E', 
as in the following equation: 

This equation has come to have much prac­
tical importance in recent years in determining 
the short column curve; it is of particular 
interest to note that an effective modulus 
equal to the tangent modulus can usually be 
used to compute failing stresses. The value 
of the effective modulus at any given compres-

sive stress, Fe, can be determined from stress­
strain curves for the material. 

1.624 Column yield stress (F00). The upper 
limit of the allowable column stress for primary 
failure is called the column yield stress and will 
be designated Feo· It can be determined by 
extending the "short-column" curve to a point 
corresponding to zero length, ignoring any 
tendency of the curve to rise rapidly or "pick­
up" for very short lengths. The short-column 
curve used in determining Feo should be ob­
tained from tests on specimens having geo­
metrical proportions such that local failure is 
precluded except for very low values of L' fp. 

When the column yield stress is reached, the 
walls of the column will tend to buckle unless 
restrained by extreme shortness, or by the appli­
cation of lateral restraining forces. In some 
cases, however, if the specimen has not been 
allowed to buckle, the stress may be increased 
considerably above this value. Due to the 
danger of buckling when the column yield stress 
is approached, the latter should be considered 
as the limiting stress for all columns. 

The column yield stress is mainly determined 
by the nature of the compressive stress-strain 
diagram of the material. When the material 
has a definite yield point in compression, this 
value may be assumed for the column yield 
stress. Few aircraft materials, however, have 
a sharply defined yield point. In such cases it 
is usually possible to determine the column 
yield stress as a function of either the tensile or 
compressive yield stress. For example Feo for 
round steel tubes is approximately equal to 
1.06 times the tensile yield stress; whereas, by 
reference 1.624, Feo for some aluminum alloys, 
see table 3.21, is approximately equal to 
Fcv (1 + F ,v/200,000) . 

Column yield stresses for the various mate­
rials are given in the appropriate sections. 

r 1.63 N ONDIMENSIONAL CoLUMN CuRvEs 

'FOR PRIMARY F AILUR E 

1.631 General. On account of the many 
factors involved it is often difficult to preilict 
the effects of possible material variations on 
the strength of columns as obtained by tests. 
When the column failure is definitely of the 
primary bending type it is advisable to plot the 
test results with nondimensional coefficients, 
such as are employed in reference 2.53. The 
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following coefficient.s will be adopted for this 
purpose: 

Ra=allowable stress ratio=F,/Fca-____ (1 .6311) 

where 

F, =allowable column stress 

Fco=column yield stress 

L'f B=slenderness ratio factor=- ~--(1.6312) 
7r"o'E/Fco 

where 

L'=L!-..fC (see equation 1.381) 

The slenderness ratio factor can be considered 
as the ratio between the effective slenderness 
ratio (L'/p) and the (L'/p) at which the Euler 
.stress for a pin-ended column would equal F,0 • 

Thus, when B=2, the Euler stress Fca would 
equal XF,0 , or Ra would be 0.25 (since the Euler 
stress varies inversely as the square of L'fp). 

1.632 Typical column curves. Typical col­
umn curves plotted in terms of these non-

dimensional coefficients are illustrated in figure 
1.632. It will be noted that the Johnson 
parabolic curve is tangent to the Euler curve at 
a value of Ra=0.5; that is, the Euler formula 
will not apply when it gives stresses higher than 
half the column yield stress. It is also con­
venient to know that the stresses given by the 
1.5 parabolic formula and the straight line 
formula are equal to those given by the Euler 
formula at values of Ra equal to 0.4286 and 
0.333, respectively. 

1.64 LOCAL INSTABILITY F AlLURE 
1.641 General. Columns may fail by a local 

collapse of the wall at a stress below the primary 
failure stress. The general equation for the 
local failure of round tubes is given in the 
following section. The local failure of columns 
having cross sections other than those of round 
tubes is discussed in section 1.65. 

1.642 Crushing or crippling stress <Fa). 
The upper limit of the allowable column stress 
for local failure is called the crushing or crippling 
stress and is designated Fa. The crushing 

.6 _;_J.:...!_ --i-,;·:+trr ~ ; i yt-1-- -Y+ 
- :-LW. -1--'--,-L"-fB.L - W-LL _ 
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Figure 1.63£. Various column curoes in nondimensionalform. 
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stresses of round tubes subject to plastic failure 
generally can be expressed by a modified form 
of the equation for the buckling of a thin-walled 
cylinder in compression as given below: 

F,,=K..jEE' ________ (1.6421) 
D/t 

The effective modulus E' can be determined 
from the basic column curve for primary failure 
by the method given in section 1.623. As the 
value of the effective modulus corresponds to 
a given value of stress it usually is convenient 
to: (1) Assume a value ofF,,; (2) compute the 
corresponding value of E'; (3) substitute these 
values into equation 1.6421 and solve for D;t. 
This latter value is the Djt at which crushing 
will occur at the assumed stress. Values of the 
constant K must be determined empirically. 
As noted above, equation 1.6421 applies to 
plastic failure; i. e., for stresses above the pro­
portional limit. In the case of thin-walled 
tubes which fail locally at stresses below the 
proportional limit, the initial eccentricities are 
likely to be larger relatively and the constant 
should be suitably reduced. 

1.65 CoLUMNS oF UNCONVENTIONAL CRoss 

SECTION 

1.651 General. In the case of columns hav­
ing unconventional cross seAms which are 
particularly subject to local instability, it is 
necessary to establish the curve of transition 
from local to primary failure. In determining 
the strength curves for such columns, sufficient 
tests should be made to cover the following 
points: 

1.652 Nature of "short column" curve. The 

test specimens should cover a range of L' which 
p 

will extend to the Euler range, or at least well 
beyond the values to be used in construction. 
When columns are to be attached eccentrically 
in the structure, some tests should be made to 
determine the effects of eccentricity. This is 
important particularly in the case of open st:>c­
tions, as the allowable loads may be affected 
considerably by the location of the point of 
application of the column load. 

1.653 Local failure . When local failure 
occurs, the crushing or crippling stress F,, can 
be determined by extending the "short colum.l" 
curve for the specific cross section under con­
sideration to a point corresponding to zero 
L'fp. When a family of columns of the same 
general cross section is used, it is often possible 

to determine a relationship between F,, and 
some factor depending on the wall thickne.Qs, 
width, diameter, or some combination of these 
dimensions. Extrapolations of such data should 
be avoided by covering an adequate range in 
the tests. 

1.654 Reduction of test results on aluminum 
and magnesium alloys to standard. The use of 
correction factors given in figures 1.654 (a) 
through (k) is considered satisfactory and is 
acceptable to the Air Force, Navy, and the Civil 
Aeronautics Administration for use in connection 
with tests on aluminum and magnesium alloys. 
(Note that an alternate method is given in 
par. 1.655. ) In using figures 1.654 (a) through 
(k), the correction of the test result to standard 
is made by multiplying the stress developed in 
a test of a column specimen by the factor K . 
This factor may be considered applicable regard­
less of the type of failure involved (i. e., column 
crushing or twisting). In figures 1.654 (a) 
through (k), F, is the ultimate compressive 
stress of the test specimen, F,11 is the compressive 
yield stress of the test specimen, and F, 11 (std.) 
is the Standard COmpressive yield stress ElS given 
in Tables 3.111 (a) through (o). 

Acceptable methods for obtaining compres­
sive yield strengths for use in determining values 
of K from figures 1.654 (a) through (k) are 
as follows : 

(a) Direct compressive stress-strain measure­
ments of the material of which the test column 
is made in the direction of loading of the test 
column. 

(b) If method (a) is not feasible, the com­
pressive stress desired may be obtained from 
the tensile yield stress as follows: Determine 
the tensile yield stress of the column test speci­
men material by direct tensile stress-strain 
measurements in a direction parallel to the test 
column length. Compute the compressive yield 
stress along the length of the test column by 
multiplying the tensile yield strength by the 
proper ratio of the design allowable compressive 
yield strength to the design a.llowable tensile 
yield strength; the ratio chosen should account 
for the grain direction of the test column. In 
case the compression test column is manufac­
tured indiscriminately with respect to material 
grain, the tensile test specimen should be made 
with the grain parallel to its length and the 
with-the-grain ratio of the design allowable 
compressive y ield to design a.llowable t.ensile 
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GENERAL 17 
yield strength for the material should be used. 

(c) In case neither methods (a) nor (b) are 
feasible or applicable, it should be assumed 
that the compressive yield of the column test 

specimen parallel to its length is 15 percent 
greater than the minimum established design 
allowable yield strength for the material in the 
column test specimen. 
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18 STRENGTH OF METAL AIRCRAFT ELEMENTS 

1.655 Reduction of test results to standard­
alternate method. The use of the method of 
reducing test results to standard illustrated in 
figure 1.655 is considered satisfactory and is 
acceptable to the Air Force, Navy, and the 
Civil Aeronautics Administration. This method 
is conservative for aluminum alloys and is 
considered an acceptable method of correcting 
test results for other materials. 

The following procedure should be used t.o 
obtain the corrected test results: 

(a) Determine the compressive yield strengt.b 
of the material in the column test specimen by 
one of the methods outlined in paragraphs 1.654 
(a), (b), or (c); for materials other than alumi­
num alloy use a method similar to one of those 
described in these paragraphs. 

(b) Construct an Euler curve (see fig. 1.655) 
for the material in the column test specimen. 

(c) Plot two straight lines tangent to the 
Euler curve with intercepts on the compressive 
stress ordinate at values determined from the 
appropriate formula: 

Aluminum alloys- Fc= F cu(l + Fcu/200,000 ) 
Magnesium alloys- Fe= 1.18 Feu 
Steel- Fc= Fcv 

LIO ...._ __ 
- ··· .. -r- ·- +- f- f-1--

- ·· ... --- .. - - - --

LIO 
--

One intercept is determined by substituting the 
compressive yield strength of the material in the 
appropriate formula and the other by substi tut­
ing the design allowable compressive yield 
strength for the material in the test specimen 
in the formula. 

(d) When the test specimen bas been test.ed, 
the test value is marked on the compressive 
stress ordinate, a horizontal line is drawn to 
intersect the straight line based on the test 
material compressive yield stress. A vert.ical 
line is erected at this point of intersection to 
intersect the other straight line based on the 
standard compressive yield stress, and a hori­
zontal line extended from this point of inter­
section back to the compressive stress ordinate 
thus establishing the corrected test stress value. 

1. 7 Thin-walled and stiffened thin-walled 
sections 

1.71 GENERAL. A bibliography of informa­
tion compiled by the National Advisory Com­
mittee for Aeronautics on thin-walled and 
stiffened thin-walled sections is contained in 
reference 1. 71. 
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CHAPTER 2 

STEEL 

2.1 General properties 

2.11 NORMAL (RooM) TEMPERATURE PRoP­

ERTIES 

2.111 Design mechanical properties. Design 
mechanical properties and related characteris­
tics for steels are listed in tables 2.111 (a) 
through (d). The values in table 2.111 (b) 
are 95 percent of the average test results, this 
percentage having been chosen because of the 
scatter of test data. The tensile and com­
pressive strength properties apply to both 
longitudinal and transverse directions. Elon­
gation values are typical for bar stock and are 
measured in the longitudinal direction. Elonga­
tion values for the transverse direction may be 
appreciably less. 

The properties of table 2.111 (b) are based 
upon alloys heat treated in a manner which 
resulted in a quenched structure containing 90 
percent or more martensite at the center. 

The maximum diameters of round bars of 
various alloy steels capable of attaining the 
properties indicated by table 2.111 (b) through­
out (surface to center) are indicated by table 

2.111 (c). Limiting dimensions for common 
shapes other than round, which are capable of 
attaining the properties indicated by table 
2.111 (b), are indicated by means of the 
"equivalent round" concept of figure 2.111. 
The equivalent round concept is essentially a 
correlation between the significant dimensions 
of a particular shape and the diameter of a 
round bar, assuming in each instance that the 
material, heat treatment, and the physical 
properties at the centers of both the respective 
shape and the equivalent round are substan­
tially the same. 

In the definition of bearing values, "D" is 
equal to the hole diameter and e is equal to the 
edge distance measured from the hole center 
to the edge of the material in the direction of 
applied stress. Values of e/D=2.0 shall be 
used for larger values of edge distance; values 
of e/D less than 1.5 shall be substantiated by 
adequate tests subject to the approval of the 
procuring or certificating agency. For values 
of edge distance between e/D= 2.0 and efD= 1.5 
linear interpolation may be employed. 

Table !!3.111 (a). Design Mechanical Prope1ties of Plain Carbon and Alloy Steels (Kips per Square Inch) 

'l' ype of product Tube, sheet, bar Sheet, plate, tube 

Alloy-- - - - - - - --- - - ---- --- --- - -- - - - --- ·-- --- - --- --- -- --- - - - - -- - - - ---- --- -- --- 1023, 1025 4130, 8630 

Specltlcat.ion.--- - - ·-- -- - - - -- - ----- -- - · -- -- -- -- -- - - -- - - ---- - - -- -- -- -- -- - - -- -_J-:::-QQ;:-_-;:84\33:-:::::---:-M::I:-L--:S-:--I--:-M::I-::-L--T--41-73-1-, ---67.....:32=, :.:._:..:6734=,-_-6_73_6_, A-N-' --S--1-2, 
7962, MIL-T- !i066. AN- QQ-fH>80. 

Condition _ . . ___ ·-- --- --- -------------- -- ----- -- -- -- ---- -- __ __ _________ _____ I---'-.N---- ---.N---
Th!ckness,!nches _____ _______ ___ ___ ______ __ ____ _____ __ ____ __ _____ ___ ______ __ I-_-__ -__ -__ -__ -__ -_-__ -__ -__ -__ -__ -_-_I--->-O_:_.l_SS ___ I---<_:0_:....188 __ _ 
- - ----- - ------ - - - -------- - - - - --- - - ------ -- ----- ------ --

F,•- --- - - ---- --- - -- ----- - -- -- - -- - --- -- - ---- - - ---- - -- 55 
F,. ___ ____ __ -- -- - -- --- - --- - -- -- --- - - ------ - -- - -- -- -- 36 

90 
70 
70 
55 

95 
75 
75 
55 ~ :::· ~;/ ~ ~ ;_;; ~ ~ ~ ~:::: ~ ~ ~ : :: ~ : : : ~ ~: : ~ : ~ ~: ~ ~ ~ ~ ~ : : :: : ~ ------------- ~;- -

Fbru (e/D=2.0) . -- - - -- ---- -- ----------- ---- - _________ 90 -----------i4o----------- ---140 
Fbru (ef D= 1.5) _ ... ___ __ __ __ ___ ___ ____ __ _ _ 
Fbru (e/D=2.0) ___ __ ___ ___ ___ ____ ________ _ - ~ ~~ ~~~ ~ ~ ~~ ~:~~~~~~-------- - ------- --- -- --- --- - --- -- -- - ----
E E ------ -- --- -· --------- -- ------ - - ... ------:.-

G~--c------ ~~ ~~~~~~~~ ~~ ~ ~~~~~~~~~~~~ ~ ~~~~~~~~~ ~ ~ ~ ~ ~~~ ~~ . i~ .. o00~ 29,000 29,000 11,000 11,000 w ____ __ ___________ __ ___ ____ ____ ____ ____ __ _____ ____ _ 
0. 283 0. 283 0. 283 

e -~------------- - ------ - -- - -------- - ------- - --- -- -- 22. 0 23. 0 - - - - - - - - - - - - - - --

• This value 1.'1 applicable when the material is furnished in condition N of tbc applicable MIL specification bnl the y!elcl strength I• appreclably­
redu~d when normalized. 
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STEEL 25 
Table 2.111 (b).-Design Mechanical Properties of Fully Hardened Alloy Steel (Kips per Square Inch) • 

Alloy. ______________ .....•. ---------------- ---- ---------- 8630 and 4340 1------------------------------------------------
Type o!product.------ -- ------ ---- ------ - ---- --- -- -- ---- Sheet, tube, and bar ----------------------------------------------------------
Condition •.•.•.. --- -- ---- - ---- -- ----- -- -- --- -- -- ---- -- -- Heat treated (quenched and tempered) to obtain the F,.lndloated 1-------------------------------------------------
Speclftoatlons . . ... . --------------------------- - -- - ----- -- MIL-~ro. AN-8--12, MIL-T-6732, MlL-T-6734, MIL-8--6000 

Ftu---- -------------------------------­
F~- - --- -- - - - - --- - - -- - - - -- ----- - -- -- ~-­
F•----------------- ----- --- ----------­
F,u----- ---- ----- --- ------ -- -- --- ---- --
Fb..,. (e/D=l.5) __________ ___ __ __ ___ ____ _ 

Fbru (e/D=2.0)-- - --- - -- -- -- - ------ - --- -
Fb, (e/D=l.5) _____ _____ __ ___ ____ ______ _ 
Fb"' (e/ D=2.0) _____ ___ __________ . ______ _ 
E and E. ___ __ . ___ . ___ ____ ____ ______ __ _ 
G ____________________ ________________ _ 
w ______________ ___ __ ______________ ___ _ 

~----------------------- - - - -- -- --- - - --

125 
103 
113 
82 

194 
251 
151 
180 

23. o I 

150 
132 
145 
95 

219 
287 
189 
218 

18. 5 I 

180 
163 
179 
109 
250 
326 
230 
256 

29, 000 
11,000 
0. 283 

15. 0 

b 200 
176 
198 
119 
272 
355 
255 
280 

13. 51 

•260 
217 
242 
149 
347 
440 
312 
346 

10. 5 

• The d<~Sign mechanical values listed correspond closely to those lor 
4130, 4140, 8735, 8740, and 9840. · 

• The use of heat treatments for design nltlmat.e tensile strengths 
greater than 180,000 p. s. l. are subjoot to the Rpecillc approval r·f the 
procuring or certificating agency. The absence o! a 2W-ksl column does 

not preclude consideration o! npproval for design at this strength level. 
Data are not published herein because of· the di1Jereoces In properties 
among the various special steels which can be nsed at this strength level. 

400440--56---4 

• Design mechanical properties at the 200-ksi strength level apply to 
4340. 

Tablt. 1.111 (c). MC13.Imum R®nd Diameter& for FuJJv Hardtrud S!td Bars 

(Through Hardening to 90 Percent Martensite at Center) 

{For use with properties o! table 2.111 (0)] 

Diameter or round or eqnlvatent round, Inches • 
F,. 

· o.5 0.8 1.0 2.0 3.5 
--------------1------ - --- --------- -----

200 k.s.i. and 
above _______ __ ______ 8740 4140 9840 4340 

200 k .s.i. ___ __ ___ 4130 8735 __ _____ ______ __ __ _ 

180 k.s.i._ ______ _ 8630 ------------ - ----- ------

• Steels listed in any block may be used In smaller sizes or heat treated 
to lower strengths than listed. Use of steels In larger diameters of equiv­
alent round than listed wlll resnltln Incomplete hardening and reduction 
In tensile and compressive yield properties and ls subject to the specific 
approval or the procuring or certillmting agency. 

Downloaded from http://www.everyspec.com



26 STRENGTH OF METAL AIRCRAFT ELEMENTS 

Table 2.111 (d). Design Mechanical Properties of Corrosion Resisting Steels (Kips per Square Inch) 

Type ... -------------------- · ------- Sheet and strip 

AllOY------------- · --····------· -- -- 1&-8 

Spec11lcatlon •..•....... ____________ . MIL-8-5059 Grades C and 0 

Condition ___________________________ Annealed Cold rolled Cold rolled and heat-treated • 

---------,------!---- I--~-• _he.r_d _
1 
__ Joi_h_e.r_d_,_! hard_ ~ull hard_ ~hard I ).,; hard 

~ hard Full hard 

Ftu-------------- ~~~~~~~} 75 125 150 175 185 125 150 175 185 

F,. b _____________ ~~~~~~} 30 75 110 135 140 75 120 140 160 

F cu-- _ _ _ _ _ _ _ _ _ _ _ _ L _ _ _ _ _ _ 35 65 85 95 105 7 5 105 120 140 
T______ 35 100 120 140 170 105 125 160 185 

F.,.______________________ 40 67. 5 80 95 100 • 67. 5 • 80 • 95 • 100 
Fbru(e/D=1.5) ____________ _______________________________________________________________________ _ 
Fbru(e/D=2.0)____________ 75 150 180 190 195 • 150 • 180 • 190 • 195 
Fbru(e/D=1.5) ____________ ________ -------- _______________________________________________________ _ 
Fbru(e/D=2.0) ____________ -------- ________________________________ -------- -------- -------- --------
E ... ____________ L_____ _ 29, 000 27, 000 26, 000 26, 000 26, 000 27, 000 27, 000 27, 000 27, 000 

T ______ 29,000 28,000 28,000 28,000 28,000 29,000 29,000 29,000 29,000 
Ec------ ________ L ______ 28,000 26,000 26,000 26,000 26,000 27,000 27,000 27,000 27,000 

T ______ 28,000 27,000 27,000 27,000 27,000 28,000 28,000 28,000 28,000 
G _______________________ 12,500 12,000 11,500 11,000 11,000 12,000 11,500 11,000 11,000 
w.---------------------- 0. 286 0. 286 0. 286 o. 286 0. 286 0. 286 0. 286 0. 286 0. 286 

•Heat treatment consists ofholdlng from 16 to 36 hours at300°-200° C., 
(670°-392" F.), and cooling in air. 

• The 0. 2 percent ofiBct minimum yield stresses were determined on the 

basis of the initial moduli of elasticity as shown by the stress-strain data. 
' These data e.re safely based on the "as-cold-rolled" material, and 

should be Jugher for the "cold-rolled and heat-treated" material. 
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ROUND HEXAGONAL SQU4RE ~ECUNGUL4R 0~ 111LATE 

OJ OJ OJ I IJ 
ER • T ER•1.1T ER • 1. 2' T ER • 1,5 T 

TUB£ (ANY SECTIO~) 

OPEN BOTH ENOS 

~---------------j----r ~ ---------------:~ 
l L ·' l 

£R c 2 T 
~tote: When L Is less than o, consider 

sectlo~ as a plate ofT thickness. 

!::. When L Is. less th&n T, consider 
sect ion as a plate of L thickness. 

SI~E SECTIO~S 

RESTRICTED OR CLOSED 4T O~E OR BOTH ENOS 

ER • 
Ell = 
Note: 

ER VALUES 

~ t--T' 

~-----------"~ :-----------~ ~ 
2. 5 T When D Is less than 2.5 inches. 
),5 T When o is greater than 2.5 Inches. 

•use maximum thickness for calculation. 

ER ,. .3 t 
Ell I"TEIISECTIO" VALUE 

THE OIAGONAL VAtU£ MAY BE MEASURED 
INSTEAD OF CALCULATED BY LAYING 
OUT THE INTERSECTING ER VALUES AT 
RIGHT ANGLES TO ONE ANOTHER. 

The following steps should ·oe used in determining the governing equivalent 
round for complex sectionss 

1. Reduce the components to simple sections. 

27 

2. Convert simple section to ER values. The ER value at an intersection 
is equivalent to a diagonal through the diameter of a circle ...tlich 
would ci.rctm~scribe the ER area intersection, normal to the larger ER 
section, as sho~ on the upper right-hand sketch. 

3. The maximlliil ER value, llhethf\r it is for a single component or an 
intersection, shall be taken as the ER of the complex section. 

ER-e. Equivalent round diameter of round bars. 

Figure $.111- Correlation between significant dimensions of C<Jmmon shapes other than round and the diameters of 
round bars. 
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28 STRENGTH OF METAL AIRCRAFT ELEMENTS 

2.112 Fatigue properties. Rotating beam 
and direct-stress tension compression fatigue 
strengths at room temperature for several alloy 
steels are given in table 2.112 (a) and figures 
2.112 (a). Reversed bending fatigue strengths 
for 18 percent chromium, 8 percent nickel sheet 
material are given in table 2.112 (b). These 
data are average values. Even under carefully 
controlled conditions there is considerable 
scatter in fatigue test results. The tabulated 
and plotted test results, therefore, must be 
considered as values lying at about the center 
of a scatter band. The width of this band may 
be as much as 20 percent above and below the 
average depending on the material and test 
procedure used. See reference 2.112 (a) for a 
discussion of scatter of the fatigue strength 
of steel. 

The values given in the tables 2.112 (a) and 
(b) and those shown in figure 2.112 (a) have 
been determined on smooth specimens, for 
which stress concentrations have been purposely 
minimized. They do not apply directly to the 
design of structures because they do not take 
account of the effect of stress raisers such as 
reentrant corners, notches, holes, joints, rough 
surfaces, and other similar conditions which are 
present in fabricated parts. The localized high 
stresses induced in fabricated parts by such 
stress raisers are of much greater importance 
for repeated loading than they are for static 
loading. They reduce the fatigue life of fabri­
cated parts far below that which would be 
predicted by comparing the smooth specimen 

strengths directly with the nominal calculated 
stresses for the parts in question. Fabricated 
parts in test have been found to fail at less than 
50,000 repetitions of load when the nominal 
stress was far below that which could be repeated 
many millions of times on a smooth machined 
specimen. 

The data shown in figure 2.112 (a) were 
obtained in direct stress fatigue tests in a 
Schenck testing machine using machined speci­
mens with a 0.400-inch diameter. The material 
was taken from rolled bar stock and the speci­
mens were cut parallel to the direction of 
rolling. 

Figure 2.112 (b) shows notched fatigue 
strength data for SAE 4340 steel. The data in 
this figure were obtained in the same type of 
direct test as used for unnotched specimens, 
only the specimen form being different. By 
comparing figures 2.112 (a) and (b) the serious 
effect of a mildly severe notch on fatigue 
strength is shown. The notched data are 
presented to show the effect of one type on 
moderate stress concentration since effects of 
the large variety of notches and stress con­
centrations which may occur in practice can­
not, of course, be given. The scatter of fatigue 
results mentioned previously for the results on 
smooth specimens occurs also for the notched 
specimens, although the amount of scatter is 
less for the notched specimens. 

The values for 10 million cycles given in the 
tables are considered to be endurance limits. 

Table 2.112 (a). Rotating Beam Fatigue Data for Ferrous Materials 

(All values of stress in p. s. 1.) 

(Values given were determined by testing 0.30 inch dlametcr machined specimens In R. R. Moore rotating besm fatigue machines and represent extreme 
fiber stresses which such specimens wlll withstand in completely reversed llexure] · 

Approximate maximum stresses which rna· 
terlal wlll withstand for various num hers 

Material Condition Ultimate ten- of cycles 
slle strength 

100,000 cycles 1,000!000 10,000,000 
eye es cycles 

----

S. A. E. 4340 steel bar _________________________ Heat treated __ 188,000 100,000 82,000 82,000 
S. A. E. 4340 steel forged bar·----------------- _____ do ______ _ 150,000 96,000 80,000 76,000 
S. A. E. 2330 steel bar ______________________________ do ______ _ 116,000 82,000 72,000 66,000 

Do ___________________________________________ do ______ _ 193,000 98,000 95,000 92,000 
S. A. E. 4130 steel bar ______________________________ do ______ _ 129,000 85,000 75,000 74,000 

Do ___________________________________________ do ______ _ 152,000 97,000 86,000 84,000 
Do_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ do ______ _ 205,000 105,000 100,000 99,000 

• With grain llow. 
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STEEL 29 
Table £.112 (b). Reversed Bending Fatigue Data for Chromium 18 Percent, Nickel 8 Percn~.t, SMet Steel-Longitudi~ 

Direction 

(All values or stress In p. s. !.) 

[Values given were determined by testilll! cantllever sheet specimens In Krouse constant detfectlon type fatigue testing machines and represent extreme 
fiber stresses which such specimens will whhBtand In completely reversed llemre] 

Approximate maximum stresses which rna-
terlal will withstand for various numbers 

Thickness ol Ultl.mate ten· or cycles 
Temper sheet Heat treatment sUe strength 

100,000 cycles 1,000!000 
eye es 

10,000,000 
cycles 

Full hard ____________ __ 0. 025 As rolled ____ _____ ________ 191,700 86,000 75,000 72,000 
I>o ____ __ ___ __ __ __ . 025 At 450° F., 24 hours _____ __ 202, 700 90,000 80,000 76, 000 
I>o __ ___ ________ __ . 050 As rolled ____ ____ __ ____ ___ 200, 000 94,000 91,000 88,000 I>o _______________ . 050 At 450° F., 24 hours _______ 208,000 ---------- 98,000 93,000 

Half hard __ ________ ___ . 025 As rolled ___ _________ ____ _ 154,000 73,000 66,000 62,000 I>o ____ ____ _______ 
. 025 At 450° F .,- 24 hours ___ __ __ 150,000 75,000 73, 000 64,000 

-A=«> 

0 40 80 120 160 

MEAN STRESS -I 000 PSI 
Figure 2.112 (a). Fatigue properties of 4340 steel-room temperature; unnotcMd, F,.=158,000 p. s. i. 
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f/) 
A. 

0 
0 
0 

MO 

I 40~----+---~~----+-----+-----+-----+-----+-----+-----+---~ 
(I) . 

(I) 
1&.1 
0:: 
I­
f/) 

z 
a:: 
"' 1-
~ 0 40 80 120 160 

A•O 

200 
MEAN STRESS -1000 PSI 

Figure 2.112 (b). Fatigue properties of 4340 steel-room temperature; notched, F ,..= 158,000 p. s. i. 

2.113 Typical stress-strain and tangent modu­
lus data. Typical stress-strain and tangent 
modulus curves for normalized and heat-treated, 
quenched and tempered alloy steels are shown 
on figures 2.113 (a) and 2.113 (b), respectively. 
Typical tangent modulus curves for corrosion 
resisting steel sheet are shown on figure 2.113 
(c). These curves are based on relatively few 

tests and are therefore subject to modification 
as further data. become available. Where the 
value of initial modulus indicated by the curves 
differs from that given in the tables, the table 
values shall be used. The stress-strain curve 
in the region of low strains can be predicted ac­
curately from the formula 1.342 where an ap­
propriate value of E is selected from table 2.111. 
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Figure 2.113 (a) . Typical stress-strain curves of alloy steels. 
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STEEL 39 
2.12 TEMPERATURE EFFECTS 

2.121 Low temperature. In general, the 
effects oflow temperature on ferrous alloys are in­
crease~ in the strength properties and decreases 
in ductility and i.mp!tct strength. These effects 
vary depending upon the alloy and heat treat­
ment. The usual effect of low temperature on 
t.he fatigue properties of ferrous material is an 
increase of the fatigue strength at any given 
life. In some cases the presence of stress con­
centrations may cause a reduction in fatigue 
strength at low temperature as compared to 
normal temperature. Additional information 
on these subjects is available in references 2.121 
(a) and 2.121 (b). 

2.122 Elevated temperature 

2.1221 Static properties. The effect of ele­
vated temperature is to decrease the strength 
properties of ferrous materials. Little specific 
information is available on this subject. 

2.12211 Strength at temperature 

2.12212 Effect of exposure. Exposure of 
quenched and tempered steels of SAE 4130, 
8630, and 4640 and similar types to tempera­
tures below their respective tempering temper­
atures will have no appreciable effect on the 
room - temperature properties. Exposure at 

-A· co 

their tempering temperature will decrease their 
room-temperature properties slightly if the 
exposure time is more than a few hours. Ex­
posure above the tempering temperatures 
will, of course, be equivalent to a retemper 11.nd 
will decrease the room-temperature properties 
an amount dependent upon the temperature and 
time exposed. 

Exposure of types 301 , 302, 304, 321, and 347 
austenitic stee]s in any condition (annealed, 
}~, ~. ~. or full hard) to temperatures up to 800° 
F. for periods up to 100 hours will not decrease 
room-temperature properties. The effect of 
exposure to temperatures above 800° F, on 
room-temperature properties, is not known. 

2.1222 Fatigue propertie8. Direct stress 
fatigue strength data for SAE 4340 steel un­
notched specimens at temperatures up to 1,000° 
F. are given in figures 2.1222 (a) through (c). 
These data were obtained in the same type of 
test as the room-temperature data presented 
in figure 2.112 (a). The notched specimen data 
at the same temperatures are presented in fig­
ures 2.1222 (d) through {f). The effect of 
temperature on fatigue strength may be seen 
by comparing the fatigue strengths at the ele­
vated temperatures in figures 2.1222 (a) through 
(c) with the fatigue strengths obtained at room 

~ aor-----~~~~-----4------¥-----4-----~----~------~--~~ 
a.. 
0 
0 
0 

I 
(/) 
(/) 
w 
cr 
~40r---~----~----+---~~~~----4-----~---+----~ 
:i 
cr 

~ 
<( 

0 40 80 120 160 
MEAN STRESS-1000 PSI 

Figure 2.1222 (a). Fatigue properties of 4340 steel-600° F., unnotched; F 1u= 158,000 p. 8. i 
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Figure 2.1222 (b). Fatigue properties of 4340 steel-800° F ., unnotched; F,u=158,000 p. 8. i. 

temperature in figure 2.112 (a). The effect of 
elevated temperatures on the notched fatigue 
strength and the notch sensitivity can be seen 
by comparing the fatigue strengths in figures 
2 .1222 (d) through (f) with the room-tem­
perature notched fatigue strengths in figure 
2.112 (b). 

Although at room temperature the endurance 
limit for ferrous metals is considered to be 10 
million cycles, this is not always true at ele­
vated temperatures. At elevated temperatures 
the creep of the metal influences the fatigue 
life. Therefore, the time at temperature as 
well as the number of load cycles influences the 
failure, and it is possible that failures may occur 
beyond 10 million cycles. 

80 
/¥00 
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~ 40 a:: 
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~ 
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Figure 2.1222 (c). Fatigue properties of 4340 Steel-
1,0000 F., unnotched, F ... =158,000 p. s. i. 
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Figure 2.1222 (e). Fatigue properties of 4340 steel-800° F., notched; F,.=158,000 p . s. i. 
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2.1223 Creep and stress rupture properties. 
2.12231 Short time creep. Figures 2.12231 

(a) through (d) present the effect of short times 
:at temperature on the creep properties of SAE 

1010 low carbon steel sheet. These tests were 
made as described in reference 3.12231. The 
percentage reduction in strength shown in the 
figures can be applied to the allowable tensile 
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Figure 2.12231 (a). Short time creep curves for 1010 carbon steel sheet 800°F. 
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and compressive strengths given m table 
2.111 (a) . 

2.13 CRITERIA FOR DESIGN MECHANICAL 

PRbPERTIEs. The criteria for the design me-

chanica! properties given on tables 2.111 (a), 
2.111 (b), and 2.111 (c) are described in refer­
ences 2.111 (a) and 2.111 (b). 
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Figure 2. 12231 (c) . Short time creep curves for 1010 carbon steel sheet 1200°F. 
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2.2 

STRENGTH OF METAL AIRCRAFT ELEMENTS 

Columns 
2.21 PRIMARY F AlLURE. The general for­

mulas for primary instability are given in 
section 1.38. For convenience, these formulas 
are repeated in table 2.21 in simplified form 
applicable to round steel tubes. These formu­
las also can be used for columns having cross 
sections other than those of round tubes when 
local instability is not critical. 

2.22 LocAL FAILURE. Table 2.21 also con­
tains notes concerning the local instability of 
round tubes. . The local failure stresses for 
columns having cross sections of other shapes 
are given in the allowable stress curves of this 
chapter. 

2.221 Effects of welding. The primary fail-

ure stress of a column having welded ends can 
be determined from the formulas of table 2.21 
without regard for the effects of welding. 
These stresses, however, should not exceed a 
"cut-off" stress which accounts for the effects 
of welding on the local failure of the column. 
See section 2.612 for the effects of welding. 

2.23 CoLUMN STRESS CuRvEs. Curves of 
the allowable column stresses for various types 
of steel tubing are given in figure 2.23 (a), (b), 
and (c). The allowable stress is plotted 
against the effective slenderness ratio which is 
defined by the formula: 

L' L -,;= p.vfc----------- (2.231) 

Table 2.21. Column Formulas for Round Steel Tubes 

Short columns 
Trans!- Local Material F,.-ksi Feo-hi tiona! • Long columns • failure Basic· L'/p Column formula • equation 

-----
1025 ______ _____________ 36 36 
4130 ___________________ 

d 75 79. 5 
Heat-treated a alloy steeL_ ei03 113 
Heat-treated• alloy steeL_ 132 145 
Heat-treated • alloy steeL_ 163 179 

• L'/p-Lfp ..jC: L'/p shall not exceed 150 without specific a 
from the procuring or oortltlcatlng agency. 

• Transitional L/p is that above which columns are "long" nd below 
which they are "short." These are approximate values. 

• Not neoessary to lnvestil(ate for local instatility hen 'fJJt < jiJ. 

------ - --

L'fp)2 1. 383 122 286X 108/(L' fp)2 (•) 
(L' fp)t.5 l. 384 91 286X l06/(L'fp)2 (•) 

5 (L' fp)2 1, 383 73 286X 108/(L' p)2 (•) 
.36 (L'fp)2 1. 383 63 286X 106/(L' fp)2 (•) 
.95 (L'fp) 2 1. 383 56 286X 106/(L' fp)2 (•) 

d Thls value is applicable when the mat&lal is turnlshed In condition 
N (MIL-T-6735) hut the yield strength is rednced when normalized 
subsequent to welding to 60,000 p. s. i. 

• See "Mecbanlcal properties," tables 2.111. 
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2.24 CoLUMN LoAD CuRVES. The allowable 
column loads on round tubes versus length as 
given in reference 2.24 are satisfactory for 
general use. 

2.3 Beams' 
2.31 GENERAL. See equation 1.323; section 

1.525; and reference l. 71 for general information 
on stress analysis of beams. 

2.32 SIMPLE BEAMS. Beams of solid, tubu­
lar, or similar cross sections can be assumed to 
fail through exceeding an allowable modulus of 
rupture in bending (Fb). For solid sections, it 
usually can be assumed that Fb equals the 
ultimate tensile stress. This assumption is 
conservative and higher values may be used if 
substantiated by test data. 

2.321 Round tubes. For round tubes, the 
value of Fb will depend on the D/t ratio, as well 
as the ultimate tensile stress. Figure 2.321 
gives the bending modulus of rupture for chrome 
molybdenum steel tubing. 

2.322 Unconventional cross sections. Sec­
tions other than solid or tubular should be 
tested to determine the allowable bending stress. 

2.33 BuiLT-UP BEAMS. Built-up beams 
usually will fail due to local failures of the 
component parts. In welded steel tube beams, 
the allowable tensile stresses should be reduced 
properly for the effects of welding. 

2.34 THIN- WEB BEAMS. The allowable 
stresses for thin-web beams will depend on the 
nature of the failure and are determined from 
the allowable stresses of the web in tension 
and of the flanges and stiffeners in compression. 

2.4 Torsion 

2.41 GENERAL. The torsion failure of steel 
tubes may be due to plastic failure of the metal, 
elastic instability of the walls, or to an interme­
diate condition. Pure shear failure usually 
will not occur within the range of wall thick­
nesses commonly used for aircraft tubing. 
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2.42 ALLOWABLE TORSIONAL SHE AR 
D 

STRESSES. In the range of low value of T' 
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no theoretical formula is applicable directly. 
The results of test<~ have been used to determine 
the empirical curves of figure 2.42 (a) and (b ). 
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Streamline tubes: Rb+R,=l.O __ .(2.522) 

1 
2.5 Combined loadings 

2.51 RouND TuBES IN BENDING AND CoM­
PRESSION. The general theory of failure under 
combined loadings is given in section 1.535. In 
the case of combined bending and compression 
it is necessary to consider the effects of second­
ary bending; that is, bending produced by th<> 
axial load acting in conjunction with the lateral 
deflection of the column. In general, equation 
1.5353, can be used in the following form for 
safe values: 

Fj~ +Fj~= 1.0 __________ (2.511) 
b e~ 

Where 

N =Maximum bending stress including 
effects of secondary bending. 

Fb=Bending modulus of rupture. 

].=Axial compressive stress. 

F ~=Compressive yield stress. 

In no case shall the axial compressive stress, fe, 
exceed the allowable, F., for a simple column. 

2.52 TuBEs rN BENDING AND ToRSION. 
Equation 1.5353, can be used in the following 
forms for safe values: 

( jb )2 ( j. )2-Fb +F., -1.0 __ ___ __ (2.521) 

M 

40944~:16--::i 

M.S.=Rb+R. L _____ (2.522a) 

],=Shear stress. 

F 81=Torsional modulus of rupture. 

Higher values can be used if substantiated by 
adequate test data. 

2.53 TuBES IN BENDING CoMPRESSION, AND 
ToRSION. The bending stresses should include 
the effects of secondary bending due to compres .. 
sion. The following empirical equation will 
serve as a working basis, pending a more 
thorough investigation of the subject. 

In no case shall the axial compressive stress, J., 
exceed the allowable stress, Fe, for a simple 
column. 

2.6 Joints and parts 

2.61 JoiNTS 
2.611 Riveted and bolted joints 
2.6111 AUowabl£ shear and tension stresses for 

bolts and pins. The allowable shear stress for 
bolts and pins is given in table 2.6111 (a). The 
allowable tension stress for AN bolts as well as 
allowable design loads are also given therein. 
(Interaction curves for combined shear and ten­
sion loading on AN bolts are given on fig. 
2.6111.) Shear and tension allowable for NAS 
internal wrenching bolts are specified in table 
2.6111 (b) . 

\ 
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Table 2.6111 (a). Shear and Tensile Strengths, Areas, and Moments of Inertia of Steel BolU! and Pins 

MateriaL _________________ ---- __ _______ __________ . ______________________ 
Low~rbon Heat·treated steel steel 

Tensile strength, kips per square !ncb ___________________________ . _______ 55 100 125 125 AN standard 
bolt 

Sbear strength, kips per square Inch ____________ ________________________ 35 65 75 
designation 

75 specifleatlon 
MIL-B-6812 

Machine Area ofsolld Moment of in- Allowable single shear strength (pounds) Tension 
Size or pin or bolt screw section ertia of solld (pounds) 

size (No.) (square Inch) (ln.•) at full dJameter (In thread) 
-

~6-- - ------------ -------- 0. 003068 0. 00000075 107 199 230 ---------- ----------
''2--------------- -------- . 006902 . 00000379 242 449 518 ---------- ----------0.112 _____ __ _____ 4 . 009852 . 00000772 345 640 739 -------- -- ----------
~---------------- -------- . 012272 . 00001198 430 798 920 ---- ------ ----------
0.138-- - --- ------ 6 . 014957 . 00001781 523 972 1, 122 ---------- ----------
%2--------------- -------- . 01918 . 00002926 671 1, 247 1,438 ---------- ----------
0.164_------ ----- 8 . 02112 . 00003549 739 1,372 1,584 ---------- ----------
%6--------------- -------- . 02761 . 00006066 966 1, 794 2,070 ---------- ----------
0.190_-- --------- 10 . 02835 . 00006399 992 1,842 2, 126 2, 210 AN-3. 
0.216_-- ------ -- - 12 . 03664 . 0001069 1, 282 2, 381 2, 748 ------ ---- ----------
%2--------------- -------- . 03758 . 0001125 1,315 2,442 2,818 ---------- ----------
~---------------- -------- . 04908 . 0001918 1, 717 3, 190 3,680 4,080 AN-4. 

%6--------------- -------- . 07669 . 0004682 2, 684 4, 984 5, 750 6,500 AN-5. 

%---------------- -------- . 1105 . 0009710 3,868 7, 183 8,280 10, 100 AN-6 

%6--------------- -------- . 1503 . 001797 5, 261 9, 770 11, 250 13,600 AN-7. 

~- -- -- - - -- ------- -------- . 1963 . 003069 6, 871 12, 760 14, 700 18,500 AN-8. 
o/16--- ------------ -------- . 2485 . 004914 8, 697 16, 152 18, 700 23, 600 AN-9. 

%---------------- -------- . 3068 . 007492 10, 738 19, 942 23, 000 30, 100 AN-10. 

%---------------- -------- . 4418 . 01553 15,463 28,717 33, 150 44, 000 AN-12. 
Ys------~--------- -------- . 6013 . 02878 21,046 39,085 45,050 60, 000 AN-14. 
1 ________________ 

-------- . 7854 . 04908 27, 489 51,051 58, 900 80, 700 AN-16. 
1 ~---- -.---------- -------- ---------- ------------ ---------- ---------- 73, 750 101,800 AN-18. 
1 )4_-- ------------ -------- ---------- ------- -- -- - ---------- --------··- 91, 050 130, 200 AN-20. 

Table 2.6111 (b). Shear and Ten sile Strengths of Internal Wrenching Bolts 

MateriaL __ -------------------· ____ Heat-treated alloy steel (160,DOO- MateriaL ___ _______________________ Heat-treated alloy steel (160,()0()-
180,000 p. s. L) 180,000 p. s. L) 

Specification ___ ----- - - __ ------· ____ MIL-8-8503 AN-QQ-8-690 Specifleatlon __ ____ ___ . _. ____________ MIL-8-8503 AN-QQ-8-690 
and and and and 

MIL-8-0049 MIL-8-5000 MIL-S-6049 MIL-8-5000 

I 
m tim ate tenslle Double shear mumate tenstle Double shear 

Size Standard strength (mlnJ- strength (mlnJ- Size Standard strength (mini- strength (mlnJ-
mum pounds) mum pounds) I mum pounds) mum pounds) 

~-------- NAS 144 ____ _ 5,000 9, 300 %-------- NAS 152 _____ 55,600 83, 900 
Yte------- NAS 145 ____ _ 8, 200 14, 600 Ys-- ------ NAS 154 _____ 76, 200 144,200 
%-------- NAS 146 _____ 12, 700 21,000 L ________ NAS 156 ____ _ 102, 500 149, 200 
%6------- NAS 147 _____ 17, 100 28,600 1)1g _______ NAS 158 _____ 128, 800 188,900 
~-------- NAS 148 _____ 23,400 37,300 1)'4 _______ NAS 172 _____ 162, 600 233,200 
o/1&------- NAS 149 _____ 29, 800 47,200 1%------- N AS 17 4 _____ 200,300 282, 100 
%-------- NAS 150 ____ _ 38,000 58,300 1.Yz _______ N AS 176 ____ _ 241, 200 335,800 

NOTES 

Navy contractors must obtain approval of structural appllcatlons Involving Internal wrenching bolts prior to their use In design. 
Internal wrenching nuts or equivalent sbouid be used in appllcatlons depended upon to develop tbe tabuiated tenslle loads. 
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SHEAR LOAD-KIPS 
NOTE. Cur>es not appllcable where shear nnts are used. Curves are based on the results o! combined load tests o! bolts with nuts tlnger­

tlgbt. 

Figure f .6111. Combined shear and tension on AN steel bolts. 
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2.6112 Allowable bearing stresses 
2.61121 Joints having no motion. The baEic 

values of the allowable stresses for various steels 
may be found in tables 2.111 (a) and (b) . 
These stresses are applicable only when the 
Djt ratio (diameter of rivet over thickness of 
sheet) is less than 5.5. When this ratio is 
equal to or greater than 5.5, the allowable 
bearing strengths must be substantiated by 
tests covering both yield and ultimate strengths 

of the joint. The unit bearing strength of steel 
sheets on bolts and pins is given in table 2.61121. 
Unit bearing strength on steel rivets may be 
obtained from table 3.6111 (d). These values 
are to be used only for the design of the con­
necting elements of rigid joints when there is no 
possibility of relative movement between the 
parts joined without deformation of these 
parts. 

Table 2.611£1. Unit Bearing Strengths of Sheets on Bolts and Pins, Fbr=100,000 p. s. i., (Pounds) . 

Size or rivets ... __ Ho I 'H" I ~ I %• I ?1• I J.' I 'rio I ~t I ~ I % I % I ~ I I 

---
Plate sizes Bearing strength of plate 

I I I 

0.028_ -- - --- 175 263 350 --- -- - - ----- - ----- --- · · - - __ _ _ _ _ : _ __ __ _ _ J ___ _ __ _ - ---- - - -- --- -- -- - -- . -· 

219 328 438 547 656 I I 
0.035_- ----- ~~ ~ ~ ~ t ~ ~ ~ ~ ~' ~: ~ ~ ~ ~J ~ ~ ~ ~ ~ ~ 0.049 _______ 306 459 612 766 919 1. 225 
0.058 ____ ___ 362 544 725 906 1,087 1,450 1,812 I 

- - -- - - ~ ~: ~ ~~ J~~:~~~ -- - - ·-- - - --- - - - -- ·-- - -
0.065_ ------ 406 609 812 1, 016 1, 219 1, 625 2, 031 
0.072_ --- - -- 450 675 900 1, 125 1, 350 1, 800 2,250 2, 700 - --- - -- - - - -- - - - - - - -- - - -- - - - - -- -- ---
0.083 __ __ ___ 519 778 1, 038 1, 297 1, 556 2,075 2,594 3, 112 -- - -- - - - -- ---- - ----- - -- ---- - --- - ---
0.095 ___ ____ 594 891 1, 188 1, 484 1, 781 2,375 2,969 3, 563 4,750 - ------ ____ __ _ ! ___ __ __ 

- - -- ---

0.120_- ----- 750 1, 125 1, 500 1, 875 2,250 3,000 3,750 4, 500 6,000 7, 500 -- - -- - - - - ----- ----- - -
~6------ - --- 1, 172 1, 758 2,344 2, 930 3, 516 4, 688 5,859 7, 031 9,375 llv719 14,063 16, 406 18, 750 
}~- -- -- - -- -- 1,563 2,344 3, 125 3,906 4,688 6,250 7, 813 9,375 12,500 15,625 18, 750 21,875 25, 000 
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STEEL 53 
2.61122 Joints lutving motion. For joints 

having motion the allowable bearing stresses for 
the various steels to be found in tables 2.111 (a) 
and (b) are to be reduced by dividing by the 
factors of safety specified in table 2.61122 (a) 
(designated as "bearing factors"), or are to be 
used in accordance with table 2.61122 (b). 

Table 2.6112.~ (a).• Bearing Factors for Plain b Bear­
ings' Hav1:ng no or Infrequent d Relative Rotation 
Unde- Design Loads 

I 

Infrequent relative rotation under design Shock , or vibration I Factor ' 
loads 

- - -----

None '- ___ . . _ . . _. . _ None ____ . . __ 
Yes ___ ____ __ _ __ _ __ _____ do. ____ _ 
None • ________ __ . _ . __ . __ . _ _ Yes. __ ____ .. __ 
Yes ___ _ . __ . __ . __ . _ _ __ . _ _ _ _ ___ _ rlo __ .. _ .. __ 

1.0 
2. 0 
2. 0 
2. 5 

• The factors given In this table are applicable to other materials as well 
as to steel. 

• Plain bearings ns against antilrlctlon bearing~ (ball bearings, etc.). 
'Bearings are distinguished from llttlngs,ln general, In that a bearing Js 

n pin-jointed fitting which permits relative movement between the parts 
joined other than that due to deformation or the parl.s under load . 

• Infrequent rotation Is considered to be rotation ofless than 100 revolu­
tions per hour. For rotations In the order of 100 revolutions per hour. and 
up, see table 2.61122 (b). 

• Shock Is considered to occur lp such structures as landing gears, gun 
mounts. hotstlng, towing and mooring connections. 

I It should be noted that the fltting factors specified by the procuring or 
certUy!ng agency also apply to the bearing surfaces. If the applicable 
fitting factor exceeds the bearing factor, the former shall be ru;ed in lieu of 
(not in addition to) the latter, and vice versa. 

• No relative rotation under design loads; to illustrate, some landing 
gear joints have no relative rotation under landing loads, although they 
have relative rotation during retraction. 

2.6113 Blind rivets. Table 2.6113 contains 
ultimate and yield allowable single ~hear 

strengths for protruding and flush-head monel 
blind rivets in corrosion-resistant sheet. These 
strengths are applicable only when the grip 
lengths and rivet-hole tolerances are as recom­
mended by the rivet manufacturer. 

The strength values were established from 
test data obtained from tests of specimens hav­
ing edge distances efD equal to or gren,ter than 
2.0. Where e/D values less than 2.0 are used, 
tests to substantiate yield and ultimate 
strengths must be made. Ultimate strength 
values of protruding and flush blind rivets were 
obtained from the average failing load of test 
specimens divided by 1.15. Yield strength val­
ues were obtained from average yield load test 
data wherein the yield load is defined as the 
load at which the following permanent set 
across the joint is developed: 

(a) 0.005 inches up to and including 7{6-inch 
diameter rivets. 

(b) 2.5 percent of the rivet diameter for rivet 
sizes larger than 7{6-inch diameter. 

Blind rivets should not be used in applications 
where appreciable tensile loads on the rivets 
will exist. Reference should be made to the 
requirements of the applicable procuring or 
certificating agency relative to the use of blind 
rivets. 

Table 2.61122 (b). Ultimate Bearing Stre~s for Plain Lubricated Bearings Having Frequent Relat-:ve 111otion 

Type of bearing 

Free fits, frequent relative movement approximately 100 revolutions 
per hour (or equivalent) per flight. 

Free fits, subject to very frequent relative movement, w:ith 3 or more 
bearings in line, sealed or protected. 

Free fits, subject to very frequent relative movement, with 3 or more 
bea~ngs in line, unprotected from dirt. 

Free fits, subject to very frequent relative movement, with 3 or more 
bearings in line, unprotected from dirt. 

Lu brlcation Sbock or vibration I 
~~---

N OI~e _ _ _ _ _ _ _ _ Grease ______ _ 

__ ___ do __ __ __ _ ______ do _____ _ 

_____ do __ _____ Light grease __ 

Yes __ . __ ___ _ _ OiL __ _____ __ 

1 

Pounds per 
square Inch 

15, 000 

12, 000 

8,000 

I, 500 
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Table 2.6113. UUimate and Yield Strengths for Blind Monel Cherry Rivets in Corrosion Resistant Sheet (Pounds)a 

ULTIMATE STRENGTHS 

Installation ...•........ Protruding bead 

Rivet typo . ........... . CR563 

Sheet material. . .. . . .. . 

-.....__...._____ D 
t d ...._____ 

----
0.008_---------- 150 180 220 
0.012_ - - -- -- - --- 230 300 350 
0.020----- -- -- - - 380 510 600 
0.025_- --- --- --- 460 620 750 
0.032_-- -------- 550 770 960 
0.040_- -- - ------ 620 900 1, 160 
0.051 - - - - ----- -- 660 1, 000 1, 340 
0.064_- - --- ----- 680 1,090 1,460 
0.072 _-- - - - - ---- 700 1, 140 1, 500 
0.08L __ - - -- - --- 710 1, 180 1,520 
0.091__ - - -- ---- - 720 1, 190 1,540 
0.102- - - - -- - - - - - -------- -------- 1, 560 
0.125.---- - ----- -------- --- ----- 1, 580 
Rivet shear 

strength'----- 775 1, 190 1, 720 

--- -----
--- ---- -
- ------ -

1, 090 
1, 380 
1, 660 
1, 960 
2, 190 
2, 270 
2,340 
2,410 
2,480 
2,590 

3, 110 

100° double dimpled • 100° machine countersunk ' 

18-8 ( ~ Hard) 

~8 71• 

280 315 
320 455 
400 620 
450 705 
510 810 
570 900 

1, 190 

CR562 

*610 
680 
830 
980 

1, 135 
*420 
*420 
510 
620 
625 
625 

*535 
550 
735 
840 
940 

1,030 
1, 100 
1, 160 

71• 

*1,020 
1, 110 
1, 200 
1, 420 
1,470 

1, 720 - ------- --- - - - - - --------

YIELD STRENGTHS 

0.008_--- ------- 150 180 220 --------
0.012_-- -------- 230 300 350 --------
0.020- - --------- 380 510 600 ------- -
0.025 __ - -- - ----- 460 620 750 1,090 
0.032 __ -- - - - - - -- 550 770 920 1, 380 
0.040- - - -- - - - -- - 620 850 1,035 1, 660 
0.051. _- - - - -- - -- 660 930 1, 162 1, 938 
0.064 __ ______ ___ 680 1,010 1,282 2, 135 
0.072------ ---- - 700 1,048 1,334 2, 235 
0.08L __________ 710 1,081 1, 391 2,323 
0.09L ___ -- - - - -- 720 1, 110 1,450 2,410 
0.102 . --- -- - - - - - --- -- -- - - ---- -- - 1, 507 2,480 
0.125.- - - - - - - - -- -- ---- ·· - - - - - -- - - 1,580 2, 590 

• The strength values listed are based on the results of laboratory tests 
conducted under optimum conditions and sbou\d be used with caution. 

• In dimpled installations allowahles shall not be obtained by extra 
polation for skin gages other tba.n those shown. 

• In the case of machine countersunk Joints where the lower sheet is 
thinner than the upper, the bearing allowable for the lower sheet-rivet 
combination should be computed. 

• Sheet gage is that of the thinnest sheet. for protruding bead and 
double dimpled installations. For machine countersunk installations 
sheet gage Is that of the upper sheet. 

2.6114 HoUow-end rivets. If hollow-end riv­
ets with solid cross sections for a portion of the 
length (AN 450) are used, the strength of these 
rivets may be taken equal to the strength of 
solid rivets of the same material, provided that 
the bottom of the cavity is at least 25 percent 

230 235 -------- --- -- --- -------- --------
320 362 320 -- - ----- --- ----- --------
400 620 650 -- ------ -------- ----- - --
450 705 808 - - - - - -- - - - - - - - - - --- - ----
510 810 980 80 -- - - - -- - ---- -- --
570 900 1, 135 291 283 -- - ---- -

---- ---- ----- --- -- -- - --- 446 455 ---- - -- -
- -- ---- - - -- -- --- --- -- --- 541 610 412 
----- --- ---- - -- - -------- 572 690 604 
--- --- -- -------- - -- --- -- 593 776 811 
--- ----- -------- ---- - --- 608 869 991 
- - - -- --- ----- --- - - - -- - - - 621 903 1, 150 
- - - -- --- --- ---- -

___ ___ ... _ 644 920 1, 334 

• Rivet shear strengths computed using nominal bole s ize and the 
following values for rivet an<.! pin materials. 

Rivet-R monel, annea.Jed-F,.=55,000 p. s . I. 
Pin-R monel, cold worJ;ed-F .. -65,000 p. s. I. 

Yield values of the sheet-rivet combinations marked thus(' ) are less 
than H of the Indicated ultimate values. Other •heet·rlvet combinations 
may be used subject to specific approval of the procuring or certificating 
agency. 

of the rivet diameter from the plane of shear, as 
measured toward the hollow end, and further 
provided that they are used in locations where 
they will not be subjected to appreciable tensile 
stresses. 
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2.6115 High shear rivets. The allowable 

shear load for "Hi-Shear" rivets (NAS-177, 178, 
and 179) is the same as that specified for the 
standard aircraft bolts heat-treated to 125,000 
p. s. i. and given in table 2.6111 (a). Allowable 
single shear strengths for annealed 18-8 steel 
rivets are given in table 2.6115. 

Table 2.6115. a Allowable Ultimate Single Shear Strengths 
18-8. b Corrosion Resistant Steel Rivets (Pounds) 

Diameter 

%-- --------------------- --- -----------­
%6------------------------- -------------y. ____ _____ _____ ____ ______ ________ ____ _ _ 

%6-------------- -----------------------­
%- ----- --- --- -- ------- ---- --- -- --- -- ---

97g 
2150 
g880 
6140 
8800 

• Material as described in Spe<)ltlcation MII..-S-7720 annealed before 
dnvin~. 

• The values glven in the table above were computed using an allowable 
shear strossof75,000 p. s. i. and nominal hale sizes trom table3.6111 (c). 

2.6116 Lockbolts. Allowable loads for lock­
bolts are given in section 3.6116. 

2.612 Welded joints. Whenever possible, 
joints to be welded should be so designed that 
the welds will be loaded in shear. 

2.6121 Fusion welds.--arc and gas. In the 
design of welded joints the strength of both the 
weld metal and the adjacent parent metal must 
be considered. The allowable strength for the 
adjacent parent metal is given in paragraph 
2.61211 and the allowable strength for the weld 
metal is given in paragraph 2.61212. The weld 
metal section shall be analyzed on the basis of 
its loading, allowables, dimensions, and 
geometry. 

2.61211 Effect on adjacent parent metal when 
fusion (arc or gas) processes are employed. 
Joints-welded after heat treatment: The 

allowable stresses near the weld are given in 
tables 2.61211 (a) and (b). 

.Materials heat treated after welding: The 
allowable stresses in the parent metal near a 
welded joint may equal the allowable stress for 
the material in the heA.t treated condition as 
given in tables 2.111 (a) through (d). 

Table 2.61211 (a). Allowable Ultimate Tensile Stresses 
Near Fusion Welds 1'n 4130, 4140, 4340, or 8630 Steels 

[Section thickness ~· tncb or less] 

Type or jotnt 

Tapered joints of goo or less a _______ _ 

All others __ _____ __ _______________ _ 

Welded alter heat 
treated or normal· 
ized alter weld 
(p. s.l.) 

90, 000 
80,000 

a Gussets or p!nte inserts considered 0° taper with center line. 

Table 2.61211 (b). Allowable Bending Modulus of Rup­
ture Near Fusion Welds in 4130, 4140, 4340, or 8630 
Steels 

Type of weld Welded after beat treated or normalized 
alter weld 

Tapered welds of Fb, fig. 2.g21 for F ,. = 90,000 
goo or less.• p. s. i. 

All others __ ____ ___ 0.9 of the values of Fb from fig. 
2.g21 for F,.=90,000 p. s. i. 

a Gussets or p!Rte tnserts considered 0° taper with center line. 

2.61212 Allowable strength-weld metal. Al­
lowable weld metal strengths are shown in 
table 2.61212. The use of MIL-E-8697 
electrodes which respond to quench-and-temper 
heat treatment shall be subject to the specific 
approval of the qualifying or certificating 
agency. Design allowable stresses for the weld 
metal are based on 85 percent of the respective 
minimum tensile ultimate test values. 

Table 2.61212. Strengths of Welded Joints 

Material Heat treatment subsequent Weldtng rod or electrode F,. F,. to welding 

Carbon and alloy steels_ None_ .. ___ __ - - - -- - - MIL-R-56g2, class 1 MIL-E-684g, classes gz,ooo 51,000 
E-6010 and E-6Q1g, 

Alloy steeL ______ ___ __ None ______________ MIL-R-56g2, class 2 ____ __________________ 4g,ooo 72,000 
Alloy steels ____ __ ____ _ Stress relieved ______ MIL-E-8697, classes E-1001g, E-10016, 50,000 85,000 

E-10015. 
I>o __ _______ ___ __ _____ do ___________ __ MIL-E-8697, class E-12015, class E-12016. _ 60,000 100,000 
I>o ___ ___ ____ ____ Quench and temper __ MIL-E-8697, class HT125 ___ ____ ____ ____ __ 6g,ooo 105,000 
I>o ______ ________ __ __ _ do _____________ MIL-E-8697, class HT150 _________________ 75,000 125,000 
I>o-- --- - - - -- -- --

__ ___ do _____ ________ MIL-E-8697, class HT180 ___ __ __ __ ____ __ __ 90,000 150,000 
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2.61213 Welded cluster. In welded struc­
ture where seven or more members converge, 
the allowable stress shall be determined by 
dividing the normal allowable stress by a 
materials factor of 1.5, unless the joint is 
reinforced in 11 manner for which specific 
authority has been obtained from the certifi­
cating or procuring agency. A tube thut is 

continuous through a joint should be assumed 
as two members. 

2.61214 Flash welds. The tensile ultimate 
ullowable stresses and bending allowable modu­
lus of rupture for flash welds are given in tables 
2.61214 (a) and (b). A higher efficiency may be 
permitted in special cases by the applicable 
procuring or certificating agency upon approval 
of the manufacturers process specification. 

Table 2.61214 (a). Allowable Ultimate Tensile Stresses for Flash Welds in S teel Tubing 

Tubing beat treated (including normalizing) after welding 
Normallzed tubtng- not heat treated Heat treated tubing welded after heat 
(including normalizing) after welding treatment F,. or unwelded material In Allowable ultimate tensile 

beat treated rood ltlon stress of welds 

1. 0 F '" (based on F ru of nor- 1.0 F '" (based on F n. of nor- <IOO,OOO 0.9 F,,. 
malized tubing) . malized tubing) . 100,000 to 150,000 0.6 F,,. + 30,000 

>150,000 0 .8 F,,. 

Table 2.61214 (b). Allowable Bending Modulus of Rupture for Flash Welds in Steel Tubing 

Normalized tubing-not heat treated 
(including normallzlog) after welding 

Heat·treaf.t>d tubing welded after 
bent treatment Tubing heat treated (including normalizing) after welding 

Fb from fig. 2 .321 using values o f F,u listed ?elow 

--------------------~ 

1.0 Fru for normalized tubing __ 1.0 Fru for normalized tubing __ F,u of unwelded mate­
rial in beat treated 
condition. 

<IOO,OOO 
100,000 to 150,000 

> 150,000 

Ult imate tensile stress 
for use in fig. 2.321 
for Fb of welded area. 

0.9 F,,. 
0.6 F, .. + 30,000 
0.8 F,,. 
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2.6122 Spot welding. The permissibility of 
the use of spot welding on structural steel parts 
is governed by the requirements of the pro­
curing or certificating agency. Maximum 
design shear strengths for spot welds in various 
steel alloys are given in table 2.6122 (a). 
Table 2.6122 (b) gives the minimum allowa.ble 
edge distance for the spot welds in steel alloys; 
these values may be reduced for nonstructural 
applications, or for applications not depended 
upon to develop full tabulated weld strength. 

Table 2.6122 (a). Spotweld 1lfaximum Design Shear 
Strengths for Uncoated Steels a and Nickel Alloys 

Material ulti- Material ulti· Material ulti-
Nominal thickness of mate tensile rna te tensi lo mate tensile 

tblnnor sheet strength (150 strength (70 strength 
kai and above) ksi to 150 kat) (below 70 kai) 

- - --- --·--
Inch Pounds PoundA Pound• 

O.OOti .. _ .. _ .. __ __ 70 57 - - - - - --- - -

0.008.---- ----- -- 120 85 70 
0.010 .----------- 165 127 92 
0.012.-- -- - -- -- -- 220 155 120 
0.014 .. - - ------- 270 198 142 
0.016 .. -- ---- -- -- 320 235 170 
0.018.--- -- -- -- - ~90 270 198 
0.020.---- -- -- --- 425 310 225 
0.025- - -- - - - . ---- 58() 425 320 
0.030 -------- -- -- 75() 565 403 
0.032-- -- - --·. -- -- 833 623 453 
0.040 .-- -- ---- - 1, 168 850 650 
0. 042- - - - - - - --- - -i 1. 275 920 712 
0.050 .. -- - -- - -- - - 1, 700 1, 205 955 
0.055 ----- - -- - - -- l, 982 1,308 1, 130 
0. 060- - - -- - - -- - - - 2, 265 1, 558 1,310 
0. 064 - -- - - - - - - - - - 2, 550 I, 727 1, 437 
0. 070- - - - - - - - - -- - 2,975 1, 982 1, 628 
0. 072- - - - -- - - - -- - 3,048 2,067 1,685 
0. 080- - - - - -- - - -- - 3, 540 2,405 1, 960 
0.090 .- --- - -- -- -- 4, 100 2, 810 2, 290 
0. 094 - - - - - - - -- - - - 4, 288 2, 975 2,443 
0.100- - - - ---- -- - - 4,575 3, 200 Z, 645 
0.109. ---- - -- - - - - 4, 955 3, 540 2,938 
0.114 - - - - -- -- - -- - 5, 177 3, 695 3, 084 
0.125- - - - --- -- - - - 5, 665 4,052 3,440 

• Refers to plain carboc steels containing not more than 0.20 percent 
carbon and to austenit-Ic steels. 

409440- 5&---6 

The thickness ratio of the thickest sheet to the 
thinnest outer sheet in the combination should 
not exceed 3 to 1. 

Table 2.6122 (b). Minimum Edge Distances for Spot­
welded Joints a 

Thickness thinner 

I 
Edge dis- Thickness thinner I Edge dis-

sheet • tance E sheet • Lance E 

- - - I 

Inch Inch Inch I Inch 
0.016 __ ___ ____ ___ He 0.060 . ---- -- - j 1~2 

0. 020- - - -- - - - - -- - Y.s 
0070 - --1 % 

0. 025- - -- - - - - - -- - }~2 0.080 .. ----- - •%2 
0. 030- - - - - - - - - - - _I }~ 0.090.--- --- - Yts 
0.035. -- - -- ----- - \1 0.100 .. - ---- - Yl6 / -1 
0.040 __ __ ____ __ __ %2 0 .120. -- -- --- Y2 
0. 045- -- - - - -- - -- - Y.s 0.125 ______ __ %s 
0.050 ___ _____ ____ Y.s 0.157---- --- - % 

• For edge distances less than thosP speciOed shove, appropriate redu<>­
tlons In the spotwPld allowable loads shall be made. These reductions 
shall be subjected to approval by the procuring or certltlcatlng agency. 

• Intermediate gages wlil conform to the requirement for the next 
thinner gage shown . 

2.61221 Reduction in tensile strength of 
parent metal due to spotwetding. In applica­
tions of spotwelding where ribs, intercostals, or 
doublers are attached to sheet splices or ut other 
points on the sheet panels, the allowable 
ultimate tensile strengths of type 302 stainless 
steel spotwelded sheet shall be determined by 
multiplying the ultimate tensile sheet strength 
obtained from table 2.111 (d) by the appropriate 
efficiency factor shown on figures 2.61221 (a), 
(b), and (c). The minimum values of the basic 
sheet efficiency in tension should not be con­
sidered applicable to cases of seam welds. 

Allowable ultimate tensile strengths for spot­
welded sheet gages of less than 0.012 inch shall 
be established on the basis of tests acceptable 
to the procuring or certificating agency. 
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.012 
• 0 20 +-l-H-H-f 
• 032 +-l-H-H-f 

.OilO~~~l ,050~ 
-HH-1H-1H 

• 06 3 -HH-1H-1H 

• 078 +-lH-i-t-IH 

• 090, -+-1H-i-+-t-f 

+++ r++++++++-::t· 125-t-t-H-H-f 
sittE·r r+t-+-t-t-t 
GAGE 

.5 I 1.5 2 2.5 3 

SPOT SPACING (CENTER TO CENTER) IN INCHES 

Efficiency of the parent metal in tension for spotwelded 3013-A, 347-A, and 301J-7~H corrosion 
resisting steel. 

.5 I 1.5 2 2.5 

SPOT SPACING (CENTER TO CENTER) IN INCHES 

·.012 
• 020 +-lH-i-H-f 

.03211 .OliO 

.050 

.063 

::t+i+t+t 
• 078 -HH-i-H--1 
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.125nnm 
SltEET-H-H-H 
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Figure 2.61221 (b). Efficiency of the parent metal in tension for spot welded 301J-%H corrosion resisting steel. 
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Figure 2.61221 (c). Efficiency of the parent metal in tension for spotwelded 802-H corrosion resisting steel. 

2.613 Adhesive bonded joints. Joints may 
in some instances be made to advantage by the 
use of an adhesive suitable for the structural 
bonding of metals. This subject is discussed in 
Reference 2.613. 

2.614 Brazed joints of steel and high melting­
point nonferrous alloys. Brazing is defined as a 
weld wherein coalescence is produced by heat­
ing to suitable temperatures above 800° F. and 
by using a nonferrous filler metal having a melt­
ing point below that of the base metal. The 
filler metal is distributed through the joint by 
capillary attraction. 

The effect of the brazing process upon the 
strength of the parent or base metal shall be 
considered in the structural design. Where 
copper furnace brazing or silver brazing is em­
ployed, the calculated allowable strength of the 

base metal which is subjected to the tempera­
tures of the brazing process shall be in accord­
ance with the following: 

Material 

Heat-treated material 
(including normal ­
ized) used in " as 
brazed" condition. 

Heat-treated material 
(including normal­
ized) reheat-treated 
during or after braz­
ing. 

Allowable strength 

Mechanical properties 
of normalized mate­
rial. 

Mechanical properties 
corresponding to 
heat-treatment per­
formed. 

2.6141 Copper brazing. The allowable shear 
stress for design shall be 15,000 p . s. i., for all 
conditions of heat treatment. Higher values 
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may be allowed upon approval by the procur­
it.g or certificating agency. 

2.6142 Silver brazing. The allowable shear 
stress for design shall be 15,000 p. s. i., provided 
that dearances or gaps between parts to be 
brazed do not exceed 0.010 inch. Silver brazed 
areas should not be subjected to temperatures 
exceeding 900° F. Acceptable brazing alloys, 
with the exception of class 3, are listed in 
Federal Specification QQ-8-561 d. Deviation 
from these specified allowable values or alloys 
may be allowed upon approval of the procuring 
or certificating agency. 

2.62 PARTS 
2.621 Bursting strength of tubes. The burst­

ing strength of corrosion-resistant steel tubing 
may be calculated for normal temperature 
conditions from the formulas found in Speci­
fications MIL-T-8504 (annealed tubing) or 
MIL-T-6845 (%hard tubing). 

2.622 Antijriction bearings. For antifric­
tion bearings the following load should not 
exceed the manufacturer's non-Brinell rating: 

(a) For Air Forces and civil use--limit load. 
(b) For Navy use--the design yield load. 
Needle and tapered-roller anti friction bear-

ings may be used subject to the procuring or 
certificating agency's approval. 

2.623 Antijriction bearing control p11lleys. 
Information on the strengths of antifriction 
bearing control pulleys is given in table 2.623. 

Two requirements for pulley design must be 
met: 

1. Pulley strength as limited by the result­
ant load on the pulley bearing. 

2. Pulley strength as limited by the pres­
sure on the pulley sheave produced b.\­
a cable under load. 

For an ultimate factor of safety of 1.5 or less, 
the ultimate strength is not critical and the 
pulleys need be checked for the design yield 
strengths only. 

2.624 Cable and cable connections 
2.6241 Cable connections. The following effi­

ciencies shRJl be used in the design of cable 
connections. 

(a) 1 For swaged connections manufactured 
in accordance with specifications approved by 
the applicable procuring or certificating agency, 
1 00 percent. 

(b) 2 Five tuck aud Nicopress 3 type splice­
flexible cable, 75 percent. 

(c) Shackle and ferrule loop terminal-hard 
wire, 85 percent. 

(d) Wrapped and soldered splice-19-strand 
wire, 90 percent. 

' Terminals used for swar-ed ronnectlons shall he designed to preclude 
hllure at a load less than the mlnimum cable strength glven In table 
2.6242. 

'Nicopress type splice may he used In place of the llve·tuck splice In 
secondary applications In which the cable diameter Is% Inch or smaller. 

' For civil aircraft Nicopress terminals may be used up to fnll rated 
load of the cable when the cable Is looped around a thimble. 

Table 1!.623. Static Yield Strengths for Control Pu.l/eys 

I Resultant Cable strengths for cable diameter Indicated (see notes • ') 
AN pulley • Thrust on 

flange 

I 
radial ------,----.----.----,------,-----,----·--

stren~th 7'16 %2 I }~ I ·t~~2 ~ 15 ~~~2 ~1 

-!1-E-~~-~ ~-~ --~ ~---~ ------.-~ --~--~l--i1-!-!---l--!!- ~ I~ ••• ~. ~ I• •• ; --I ~ • --• ·~· ••• ~ ~-~ ~ ••••••.• ---!-l 
-·--·-------·------1----1---- -------~-----,------------

220- L - - - - - - - - - - - - - - . ____ 1 500 
220-2- --- - - - - - - - - - - - - - - - ! 1' 680 - - - - - - - - - - - - - - - -

330 1,040 1, 250 - ------- -- -- ---- 87 
830 1, 040 1, 250 - ------- -------- 87 
830 1, 040 1, 250 -----~-- ----- -- 87 
830 1, 040 1, 250 -------- --------- 87 ;;~!~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~I ;: ~~ ~- ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ 

-----------,---- -·----:----1--·--------------

221-2 _____ ------ ----. ----
221-l ____________________ , 

221-3--------------------1 

2,800 
4, 900 
7, 000 -------- --------~----- --- --------1 

2, 620 
2,620 
2, 620 

3, 060 
3,060 
3, 060 

3, 500 
3, 500 
3, 500 

125 
125 
125 

• For material, see Speciflcatlcn MIL--P-7034. 
• The cable strengths are the llmJtlng volues for the pulley sheaves 

and not for the cables themselves. However, for afaetor of safety of 1.5or 
less, cable strength Is not critical If MIL--C-1511 specl.llcation cable Is 
used. Cable breaking •trenlrth may be found In table 2.6242. 

' Limit endtiTance strengths: The endurance limit Is 50.000 revolu­
tions and approximately (7,850Xsheave diameter) reversal• when using 
the largest cable size specl.lled above, goo angle of wrap, and a resultant 
radial strength equal to )4 the resultant radial strength given In the table 
above. 
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2.6242 Strength and Load-deformation data 
for aircraft cable. Information on strengths of 
steel cable is given in table 2.6242 and load-de­
formation data in figure 2.6242. The data in 
figure 2.6242 represent average curves obt~ined 
from a series of tensile tests on long lengths of 
prestretched 7 by 19 aircraft cable (prestretch­
ed 60 percent of rated strength), corrosion­
resistant MIL-C- 5424 and carbon steel MIL­
C-1511. It will be noted that three stages or 
ranges are shown; (3) a slack range which is not 
eliminated by the prestretching, (1) a short 
transitional elastic range and (2) an apparent 

true elastic range. For design purposes ( l) and 
(2) are also shown as a combined elastic range. 
The data are mainly for t.he corrosion-resistant 
cable but can be converted to those for carbon 
steel by multiplying by the ratio of modulus of 
elasticity for the corrosion-resistant steel to that 
of carbon steel. This relation is also shown by 
the comparative data on the chart for tests on 
bot.h types of cables of Yt6 inrh diameter. It is 
realized that the load-deformation character­
istics of cable may be affec ted by several vari­
ables, yet it is believed that the data in figure 
2.6242 are satisfaetory. 

Table 2.6242. Strength of Sleel Cable a 

- - ·---- -"- - ---....,.-------------,-- ----------

0. 031 
0. 047 
0. 062 
0.078 
0. 094 
0. 109 
0. 125 
0. 156 
0. 187 
0. 218 
0. 250 
0. 281 
0. 312 
0. 344 
0. 375 
0. 437 
0. 500 
0. 562 
0.625 
0. 750 
0. 875 
1. 000 
1. 125 
1. 250 
1. 375 
1. 500 

Diameter In inches 

I X 7 and I X 19 

Non.llexible, carbon 

MIL-C-<l940 

Weight In 
pounds per 

100 feet 
~----

Breaking 
strength 
(pounds) 

7b .... .. . . ... . . .. . ! 0.30 185 
~k- - . -- - --. - . 0. 52 375 
YI6-- --. o. 78 500 
7k ... . . - - . - -- . 1. 21 800 
~'32-- .. .. .. .. . . I. 75 I , 200 
}k .... -- . . -- -- 2. 60 1, 600 
Ys--- - -- . . . .. .. . 3. 50 2, 100 
%2--.. - .. - 5. 50 3, 300 
rl6--.- -. -- . . - . . . 7. 70 4, 700 
Ya ~ - . - - . - . . - - .. ,. 1 0. 00 6, 300 
~- - - - - - - .. .. - .. . 13. 50 8, 200 
~-b--. " - - - - - - . - - - - :- . - .. - - . - - - - - - -- - - - - - - - - -
%6- - --- ·------- -i 20.65 ' 12, 500 

----- -- --

m: : : . . . : • :: •: . : : :J:. • : . • • 

7 x 7, 7x lY, an<l 6x 19(1WRC) 

Flexible, carbon 

MIL-C- 1511 

Weight In 
pounds per 

100 feet 

-- -··--- -- -- -
0. 75 

--- --- --- ---
1. 53 

------------
2. 90 
4. 50 
6. 50 
8. 60 

11. 00 
13. 90 
17. 30 
20. 70 
24. 30 
35. 60 
45. 80 
59. 00 
71. 50 

105. 20 
143. 00 
187. 00 
240. 00 
290. 00 
330.00 
420. 00 

Breaking 
strength 
(pounds) 

--- --- - ---- -
480 

----- --- --- -
920 

----- - ------
2, 000 
2, 800 
4, 200 
5, 600 
7, 000 
8,000 
9, 800 

12, 500 
14,400 
17,600 
22, 800 
28, 500 
35, 000 
49, 600 
66, 500 
85,400 

106,400 
129, 400 
153, 600 
180,500 

Flexible, corrosion resistin~?: 

MIL-C- 5424 

Weight in 
pounds per 

100 feet 

- - -- - - -·· - - - -
0. 75 

- ----- ------
1. 53 

------------
2.90 
4. 44 
6. 47 
9. 50 

12. 00 
14.56 
17. 71 

---------- --
26. 45 
35. 60 
45. 80 
59.00 
71. 50 

105. 20 
143.00 
187. 00 
240.00 
290. 00 
330.00 
420. 00 

Breaking 
strength 
(pounds) 

llO 
-- - - ----- -- -

480 
-- - --- - - - ---

920 
-- ----------

1, 760 
2,400 
3, 700 
5,000 
6, 400 
7,800 
9, 000 

----- -------
12,000 
16, 300 
22, 800 
28,500 
35, 000 
49, 600 
66, 500 
85, 400 

106,400 
129,400 
153, 600 
180, 500 

• 1'he strength values listed were obtained from straight tension tests and do not Include the etrects of wrapped ends. 
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Figure $.6242. Load-deformal.ion dal.ajor steel cable. 
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CHAPTER 3 

ALUMINUM ALLOYS 

3.1 General Properties 

3.11 NoR MAL (RooM ) TEMPERATURE 
PROPERTIES 

3.111 Design Mechanical Properties. The 
design mechanical properties at normal (room) 
temperature for various aluminum alloys are 
listed in tables 3.111 (a) through (o) . The 
values in the A column are those values which 
the material producer has indicated to be the 
minimum he expects for the given material. 
The only strength values considered "guaran­
teed" values are those Fw and F,u values 
appearing in column marked "A" and which 
have been published by the material producer 
for the grain direction accepted for commercial 
guarantees. The remaining values in the ''A" 
column are "derived" values; that is, sufficient 
tests have been made to ascertain that if a 
given material meets the specified ultimate 
tensile strength values, that material will have 
compression, shear and bearing strengths (Fey, 
F,u, Fbru, and Fbru) equal to or exceeding the 
values listed. 

Values appearing in the B columns are 

values which materials producers have indi­
cated will be met or exceeded by 90 percent of 
the material supplied by them. This assurance 
is based on actual results of tensile tests con­
ducted over a period of time on sufficient 
"heats" or "runs" of material to show statis­
tically that 90 percent of the material provided 
manufacturers will meet or exceed the listed 
Fw and F1u values. As in the case of other 
properties "derived" from F,u appearing in the 
A columns, other properties appearing in the 
B column are derived values equal to or exceed­
ing the values listed. It should be noted that 
the A and B values for tensile and yield 
strengths and elongation are based on a statis­
tical analysis of production sampling data 
obtained from specimens taken in accordance 
with procurement specification requirements 
and may not be representative of the entire 
cross section of the piece in material appre­
ciably thicker than the test specimen. Use of 
the values in the B column is permitted in 
design by the Air Force, Navy, and Ci'?l 
Aeronautics Administration, subject to certam 
limitations as specified by each agency; refer-

Conversion Table for Old and New Aluminum Alloy Designations 

Old New Old New Old New 
28 __ ___ _______ ___ 1100 248 __ _________ ___ 2024 758 _____ __ _______ 7075 
38 __ _____________ 3003 A518 _____________ 6151 Alclad XA 788 _ _ _ _ _ Alclad 
Alclad 148 ________ Alclad 528- - -------- --- - - 5052 X7178 

2014 
148 ___ ___ _______ _ 2014 
178 ____ ____ __ ____ 2017 
A178 __ ___ ________ 2117 

A548 _____________ 5154 
568 ___ __ ______ ___ 5056 
XC568 _____ ______ X5356 
618 ___ ______ _____ 6061 

XA788 ________ ___ X7178 
JC798 __ ____ ___ __ __ JC7079 
1r183 _____ ___ _____ 5083 

F188 ____ ____ _____ 2618 628 ___ ___ __ ___ __ _ 6062 1r186 _______ __ ___ _ 5086 

Alclad 248 __ ____ .. _ AI clad Alclad 758 __ ___ __ _ AI clad R30L------ ·----- Alclad 
2024 7075 2014 

63 
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ence should be made to the specific require­
ments of the applicable agency before using 
the B values in design. Tensile and compres­
sive strengths have been given in both the 
longitudinal and transverse directions (parallel 
and perpendicular, respectively, to the direc­
tion of rolling, extruding, etc.) wherever data 
are available. Shear and bearing strengths 
have been given without reference to direction 
and may be assumed to be the same in all 
directions. In those instances where the direc­
tion in which the material will be used is not 
known, the lesser of the applicable longitudinal 
or transverse properties should be used . 

In designing parts to be machined from large 
extrusions of 75S heat-treated and aged alloy, 
cognizance should be taken of the fact that, 
because of mass effect in quenching the proper­
ties at the center of large sections of this alloy 
are generally lower than those midway between 
the center and the surface from which location 
the inspection samples are taken. The values 
given in table 3.111 (h) for longitudinal tensile 
and compressive properties and for shear and 
bearing strengths are based on the properties 
at the center for thicknesses less than 1.500 
inches and on the properties midway between 
center and surface for thicknesses 1.500 and 
over. These values are representative of the 
average property of the complete cross section. 
The values for transverse tensile and compres­
sive properties a.re based on the properties at 
the center of the extrusion for all section thick­
nesses. Statistical studies have shown that the 
typical longitudinal properties at the center for 
7 58-T6 extrusions of section thickness 1.500-
4.000 inches and up to 32 square inches area 
will be 94 and 91 percent, respectively, of the 
tensile ultimate and yield strength properties 
midway between the surface and center. It 
was further established that applying these 
ratios to the pertinent guaranwed minimums 
tabulated in table 3.111 (h) gave values most 
of which were equal to or below the minimum 
center properties of all the large section extru­
sions tested. The above reductions should be 
applied when designing a pa.rt machined from 
large extrusions of 758-T6 alloy except when 
the part is heat treated and aged after rough 
machining. 

Table 3.111 (n) contains values of percent 
elongation for the materials in table 3.111 (a) 

through (l). These values have been taken 
directly from the applicable specifications or 
material producers' data. It will be noted that 
several values are given for some of the indi­
vidual columns of certain tables. In these cases 
the values are listed in table 3.111 (o) and cor­
respond for the most part to portions of the 
overall thickness range for the column as it 
appears in the corresponding table 3.111 (a) 
through (l) . An exception is table 3.111 (k) 
where the multiple values arise from a difference 
in test method; the higher value is for the elon­
gation (in 2 inches) of a specimen from a sepa­
rately forged test bar or prolongation of the 
forging, whereas the lower value is the elonga­
tion (in 2 inches) of a specimen cut from the 
forging. 

The effects of notches, holes, and stress 
raisers on the static properties of aluminum 
alloys (see sec. 1.526) are given in references 
3.111 (a) through (e). 

Most of the transverse properties given in 
this document apply to the longer of the two 
transverse dimensions (width). There is some 
evidence that the short transverse properties, 
measured at right angles to the above usual 
direction of testing transverse properties; are 
lower than the tabulated values. Sufficient 
data a.re not available, however, to permit the 
establishment of a quantitative relationship 
between the transverse properties in these two 
directions . Where sections are to be critically 
loaded in the transverse direction through the 
shorter direction (thickness), the need for cor­
rection of design allowables shall be evaluated 
in a manner acceptable to the procuring or 
certificating agency. 

Some short tranverse properties of 75S plate 
and of 14S and 75S hand forged stock, however, 
have been established and are tabulated in 
tables 3.111 (d), (e) , and (j), respectively. 

In the definition of bearing values, Dis equal 
to the hole diameter and e is equal to the edge 
distance measured from the hole center to the 
edge of the material in the direction of applied 
stress. Values of e/D=2.0 shall be used for 
larger values of edge distance; values of efD 
less than 1.5 shall be substantiated by adequate 
tests subject to the approval of the procuring 
or certificating agency. For values of edge 
distance between e/D=2/0 and e/D= 1.5, linear 
interpolation may be employed. 
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Table 3o111 (a) 0 Design Mechanical Properties of Bare 24S ShePt and Plate (Ki ps per Square Inch) 

Type __ - -- -- 0 0-- ---- ----------------------- Sheet and plate I CoUed sheet 

Alloy ______ ____ . __ __ . __ .. _____ _ .. 0. ___ . ___ . 24S 

Speclllcatlon .. --. ___ . ___ _ ---___ ---- __ __ . .. . QQ--A-355 

Condition __ . _____ . .. ____ __ ___ .. . ___ ____ ... Heat treated by user • Heat treated Heat treated Heat t""'ted and rolled 

Thickness .. -----. ------- --- .. -.. ---------- <00250 0.25(}- Oo501- 1.001- 20001- <Oo250 00 25(}..00500 00501-1.000 

I 
1.001-2.000 2.001--30000 <:0.500 <Oo064 

Oo500 1.000 20000 30000 
------

Basts _________ .. _. ___ . __ . __ ____ . _---._ . ____ A A A A A A B A B A B A B A B A B A B 
------ -------------------------------

Ftu--------- ----- -- ---- L ____ 62 64 62 60 56 65 68 65 67 63 68 61 64 -- - - - - - - -- 70 72 62 66 
T ____ 62 64 62 60 56 64 67 64 66 62 67 60 63 56 59 69 71 62 66 

F~------------------- - L ____ 40 38 38 38 38 48 51 46 49 44 48 42 46 ----- - - - -- 60 62 40 41 
T ____ 40 38 38 38 38 42 44 40 43 40 44 40 44 40 44 52 54 40 41 

Feu------ --- -------- - -- L ____ 40 38 38 38 38 40 42 38 41 38 42 38 42 -- - -- - - - - - 49 51 40 41 
T ____ 40 38 38 38 38 45 47 43 46 43 47 42 46 -- -- - - - - - - 56 58 40 41 

Feu-- ----- ----- -- -- ---- ----- - 37 38 37 36 34 40 42 40 41 38 41 36 38 - - -- -·-- - - - 43 44 37 40 
Fbru (e/D= 1.5) ___ ---- ___ --- __ 93 96 93 --- - -- ------ 98 102 98 101 95 102 -----

~~~~l ~ ~~~ 
---- - 105 108 93 99 

(e/D=2o0) __ _________ ____ 118 122 118 - ---- - ------ 124 129 124 127 120 129 133 137 118 126 
Fbru (ef D= 1.5) __________ ____ _ 56 53 53 

~~~=~~[~~~~ 
69 71 64 69 62 67 ------- - -- 84 88 56 57 

(ef D= 200) _______________ 64 I 61 61 79 82 74 78 70 77 ---- - ----- i ----- - --- . 96 100 64 66 

E-- ------ --- -- --- -- --- - -- --- 10,500 E, ___________________________ 10,700 G _____ __________ ____ _________ 
4,000 

W---------------------------- 0 0100 
Commercial designations _______ 24S-T4 I 24S-T42 

I 
24S-T3 

I 
24S-T4 I 24S-T36 

I 
24S-T4 0, 

I 
• Heat treat by use.r refers to aU materbl supbfied ln the annealed temper and beat treawd by the user, and to all material r&-heat-treated by user regardlesso'thetem~erln whlch tbe materinl wassupplledo 
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Table 3.111 (b). Design Mechanical Properties of Clad 24S Sheet and Plate (Kips per Square Inch) 

Type _____ _______ ____________ Sheet and plate I Coiled sheet 

AUOY------------ ------------ Clad 248 

Specification _______________ __ QQ-A-362 

Condition _____ ----------- __ _ Heat treated by user • Heat treated Heat treated und Heat treated roiled 

Thickness ____________________ <0.064 0.064- 0.250- 0.500-- 1.001- 2.001- 0.010-{).063 0.064-{).249 
I 

0.25(}-{).499 0. 500--1.000 b 1.001-2.000 b 2.001--3.000 b 0.0111-- 0.064- 0.012- 0.064 
0.249 0.499 1.000. 2.000 b 3.000 b 0.063 0.500 0.003 

--------------- ------- --
Basis ________________________ A A A A A A A B A B A I B A B A B -A\~ A B A B A B A B 

---- -

F,,. ___________ L ____ 56 59 62 60 58 54 60 62 63 65 63 65 61 65 59 62 ---- - - - - 63 66 67 69 58 61 61 63 
T ____ 56 59 62 60 58 54 59 61 62 64 62 64 60 64 58 61 54 57 62 65 66 68 58 61 61 63 F,. ___________ L ____ 34 36 38 36 36 36 45 47 46 48 46 48 42 46 40 44 ---- ---- 55 58 58 60 37 38 38 40 
T ____ 34 36 38 36 36 36 39 41 40 42 40 42 38 42 38 42 38 42 48 50 50 52 37 38 38 40 

F"" __ ______ __ _ L ____ 34 36 38 36 36 36 37 39 38 40 38 40 36 40 36 40 - - -- -- -- 46 48 48 49 37 38 38 40 
T ____ 34 36 38 36 36 36 42 44 43 45 43 45 41 45 40 44 ---- ---- 51 54 54 56 37 38 38 40 

F,. ____________ _____ 34 35 37 36 ------ --- --- 38 39 40 41 40 41 37 39 ---- ---- ---- ---- 40 42 42 43 35 37 37 38 
Fb.,. (e/D=l.5) ______ 84 89 93 90 ------ ------ 90 93 95 98 95 98 92 98 ---- ---- ---- ---- 95 99 101 104 87 92 92 95 

(e/ D= 2.0) _____ _ 106 112 118 114 ------ -- - --- 114 118 120 124 120 124 116 124 ---- ---- ---- ---- 120 125 127 131 110 116 116 120 
F~ (e/D=1.5) ___ ___ 48 50 53 50 ------ ------ 64 67 64 69 64 69 59 64 ---- ---- - - - - - - - - 77 81 81 84 52 53 53 56 

(e/D=2.0) ______ 54 58 61 58 ------ ------ 73 76 74 78 74 78 67 74 ---- ---- ---- ---- 88 93 93 96 59 61 61 64 
PRL __ 10,500 10,500 10,500 10,500 10,500 10,500 

E __________ SEC ___ 9, 500110, 000 10, 000110, 000110, OOOIIO, 000 9,5001 10,000 10,0001 10,000 I 10,0001 10,000 9,5001 10,000 9,5001 10,000 
Ec---- - ---- PRL __ 10,700 10,700 10,700 10,700 10,700 10,700 

SEC __ _ 9, 700110, 200 10, 200110, 200110, 200110, 200 9, 7001 10,200 10,2001 10,200 I 10,2001 10,200 9, 7001 10,200 9,7001 10,200 G __________________ 
w ___________________ 0.100 0.100 0.100 0.100 0.100 I 0.100 
Commercial designa- Alclad 24S-T4 Alclad 24S-T42 Alclad 24S-T3 Alclad 24S-T4 Ale lad 248-T36 Alclad 24S-T4 

tiona. I 
• Heat treat by user rders to all material gupplied in the annealed t.cmper and beat treated by the 

user, and to aU material re-heot-treated by the u.ser reg>~rdless of the temper tn which the materit~l was 
supplied. 

inaemucb as a round test specimen is required lor testtng. The values given here for thickness 0.500 
inch and gre.«ter have been 1\d]ustod to represent the average properties across the whole section in­
cluding the cladding. 

• 8pecl1lcation minimums for clad material 0.500 tnch thick and heavier are for tile core material 
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Table 3.111 (c) . Design Mechanical Properties of Clad 24S Sheet (Ki ps per Square Inch) 

Ty-pe •. .... •. .. . . ... . ... ... _. . ..... . .... . . . . ... . . Sheet 

Alloy .. . . ... . . .. ... .... .... . . . . . ... . . . . .. ... ... . . Clad 248 

Speclllcation . .. . . . ...... . . . .. . . . . . .... . ...... .•. . AN -A--12, QQ-A-362 

Condition.. . .... . .. . . .. .. . . . . . .. . . ..... . . .. . .. . . Heat treated and aged Heat treated, cold worked and aged 

Tblckness. . ... . .. . . .. . . . . . . . . . . .. . . . . . . . . . . . . • . . < 0.064 5 0.06-1 < 0.064 5 0.064 < 0.064 5 0.064 < 0.064 50.064 

Basis . . . . . . ... ... . . . .. . ..... . . . ... ... . ..... . . .. . . A A A A 

F tu-- -. _ _ _ _ _ - _ - . L . . ____ ___ ____ _ 60 62 64 67 67 70 70 72 
T _______ ______ _ 60 62 62 65 ----- - -- - - --- - -- 66 70 

F tu--- - --- - --- - - L __ ____ _______ _ 47 49 57 59 63 66 66 69 T __ ____ ____ ___ _ 47 49 54 56 - -- - - - - - - - - ---- - 62 66 
F u-- -- --- - - ---- L ____ __ __ _____ _ 47 49 55 57 62 65 63 66 T _____ _____ ___ _ 

47 49 .')5 57 - - - - -- - - --- - --- - 63 66 
F •u----- -- ----------------------- 36 37 38 39 39 40 40 41 
F bru (e/D=L5) _____ __ ___ __ ___ __ _ _ 90 93 96 100 100 105 105 106 
F b•u (e/D= 2.0) ______ _____ __ __ ___ _ 114 118 122 127 127 133 133 135 
F b•u (e/D=L5) ______ _____ __ ___ __ _ 66 69 78 83 88 92 91 95 
F b"' (e/D = 2.0) ____ ___ __ ____ __ ___ _ 75 78 90 94 101 106 104 109 
E __ _ _ _ _ _ _ _ _ _ _ _ _ _ PRL _________ _ 

SEC ___ __ __ ___ _ 
10,500 

9, 5oo I 10, ooo I 9, 5oo I 10, ooo I 9,500 10, ooo 1 9, 5oo I 10,000 
Ec---- - _ ___ ___ _ _ _ PRL __ ___ __ __ _ 10,700 

SEC ___ _______ _ 9, 7oo I 10, 2oo I 9, 7oo I 10, 2oo I 9, 7oo 1 10, 2oo I 9, 7oo I 10, 200 
0 __ !- ---- ----- ----- ------ ---- ----w _____ _______________ ___ ________ _ 0.100 
Commercial designation ___ ________ _ Alclad 248-T6 Al clad ::l48-T81 I Alclad 248-T84 I Alclad 24S-T86 
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68 STRENGTH OF METAL AIRCRAFT ELEMENTS 

Table 3.111 (d). Design Mechanical Properties of 14S and R301 Sheet and Plate (Kips per Square Inch) 

Type. ________________________ _ _ Sheet and plato 

Alloy--------------------- - ----- Clad 148, R-301 148 

Specification_. __ 

Condition _____ . 

Thickness ___ __ _ 

Basis .. - -- .. -- - . _- . - . .. 

<:0.039 

QQ-A-255 

Heat treated and aged 

0.040-
0.409 

0.500-
1.000 

1.001-
1.500 

0.040-
0.499 

Heat treated and aged 

0.500-
1.000 1.500 2.000 3.000 4.000 

1.001- 11.501- 2.001 ·· 13.001-

1------.--1---,----l--,----1- ---11·--- ,--- - -.----11------.------- - -

ABABA B A B I A B A B A B A A A 
----- ----c----1---------------- -------- --------- ----

L ____ 64 64 65 67 65 67 64 65 68 70 68 70 67 68 65 63 59 
F,,. ___ ____ _____ T ____ 63 63 64 66 64 66 64 65 67 69 67 69 67 68 65 63 59 

ST _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 58 54 

L ____ 56 56 58 60 58 60 57 60 60 62 60 62 59 62 59 57 55 
F,~--- -- - ------ T ____ 55 55 57 59 57 59 57 60 59 61 59 61 59 62 59 57 55 

ST _ ______________________ ___________________________ -- -- ---- _____ 53 51 

L ____ 56 56 58 60 58 60 59 62 60 62 60 62 61 64 61 59 57 
Fev-- _ - - -- ----- T ____ 57 57 59 61 59 61 59 62 61 63 61 63 61 64 61 59 57 

ST ______________ -------- ________________________ ------------ _____ 59 57 

F.u------ ------------- 39 39 39 40 39 40 39 40 41 42 41 42 41 41 40 39 37 
F e/ D = 1. 5 _ _ _ _ _ _ _ 96 96 98 1 01 98 101 ____ ____ : 102 1 05 102 1 05 ____ , ____ ___ __ j _____ 

1 

__ _ _ _ 

bno-- e/D:_2.0 _______ 122 122 124 127 124 127 ---- ; ---- ~', 129 133 129 133 ---- ~ ---- 1 -- - -- ~ ----- -----
F e/D- J.5__ _ _ _ _ _ 78 78 81 84 81 84 ___ _ , _ _ _ _ 84 87 84 'I 87 _. __ ' ____ I __ ________ · ____ _ 

~r~-- e/D=2.D__ ___ __ 90 90 93 96 93 96 ----1---- 96 99 96 99 •--- -' ----1-----i----- i-----
E _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10,400 
E. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I 0, 600 
G _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3, 950 
w____________________ 0.101 

Commercia.! designa.- Alcla.d 14S-T6 II 
tions. R301-T6 

14S-T6 

-------------- ---- ---
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Table 3.111 (e). Design Mechanical Properties of 75S Sheet and Plate (Kips per Square Inch ) 

Type_-- - --- . ---- -- Sheet and plate 

Alloy __ __ ___ _ 75S Clad 75S 

Speclflcatlon _ QQ-A-283 QQ-A-287 

---- ------ - ------ --- ---- - --------'------
Condition . .. _ Heat treated and a~ed 

---- -----;- --.,...------;---,--- ----,----;------;----.------;-- ------,------------- --- --- ----
Thlckn~.s< .. 

-0.039 0.249 0.500 1.000 2.000 2.500 3.000 3.500 4.000 0.039 0.249 0.499 1.000 • 2.000 ·_ 2.500 • 3.000 • 3.500 ' 14.000__: 
0.016- 0.040-- 0.250-- 0.501- 1.001- 2.001- 2.501- 3. 001- 3. 501- 0.016- 0.040-- 0.250-- 0.1\00- 1.001- 'I 2.001- I ViOl- 3. 001-:3. 501-

_B_as_ls_--_··_:___,-------I~~~~~~~~~~~~~~-A--~~~~~~~-~-~~~~~~~~~~--A_:~_ 
F,, __ __ __ __ ____ II L ___ __ 76 78 77 79 77 70 70 82 78 80 73 75 70 72 68 66 

I ~r~~: ~ --~~- --~~- --~- --~~- --~~- --~~- --~~- --~- 11 10 ~ ~~ ~ ~ ~ :~ 
F,, __ __ .. ... I L _ 66 60 67 70 67 60 69 72 68 71 62 65 60 62 58 56 

1 
T __ ___ 65 68 6> 69 66 68 66 69 66 69 62 65 60 62 58 o6 

70 
70 

61 
60 

73 
73 

64 
63 

72 
72 

63 
62 

74 
74 

65 
64 

72 
72 

63 
62 

74 
74 

65 
64 

74 
72 

64 
62 

76 
74 

67 
64 

73 
72 

63 
61 

75 
73 

66 
64 

~I 

61 
58 

ST .... __ ___ _____ ___ __ _____ ____ _ ____ _ ___ __ __ ___ _____ _____ 61 63 50 60 56 54 

F" - -- ------ - L ..... 67 70 68 71 69 71 60 72 68 71 65 67 63 65 62 60 62 
64 

65 
67 

64 
66 

66 
68 

64 
64 

67 
67 

64 
64 

67 
67 

6.1 
63 

00 
66 

68 
68 
62 
68 
58 
57 
(j() 

60 
60 
40 

70 
70 
64 
60 
60 
50 
62 
62 
61 
42 

65 
f.S 
(j() 

56 
56 
55 
59 
50 
58 
38 

67 
67 
61 
5S 
58 
66 

60 
60 
60 
40 

63 
63 
60 
54 
54 
52 
58 
58 
68 
37 

52 
50 

56 ~ 
T __ ___ 10 n 11 74 60 11 69 12 68 a 65 67 63 65 62 60 
ST .... __________________________________ _ _______________ 64 66 62 63 62 60 

F,. ____ ------- -- --- --- 46 47 46 47 46 47 47 49 46 47 43 45 41 43 40 39 
F,,.(e/D=l.5). __ ______ 114 117 116 119 108 llO 110 l15 -- --- __ __ _ ________ __ ___ __ --- -- _____ _ - ---- -
F• .. (e/D=l..O). __ __ ____ 144 148 146 150 130 142 142 147 ____ _ ____ ____ ____ ___________ __ ___________ _ 

F•,(•/D=J.5) _____ ____ 92 97 94 98 87 00 00 94 - ---- - ---- --- - - ____ _ -- --- ----- __ ____ ... ... 
F-.,(e/D=2.0) .. __ _____ 106 llO 107 112 100 104 104 108 __ _____ ___ __ ___ --- --1---- - __ ___ ______ ___ __ _ 
E ___________ PRL. .. 10, 300 

SEC . . __ ______ _____ .... ____ __ _____ __ . __ __ _ . __ .. ____ . __ __ . ____ ____ __ .. __ __ ____ . ____ . . ___ . _____ . ___ . __ 
E, __________ PRL... 10, 500 

SEC. __ _____ . __ _ . ____________ . ____ . ____ _______ ___________________________ . ____ ___ __ . ________ ___ ___ __ 
a ___ _____ __________ __ __ 3,000 

w:____ ____ ___ _____ _____ 0. 101 

Commercial dP.slgna­
tlons_ .......... ------ 75&-T6 

42 44 43 
105 110 108 Ill 

133 130 137 141 
85 00 88 01 
98 102 101 104 

4-1 
101 
130 
82 
94 

44 
104 
133 
84 
98 

44 
104 
133 
83 
00 

45 
106 
137 
87 I 

100 -- --- 1 
10, 300 
9, 500 

10, 500 
9, 700 

0.101 

Alclad 75S-T6 

56 

36 

l 
I 

· · - - 1-· 

• Spe<'lllcatlon mlnim= for clad material 0.500 Inch thick and heavier &r• lor the core material 
Inasmuch a.s a roWid test specimen is required for testing. The vt!Jues given here for thickness 0.500 

Inch and greater ha¥e been ~djusted to represent the average properties across the whole section Includ­
Ing the cladding. 

t" 
0 
-< 
1:/l 
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70 STRENGTH OF METAL AIRCRAFT ELEMENTS 

Table 3.111 (f) . Design Mechanical Properties of 52S and 61S Sheet (Kips per Square Inch) 

Type __ ___ · ··- ---- --·---·-··- -· ········ --·-· ···· --- -· ··· 

Alloy------ ... ----- . ..... ____ ____ _ . __ . .. ___ . .. __ ....... . 528 

Specitlcatlon. __ .. __ ... . .. ____ _ . . . __ _____ __ ...•.. ____ .. . . QQ-A-318 

Condition .•... --- -......... ______ ..... ______ ...... ____ .. 
)i bard ~hard ~bard 

Sheet 

Full hard 

619 
QQ-A-327 

Rent treated Heat treated 
and aged 

::~:~~-------:::.:: ::::· ::::::: ::::: ::::::: :: ::::: : : :: ::l-o._o1_7_.24_9_1_o.oo_:_·_24_D_ 1 __ o.oo_:_·_16_1_1 __ o_.oo_:--1-61_1 __ <_:_·25 _ _ 1 __ <_:_·25 __ 

-----------------l------l------l-----l---------1---------------

Ftu- --------- ------- - -- - -------- L___ _ 31 
T____ 31 

Ftu---- -- ----------- -- ------ ---- L____ 21 
T ____ 20 

F~--------- - - -- - --- - - -- - - -- - --- L____ 20 
T____ 21 

Fau--------- -- ------ -- ----- ------ ---· - 19 
Fb,.,. (e/D=l.5)______________ _____ ___ ___ 50 

Fbru (e/D=2.0) •. . - - ------------------- - 65 
Fb, (e/D=l.5)_________________________ 29 
Fb, (e/D=2.0)_____________________ ____ 34 

~------ -- - - -- -- -- - --- --- - --- - - - - - - --­
~<-----------------------------------­
G-- --- ---- ---------------- -------- --­
W------- -- ------ ---- ---- ---- --- ------ -
Commercial designations. _______ - _- __ ___ 528--H32 I 

34 
34 
24 
23 

37 
37 
29 
29 

39 
39 
33 
33 

30 
30 
16 
16 

23 - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -
24 ----- - ---- ------ - --- -------- - -

42 
42 
36 
35 
35 
36 
27 
67 
88 
50 
58 

20 
54 
71 
34 
38 
10, 100 
10, 200 

3, 850 
0. 096 

22 
59 
78 
41 
46 

23 
62 
82 
46 
53 

52S--H34 I 52S--H36 I 52S-H38 

20 
48 
63 
22 
26 

9, 900 
10, 100 

3, 800 
0. 098 

61S--T4 I 61S--T6 
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ALUMINUM ALLOYS 71 

Table 3.111 (g). Design llfechanical Properties of Aluminum Alloy Rolled Bar and Rod, Tubing, and Shapes (Kips per 
Square Inch) 

TYP6--- -------- --·------------- -- ----- -------- Rolled bar, rod, and shapes 

Alloy--- _____ __ ---._-.---- .. ______ ._-.... ------ 148 17S 248 61S 75S 

Speclftcatlon . .. ... ..... .... . ...... ............ QQ- A-266 QQ-A-351 QQ-A-268 QQ-A--.125 QQ-A-232 

Can<litlon •. ____ _ -- . . ___ . --- -- __ --- ____ __ . __ __ _ Heat 
treated 

and aged 

Tbickn~ss and cross-section area. -- ---- --·- ---- 531• ln., <36 ln.' 

Basis ____ _ .--. -- ------ -------- -- ---- ---------· - A 

Heat treated 

<:3.000 

A A B 

Heat treated and aged 

<:3.000 <:3.000 

A A B 

Tubing 

248 

WW-T-785 

Heat 
treated 

0.018 to 
0.600 

A B 

He.at 
treated 

by user • 

0 .018 to 
0.500 

A 

6!S 

WW-T-789 

Heat 
treated 

and aged 

O.Q25to 
0.600 

A 
--1----1-------- - --------

F ,,_---- - ---------- - ----- L_ ___ 65 55 62 64 42 77 80 64 70 62 42 
T ____ 62 -------- 50 52 -------- 70 73 ---- ---- -------- --------

F~----------------------- L ____ 55 32 40 43 35 66 70 42 46 40 35 
T ____ 53 - - ---- - - 37 40 ----- --- 60 63 --- - --- - _,.. __ ____ --------

Feu----------------------- L ____ 55 32 40 43 35 66 70 42 46 40 35 
T ____ 53 ------ -- 37 40 ----- --- 60 63 -- - - ---- -------- --------

F.M----------------------------- 38 33 37 38 25 46 48 39 42 39 27 
Fbru (e/D=I.5) __________________ 98 83 93 96 -------- 100 104 93 105 96 67 
Fbru (e/D=2.0) __ ___ ___ __________ 124 105 118 122 --- -- --- 123 128 118 133 122 88 
Fbru (e/ D= 1.5) __________________ 77 45 56 60 -------- 86 90 59 64 56 49 
Fbru (e/ D=2.0) __________________ 88 51 64 69 ------- - 92 98 67 74 64 56 
1? ______________________________ 10, 500 10,400 10, 500 9,900 10, 300 10,500 9, 900 
1?._---- - ----- -- -- -- ---- - - - - ---- - 10, 700 10, 600 10, 700 10, 100 10, 500 10, 700 10, 100 

G------------------------- -- --- 4, 000 3, 950 4, 000 3, 800 3, 900 4,000 3,800 
w- ----- ------------ -- ------ - - -- - 0. 101 0. 101 0. 100 0. 098 0. 101 0.100 0.098 
Commercial designations_· ________ _ 148-T6 178-T4 248-T4 618-T6 758-T6 248-1'31 248-T4 618-T6 

• Heat treat by user refers to all material snpplled In the annealed temper and beat treated by the user, and to all material re-heat-treated by the 
user regardless of the temper In which the material was supplled. 
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Table 3.111 (h). Design Mechanical Properties of 148 and 758 Extruded Bar, Rod, and Shapes (Kips per Square Inch) 

Type ____________ __ __ ______ -- --·... .. E>truded bar, rod, and shapes 

Alloy .... . .... . .... . . ... . .. . ---- -- · 

Speclflcatlon. _____ ... _ ... ___ ... .. .. _ 

Condition .... .... _ 

Thickness • ... . ..... . . . -

------ - --------------·--·------.-----------------------------------
148 75S 

---------------------- - ---1- - ------- ------- --- ----- - --- -·-
QQ-.\-261 QQ-A-277 

----------·-------------~--------------------------------------

Fp to 
0.499 

He>t tre3ted and agej 

Heat 
treated 

and 
aged 

by user • 

Heat treAted and aged 

o. 749 1.499 2.999 4.499 ' 0.249 0.499 o. 749 1.499 
U0(}-
2.999 

3.0!)()-4.49\1 Ci0(}­
.5.00~ I 

0.50(}- I 0.750- 11.501}- 3.00(}- I s;:o_750 I u4_~99to Up to 0.25(}- 0.50(}- I 0.75(}-

---C-----~--'---L----1--.--------~~--~---~--L---- --~---1---

~ 
~ z 
0 
>-:3 
II: 

Cross-sectional area .... .. .. .. . . . :(2.) square inches 

0 
"'J 

~~~ U~2to :(20 >20, :(32 :(32 ~ 
square square :(20 square inches square squne squAre 
inches inches inches inches inches 

_B_as_i __ s._--_-_··_-_- -_-_--_-_··_- -__ ·_· ·_·_·-_ -._-_·---:- - - A' ~--A B _ _:j B_ -~' B '~- B __ __::._ ___ A--~-~-~-_!--~~~!-~~~- B- -~--~- - A= ~ 
78 ~ Fr • .••••.. ---·· - - - --· ... . . . L . . . .. 

T . ..•. 
60 
60 
53 
53 

55 
53 

61 
61 
57 
57 

59 
56 
35 
92 

64 
64 
58 
55 
60 
58 
37 

68 
67 
62 
59 
64 
62 
39 

68 
63 
60 
54 
62 
57 

39 
88 

73 
66 
65 
58 
67 
61 
42 
95 

68 
61 
60 
52 
62 
57 
39 
88 

73 
63 
65 
55 
67 
61 
42 
95 

117 
8.'i 

91 

68 
58 
60 
49 
62 
57 
39 
88 

109 
78 
84 

~~ I 68 
55 
58 
47 

00 
56 
5-1 
47 

53 

78 
75 
70 
65 
70 

83 
79 
76 
70 
76 
7n 
46 

108 
133 

80 
74 

72 
64 
72 
65 

8fi 
78 
78 
69 
78 
70 

83 
73 
72 

63 
72 

65 
44 

ll6 

85 
77 
77 

68 
78 
70 

80 
70 
72 
61 
72 
65 

83 
74 
75 

65 

80 
65 
72 
65 

83 
69 
75 

59 

80 
59 
70 
49 

82 
63 
72 
54 

78 
59 
70 
49 

81 
6-1 
71 

64 

58 ~ 

FtP--- ----- - -------· --· --- - L .. .. . 
T . ... . 

F .... ............ .. . ...... . . ....... . . ; L. . . . . 
I T .... . 

F ••..... ...... ............................... . 
F,,. (e/D~1.5) ......... . . . .... .. . .... .... . __ _ 

35 

90 P..,. (e/D-2.0) ... .. .. ...... .. . ...... . ... . . . .. 114 
F, •• (e/D-1.5) . ... . .. ... . .••.. . . . . . . • .. ...... 
F,,. (e/D-2.0) . ... ... . ......... . .. ........ . . . 

E . . .. . ---- ---------··· · · ··-· · ··· · ·------ - ·-
E, ... ............. ___ _______________ _____ _ ---

0 .. .. ... . . ........... ... ..... ...... .... ..... . 
!Q ......... ..... ....... .... ....... . .. .. . .. . 

Commercial designations ... ... . ...... .. . . . . __ 

74 
85 

00 102 
116 122 
80 81 
91 93 

129 109 
87 78 
99 I 84 

117 109 
85 78 
91 84 

10.500 
10,700 
4,000 
0.101 

14S- T6 

65 
53 
67 
61 
42 39 

48 
35 

70 
41 

95 · - ·· · · ·· ··· ·•· . . . 101 
117 · - -- --.. . .. . • .••. 125 
85 
91 . -- . .. .. ··-· .. ... 

1148-1'62 

91 I 99 
98 106 

44 47 
96 103 

128 
79 

101 

ns 128 
86 79 

109 101 

47 44 
102 96 

136 1 128 
8/i 79 I 

108 1 101 

78 72 
70 65 

~: r ~ 
133 1 128 
83 79 

105 101 
10,300 
10,500 
3,900 
0.101 

759-Tn 

47 

75 ----- ·-· - - -- --- ··-.- -- ----·. 
68 
46 41 45 43 44 -·· ·· · ·· 

100 . . .. . ----- -- --- ----- --------
133 

83 
105 

----- ----- ---- --- ---- -- -- ---
' 

• Hoot trest by user refcN to all material supplied in the annealed tempere.nd heat treated by the user, 
&D.d to all material r&heat-treated by the user regardless of the temper in which tho material was 
supplied. 

• For extrusions with outstanding legs, the load-mrrying nbllity of such legs shall be determined on 
the basis of the properties in tho appropriate column corresponding to tho leg thiclmess. 

> 
~ 
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ALUMINUM ALLOYS 73 

Table 8.111 (i). Design Mechanical Proplrties of 24S and 61S Extruded Ear, Rod, and Shapes (Kips per Square Inch) 

Type Extruded bar rod and shapes ·--------·--- -------- -

Alloy.: ..•..... . ...... ... .. 

Specl11catlon . . . ... .. . . .... . 

Condition . __ . . ...... .. .... 

Thickness • . .. . . ..... .• .. •• Up to 0.249 I 
Cross sectional area ... ..... 

Basls ........ ... ..... . .... . A B 

I 
F lw---- -- - .- 1 L ___ _ 57 61 

T ____ 57 61 
F1u---- ---- - - L ____ 42 47 

T ____ 42 46 
FctJ-- - -- --- -- L_ __ _ 38 41 

T ___ _ 38 41 
F.,. ___ o· _____ _ · __ __ __ 30 32 
Fb"' (e/D=I.5) _____ 85 91 
Fb"' (e/D = 2.0) ___ __ 108 114 
Fbry (e/D = l.5) ____ _ 59 66 
Fbry (e/D=2.0)_ ____ 67 75 

~:--~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I G ____ _______ ____ _ _ 
w _________ ____ ___ _ 

Commercial deRig-
nations. _____ ___ _ 

248 
--

QQ-A-267 

Heat treated 

0.250-0.499 I 0.500-{). 74Q I 0. 750-l.49Q 

A 

60 
60 
44 
43 
39 
39 
32 
85 

108 
60 
69 

<':25 square Inches 

B A B I A ,B 
- - ------· 

62 60 62 
62 eyo 62 
47 44 47 
46 42 45 
42 39 42 
42 39 42 
33 32 33 
91 85 91 

114 108 114 
66 60 66 
75 69 75 

65 70 
58 61 
46 54 
41 44 
44 52 
42 48 
34 38 
85 91 

108 114 
61 
71 

10, 500 
10, 700 

4, 000 
0. 100 

24S- T4 

66 
75 

. .. 

I 1.500-2.QW 

A B 

70 74 
54 57 
52 54 
38 41 
50 52 
42 44 
38 40 
85 91 

108 114 
62 66 
73 75 

I 3.()()()-4.499 

A B 

70 74 
50 53 
52 54 
36 39 
50 52 
42 44 
38 40 
85 91 

108 114 
62 66 
73 75 

I 
618 

QQ-A-270 

Heat- Heat-
treated by treated and 

user aged 

Upto4. 499 Up to 3.000 

<':32 square Inches 

A 

57 
50 
38 
36 
38 
38 
30 
85 

108 
53 
61 

124S-T42 
I 

A 

38 
36 
35 
33 
35 
35 
24 
61 
80 
49 
56 

9, 900 
10, 100 
3,800 
0. 098 

618-T6 
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74 STRENGTH OF METAL AIRCRAFT ELEMENTS 

Table 3.111 (j). Design Mechanical Properties of 14S and 75S Hand-Forged Stock (Kips per Square Inch) 

Hand-forged stock Hand-forged stock Hand-lor]_ed stock Hand-forged stock 
Type .... --------------------------- Length <:3 times width Length >a times width Length < 3 times Length >3 times 

width width 

Alloy __ ... _ ••.. _____ ..... __ ........• 148 148 758 768 

Speclficatlon .• __ ........ ____ . ___ .•.. QQ-A-367 QQ-A-367 

H eat treated and Sj'!ed by user. Any part 
Condition ........... ____ •... ____ . __ Heat treated and aged <:3-lnch thickness cut from stock of cross-

sectional area indicated 
---

Cross-sectional area (ln.') ........••• <:16 ;?16 > 36 >144 <:16 >16 ??t4 ;?144 <:t6 ;?16 >36 <:16 ;?:16 >36 
< 36 <:144 <:256 <36 <266 <36 <:tH <36 <t« 

-- --- - - ------- - ---------------- - - -
Basis ..... -------------. _________ ... A A A A A A A A A A A A A A 

--------------------------------

Ftu---- - ---------- L ____ 65 65 62 60 65 65 62 60 75 73 71 73 71 69 
T ____ 62 62 59 57 62 62 59 57 75 71 69 73 69 67 
ST __ 59 59 56 54 59 59 56 54 72 68 66 70 66 64 

F IY--------- ------ L ____ 55 53 50 48 55 53 50 48 64 61 60 62 59 58 
T ____ 55 53 50 48 53 51 50 48 63 60 58 61 58 56 
ST. __ 55 53 50 48 53 51 50 48 63 60 58 61 58 56 

FeY ----- - --------- L_ ___ 55 53 50 48 55 53 50 48 64 61 60 62 59 58 
T ____ 55 53 50 48 53 51 ----- ----- 63 60 58 61 58 56 
ST __ ----- ----- ----- ---- .. ----- ----- ----- ----- ----- ---- .. ----- ----- ----- -----

Fau-------- -------------- 40 40 38 37 40 40 ----- ----- 45 44 43 44 43 42 
Fbru (e/D=l.5) ___________ 91 91 87 84 91 91 87 84 97 95 85 95 92 83 
Fb.-. (ef D= 2.0) ___________ 117 117 112 108 117 117 112 108 135 124 114 131 121 110 
Fbry (e/ D= 1.5) ___________ 77 74 70 67 77 74 70 67 90 79 78 87 77 75 
FbrY (e/ D= 2.0) ______ . ____ 88 85 80 77 88 85 80 77 96 91 90 93 88 87 
E----------------------- 10, 500 10, 300 
E •. -- -- -- --- ----- -- ----- 10, 700 10,500 G _______________________ 4, 000 3, 900 w _______________________ 

0. 101 0. 101 
Commercial designations._ 148-T6 758-T6 
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ALUMINUM ALLOYS 75 
Table 3.111 (k). Design Mechanical Properties of Aluminum Alloy Die Forgings (Kips per Square Inch) 

Type .....•... ----------------------- - -- ------ ---- ----- --- · -- ---·------- Die forgings 

Alloy ______________________ , ___________________________________ ______ __ _ 148 21iS A518 758 

Specification .... __ ____ __ ------ ______ . _________ • ____ _ . __________________ _ QQ- A-367 

Cond1tlon.------- --·-----. ----- -- nuu n u-- -- -------------- . --- - - - -- - Heat treated I 
--------~----------------------------~---------

Heat treated and aged 

Thickness. ___ _____ ______ ___ _____ • . . ___ _______ _____ ____ ___ .• ______ . ____ _ <'41nches <'31ncbes 

Basis ___________________________________________________________ , __ ___ _ _ A A A A A 

F 1u----------- -------- - --- ------ ---- - ----- L____ 55 65 55 44 75 
T_ __ _ 52 62 52 42 71 

F1u-- --------------- - --------------------- L____ 30 55 33 37 65 
T ___ _ 28 52 31 35 62 

F cu- __ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L _ _ _ 30 55 33 37 65 
T____ 28 52 31 35 58 

F ••-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 34 39 34 28 45 
Fb,.,. (e/D=I.5) __ __ __ _____________ ____________ ____ ---- - -- - -------- -- -- __________ ---------- _________ _ 
Fbru (e/D=2.0) ___ _ ----- --- ___ ----- _____ - --- - --- - _______ _ • _____ __ __ __ _ ----- _____ -------- ____ ___ - ----
Fbru (e/D=l.5) ___________________ ________________ ---------- ---------- - --------- ---------- ----·------
Fbru (e/D=2.0)----------------------------------- ------ - ·--- ----- - ---- ------- - -- ---------- --·--------
E_ __ _ __ ·· - -- ---- - - - -- - -- --- --- - - --- --- - -- - - -- -- - - 10,500 10,500 10,300 10, 100 10, 300 
Ec--- -- ------ ----- ---- -- ------------------------ 10,700 10,700 10, 500 10,300 10, 500 
G ___ ___ __ ___ __________ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4, 000 4, 000 3, 900 3, 850 3, 900 

W----------------------------------------------- 0. 101 0. 101 0. 101 0. 097 0. 101 
Commercial designations __________________ . _______ - ~ I4S-T4 HS-T6 25S-T6 A518-T6 75S-T6 

Table 3.111 (l). Design Mechanical Properties of Aluminum Alloy Castings (Kips per Square Inch) 

Type·- - · --·--·-- ------ --- ·-·------- Sand castings • Permanent mold castings • 

Alloy _______ ----------.----------·-- 10-E I95-T4 I95-T6 

Specification. __ __ ___ _ • ___ ___ • ____ _ ._ QQ-A~! QQ-A~l 

Heat Heat 
Condition ...... __ ____ -- ---- --------- Aged treated, treated 

class I and 8{l:ed, 
class II 

Basis •------------------------------ A A A 

Flu--- ---- --------------- 32 29 32 
Flu--- - -- - - - - - -- - -------- 20 13 20 
F~---------------------- ------ - - 14 21 
F,. __ _ --- --- ----- -- ------ 27 22 24 
Fbru (e/D=l.5) _____ ______ -- - - -- -- 46 51 
Fbru (e/D=2.0) ___ -------- -- - ----- 61 67 
Fbru (e/D=l.5) ___ _ _____ __ ----- - -- 22 34 
Fbru (6/D=2.0) ____ ------- -------- 26 40 1? ___________ ____________ 

E._-- - - - -- - - -- - - -- -- -- - - -G _______________________ 
w __ _____ ____ _____ _______ 0. 100 I o. 101 I o. 101 
Commercial designation __ __ 4Q-E 195-T4 195-T6 

• Reference should be made to the specific requirements of the procur­
Ing or certificating agency In regard to tbe use or the above >slues In th~ 
design of castings, 

220-T4 356-T6 Bl95-T4 I Bl95-T6 355-T6 35&-T6 

-
QQ-A~l QQ-A~l QQ- A-506 QQ-A-596 QQ- A- 596 

Heat Heat Heat 
Heat treated treated, treated Heat treated and aged treated and aged class I and aged, 

class II 
- --

A A A A A A 

42 30 33 35 37 33 
22 20 20 22 23 22 
23 20 20 22 23 22 
30 25 25 26 26 25 
67 48 46 49 - -- ----- 46 
88 63 59 63 -------- 59 
37 34 32 35 - - - - - - -- 35 
44 40 36 40 -------- 40 

10,300 
10, 300 
3,850 

I o. 093 I o. 097 I o. 101 I o. 101 I o. 098 

I 
0. 097 

22Q-T4 356-T6 BI9.5-T4 BI95-T6 355-T6 356-T6 

• A Is the mechanical property column based upon tbe mlnimum 
guaranteed teruUe properties !rom separately cast test bars. The me­
chanical properties or production castings may be as low as 75 P"cent 
or the tabulated values. 
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76 STRENGTH OF METAL AIRCRAFT ELEMENTS 

·fable 3.111 (m). Design Mechanical Properties of Heat 
Treated, Cold Worked and Aged 248 Alloy Extrusions 
and Tubing (Kips per Square Inch) 

Type ____ ___ ____ - .. . - .. .... -

Alloy ______ __ ___ __ 

Specification. __ .. . . 

Condition_ .. . .... ........ .. _____ . 

Extruded 
shapes 

248 

Heot tree ted, 
cold worked, 

and aged 

Cross section orca (in.') __ .. ____ .. __ . <:0.200 

Basis ____ __ .. .. __ . . .. .. .. . .... .. ---- ... .\ 

Tubing 

248 

Heat treated, 
cold worked, 

end aged 

--------- ---- -------- --------

64 68 F tu .. - - - • • - - - - -- . - • - • • - ~' L I 
F tv- __ - _-- ____ _ - __ .. _ .. L :>6 60 

F cy-- - - - - - - - - - - . - - - - • -- - - . - -I- -- .. - - - - - - - - - - -- - - - -

F IU-- - - - - - - - - - - - • - - - - . - - - - •.. ; - - .. - .. - - - • - - - - - - . . - . - -

Fbrv(ejD= l.5) ____ _ - -- ---- - -~- -- ______ , ____ ___ __ _ 
Fbrv(e/D = 2.0) ____ ____ ___ _ , ___ ____ __ ____ __ _ _ 

Fb,.,(e/D=1.5) ____ __ - - -- --i------ ----- -- -- · 
Fbrv(e/ D= 2.0) ___ _ . __ .. . ___ __ ; ____ _______ ________ _ 

E..- -- - - . -- - -- -- --- - -- .. 10, 500 1 0, 500 
E •. . _ . . . _ _ __ _ . __ .. . __ . _ . _ 10, 700 1 0, 700 
G _ ___ ___ __ _____ .. __ _ _ __ __ . 4, 000 4, 000 
w____ ___ ___ ____ ____ ____ ____ n 100 n 100 

Commercial designations. __ .. _ 248-T81 248- T~ I 

Table 3.111 (n). Percent Elongation for Aluminum Alloy Tables 3.111 (a) to (l) a 

Column 
Table Direction 

I I 2 3 4 ,\ fi I i ! H 9 ! 10 I 11 : 12 13 14 15 16 17 

--- ---------- ------- j- -------- !----- ---- -------

3.111 
3.111 
3.111 
3.112 

3.111 

3.111 
3.111 
3.111 

3.111 
3.111 

3.111 
3.111 

(a) __ __ __ ____ T ____ _ 
(b)b ___ ____ __ T ____ _ 
(c) ____ ______ T ____ _ 
(d) ____ ----- - L ___ _ _ 

T ____ _ 

A 
E 
8 
7 
7 

12 
F 
8 

8 
11 

5 
8 
8 

B 
8 
5 

4 
B 

A 
4 E 

5 5 3 

8 --- -1 B F ____ 11 ____ 8 ____ B ____ 4 
D c 12 4 --- -

3 --- ---- - --- - --- - - - - - - - - - --- - - ------ -
8 ---- 6 ---- 6 ---- 6 4 3 
8 __ __ 6 __ __ 4 ____ 3 2 I% ~ ~~ ~~ I ~ 

ST .. __ ________ _______ ___ _ __ __ 
1 

_ __ _ ___ _ ____ _ ____________________ __ _ 

(e) • _____ ____ L ____ _ 7 ____ 8 ____ 8 --- -i 6 ____ 5 ____ 5 5 5 _____ __ _ 

cf) - -- .
1

.--- __ 'f~ ~ ~ ~ --;-~ ~ j ~ -~- ~~I~~ --~- ~ ~i l ~ ~ - ~:: : ~ ~ ~ ~ :~ :: : __ !-I:::: --! _ :::: --~- ~ ~ ~ ~ :::: 
(g) __ ____ ____ L _____ 81614 10 7 1 ___ _ P __ __ P f Q ___ _ __ _____ __ __ __ __ ____ _ 
(h) ___ _ .... ,(14S) L __ _ 7 7 7 ____ 7 ____ 7 1 6 7 _____ __ __ _____ __ __ _ _ 

(7 58) L _ _ _ 7 7 7 __ _ _ 7 1_ _ _ _ 7 7 6 6 - - -- --- -
(i) _ ___ ____ __ L_ __ __ 12 12 12 __ __ 10 ___ _ 10 10 R 10 ____ ____ ___ _ 
(j) ___ _ ______ ,L __ __ _ 10 9 7 5 10 9 7 5 9 7 4 8 6 3 - - ----- - ----

T ___ __ 6 5 3 2 4 3 2. 5 1.5 4 3 2 3 2 - -- - - - - - -- - -
ST .. . 3 2 1 1 2 1 -- ---- -- -- --

(k) __ _ - ___ ___ L__ _ _ _ T U T V U __ ____ ___ ___ _______ __ _______________ _ . _________ _ 
(l) __ __ , ______ L _____ 3 6 3 12 3 4. 5 2 1. 5 3 __ _____ __ ______ ____ ___ _______ __ _ 

• Letters substituted for percent elongation values lndlcate variation wlthln thlclrness range of a particular column. See table 3.111 (o) for these 
values. 

• Elongatloru~ for coiUIDDB 19, 21, 23 and 25 are 0, H, E and 15, respectively . 
•Values In columns! through 16 also apply to comparable column~ 17 through ~1. 
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ALUMINUM ALLOYS 77 

Table 3.111 (o). Percent Elongation Values for Columns Indicated in Table 3.111 (n) 

Code letter rrom table 3.111 (11) Thickness, range Elongation, Code letter from table 3.111 (11) Thickness, range Elongat lon, 
percent percent 

---
A __ ----- -- --------- - ----- 0.01Q-0.020 ___ 12 Q_ - - -- - --- --- - ----------- r-025-0.049 __ - 10 

0 .021- 0.051_ -- 15 (Diameter ~ inch-2 0.05~0.259 __ - 12 
0.052--0.128_-- 17 inches, inclusive.) 0.26~0.500 __ - 14 
0 .12!}-0.249_- - 15 

- - - - r-025-0.049 __ - 8 
B __ -- - -- - -- - - --- - - -- -- --- 1.00~ 1.500.-- 7 

(Diameter over 2 inches 
0.05~0.259.-- 0 

1.501- 2.000_ - - 6 
up to 8 inches.) 

0.26~0.500.-- 12 

c_- - - --- - -- - - --- -- .-- - - -- 0.02Q-0.031.- - 10 R __ ___ __ ___ ____ ___ __ ___ __ Up to 0.749 __ _ 12 
0.032--0.036_- - 11 50.750 __ - - -- 10 
0.037-0.188.-- 12 
0.18!}-0.500_ -- 10 s_-- .. --- ----.. . ---- - -- -- - - 0 .05Q-0.749. - - 12 

0.750 ________ 10 
D __ _____ __ ____ ____ ___ __ __ 0 .012-0.020 __ - 12 

0.021- 0.05L. _ 15 T ____ ___ . . . - - --- - - -- - . - Elongation 
0.052--0.064_-- 17 (in 2 inches) 

separately 
E _____ ______ - - --- - --- - --- - 0.01~0.020_-- 12 forged cou-

0.021--0.063_- - 15 pon ____ . . __ 16 
Elongation (in F ________ ___ __ __ __ __ __ ___ _ 0.064-0.128_-- 15 2 inches) 

0 .12!}-0.249_-- 13 specimen 
cut from 

G __ __ ________ ____ _____ ___ 0.02Q-0.03L_ . 8 forging_ . _._ 11 
0.032--0.040 __ - 9 - ----
0.041--0.063.-- 10 u __ ____ . _________ _____ __ __ Elongation (in 

2 inches) 
II ___________ ____ ________ _ 

0.064--0.188.-- 10 separately 
0.18!}-0.500- -- 9 forged cou-

pon_. ___ . . _ 10 
! ___ ___ ___ __ ___ __________ _ 0.013-0.019_- - 4 Elongation 

0.02Q-0.050 __ - 5 (in 2 inches) 
0.051--0.113 ___ 7 specimen 
0.114--0.249 __ - 9 cut from 

--- forging _____ 7 
j ___ __ _____ ___ __ ____ _ ___ __ 0.008--0.019 ___ 3 

0 .02Q-0.050_- - 4 v ___ ___ _ --- -------- --- --- Elongation 
0.051-0.113 ___ 6 (in 2 inches) 
0.114--0.249 __ - 7 separately 

forged cou-
}( __ __ ____ __ ___ __ ___ __ ___ _ 0 .008- 0.03L __ 3 pon ________ 14 

0.032-0.161. __ 4 Elongation 
(in 2 inches) 

L _____ ____________ __ ______ O.OIG-0.020 __ _ 14 specimen 
0.021-0.249 __ - 16 cut from 

forging _____ 10 

~-- - - - -- - -- ---- - --- - - -- - - 0.01Q-0.020 __ _ 8 
0.021--0.249_-- 10 

p ________ ____ ______ __ __ ___ 0.018--0.024 __ - 10 
0.025-0.049_-- 12 
0.050--0.259_-- 14 
0.26 -0.500 __ - 16 
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78 STRENGTH OF METAL AIRCRAFT ELEMENTS 

3.112 Fatigue properties. Direct-stress ten­
sion-compression, rotating beam and repeated 
flexure fatigue strength data at room tempera­
ture for several aluminum alloys are given in 
figures 3.112 (a) through (e) and tables 3.112 
(a) through (d). The data in the tables must 
be considered as average values, lying at about 
the centBr of a scatterband such as seen in 
figures 3.112 (a) through (c) for rotating beam 
tests. These scatterbands have been obtained 
from tests on all types of products for each alloy 
and include specimens taken parallel to the 
grain and transverse to the grain (see 1eference 
3.112 (a) for the effect of grain direction on the 
fatigue properties of aluminum alloys). Even 
under carefully controlled conditions thm e is 
considerable spread in fatigue results, and these 
scat terbands illustrate the amount of scatter 
which will be encountered. 

The values given in the tables and figures for 
smooth specimens were determined on speci­
mens i11 which stress concentrations have heeL. 

Table 3.112 (a). Fatigue Strengths of Srrwoth Machined 
Round Specimens Under Completely Reversed Flexure 

Menn fatigue strengths (reversed 
stress), ksi, at indicated number ol 
cycles 

Alloy and temper 
§~ §:s §, §, §.., 

§~ §~i g-g §~ " .'Cl §~ s:r~ 8~ 
~" ·" §C) §" ~- ::: 
----------

148-T6 ___________ ___ _ 52 39 30 24 19 18 
248-T4 ________ ____ ___ 56 43 31 24 21 20 
758-T6 ______ _____ ____ 55 40 29 24 22 22 
A 518-T6 _______ ___ __ __ 43 30 22 17 13 12 
618-T6 __ ___ _________ _ 44 31 23 17 15 14 

Table 3.112 (b). Fatigue Strengths of Sharply Notched 
Round Specimens Under Completely Reversed Flexure 

Mean fatigue strengths (reversed 
stress), k&i, at indicated number of 
cycles 

Alloy and temper 
§~ §., § , §.., §, 

§~ ., ·"' §~ §~ .'Cl 

~J §~ o" ~ 8~ -<> - " ·" §" §" ::: 
------- - -- - -

148-T6 ______ ___ ______ 31 21 14 10 9 9 
248-T4 ____ __ ______ ___ 32 24 17 13 11 11 
758-T6 ____ _______ __ __ 31 21 14 11 10 9 
A518-T6 __ ___ ___ ______ 28 16 10 7 6 

. . 
6 

618-T6 ____ _____ ___ __ _ 29 17 12 8 7 7 

purposely minimized. The.)' do not apply 
directly to the design of structures because they 
do not take into account the effect of stress 
raisers such as reentrant corners, notches, holes, 
joints, rough surfaces, and other similar condi­
tions which are present in fabricated parts. 
The localized high stresses induced in fobricated 
parts by such stress raisers are of much greater 
importance for repeated loading than they are 
for static loading. They reduce the fatigue 
life of fabricated parts far below that which 
would be predicted by comparing the smooth­
specimen fatigue strength directly with the 
nominal calculated stresses for the parts in 
question. Fabricated parts in test have been 
found to fail at less than 50,000 repetitions of 
load when the nominal stress was far below 
that which could be repeated many millions of 
times on a smooth machined specimen. See 
reference 3.112 (a) through (f) for information 
on how to use high-strength aluminum alloy, 
reference 3.611 (r) for details on the static and 
fatigue strengths of high-st.rength aluminum 
alloy bolted joints, reference 3.611 (s) for single­
rivet fatigue test data, and reference 2.112 (b) 
for a general discussion of designing for fatigue. 

The notched fatigue data presented in tha 
figures and some of the accompanying tables 
are presented so that by comparing the notched 
data with that from the smooth specimens, the 
serious effect of a sharp notch on fatigue 
strength can be seen. The notch fatigue 

Table 3.112 (c). Fatigue Strengths of Flat Sheet Speci­
mens Under Completely R eversed Flexure 

Fatigue strength (reversed stress), kri, 
at indicated number of cycles 

Alloy and tern per §Jl §..$ §.., § ., §.., 
· " §'-3 g~ gr;. §f;. §-g 

§i~ -~ 
~" ·" ~C) §" 

-----------

248-T3 ________ __ 34 26 21 18 18 
248-T36 ___ ______ 37 29 22 19 19 
618-T6 ______ _ ~ __ 30 22 16 13 12 
758-T6 ____ __ "- - - 37 26 21 20 20 
Alclad 148-T3 _____ · 31 20 17 15 15 
Alclad 14S- T6 ___ 31 20 17 15 15 
Alclad 248-T3 ____ , 31 19 15 13 13 
Ale lad 248-T36 __ 31 19 15 13 13 
Alclad 248-T81 . _ 31 19 15 13 13 
AICiai:l 24B-T86 __ 31 . 19 f5 13 i3 
Alclad 758-T6 __ _ 31 19 15 13 13 

I 
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ALUMINUM ALLOYS 79 
strAngths, like the smooth-specimen fatigue 
strengths, are not to be used directly as the 
allowable stress values for design, but are 
included for information. 

The values for smooth specimens shown iu 
figures 3.112 (a) through (e) and given in table 
3.112 (a) are from tests of 0.3-inch-diameter 
machined specimens in R. R. Moore rotating­
beam fatigue machines at Aluminum Research 
Laboratories. Tests of specimens up to 2-inch 
diameter show no appreciable size effect. 

The values for notched specimens shown in 
figures 3.112 (a) through (e) and presented in 
table 3.112 (b) are from tests of sharply notched 
specimens in the same type of rotating-beam 
fatigue test as the smooth specimens at Alumi­
num Research Laboratories. Each specimen 
was 0.480 inch in diameter and contained a 
circumferential 60° V-notch, 0.075 inch deep 
with a radius at the base of about 0.0002 inch. 
The values given are nominal calculated stresses 
obtained by applying the simple flexure formula 
to the 0.330-inch-diarneter cross section at the 
root of the notch with no correction for stress 
concentration. The values for the alloys shown 
in tables 3.112 (a) and (b) are average values of 
specimen used in plotting the scatterbands 
shown in figures 3.112 (a) through (e). 

1/) 

ll. 

The data shown in figure 3.112 (j) ha.e been 
obtained from direct-stress tension-compression 
fatigue tests conducted on several different 
shapes of specimens including both round and 

Table 8.112 (rl). Fatigue Strengths of Smooth Machined 
Round Specimens Under Repeated Axial Load 

Fatigue strenRtbs, k$i, at lndl-
cated number of cycles • 

Stross 
§., §., §., Alloy and tern per rntio, 

§~ § ~ R• §~ §~ ~f~ 8-~ §~ .» .» 
-" ·" ~ ... 0 §" §" 

- - - - - - ------
{+g. 5 68 59 56 54 53 

14S-T6 __ __ ____ _____ 54 42 36 32 30 
-1.0 33 25 20 17 15 

{+g. 5 66 57 53 52 51 
24S-T4 ___ ___ ___ __ __ 54 44 37 34 33 

-1.0 35 27 21 18 17 

{+g. 5 75 63 58 56 55 
75S-T6 _____ ___ _____ 57 45 38 36 35 

-1.0 38 28 23 21 20 

{+g. 5 44 41 38 37 36 
6IS-T6 ___ _____ _____ 38 31 27 23 22 

-1.0 25 19 15 13 12 

• Ratio of minimum to maxlmnm stress. Stress considered algebrai­
cally tensile being plus <+l. nnd compressive being negative (-). 

• Maximum stress Jn cycle. 

~30000~-------+----~--4---~~--t-~~~~~~~~~--------t--------i 
IU 
a: 
I­
I/) 

10000 

SMOOTH_ NOTCHED 0 . ~ 0 ROLLED ROD 

• 0 ROLLED PLATE 
... b FORGINGS 

• 0 EXTRUSIONS - DID NOT FAIL 

105 10& 107 
CYCLES 

Figure 3.112 (a). Rotating-beam fatigue dataj01 14S-T6 products. 

101 101 
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Figure 3.112 (b). Rotating-beam fatigue data for 248-TJ, products. 
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Figure 3.1113 (c). Rotating-beqm fatigue data for 758-T6 products. 
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Figure 3.112 (e) . Rotating-beam fatigue data f or A518-T6 products. 
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rectangular cross sections. The curves seen 
are the lower edges of the scatterbands for 
smooth specimens. These curves represent the 
minimum fatigue strengths expected in this 
type of test. 

The data shown in table 3.112 (d) are also for 
direct-stress tension-compression fatigue tests 
but are for one type of specimen 0.2 inch in 
diameter tested in Aluminum Research Labora­
tory direct-stress fatigue machines. These 
data are the mean values from scatterbands and 
therefore are higher, where similar test condi­
tions were used, than the values given in figure 
3.112 (f). They are included to show the effect. 
of lower mean stresses and higher cycles to 
failure. 

The values given in table 3.112 (c) are from 
tests of 0.064-inch-thick sheet specimens with 
as-rolled surfaces in Aluminum Research Labo­
ratories repeated flexure fatigue machines. 

The data presented in figure 3.112 (g) have 
been obtained from tests of notched specimens 
in Lazan direct-stress fatigue machines. Each 
specimen was 0.450 inch in diameter and con­
tained a circumferential 60° V -notch, 0.025 
inch deep with a radius at the base of the notch 
of 0.01 inch. These curves are presented 
merely to illustrate the effect of a notch on the 
fatigue strength and are average values. The 
data are not available to determine the scatter­
band for this notch. 

3.113 Typical stress-strain and tangent mod­
ulus data. Typical stress-strain diagrams and 
tangent modulus values at various stresses are 
given in figures 3.113 (a) through (e) for cer­
tain aluminum alloy products. 

The typical stress-strain curves may be con­
verted to other values of Ftv and Fev by the 
Ramberg-Osgood method or any other analyt­
ical or graphical method which maintains the 
original slope and results in a curve affine with 
the typical curve. The stress-strain curve in 
the region of low strains can be predicted ac­
curately from the formula 1.342 where an 
appropriate value of E is selected from table 
3.111 (a) through (o). (See reference 3.113.) 

3.12 TEMPERATURE EFFECTS. 
3.121 Low temperature. Low temperatures 

generally increase the static and fatigue 
strengths of aluminum alloys. The ductility 
and impact strengths are not appreciably af­
fected by decreasing tempei;ftures to -320° F. 
(See references 2.121 (b) and 3.121.) The 

effect of temperature on the modulus of elas­
ticity of aluminum alloys is given in table 3.121. 

Table 3.121. Effect of Various Temperatures on the 
Modulus of Elasticity of Aluminum Alloys 

Temperature. ° F. 

Approximate value or modulus In 
terms ol modulus at 75° F . 

148,178,248, us, 
A61S, 52S, 618 

----------- -------1------------------

- 320 .. . - . -- . . .. - . .. . . . . 
-112·--·- ··- ···-· · -- · --
- 18. -- - .. . - .- -- .. - - . . - -
75 ____ ____ ____ ____ ____ _ 
212 ____ ____ _____ ___ __ _ _ 
300 ______ ________ ____ _ _ 
400 ___ _____ __ _________ _ 
500 ___ ___ __ _____ ___ ___ _ 
600 ___________ ____ ____ _ 

Perct·nt Ptrte1tl 

112 
105 
102 
100 
95 
88 
80 
68 
50 

112 
105 
102 
100 

98 
95 
90 
80 
70 

3.122 Elevated temperature. The data 
shown in figures 3.122 (a) through (d) for short­
time tests are based on continuous heating, 
but are considered applicable to intermittent 
heating when the total time at temperature is 
the same. The data shown in figures 3.122 (e) 
through (n) are based on continuous heating 
and loading, but are also considered applicable 
to intermittent heating when total time at 
temperature is the same. However, for inter­
mittent loading, it is probable that creep de-; 
formation will be accelerated somewhat based 
on net times under load. Further information 
on these phenomena are given in references 
3.122 (a) and (b). The data included in the 
tables are based on specimens heated in air 
with no added corrosive agents. Considera­
tion must be given to the fact that materials 
in service may be exposed to more corrosive 
atmospheres over longer periods of time under 
temperature variations. 

3.1221 Static properties. 
3.12211 Strength at temperature. Curves for 

computing the approximate reduction in tensile 
ultimate, tensile yield, and other mechanical 
properties for various heat-treated and heat­
treated and aged aluminum alloys, held un­
stressed at elevated temperatures up to 700° F . 
for various time intervals and then t~sted 

statically at temperature, are presented in 
figures 3.122 (a) to (d), inclusive. The tensile­
ultimate and tensile-yield data are reported 
in another form in figures 3.122 (e) to (n), 

(Continued on page 106.) 
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Figure 8.122 (b). Bearing properties of clad 248- TS alu minum alloy at elevated temperatures. 
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Figure 3.122 (c). Compressive yield and shear properties of clad 24S- T3 aluminum alloy at elevated temperatures. 

Downloaded from http://www.everyspec.com



94 

w 
0::: 

~ 
a:: 
w 
0... 
~ 
w 
1-

~ 
0 
0 
a:: 
1-
<( 

>-
0: 
II) 
u_ 

1-­z 
w 
(.) 
a:: 
w 
a.. 

w 
a:: 

~ 
a:: 
w 
a.. 
~ 
w 
r-
~ 
0 
0 
a:: 
1-
<( 

STRENGTH OF METAL AIRCRAFT ELEMENTS 

12 0 

I 
! 

0 

~ BEA RING YIE LD STRE ~S ( FBF IY) 
' ~ --

0 ----+ ~ --,\~ "'"' 

~ 
..., . .., '"'. 

0 . \ '~\ 2 HI ~ 

IOHI s. 

\ \ \\ 

~ 
IOOi- rs. 

1\ 0\ 1000 Hrs. 
I 

0---

~ ~~L I 0 --- ---~ 
......____--..:.. k '-,, --J 

10 

8 

6 

4 

2 

0 i l 
0 100 200 300 400 500 600 700 800 900 1000 

TEMPERATURE - DEGREES F 

120.---~----~----,---~----~--~-----,----,----,----, 

100 --- -~ 

80 

j 401----~----+----+ 
0: 
II) 

u_ 

r­z 
w 
(.) 
a:: 
w 
a.. 

0~--~----~----L---~----~--~----~----~--~----~ 
0 100 200 300 400 500 600 700 800 900 1000 

TEMPERATURE - DEGREES F 
Figure 3.122 (d). Bearing, shear, and compressive yield properties of clad 75S-T6 aluminum alloy at elevated 

temperatures. 

Downloaded from http://www.everyspec.com



L&.J 
0:: 

~ 
<( 
0:: 
L&.J 
Q.. 
~ 

~ 
-~ 

0 
0 
0:: 
1-
<( 

~ 
(J) 

1..1... 

1-
:z 
L&.J 
(.) 
0:: 
L&.J 
Q.. 

1-
<( 

ALUMINUM ALLOYS 95 

120 

.. .. .. 

R ~'~ JLTIMAT SHE AI ~ STRE~ ~(Fsu> 

0.5 HA s . . 
/ 

. .. 

~ 2 H~ s. .. 

\ \\ "' ~ io HF; ~-
... .. 

--- - . ... . . . . .. 

\\ \ .''t 
100 HA s. .. ''I I 

10001' RS. 
.. . ... 

.. .... . ·' 
1-

\ ,\~ ~ 
.. . .. 

· -·· · · · 
.... 

. . , .. .. .. . . . -
\ 

.. . 
. ' 

---- - --

~ 
\ ., 

" 
., . 

-...; 
~< . ' ·~'- ' ' .. . . .... --- -- --

-r:-~ 
. . ... 

I : 

100 

80 

60 

40 

20 

0 
0 100 200 300 400 500 600 700 800 900 1000 

TEMPERAT~E - DEGREES F. 

eor---~----~----~ ,---r----,_--~~~--~~~~~~~==~ 
- · 

- -- -,-- ---·. 
eor----+-----r-+--+-~~~--~~~~~~+=~~~~~==~ 

>-tP 40 

1-
z 
LaJ 

~ 
LaJ 
Q_ 0 . ,-- . 

0 tOO 200 300 400 500 600 700 800 900 1000 

TEMPERATURE - DEGREES F. 
Figures 3.122 (d). Bearing, shear, and compressive yield properties of clad 75S- T 6 aluminum alloy at elevated 

temperature.~-Concluded. 

Downloaded from http://www.everyspec.com



96 STRENGTH OF METAL AIRCRAFT ELEMENTS 

70 

II II 60 ~ 6 f-----t--+-+++++-++-- \-f'r-+ 
::), \ 6. SHORT TIME TENSILE YIELD STRENGTH, TIME EXPOSED 

h._ I 7. fATIGue;) CYCLES Of STRESS f'OR RUPTURE J 

~ 50~~~~~~D---~4-~~~--~~-rrr~.---.-~-n~n---~;-~TT~~o 
~ 7~---~+r __ ,_rH-+Hr--+--t-++H+~~--+~+Hff-~~-H~~ 

~ wf-----t---t-+-+H+#-~~-+-H-~~--~-~----+41+~f---~-+-++~~_,-+-hH+~40 
-

~ -
~ JO~~~+,r+HH+r---+-+-++++H+---+-~~~~--~---r-~~±H--_,~~~~ ~o 

~ 
zo~~~~~HH~---+-+-++++H+---+-4-+444~---4~~~4+H---4-~~HH~~o 

" (I) fiXED CANTILEVER SEAM -3~00 R. P.M. ~ 
(..) ·toi---~+-I--+++IH+----+--+-++++t-11+--+-~+-t-t-t+H:---T-t-t--l--1f-Htt---+--+~t+H-tlto 

~ 
~ 

1.0 

0.0000/ 
/0&' 

10 HOURS 100 

oooot IN/N/fR. o. 001 
10& CYC'l.ES 107 

1000 

001 
;o• 

Figure 3 .122 (e). Elevated temper<Uu re properties of wrought 248- TS aluminum alloy at 2 11° F. 

/0000 

0.1 

10' 

Downloaded from http://www.everyspec.com



~ 

" ~ 

ALUMINUM ALLOYS 

~ 
~ 

i-----1-t--+-H++tt--+--t--t--l'T 5. STRESS RUPTURE, TI._.E TO FAILURE 
,, . /'II'D~-+--+-+-t+++tt--t--t----ti+± '\1 I. SHORT TIME ULT. TENSILE STRENGTH. TI._.E EXPOSED 

97 

~ 1------1-t--+-H++tt--+--t-/-,f-++/2. CREEP
1 

START OF THIRD STAGE (TRANSITION) 

~ ~~~ ~ 
~ ~- -..,f--,/H-V-+-11+-H+++----t--t--+++++Hf---+-+-H..-t+ttt--+--t-t--'-"'"'"'++1 

t==jt~2~~~~~~~/~L~/~~~~=t~~$$~~~t:~~~ff:::1=~~-~~ ~ 1-- f-. --~ r-.lf_ -.:..:::1-t-t- :::....:1"""" ~ 

~ "';r-
~ ~-""'" r-... -. b.._...... 

~ ""---+--+--+-H++++-_,v ~++++++--t--+-+-H+H+-""~ .... +-+-+-+-1H-ttt--+-....... --tod-t+i+tt ~D 
A ~ 

1.0 

QOOOOI 
10$ 

--
- - 1- -

............... 
. . 

-----

10 HOURS 100 

a ooo1 IN./IN./HR o. 001 
10• CYCLES 10' 

1000 

0.0/ 

10 8 

-- --- - - - 7 

10000 

0.1 

/0 9 

Figure 3.122 (f) . Elevated temperature properties of wrought 248-T3 aluminum alloy at 300° F. 

Downloaded from http://www.everyspec.com



98 STRENGTH OF METAL AIRCRAFT ELEMENTS 

-

·- -

.... _ 
/< 

5. STRESS RUPTURE, TIME TO fAILURE 
~ If 2. CREEP1 START OF THIRD STAGE (TRANSITI~N) 

, 
I 8. CREEP, 'TIME: REQUIRED FOR I.O"Jb TOTAL DEFORMATION II 
1 rr 6. SHORT TIME Tf.NSILE YIELD STRENGTH, T-IME EXPOSED 

_L 
I. SHORT TIME ULT. TENSILE STRENGTH, TIME EXROSED ~ 

I I '-- 2 I II I I 1 4 

0 

.. 5 ;;;;;;;;::-.., j_ II --. """"'(, IJ -r 
~ / 1'1::> 

·. 1 I ~ ~. / 
"{/ ' 

-, 
"" ' t i"-8 1- . 'i.. 

~ 
1-- ; I . ., 

~0 
1-- "" '-

6 
, , t-... 
~ -· 

~ ~ ~-- -~ ' ·-. 
~ ~- ..... 

9'-- / ~ 
I / ~ ·- ~ 

I . """""'- t'-. ·I 
-.......... ..... I', 

v r-.. ~ ........ 
641 / ~ ~ 

4--....; r-1 ~ 

7 
. I I 9 2 8 5 --... I II -
· /.._ ...... 

1/ -. 
I --~ 

1 --- . 
II - ---z. --

I ,- .-
IJ -- - · 7 ,_. ·--
/' 4. CREI:P RATE, MIN I MUM 
L 

9. CREEP, TIME REQUIRED fOR 0.5'1b lOTAL DEfORMATION 
,10 - (J) /0 

7. fATIGUE, CYCLES Of" STRESS fOR RUPTURE 
I II II J I I I I II II I I I I II Ill 
I 1111 I I I I I I Ill I I I I 1111 

Ill FIXED CANTILEVER BEAM-3500 R.P.M. 
I I I II J I I Ill I I I I I I Ill 

0®@®®® LO 10 HOURS /(X) 

00001 IN./JN./HROOOI 
10

6 
OYrJLES 10

7 

1000 
001 
/06 

® 000001 
0 105 

Figure 8. 122 (g) . E levated temperature properties of wrought 24S- T8 aluminum alloy at 875° F. 
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Figure 8.12212 (a). Room temperature properties after exposure to elevated temperature (24S-T4) . 

(Crmtinuedfrom PO{Je BS.) for various periods of time are given in figures 
for comparison with other high-temperature 3.12212 (a) and 3.12212 (b). These curves 
properties. present the effect of exposure on tensile prop-

The information on tensile ultimate, tem;ile erties only. No data are available for the 
yield, and shear properties is based on tests effect. of elevated temperature exposure on room 
which did not include any clad material. The temperatme compressive, bearing, and shear 
perc1mtages for nonclad material, however, are properties. 
considered representative of what would be 3.1222 Fatigue propertie8. Curves for com-
expected for the corresponding clad material. puting approximate reductions in tensile-ulti-
The data relating to the reduction in bearing mate strengths for 24S heat-treated and 75S 
and compressive properties were obtained from heat-treD.ted and aged aluminum alloy materials 
tests on clad material. These percentages may subjected to reversed loading at elevated tern-
also be applied to the corresponding nonclad pet·atW'es are shown in figures 3.122 (e) to (n) 
materials. The data concerning the effect of for temperatures up to 375° F . This informa-
temperature on static properties are based on tion is based on tests on cantilever beam 
continuous heating, but may be applied to machines in which one end of the specimen is 
intermittent heating problems when the total deflected in the path of a circle subjecting the 
time at temperature is the same. specimen to completely reversed loading. These 

The effect of temperature on the modulus of tests include only nonclad materials but are 
elasticity is given in table 3.121 for several considet·ed applicable to clad mat.erials. For 
aluminum alloys. 

3.12212 Effect of exposure . The tensile ulti- situations involving fatigue stresses in which 
mate and yield strength of ahuninum alloys the mean st.resses are other than zero, considera-
24S- T4 and 75S-T6 at room temperature after tiou must be given t.o creep and eteep-ruptme 
exposurl:' to eleva.t.ed temperutm es up to 600° F. properties in addition to fatigue properties. 
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Figure 3.12212 (b). Room temperature properties after exposure to elevated temperature (758-T6). 

Table 3.1222. Cantilever-beam fatigue strengths of wrought aluminum alloys at elevated temperatures. 

Fatigue strength (reversed stress), Fatigue strength (reversed stress), 
Test· ~i. at indicated number of cycles Test· lui, a t Indicated number of cycles 
lng lng 

Alloy and temper tern· § § Alloy and temper tam· § § § pera· I 

~~ 
§ pera· § 

~~·I ~$ §$ §~ §-~ ture, §$ s·~ §$ §~ §g; oF. 
8~ §u o"'~ 8~ §~ g·~ o·~ 8~ ~~~ .... . ... 
~" ~ " ~" ~" " ~" ~"' - <> '"'" ----- - - ------- -

{ 75 

39 30 24 19 18 

{ 75 

40 29 24 22 22 
300 23 18 15 13 12 75S--T6. ____ ____ 

1 

: 18 15 13 12 12 148-T6 __ __ ____ _ 
400 14 12 10 8. 5 8 13 11 9. 5 8. 5 8. 5 
500 10 8. 5 7 5. 5 5 500 12 9. 5 8 7. 5 7 

{ 75 
43 31 24 21 20 

•• s-T. __ ____ ___ 

1 

m 24 20 17 15 14 
20 16 13 10 9. 5 Values of cantilever-beam fatigue strengths of 
14 11 8. 5 7 6 wrought aluminum alloys at elevated tempera-

tures are given in table 3.1222. These values 
i ( 75 30 22 17 13 12 were determined by testing 0.4-inch-diameter 

300 21 16 11 9 8. 5 A513-T6 __ ______ ~ 
400 11 8 6 5 4. 5 machined specimens in ARL fixed cantilever-
500 6. 5 5. 5 4. 5 4 3. 5 beam fatigue machines and represent extreme 

fiber stresses that such specimens will withstand r· 31 23 17 15 14 in completely reversed flexure. All specimens 
613-T6 ___ ___ ___ 1 E_ 24 18 14 11 11 had been stabilized by prolonged heating at test-

19 15 11 8. 5 7. 5 
7. 5 6 5. 5 4. 51 4. 5 ing temperature before testing. Values at 75° F. 

are from rotating beam tests. 
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3.1223 Creep and stress-rupture properties. 
Curves for computing the approximate reduc­
tion in ultimate tensile strength under long­
time loads and for predicting corresponding 
deformations for 24S (heat-treated), 24S (heat­
treated, cold-worked, and aged), and 75S 
(heat-treated and aged) aluminum alloys are 
given in figures 3.122 (e) to (n), inclusive, for 
temperatures up to 375° F. This information 
is based on clad sheet material only, but t.he 
percentages are considered applicable to non­
clad sheet and other wrought materials of 24S 
heat-treated and 75S heat-treated and aged. 
No data are currently available concerning the 
effect of elevated temperature on shear, bearing, 
and compression creep-rupture characteristics. 

3.12231 Short time creep. Figures 3.12231 
(a) through (l) present the effect of short times 
at temperature on the creep properties of alumi­
num alloys. These materials were tested by 
applying a dead load at room temperature, heat­
ing rapidly by using a welding transformer to 
apply a large electric current to the specimen, 
and then measuring the total deformation in­
cluding the thermal expansion. Details of the 
procedure are given in reference 3.12231. These 
curves are intended to supplement the data 

95 

a.: 
:E 
lLJ 
1-

8 90 

a: -- ....... t--.. 

1-
<t 

r--t--
r--

=> 85 t---
1-
~ ;-1-

1- - r--1-
z 
lLJ 
0 eo a: 
lLJ 
a.. 

0.1 1.0 

given in .figures 3.122 (e) to (n) by providing in­
formation concerning the effect of temperature 
on creep for times less than approximately 1 
hour. The data shown in figures 3.12231 (a) 
to (l) are for clad aluminum alloys, but the per­
centage .figures given can also be applied to non­
clad products except extrusions. 

3.13 CRITERIA FOR DESIGN MECHANICAL 
PROPERTIES. The test methods used to estab­
lish the design mechanical properties appearing 
in this chapter are discussed below, unless dis­
cussed in a note accompanying the table in 
which the allowables appear. 

3.131 Shear strengths. The values of shear 
strengths of aluminum alloy sheet at room tem­
perature were determined by measuring the 
load required to punch from the sheet a 2%­
inch-diameter disk, using a special punch and 
die. The values for other aluminum products 
were determined from double shear tests of 
cylindrical specimens in which a l-inch length 
is sheared from the center of a specimen 3 inches 
long. In both cases, the shearing was done 
with hardened steel tools which have sharp 
smoothly .finished cutting edges that are main­
tained in that condition. The shear strengths 
at elevated temperatures were also obtained 

( C01lttnu ed on Pau• 114.) 
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( Contintud from page 108.) 

from double shear tests of round pins. How­
ever, in these tests the pins were Ys inch in di­
ameter and !}~ inches long. The center was 
sheared with Ys-inch plate in a double shear 
fixture . The entire assembly was heated to 
the t est temperature. See reference 3.131. 

3.132 Tensile strengths. The values of room 
temperature and low temperature tensile 
strength of aluminum alloy materials were de­
termined by the methods outlined in reference 
1.441. Tests at elevated temperatures were 
also made generally as described in paragraph 
1.441. However, paragraph 1.441 does not 
specify loading rate or time at temperature. 
These variables were controlled in the elevated 
temperature tests and the time at temperature 
is as noted on the figures or tables presenting the 
data. The loading rate was approximately 
0.00005 inch per inch per second, although this 
value may vary somewhat depending on the 
source of the data. Specific effects of varying 
the rate of loading at elevated temperatures 
are not now available but are being investigated 
(see par. 3.14). 

3.133 Bearing strengths. The values of bear-

ing strength of aluminum alloy materials were 
determined by loading a steel pin inserted in a 
close-fitting hole in material test specimens hav­
ing widths at least four times the pin diameter 
and thicknesses not less than one-fourth the pin 
diameter. Tests were made for edge distances, 
the distance from the edge of the specimen to 
the center of the hole in the direction of loading, 
of 1.5 and 2.0 times the pin diameter. The 
bearing yield-strength values were obtained 
from bearing stress versus hole elongation curves 
using an offset from the initial straight-line 
portion of the curves of 2 percent of the pin 
diameter. The elevated temperature bearing 
tests were made similarly to the room-temper­
ature tests. However, only one edge distance-
1.5D- was used. The hole diameter was X 
inch in 0.064-inch sheet. The specimen was 
1% by 4 inches. See references 3.133 (a) 
through (j). 

3.14 RATE OF STRAINING EFFECTS. A 
knowledge of the effect of the rate of loading on 
the load-deformation characteristics of alumi­
num alloys is important since the aircraft struc­
ture in which the material is used is subjected to 
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various loading rates depending on aircraft 
speed, gust sizes and velocities, maneuver con­
ditions and alighting conditions. Sufficient 
informat ion is available for the higher strength 
alwninum alloys to establish that the effect of 
rate of loading on their load-deformation char­
acteristics at room temperature is insignificant. 
However, no data are available from this inves­
tigation for the lower strength material such as 
2S and 3S or for any of the alloys at low and 
elevated temperatures. However, there is 
some evidence from impact tests as described 
in NACA TN 2082 and from other sources that 
at low temperat.ures rate of stressing is no more 
critical than at room temperature. 

3.2 Columns 
3.21 PRIMABY F AlLURE. The general formu­

las for primary instability are given in section 
1.38. For convenience, these formulas are re­
peated in table 3.21 in simplified form applicable 
to round aluminum alloy tubes. These formu­
las can also be used for columns having cross 
sections other than those of round tubes when 
local instability is not eritical. 

3.22 LocAL FAILURE. Table 3.21 also con­
tains notes and references concerning the local 
instability of round tubes. 

3.23 CoLUMN STRESS CuRVES. Curves of 
the allowable column stresses for round and 
streamline tubing are given in figure 3.23. The 
allowable stress is plotted against the effective 
slenderness ratio defined by the formula : 

L' L -;= p{<;- --- --- - -___ (3.231) 

3.3 Beams 

3.31 GENERAL. See equation 1.323, section 
1.525, and reference 1. 71 for general information 
on stress analysis of beams. 
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Figure S.2S. AUowable column and crushing streues 
B4S and 618 aluminum alloy tubing. 

Table S £1 Column Formula$ for Aluminum Alloy Tubi·nn and/or Shapea ~ d,._ _ _ _ -
Material F,. Sho.rt oolumm Transit ional L '/p Long columns Local 

rallure 

248-TS and T4, 148-T4, P •• [ 1+ 2:. OOo] Equation 1.385 __ I.732?r../B/F.~- -- Equation 1.38L_ (*). 
and 618-T6. 

758-Tfi--------- - --- --- -- 1.075 F·~- -- -- ---- -- Equ111tion 1.383 __ 1.414,-..j B/F eo-- - Equation 1.38L. (*). 

•Mast be determined by test unless oonser~atlvely assumed. 
I/ L 
- .. r: ; L'fp shall not exceed 150 without specltlc authority !rom t be 
p -vCJ> 
procuring or certltlcatlng agency. 

Transitional L'/plsthotabo~e which tbeoolumns are "long'' and below 
which they are "short." 

Equation 1.381 (a) may be US6d ln the short colnmn range U E' Is re· 
placed by E• obtained !rom tile compressive s tress-strain cur'"e for the 
material. 
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3.32 SIMPLE BEAMS. Beams of solid, tubu­
lar, or similar cross sections can be assumed to 
fail through exceeding an allowable modulus of 
rupture in bending (Fb). For solid sections it 
can usually be safely assumed Fb equals the 
ultimate tensile stress. 

3.321 Round tubes. For round lubes the 
value of Fb will depend on the D/t ratio as well as 
the ultimate tensile stress. The bending modu­
lus of rupture of 24S and 61S round tubes is 
given in figure 3.321. It should be noted that 
these values apply only when the tubes are 
restrained against local buckling at the loading 
points. 

3.322 Unconventional cross sections. Sec­
tions other than solid or tubular should be tested 
to determine the allowable bending stress. 

3.33 BmLT-UP BEAMS. Built-up beams will 
usually fail due to local failures of the com­
ponent parts. In aluminum alloy construction 
the strength of fittings and joints is an important 
feature. (See reference 3.333.) 

3.34 THIN-WEB BEAMS. The allowable 
stresses for thin-web beams will depend on the 
nature of the failure and are determined from 
the allowable stresses of the web in tension and 
of the flanges or stiffeners in compression. 

3.4 Torsion 

3.41 GENERAL. The torsional failure of 
aluminum-alloy tubes may be due to plastic 
failure of the metal, elastic instability of the 
walls, or to an intermediate condition. Pure 
shear failure will not usually occur within the 
range of wall thicknesses commonly used for 
aircraft tubing. 

3.42 ALLOWABLE TORSIONAL SHEAR 
STRESSEs. In the range of low values of D /t, no 
theoretical formula is directly applicable. The 
results of tests have been used to determine the 
empirical curves of figure 3.42. 

3.5 Combined loadings 

3.51 RouND TuBEs IN BENDING AND CoN­
PRESSION. The general theory of failure under 
combined loadings is given in section 1.535. In 
the case of combined bending and compression it 
is necessary to consider the effects of secondary 
bending, that is, bending produced by the axial 
load acting in conjunction with the lateral de­
flection of the column. In general, equation 

1.5353, can be used in the following forms for 
safe values : 

M.S. 
1 L ______ (3.511a) 

where 
];=maximum bending stress including 

effects of sec0ndary bending. 
Fb=Bending modulus of rupture. 
f.=Axial compressive stress. 

Fcv= Compressive yield stress. 

In no case shall the axial compressive stress j., 
exceed the allowable stress, F., for a simple 
column. 

3.52 TuBEs IN BENDING AND ToRsiON. 
Equation 1.5353, can be used in the following 
forms for safe values: 

(fb/Fb) 2+ (j,jF.t) 2= 1. 0----- (3.521) 

Round tubes: 

Rb2+ R/= I. 0. _____ - - _ (3.521a) 

M.S. 
1 

~:::=::==~~-L- (3.521b) .J (Rb)2+ (R .)2 

Streamline tubes: 

Rb+R.=I. 0 ____________ (3.522) 

1 
M. S.=Rb+R,-L. _____ (3.522a) 

/.=Shear stress. 
F 11=Torsional modulus of 

rupture. 

Higher values can be used if substantiated by 
adequate test data. 

3.53 TuBES IN BENDING, CoMPRESSION AND 
ToRsiON. The bending stresses should include 
the effects of secondary bending due to compres­
sion. The following empirical equation will 
serve as a working basis, pending a more thor­
ough investigation of the subject : 

[fb' /FbF+ ff.fF.tF= [I-f.!FcvF-- -- - (3.531) 

1 M. S.= L .. (3.53Ia) 
R.+ .JCR;)2+(R.l 

In no case shall the axial compressive stress, j,, 
exceed the allowable stress, F., for a simple 
column. 
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3.6 Joints and parts 
3.61 JOINTS 

3.611 Riveted and bolted joints. In order to 
determine the strength of such joints it is neces­
sary to know the strength of the individual rivets 
or bolts. In most cases, such joint failures 
occur by shearing the connecting element, or by 
bearing and/or tearing the sheet or plate. 
Information on strength of joints is contained 
in references 3.611 (a) through (s) 

3. 6111 Protruding head rivets and bolts. The 
load per rivet or bolt at which the shear or bear­
ing type of failure occurs is separately calculated 
and the lower of the two governs the design. 
The basic shear strengths for protruding head 
aluminum alloy rivets are given in table 3.6111 
(a). In computing aluminum rivet design 
shear strengths, the correction factors given in 
table 3.6111 (a) should be used to compensate 
for the reductions in rivet shear strength result­
ing from high bearing stresses on the rivet at 
Djt ratios in excess of 3.0 for single shear joints, 
and 1.5 for double shear joints. The design 
bearing stresses for aluminum alloys given in 
tables 3.111 (a) through (o) are applicable to 

riveted or bolted joints wherein cylindrical 
holes are used and where Dft<5.5; where 
Dft>5.5, tests to substantiate yield and ulti­
mate bearing strengths must be made. Yield 
strengths of rivets or bolts may be computed in 
a manner similar to ultimate strengths except 
that the factors of table 3.6111 (a) need not be 
applied. For 24S bolts the design allowable 
F,,.=38,000 p. s. i. The bearing yield stresses 
correspond to a permanent set in the hole (in a 
single sheet) equal to two percent of the hole 
diameter. These bearing stresses are applicable 
only for the design of rigid joints where there 
is no possibility of relative movement of the 
parts joined without deformation of such parts. 
For other types of joints the design bearing 
stresses are to be reduced by dividing by the 
factors of safety specified in table 2.61122 (a). 
For convenience, "unit" sheet bearing strengths 
on rivets based on a stress of 100 ksi and nom­
inal hole diameters are given in table 3.6111 (d). 

Factors representing the ratio of actual sheet 
bearing strengths to 100 ksi are given in table 
3.6111 (b). Table 2.61121 contains "unit" 
sheet bearing strengths on bolts . 

• 
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ALUMINUM ALLOYS 119 
Table 3.6111 (a). Shear Strengths of Protruding and Flush Head Alurninurn Alloy Rivets (P01mds) 

Diameter of rivet.. .. ... _ . . __ __ .. . ........ . . . .... l-i • r.iz l-i ~l2 !11• H ~· ~~ 

568-F.,. = 28 ksi ____ ____ . ___ _ . __ __ 99 203 363 556 802 1,450 2, 290 3,280 
A17&-T3-F,u= 30 ksi . ___ __ _ . ____ _ 106 217 388 596 862 1, 550 2, 460 3, 510 
17&-T31-F.u= 34 ksi. _____ ... . ____ 120 247 442 675 977 1, 760 2, 790 3, 970 
17&-T3-F,u=38 ksi .. . ___ . .. ___ . __ 135 275 494 755 1, 090 1, 970 3, 110 4, 450 
24&-T31-F,u=41 ksi. __ ___ .. ______ 145 296 531 815 1, 180 2, 120 3,360 4, 800 

SINGLE SHEAR RIVET STRENGTH FACTORS 

Sheet thickness : I 
0.014 ________ ____________ __ __ - - ------ - -~----- - ------- -------· - --------------- - ----·-· --------
0 .016- - - -- ... - - - . - --- -- - - ---- 0. 964 ------ - - -------- - - ------ ---- - . - - - --- - - . - ---. - - - - --- -----
0.018______ _________ ________ _ . 984 - ----- - - - ---- - - · ----- - -- - -- --· · · --- - ·--· -- --- -- - -- - -----
0.020------ -- .----- -- .----- -- . 996 ------ - - ---- --- - ---- - --- --- -.- .- --- .-- .- -- -.-. -- -- - --.--
0.025- - - - - .. . - . --- --- -- . - - --- 1. 000 0. 972 -- ---- - - --- --- -- --- -- - - - - . - . -- - - - - . - --- . - - . - - -- -
0.032- - - .-- . . - .. . --. -- -- - - - -- - - -- - -- - 1. 000 0. 964 - - - - ---- - --- - - -- - --.- - - . --- ... - . ----- - --
0.036- - - .. -- -- - - . - . -- -- -. ---- - . - . ---- ------- . . 980 - - - ----. - -- ---- - -- - -- - -- --. -- - -. - -- - - - - -
0 .040- - - ----- . - -- -- - . - - ---- - - - . --- . -- - -- - - -- - . 996 0. 964 ----- - -- - - -- .. -. - -- . - . - . --- -- -- -
0.045 _________________ _______ ----------- - ---- 1. 000 . 980 --------------- - - - - --- - - - - - -----

g:g~!= = = = ==== == ======= = ====== ======== ======== ====r== 1: ~: ~: g~~ --o.-964- ==== ==== ==== == == 
0 .072- -----. -- - - ---- -- ------ - - -- - --- - ------ -- -- - - _;--- ----- -- - -- c- --- - . 980 0. 964 - -- -- -- -
0.08L ____ ____ ___ ____ _____ ___ ___ ___ ___ __ ____ . __ __ J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 996 . 974 ___ . ___ _ 

0 .091_-- -- .----- --- -- ---. -. -- -- " -- - -- -- - - ---- - --- ~-- - - -- -- --- - - --- - - - 1. 000 . 984 - -- --- --
0.102- - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - J --- ------- - ----- --- -------- . 996 0. 972 
0.128 __ ________ ___ _____ ______ - - ---- --- - - - - --- ---- ~ --- -··- --' --- -- - ----- -- - ---- - 1. 000 1. 000 
0.156 __ __ ____ ____ _____ ____ ___ ----~--- - - --- - -- ---~ ~ --- ___ __;_! ___ ------- - ------- · -- ----- · ------ --

g:~~~======== === ===== === ===== ======== = ===~== = = = = = ~== = ===? == = ====== == ======== ===== === ===== === 

DOUBLE SHEAR RIVET STRENGTH FACTORS 

Sheet thickness : 
0.014 _____ ___ ___ ______ ____ __ _ - - -- - --- - --- - --- - - - ---- - -- - - - -- - - - - --- - - -- - - -- - - --- --- - - - - - -- - --
0.016 _________ __ ______ __ _____ 0. 688 - - ------- - ---------------- - -------- - --- - ------- - ------- -
0.018__ _ ____ ____ ____ _______ __ . 753 ------- -- - - ------- ----- -------- -- ---- --- --- ----· --------
0.020-- - . ---.- - -- .. . .. --- - . -. . 792 --- -- --- - - --- - -. - - -- - -- - - - - ---- - -- - .-.-- - - -- - --- - ---- - - -
0.025-- -- - -------- ·- ------ - -· . 870 0. 714 --- ------ -- --- - - --- - - -- ---- -- -- - - - - --- - - - - --- ---
0.032__ _________ ______ ___ __ __ . 935 . 818 0. 688 - - - ------ - -- ----- - - ----- - - ------ - -- - - -- -
0.036___ ____ ___ _____ ___ ___ __ _ . 974 . 857 . 740 - - - - ----- ---- - -- - - ----- - - -- - -- - - - --- - ---
0.040__ ___ ___ ____ ____ ____ ___ _ . 987 . 896 . 792 0. 688 - - -- - -- -- -- - - ----------- - -------
0.045_ _ __ __ ____________ ___ __ _ 1. 000 . 922 . 831 . 740 --- - - --- - - - --- - - - - - ---- - --- - -- --
0.051.. -- - · - -- - -- ··-- ---- ---- -- - --- - - . 961 . 870 . 792 0. 714 ---------------- - -- - ----
0.064 __ __________ ___ ______ ___ - -- - -- - - 1.000 .935 . 883 . 818 0. 688 - - ------ --- ---- -

0.072 . . - -- - ···--- -- ----- -··· · -· ·--- -· -- - - - -- - . 974 . 919 . 857 . 740 ---- - - - -- - -- -- - -
0.081.- - - - -.-.---- - -.- - -.---- .. ------ ------- - 1. 000 . 948 . 896 . 792 0. 688 -- -- - ---
0.091_ __ ___ ____ __ _______ ___ __ - · ·- -· ·· -- -- -- ----- ----- . 974 . 922 . 831 . 753 -- - - - ---
0.102 - - - - - - . . .. -.- .. . - ---- . . . . --- - .- - -- -- - - . - --- -- -- - 1. 000 . 961 . 870 . 792 0. 714 
0.128 __ ______ ____________ ____ --- -- -·· --- - -- - ---- - ---- - - ---- -- 1.000 .935 . 883 . 818 
0.156 ______ __ ___ ______ __ __ ___ - -- - - ---- -- - -- - - -- - - -- -· - -- -- -- - · · ··--- - . 987 .935 . 883 
0.188 ___ · - -- -- ---- - -- - · · ---- - - · ·- - · ·· - - -- - --- -- ------ ---- -- - - --- · -· · · 1. 000 . 974 . 935 
0. 250- - - - - - .. - - - - - - . - . - - - .. - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - -- - 1. 000 1. 000 

Values of shear strength should be mu!tlplled by the !actors given 
herein whenever the D/t ratio IB large enoogh to require rnch a correction. 

N OT& 

Shear values are based on areas corresponding to the nominal hole 
dlameters specified In table 3.6111 (c) note&. 

Shear stresses In table 3.6111 (e) corresponding to 00 percent probability 
data B-te used wherever available. 

Sheet thickness is that o! the thinnest sheet In single shear Joints and 
the middle sheet In double shear lolnts. 
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120 STRENGTH OF METAL AIRCRAFT ELEMENTS 

Table 3.6111 (b). Aluminum Alloy Sheet and Plate--Bearing Factors o 

[K =ratio of actual bearing strength to 100 ksi] 

A values B va.Jues 

Material Thickness Kultlmate Kyleld Kultlmate Ky1eld 
• 

e/D=2.0 efD=!.6 t/D=2.0 efD=l.5 t/D=2.0 t/D=l.5 e/D= 2.0 eJD~l.5 

-

248-T4 (heat-treated by 
user) ____________________ < O. 250 1. 18 0. 93 0. 64 0.56 ---- --- ------- ------- -------

24~~~~ _ -~~~~~~~~~~e-~--~~- { 
0. 250-0. 500 1. 22 . 96 . 61 . 53 ------ - ---- --- ------- -------

. 501-1. 000 1. 18 . 93 . 61 . 53 ------- ------ - ------ - -- -- ---
248-T3 ___ _____________ ____ <· 250 1. 24 . 98 . 79 . 69 1. 29 1. 02 0. 82 0. 71 

248-T4 ____________________ { . 250- . 500 1. 24 . 98 . 74 . 64 1. 27 1. 01 . 78 . 69 
. 501-1. 000 1. 20 . 95 . 70 . 62 1. 29 1. 02 . 77 . 67 

248-T36 ____________ -- - ____ <. 500 1. 33 1. 05 . 96 . 84 1. 37 1. 08 1. 00 . 88 
248-T4 (coiled) ___ ___ _______ < . 250 1. 18 . 93 . 64 . 56 1. 26 . 99 . 66 . 57 

Cl~~ u!!!t~~--~h-e~~~r~~~~~- { 
< .064 1. 10 . 87 . 59 . 52 ---- --- ------ - ------- -------

. 064-.249 1. 16 . 92 . 61 . 53 ------- -- - ---- --- - --- ---- ---

Cl~~ u;:;t~~--~h-e~~~~r~~~~~- { 
. 250- . 499 1. 18 . 93 . 61 . 53 --- - - - - - - ---- - ------ - -- -----
. 500-1. 000 1. 14 . 90 . 58 . 50 ---- - -- -- -- - - - - -- - - -- --- - - --

Clarl248-T3 ______ _________ { . 010- . 063 1. 14 . 90 . 73 . 64 1. 18 . 93 . 76 . 67 
. 064- . 249 1. 20 . 95 . 74 . 64 1. 24 . 98 . 78 . 69 

Clad 248-T4 ______ ___ ______ { . 250- . 499 1. 20 . 95 . 74 . 64 1. 24 . 98 . 78 . 69 
. 500-1.000 1. 16 . 92 . 67 . 59 1. 24 . 98 . 74 .64 

Clud 248-T36 _____________ _ { . 019- . 063 1. 20 . 95 . 88 . 77 1. 25 . 99 . 93 . 81 
. 064- . 500 1. 27 1. 01 . 93 . 81 1. 31 1.04 . 96 . 84 

Clad 248-T4 (coiled) ___ __ ___ { . 012- . 063 1. 10 . 87 . 59 . 52 1. 16 . 92 . 61 . 53 
. 064 1. 16 . 92 . 61 . 53 1. 20 . 95 .64 . 56 

Clad 248-T6 __________ _____ { < . 064 1. 14 .90 . 75 . 66 -- -- -- - - - ---- - - - --- -- - -- -- - -
;;: . 064 1. 18 . 93 . 78 . 69 ------- --- -- -- ------- - ------

Clad 248-T8L ______ ____ ___ { < · 064 1. 22 . 96 . 90 . 78 ---- - -- ------ - --- - --- -- -----
;;:. 064 1. 27 1. 00 . 94 . 83 - ------ ------ - -- ----- ---- ---

Clad 248-T84 _____ ___ ____ __ { < · 064 1. 27 1. 00 1. 01 . 88 - - -- - -- --- -- -- ---- - - - --- - - --
;;:. 064 1. 33 1. 05 1. 06 . 92 --- -- - - - -- -- - - - - -- - - - ---- ---

Clad 248-T86_ -- - --- - - - - - - - { 
< · 064 1. 33 1. 05 I. 04 . 91 -- - - -- - ------- - - -- --- -- ---- -
;;:. 064 1. 35 1. 06 1. 09 . 95 - - - - - -- ---- --- - - -- -- - -- --- --

75S-T6 ___ ---- ________ --- __ ~ 
. 016- . 039 1. 44 1. 14 I. 06 . 92 1. 48 1. 17 1. 10 . 97 
. 040- . 249 1. 46 1. 16 1. 07 . 94 1. 50 1. 19 I. 12 . 98 
. 250- . 500 1. 39 1. 08 1.00 . 87 1. 42 1. 10 1. 04 . 90 
. 501-1. 000 1. 42 1. 10 1. 04 . 90 1. 47 1. 15 1. 08 . 94 

758-TL ________ __ __ _ ~ 
. 016- . 039 1. 33 1. 05 . 98 . 85 1. 39 1.10 1. 02 .90 

Clad 
. 040- . 249 1. 37 1. 08 1. 01 . 88 1. 41 1.11 1.04 . 91 
. 250- . 499 1. 30 I. 01 . 94 . 82 1. 33 1.04 . 98 . 82 
. 500-1. 000 1. 33 I. 04 . 98 . 84 1. 37 1. 06 1.00 . 87 

R301- T 6 and Alclad 148-T6_ { 
<. 039 1. 22 . 96 . 90 . 78 1. 22 . 96 . 90 . 78 

. 04(}-0. 499 1. 24 . 98 . 93 . 81 1. 27 1. 01 . 96 . 84 

. 500-1. 000 1. 24 . 98 . 93 . 81 I. 27 1. 01 . 96 .84 
148-T6 ______ _______ ____ ___ { . 040-0. 499 1. 29 1. 02 . 96 .84 I. 33 1. 05 . 99 . 87 

. 500-1. 000 1. 29 1. 02 . 96 .84 1. 33 I. 05 . 99 . 87 
528-H32 NH) ___ ___ ____ ___ --------- ----- . 65 . 50 . 34 . 29 -- --- -- --- -- - - -- ---- - - - - - - --
528-H 34 (%H) ____ __ _____ __ -- ----- --- -- -- . 71 . 54 . 38 . 34 ------- -- -- - -- - - - - - - - -- -- -- -
528-H36 (~H) ------- ~-- -- - --- --- --- ----- . 78 . 59 . 46 . 41 - - --- - - - - --- - - - - - --- - - - - -- --
528-H38 (H) _______ ___ __ ___ ------- -- --- -- . 82 . 62 . 53 . 46 - --- -- - - ---- - - - - - -- -- ---- - - -618-T4 ___________ ____ _____ 

-- ----- ------- . 63 . 48 . 26 . 22 - - - - --- ------- - --- --- _____ _ ... 
. . 618-T6 __________ __ _____ ___ .......... ... ___ ____ ___ . 88 . 67 . 58 . 50 -- ----- ----- - - ------- - ------

• For e/D values between 1.5 and 2.0 bearing factors may be obtained by linear Interpolation (e-edge d istance, D = hole dlamet~-rl. 
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Table 3.6111 (c). Design Mechanicd Properties for Aluminum Allny Rivets (Kips Per Square Inch) 

Type _______ -- -------------- --- ---- ------- ------ --- -- - Protruding bead rivets • 

Alloy ___ ___________________ ____ ______ ____ ____ ________ _ A17S 17S 248 668 

Specltlcation .. ------------ -. _ ------- ----- __ --- -·----. MIL-R-5674 

Condition _____ _ .•. ___ __ _________ _ .. _____ _______ -- ---- (T3) (T31) • (T3)' (T31) (H-321) 

_B_as_Is_• __ -_--_-_--_--_-_--_-_-·_·_·-_·-_-_-·_-_-·_·· __ ·_--_-·_-_--_-_--_·-_·_··_·_--_· 1~_A _ _ _ B ___ A ___ B ___ A_I _ _ B ___ A _ _ _ B ___ A __ ._B_ 

F,.• (for driven rivets) ______ _________ _ 28 
26 

30 33 34 35 
33 

38 
37 

37 
37 

41 
38 

27 
24 

28 
27 F •• (for undriven rivets and rivet wire) __ _ 29 - -- --- ------

• '!'he driven head diameter shall be at least 1.3 times the nominal shank 
diameter or the rivet. 

• The 17S-T31 designation refers to rivets that have been heat treated 
and then ma!ntainod in the heat treated condition until driving. 

'The 173-T3 desi~matlon refers t.o 178 rivets wb.icb ar~ fully aged at 
room temperature for at least 4 days after quenching, and then drhen. 
(The higher strength propertle.s or tho 17S-T3 rivets result rrom tho cold­
working effects obtained when the rivets liTe driven In the aged condi­
tion.) 

4 A is the mechanical property column based upon the minimum 
guaranteed tensile properties; B I~ the mechanical property column based 
upon probability data. (!"ee par. 3.111 .) 

• Shear and bearing strength values for driven rivets may be based on 
areas corresponding t.o the nominal bole diameter provided that the 
nominal bole diameter is not lareer than the >slues listed below. If the 
nominal hole diameter L• larger than the listed va.lues the listed vo.lue 
shall be used 

Standard rivet hole drtll sfus and nominal hole diameters 

Rivet size ___ ______ _____ _ . ________ Yte %2 % %2 ~6 7.1 %s 
Drill No __________________________ 51 41 30 21 11 F p 
Nominal hole diameter ________ _____ 0. 067 0. 096 0. 1285 0. 159 0. 191 0. 257 0. 323 

Table 3.6111 (d). Unit Bearing Strength of Sheet on Rivets, Fb, = 100,COO p. s. i. (Pounds) 4 

Diameter of rivet 

Sheet thickness: 
0.014 ___ ______ ___ ____ _____ __ _ 
0.016 ___ ___ ___ _____ ____ _____ _ 
0.018 __ ____ ___ _____ ____ _____ _ 
0.020 ___ ____ ____ ______ ___ ___ _ 
0.025 ______ _________________ _ 

0.032--------~--- --- -------- -0.036 ____ ________ ____ _______ _ 
0.040 ___ ____________ ___ ___ __ _ 
0.045 ______ __ __ ______ ___ ____ _ 

0.051--- - - - - - - ------ - --- -- ---0.064 ___ _____ ____ ____ ______ _ _ 
0.072 __ __ _________ ____ _____ _ _ 

0.081------------- - ----------0.091 ____ ____ ____ ________ __ _ _ 

0.102--- --- -- - ----------- -- --
0.128,-- - -- -- ------- - - --- - -- -
0.156- -- - -- -- -- ------- --- ----0.188 ____ ___ __ __ ___ __ __ _____ _ 

0.250- - --- -- ---- --- -- --- - - -- -

44 
107 
121 
134 
168 
214 
241 
268 
302 
342 
429 
482 
543 
610 
683 
858 

1, 050 
1, 250 
1,670 

----- --- - - - - - - - -
173 ---- - ---
192 --------
240 321 
307 411 
346 463 
384 514 
432 578 
490 655 
614 822 
691 925 
778 1, 040 
874 1, 170 
979 1, 310 

1, 230 1, 640 
1, 500 2,010 
1,800 2, 410 
2,400 3, 210 

--- - - - - - - - ------
- --- - - -- -- - - - -- -
- - - - - - -- --- -----
---- ---- --------

509 --------
572 688 
636 764 
716 860 
811 974 

1, 020 1, 220 
1, 140 1, 370 
1,290 1, 550 
1,450 1, 740 
1, 620 1, 910 
2,030 2, 410 
2, 480 2, 980 
2, 980 3, 580 
3,970 4, 770 

• Bearing valnes are based on areas corresponding to the nominal bole dlameters specl.fled In table 3.6111 (c) . 

409440-56--10 

- ---- --- - -- - -- - -
--- -- --- -- - --- - -
- - -- - - - - - --- -- - -
-------- - - ------
-------- ____ ~'" ___ 

-------- ------- -
----- - -- - ---- -- -
----- --- - - - - - -- -

1, 310 - -- -- - - -
1, 640 2, 070 
1, 850 2, 330 
2,080 2,620 
2, 340 2, 940 
2,620 3, 290 
3, 290 4, 130 
4, 010 5,040 
4,820 6, 060 
6, 420 8, 070 

% 
w 
6 0. 38 

- ---- -- -
-- --- -- -
--- -----
-·-------
----.---.-
- - -: .... - :-:;-

------ --
--- -----
-- - - - ---
- ---- -- -

2, 780 
'3, 130 

3, 510 
3,940 
4, 940 
6, 030 
7, 240 

--- -----
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3.6112 Flush rivets. Tables 3.6112 (a) 
through (d) contain ultimate and yield allow­
able single-shear strength values for both 
machine countersunk and dimpled flush riveted 
joints employing solid rivets with a head angle 
of 100°. These strength values are applicable 
when the edge distance is equal to or greater 
than two times the nominal rivet diameter. 
Other strength values and edge distances may 
be used if substantiated by tests. 

The allowable ultimate loads were established 
from test data using the average failing load 

divided by a factor of 1.15. The yield loads 
were established from test data wherein the 
yield load was defined as the average test load at 
which the following permanent set across the 
joint is developed. 

(a) 0.005 inch up to and induding '{a-inch­
diameter rivets. 

(b) 2.5 percent of the rivet diameter for rivet 
sizes larger than %6-inch diameter. 

Test data from which the yield and ultimate 
strengths listed were derived are to be found in 
reference 3.6112. 

Table 3.6112 (a). Ultimate Strength of Solid 100° Machine Countersunk Rivets (Pounds) 

Rivet material _________________ - -- -- Al78-T3 178-T3 248-T31 

Olad sheet material --------------- - 248-T3, 248-T4, 248-T6, 248-TSI, 248-T86, and 75S-T6 

Rivet diameter_____________________ %• 

Sheet thickness: • 
0.020--- ~- -- --- - ---- - 132 -- --- -- - -- -- -- --- - -- - - - - - ---- - - - - - ---- -- --- - - -- - - -- -- --- -- -- --- -
0.025_______ ____ _____ 156 ------------------------------------------------- - ---- - --- - -----
0.032- - -- - --- .. - - - - -- - 178 272 -------- ------ - - ----- - - - - - -- ---- ---- - --- - -- - ---- - -- - -- --
0 .040__ ___ _______ __ __ 193 309 *418 -------- *476 --- - --- - - ------- ------ - - - - -- -- - -
0.05L_____ __________ 206 340 *479 *628 *580 *726 ---- - --- 758 --------
0.064. - -- -- -- - --- -- - - 216 363 523 705 *657 *859 -- - ----- 886 *1, 290 
0.072_------- - --- -- -- -------- 373 542 739 690 *917 *1, 338 942 *1, 424 
0.08L ____ - _- _- _- __ _ - __ - _ _ _ _ _ _ _ _ _ _ _ _ _ 560 769 720 *969 *1, 452 992 *1, 543 
0.09L __ _____ __ __ ____ ----- ------- - - - - 575 795 746 1,015 *1,552 1,035 *1,647 
0.102 ___________ ____ _ --- - - - -- -------- -------- 818 ------- - 1, 054 *1, 640 1, 073 *1, 738 
0.125 __ __ ___ _______ __ - - -- -- ------ - - - - - - - ---- - 853 -- - -- -- - 1, 090 1, 773 1,131 1,877 
0.156 __ ______________ --- -- - - --- - -- --- ---------- - --------------------- 1, 891 -------- 2,000 
0.188- - --- - -- - - - - -- - - -- -- --- -- - -- - --- - --- -- -- - ----- - ------- -- -- --- - -- 1,970 --- -- --- 2,084 
0.250 ___ ___ ____ __ ___ _ -- - -- -- - - - - --- -- -- -- -- -- - - - -- - - - - --- -- -- ---- - - - - -- -- - - -- -- - - --- - -- - -- - --

• Sheet gage Is that of the countersunk sheet. 
In cases where the lower sheet Is thinner than the upper the shear­

bearing allowable for the lower shoot-rivet combination ehonld be com­
puted. 

The values In this table are baaed on "good" manufacturing practice, 
und any deviation !rom this will produce slgnJ11cantly reduced valnes. 

Yield values of the shoot-rivet combinations marked thus (•) are Jess 
than ~ of the Indicated ultimate values. 
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Table 3.6112 (b) . Yield Strength of Solid 100° Machine Countersunk Rivets (Pounds) 

Rivet material.---- ___ ._. ___ . ___ ---- AI78-T3 178-T3 248-T31 

Clad sbeet materiaL ___ ___ _____ _ , .. . 248-T3, 248-T4, 248-T6, 248-TSI, 248-T86, and 758-T6 

Rivet diameter_ .. .... --- -- -·-·-·- .. 

Sheet thickness: o 

0.020________________ 91 -··------ - -- ----- ··------- ----------------------------------------
0.025________________ 113 ------------------------ - -·· -- -- - - ------ ---- - - ----- - ------ -- -----
0.032__ ___ ___ _______ _ 132 198 ----- - ----- - -- - - -- -- - -- - - -- -- --- - - -- - - - - -- - - - - - -- - - - ----
0.040,---------------- 153 231 265 ------- - 270 --- -- ----- - ----- - ---------------
0.051____ ___ ________ _ 188 261 321 389 345 419 - ----- -- 538 - -- --- --
0.064________________ 213 321 402 471 401 515 -------- 614 811 
0.072 __ ______ . ________ -------- 348 453 538 481 557 706 669 902 
0.081. ______ _________ --- - --- ----- --- - 498 616 562 623 788 761 982 
0.091_ _______________ ---- - -- - -------- 537 685 633 746 861 842 1,053 
0.102- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 7 45 - - - - - - - - 854 1' o-17 913 1' 115 
0.125 ________________ -------- --------- - ------ 836 -------- 1,018 1, 313 1, 021 1, 357 
0.156 ________________ -------- - ------ - ----- - -- - --------------- --- ----- 1, 574 -------- 1, 694 
0.188 __ ___ _______ ____ -- - -- -- - - - -- - - -- ----- - -- - - - - - -- - - --- -- - - --- - -- - - I, 753 -- --- - - - 1, 925 
0.250_--------------- ------- - -------- - - - ----- -------- -------- - ----- - - -------- -------- --------

• Sbeet gage Is that of tbe counter.,tmk sbeet. Tbe valll9S In tbls tsble are based on "good" manulacturlng practice 
In cases wbere tbe lower sbeet Is tblnner tban tbe upper tbe sbear- and any deviation from tbb will produce s!gnUicnntly reduced vlllues 

bearing allowable !or tbe lower sbeet-r!vet combination sbould be com-
puted. 

Table 3.6112 (c). Ultimate Strength of Solid 100° Dimpled Rivets (Pounds) 

Rivet materiaL . _ AI78-T3 l78-T3 248-T31 

~..! ~--"'•=' 
248-

248-T3, T6, 
Clad sbeet mate- 248-T6, 248-T3, 248-T3 248- 248-T6, 248-248-T4, 248-TSI, 248-T4, 248-T86and TSI, 24;;[J.r:nd riaL . ...... .. . . 248-T6, and TSl, 248-T86, 

and . T86 248- 4 248-T86, 248-T6, and 758-T6 248-T4 248- and 758-T6 
248-TSI 758-T6 248-TSl T86, 

and 
758-T6 

Rl vet diameter ... %• J.i J.i ~~~ %• 71o ~h 71• ~· ;)ie H H 7i• Yl 71• H 
- ---

Sheet thick-
ness: o 

0.016_-- 177 - --- -- - - - --- - - -- - - - -- - -- - -- - - --- -- --- - - -- - - - -- - - -- - - - -- - - - - -- - - - - - ---- - ---- -
0.020_-- 209 299 302 - - -- - ---- - - -- - ----- - ---- ----- ---- ----- - --- - - - -- - - -·- - - - - --- - - --- -----
O.Q25 ___ 235 360 383 474 - ---- 462 -- - -- 419 - --- - 530 - - --- - -- -- - --- - - - - -- -- - - - ---- - -----
0.032_-- 257 413 454 568 722 599 725 600 681 672 822 ----- ----- 744 ----- 786 -----
0.040_-- 273 451 505 635 839 695 891 728 905 775 1, 000 845 1, 108 941 879 982 1, 300 
0.051 _-- -- -- - 484 548 693 940 778 1, 036 840 1, 097 864 1, 153 1,332 1,508 1,110 1,359 1, 152 1,705 
0.064_-- ----- ---- ---- 736 1,012 840 1, 142 922 1, 240 930 1, 267 1, 695 1, 803 1,236 1, 727 1, 277 2, 010 
0.072_-- - - - -- - -- - ---- 755 1, 045 867 1, 190 958 1,301 957 1, 315 1, 853 1, 930 1, 291 1,883 1, 332 2, 150 
0.081_-- ----- ---- ---- ---- 1, 074 ----- 1, 230 ----- 1,357 --- - 1, 358 1,995 2,044 1,340 2,025 1, 380 2,260 
0.09L __ -- -- - - - -- - -- - ---- 1, 098 - - --- 1,267 ----- 1,405 --- - 1,398 2, 115 2, 145 1, 382 2, 150 1, 424 2,365 
0.102 ___ - -- - - - - -- - - -- -- -- - - -- - - - - - - - - --- --- - - - ---- -- - - - -- -- 2,220 2,232 - ---- 2, 255 -- - -- 2,455 

• Tbe above allowables apply to double dlrnpllld sboot.q and to the 
upper sbeet dimpled Into a macbine countersunk lower sbect. 8beot 
gage Is that of tbe tblnnest sboot for double dimpled joints and of tbe 
upper dimple sboot !or dimpled-machine countersunk Joints. Tbe 
thickness o! tbe machine countersunk shoot must be at least 1 tabulated 
gage tb!ckcr than th~ upper sheet. 

In no case sbaJJ allowablos be ohts!ned by extrapolation !or skin gages 
otber than tbosa sbown. 

Tbe values In this table are b..sed on "good" manu!acturl.ng practice 
and any deviation from tbis will produce significantly reduced values. 
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Table 3.6112 (d). Yield Strength of Solid 100° Dimpled Rivets (Pound.s) 

Rivet material . A!7S-T3 !78-T3 24S-T3! 

24B-T3, 24B-T3, 24S-T3, 
Clad sheet rna- 24B-T4, 24B-T4, 

24B-T6, 24S-T4, 24S-T86 24S-T3, 24S-T4, 24S-T3, and 24S-T6 and 248-T86 and 
terfal.. ... --· · 24S-T6, 24S-T8!, 24S-T6, and 75S-T6 24S-T6, and 24S-T86and 75S-T6 24S-T4 248-T8! 75S-T6 and and and 248-TS! 

24S-T81 248-T86 248-T81 

-------

Rivet diameter. %• ~ %• ~· ~~. ~· %• ~· --- - - -- - --

Sheet t hick-
ness: a 

0.016 . . 154 ------ --- --- --- ----- --- -- - --
0 .020 __ 184 257 --- --- --- ----- --- -----
0 .025 . . 209 315 324 --- 410 ----- 336 -----
0 .032 .. 231 367 430 512 525 640 483 546 
0.040 __ 246 404 506 644 606 782 589 730 
0 .05L. - - - --- 436 571 757 677 905 681 888 
0 .064 __ --- - -- ------ 619 841 729 995 748 1, 006 
0 .072 .. - ----- ------ 641 878 752 1, 034 778 1, 056 
0.08L. ------ ------ --- 910 --- 1, 070 --- 1, 102 
0.09L. ------ ------ --- 939 --- 1, 100--- 1, 142 
0.102 .. - ----- ------ --- --- ----- --- -----

• The above allowables apply to double dimpled sheets and to the 
upper sheet dimpled futo a machine eountersunk lower sheet. Sheet 
gage fs that of the thinnest sheet for double dimpled Joints and of tho 
up]J('r dimpled sheet for dimpled-machine rountersunk joints. The 
thickness of the machine rountersunk sheet must be at least I tabulated 
gage thicker than the upper sheet. 

3.6113 Blind rivets. Tables 3.6113 (a) and 
(b) contain ultimate and yield allowable single­
shear strengths for Military Standard (MS) 
protruding head and 100° countersunk head 
aluminum alloy blind rivets in aluminum alloy 
sheet. These strengths are applicable only 
when the grip lengths and rivet hole tolerances 
are as recommended by the respective manu­
facturm'S. These strengths may be substan­
tially reduced if oversize holes or improper grip 
lengths are used. 

Test data on which these strength values 
were based were obtained at room temperature 
using standard degreased clad 248-T4 speci­
mens having an edge distance e/D equal to 2.0. 
In the preparation of the test specimen, both 
the hole diameter and the gage thickness were 
determined. Test loads were converted to 
PjlJ2 (where P=actual test load and D=actual 
hole diameter) and plotted against the appro­
priate tjD values (where t=actual sheet thick­
ness and D=actual hole diameter). tntimate 
strength values of protruding and 100° counter­
sunk-head blind rivets recommended for design 
were then obtained from the analysis by divid-

l-4 ~·· ~· l-4 ~. l4 ~ · H ~· H 
-- - ------ - - --------

·-
----- -- --- ----- ---- - - - -- - - ---- - - --- ----- -----
----- --- ----- -- - -- --- - - - - -- - -- --- ----- ----- -----
----- 450 ----- ----- ----- ----- - ---- ----- ----- -----
----- 581 705 ----- 582 ----- 649 ----- 786 -----

845 675 867 978 666 879 816 962 982 978 
1, 187 756 1, 007 1,508 738 1, 308 961 1,308 1, 152 1, 543 
1,415 816 1, 111 1,803 925 1,564 1, 068 1, 564 1, 277 1, 958 
1, 656 842 1, 156 1, 930 1, 04'5 1, 711 1, 115 1, 711 1, 332 2, 140 
1, 870 --- 1, 196 2,044 1, 152 1,928 1, 177 1, 928 1, 380 2,260 
2,057 --- 1, 2312, 145 1, 24612, 121 1,324 2, 121 I, 424 2,365 
2, 220 - - - -- -- - 2, 232 - - - - - 2, 255 2,268 2,455 

In no case shdll allowables be obtained by extrapolation for skin gages 
other than those shown. 

The values In this t~ble are based on "good" manufacturing practice 
e.nd any deviation from thll; wlll produce significantly reduced values 

ing t.he average failing load curve by 1.15. 
Yield strength values were similarly plotted 

on a nondimensional analysis wherein the yield 
load is defined as the load at which the following 
permanent set across the joint is developed: 

(a) 0.005 inches up to and including Yts­
inch-diameter rivets. 

(b) 2.5 percent of the rivet diameter for 
rivet sizes larger than '{6-inch diameter. 

For both protruding and 100° couutersunk-head 
blind rivets, the ultimate rivet shear strength 
was based on thP- comparable rivet shear 
strength of A17S solid rivets, as noted in table 
3.6111 (a). 

For applications involving e!D valuea less 
than 2.0, tests to substantiate yield and ulti­
mate bearing strengths must be made. 

In view of the wide variance in dimpling 
methods and tolerances, no standard or uniform 
load allowables are recommended. Allowables 
for ultimate and shear strengths of blind rivets 
in double-dimpled or dimpled-machine counter­
sunk applications should be established on the 
basis of specific tests acceptable to the procur­
ing or certifying agency. In the absence of 
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such data, allowables for blind rivets in ma­
chine countersunk sheet, noted in table 3.6113 
(b), muy be used. 

Since blind rivets are primarily shear-type 
fasteners, they should not be used in applica­
tions where appreciable tensile loads on the 
rivets will exist. Reference should be made 
to the requirements of the applicable procuring 
or certifying agency relative to the use of blind 
rivets, such as the limitations of usage on 
drawing MS33522. 

Table 3.6113 (a). Ultimate and Yield Strengths for 
Protruding Head (MS20600 and MS20602) Alumi­
num-Alloy Blind Rivets (Pounds) a b 

ULTIMATE STRENGTH 

Rivet type ____ ________ .. _________ Universal 
MS20600 AD 

(A17ST) 

Sheet mawriaL .................. For 24S-T4 clad and higher strength 
aluminum sheet materials. 

Rivet diameter._---------------- ~ 
--- -------1-------------
Sheet thickness: • 

0.020______________ 186 ------ ------ ------
0.025- - - - -- - - - -- - - - 233 286 --- --- - -----
0.032______________ 277 368 445 601 
0.040______________ 321 425 544 750 
0.051______________ 386 506 643 961 
0.064______________ 388 596 753 1, 110 
0.072______________ 388 596 823 1, 200 
0.081_ _____________ ------ ------ 862 1, 305 
0.091_ _____________ ------ ------ 862 1, 415 
0.102 ______________ ------ ------ ------ 1, 548 
0.125 ______________ ------ ------ - ----- 1, 550 

YIELD STRENGTH 

Sheet thickness: • 
0.020______________ 180 ------ ------------
0.025______________ 226 271 ------ ------
0.032_____________ _ 264 356 431 572 
0.040______________ 304 406 523 720 
0.051______________ 362 475 610 925 
0.064______________ 388 560 709 1, 058 
0.072______________ 388 596 771 1, 135 
0.081_ _____________ ------ ------ 862 1, 230 
0.091_ _____________ ---- - - ------ 862 1, 330 
0.102 ______________ ------ ------ ------ 1, 450 
0.125 ______________ ------ ------ ------ 1, 550 

• Protruding bead blind rl vet yteld values are Included for Information 
purposes as they are not critical for piloted Blrcratt design per CAA, 
Air Force, or Navy d<sign yield criteria. 

• Design allowables for alloys In other physical condltlollll, joint con­
tlguratlollll other than that Indicated In paragraph 3.6113, or for section 
thicknesses outside the range for which values are Indicated, shall be 
substanttated by test data and shall be subject to specltlc approval by 
the procuring or certifying agency. 

• Thlrkness of thinnest sheet. 

Table 3.6113 (b). Ultimate and Yield Strengths for 
100° Countersunk Head (MS20601 and MS20603) 
Aluminum Alloy Blind Rivets (Pounds) a b 

ULTIMATE STRENGTH 

Rivet tYP<l--------- --- ------- .. -- 100° Countersunk bead 
MS20601 AD and MS20603 AD 

(A17ST) (17ST) 

Sheet material................... For 24S-T4 clad and higher strength 
aluminum sheet materials. 

Rivet dtameter . _________________ ~ 

---------------------
Sheet thickness: • 

0 .040_------------- 159 
0.05L _ _ _ _ _ _ _ _ _ _ _ _ _ 236 
0.064______________ 327 
0.072______________ 360 
0 .081______________ 388 
0.09L _ _ _ _ _____ __ _ _ 388 
0.102 ______________ ------
0 .125 ______________ ------

258 
369 
439 
511 
561 
596 
596 

YIELD STRENGTH d 

Sheet thickness: • 
0.040 ______________ *110 

0.051______________ 198 
0.064______________ 300 

0. 072- --- - - - --- - - - - 336 
0.081_ ------------- 377 
0.091______________ 388 
0.102 ______________ ------
0.125 ______________ ------

*185 
308 
384 
468 
524 
592 
596 

398 
485 
577 654 
684 795 
768 945 
862 1, 270 

*296 
391 
497 *456 
614 621 
709 793 
862 1, 150 

• Design allowables for sheet thicknesses above or below the range for 
which values are Indicated, shall not be determined by edrapolatlon. 

• Design allowables for alloys In other physical conditions, for joint 
configurations other than that Indicated In paragraph 3.6113, or for 
section tblckne"-Ses outside the range for which values are Indicated, shall 
be substantiated by test data and shall be subject to specific approval by 
the procuring or certifying agency. 

• Sheet thickness of countersunk sbeet. 
• Yield values oft be sheet-rivet combinations marked thus (•) are less 

than 77 percent (1. e., Aotragt yield X 1.15) ol the Indicated ultimate 
1.5 

values, and are thus critical per Navy design yteld criteria. The remain­
Ing countersunk-bead blind rivet values are lnc.luded for Information 
purposes as they are not critical for piloted alrcrnlt design per CAA, A1r 
Force, or Navy design ytcld criteria. 

3.6114 Hollow-end rivets. If hollow-end 
rivets with solid cross sections for a portion of 
the length (AN450) are used, the strength of 
these rivets may be taken equal to the strength 
of solid rivets of the same material, provided 
that the bottom of the cavity is at least 25 per­
cent of the rivet diameter from the plane of 
shear, as measured toward the hollow end, and 
further provided that they are used in locations 
where they will not be subjected to appreciable 
tensile stresses. 

Downloaded from http://www.everyspec.com



126 STRENGTH OF METAL AIRCRAFT ELEMENTS 

3.6115 High-shear rivets. Allowable loads 
for high-shear steel rivets are given in section 
2.6114. These rivets may be used in aluminum 
alloy materials. 

3.6116 Lockbolts. Lockbolts and lockbolt 
stumps shall be installed in conformance with 
the lockbolt manufactmer's recommended prac­
tices, and shall be inspected in accordance with 
procedures recommended by the manufactmer 
or by an equivalent method. The ultimate 
allowable shear and tensile strengths for pro­
truJing and flush head Huck lpckbolts and lock­
bolt stumps are contained in table 3.6116. 
These strength values were established from 
test data and are minimum values guaranteed 
by the manufactmer. Yield shear and tensile 
strengths and ultimate and yield bearing 
strengths will be added when available. 

3.6117 Flushscrews. Tables3.6117 (a)and(b) 
contain ultimate and yield allowable strength 
values for 100° flush-head screws with recessed 
heads installed in machine countersunk clad 
24ST and 75ST sheet. These strength values 
are applicable when the edge distance is equal 
to or greater than two times the nominal screw 
diameter. Other strength values and edge 

distances may be used if substantiated by tests. 
These strength values may be used for 

design of dimpled joints. Higher values may 
be used for dimpled joints if based on test 
results subjected to approval by the procuring 
or certificating agency. 

Table 3.6116. Ultimate Single Shear and Tensile Strengths 
of Protruding and Flush Head Huck Lockbolts • and 
Lockbolt Stumps (Pounds) 

J.ockbolt pin materiaL .•• Heat treated 758-T6 alloy steel 

Lock bolt collar materiaL. 24S-T4 fil8-T6 

~ ) 

Single 
shear Tension Single 

shear I Tension 

------

~~6 b --------------- 2,620 2, 210 1, 330 1, 375 
~~ b ------------ --- - 4, 650 4,080 2,280 2, 535 
~~ 6---------------- 7, 300 6, 500 3, 620 4,025 
%----------------- 10, 500 10, 100 5, 210 I 6, 275 

• Lock bolt• are pull gun driven,lockbolt stomps aro hammer or squeeze 
driven. 

• Heat treated alloy steel Huck pull type lock bolts are available only In 
'h· and ~-Inch diameters. Heat treAted alloy steel Huck look bolt stomps 
are available In Jio-, ~-. 91•·, and ~!ncb diameters. 

Table 3.6117(a). Ultimate Strength of 100° Machine Countersunk Screw Joints (Pounds)• b 

Type fastener . - ----- -- AN 500 steel screw wltb AN 365 steel nut • • 
- --

Sheet material. ___ __ _ --- Clad 24S-T3 

Rivet diameter----. -- -- ~i 8 H ~· % 

Sheet thickness: c 

0.032 __ - - - --- 493 -------- -- - -- - -- - - - - - - --
0.040 __ ___ ___ 657 761 - --- - - -- - - -- - -- -
0.051.-- - ---- 903 1, 074 1,224 --- · ----
0.064 ___ ___ __ *1, 211 1, 439 1, 690 1, 887 
0.072 __ _____ _ *1, 392 *1, 693 1, 955 2,235 
0.081..- - ---- *1, 567 *1,965 *2,288 2, 600 
0.091. . ___ ___ *1, 726 *2,263 *2, 679 3, 022 
0.102 ____ _ - -- *1, 877 *2,576 *3, 105 *3,519 
0.125 _____ ___ *2, 126 *3,054 *3,922 *4, 579 
0.156 ___ __ __ _ 2, 126 *3, 536 *4,772 *5,878 
0. 188.-- - - - - - -- - -- - - - 3, 680 *5, 405 *6, 872 
0.250 ___ _ -- - - - - -- -- - - -- -- - - -- *5, 750 *8, 280 
0.312 ________ -- -- - --- ----- - -- ------- - *8, 280 
0.375 ___ _____ ---- - --- -- --- - -- - - -- -- - -- --- - --- -

• This table refers to recessed bead serews only. Design allowable! for 
sheet thicknesses above or below the range for whlcb values are Indicated, 
shall not be determined by &Xtropolatlon. 

• Design allowables for alloys In other physical conditions, for joint 
oonO(Ilmtlons other than that Indicated In par. 3.6113, or Cor section 
thicknesses outside the rang~ for which values are Indicated, shall be 
substantiated by test data and sball be subject to specific approval by 
the procuring or oertUylng ag~.ncy. 

Clad 768-T6 

~ ')io H ~· % I ~ 
--- - - ----~----

--- - ---- 569 -------- --- - - - -- -- -- - -·- -- ------
- --- - --- 791 905 -- -- - -- - --- - -- - - - - -- -- --
- --- - --- *1,080 1, 277 1, 454 --- - --- - --------
- - --- -- - *1, 365 1, 748 1, 995 2, 211 -- - -- .. --
- - ------ *1,501 *2, 006 *2,386 2,608 -- - --- --
---- - --- *1,632 *2,252 *2, 777 *3, 105 --------

3, 690 *1, 762 *2, 488 *3, 162 *3,693 4,263 
4, 292 *1, 892 *2, 723 *3,536 *4, 222 5, 100 
5, 586 2, 126 *3, 109 *4, 180 *5, 216 6,791 
7, 482 2, 126 *3, 551 *4, 858 *6, 193 8, 673 

*9, 408 -------- 3, 680 *5, 433 *6,996 10, 202 
*12, 201 - --- -- - - ----- --- 5, 750 *8, 280 *12, 421 
*14, 141 ------- - -- - ----- -------- 8, 280 14, 185 

14, 700 --- -- --- -- -- -- -- - - -- -- -- ------ - - 14, 700 

• Sbeet thl~kness of countersunk sheet. 
• Yl~ld values or tbe sheet screw combinations marked tbns (")are less 

than ~of the indicated nltlmate valu~s. 
• Tbc values in this table are based on "good" manufacturing practice, 

and any deviation from this wUI produoe slgnlllcantly reduced values. 
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Table 5.6117 (b). Yield Strength of 100° Machine Countersunk Screw Joints (Pounds) 0 b 

Type fastener._-----··-- AN 609 steel screw with AN 305 steel nut 

Sheet materiaL ... • . . .. Clad 24&-T3 

Rivet diameter--------- 71• ~ ~. % 
-------- - - ---

Sheet thickness: • 
0.032 ____ ---- 436 ------ - - ----- - -- --- - ----
0.040 ____ __ __ 508 732 --- -- - -- - --- ----
0.051__ __ - --- 617 854 1, 035 --------
0.064_------- 744 1,012 1,248 I, 531 
0.072 ___ _ - - -- 818 1, 122 1, 380 1, 697 
0.081__ __ ___ _ 903 1,232 1,512 1, 871 
0.091__ __ ____ 989 I, 354 I, 633 2, 070 
0.102 ________ 1, 084 1, 490 I, 765 2, 244 
0.125 ____ ____ 1, 296 1, 748 2, 001 2,559 
0.156 ___ _____ 1, 615 2, 116 2, 334 2,939 
0.188 ____ ---- -- - ----- 2, 484 2, 702 3,361 
0.250_------- - - ------ - - ----- - 3, 404 4, 197 
0.312 ___ _ --- - -- --- --- --- ---- - -- ---- - - 5,092 
0.375 __ _ - -- -- --- - --- - -- - -- - -- - --- ---- -- ------

• Thl9 table refers to recessed head screws only. 
• Design allowables for sheet thickness above or below the range of 

values tabulated shall not be determined by extrapolation. 

The allowable ultimate loads were established 
from test data using the average failing load 
divided by a factor of 1.15. The yield loads 
were established from test data, wherein the 
yield load was defined as the average test load 
at which the following permanent set across 
the joint is developed. 

(a) 0.012 inch up to and including X-inch­
diameter screws. 

(b) 4.0 percent of the screw diameter for 
screw sizes larger than X-inch diameter. 

The test specimens used were made up of 
two equal gage sheets lap jointed and machine 
countersunk with washers to build up thickness 
to minimum grip. All joints had 2D nominal 
edge distance in the direction of the load and 
were either of the three screws across, or the 
two screws in tandem, type. For the latter 
type the flush heads were placed on opposite 
sides of the joint to assure 2D edge distances. 

Test data from which the yield and ultimate 
strengths listed were derived are to be found 
in reference 3.6117. 

3.612 Welded joints 
3.6121 Fusion welds. Since fusion welding 

is not generally used in the joining of major 
structural parts made of aluminum alloy, no 
values for allowable stresses for such joints will 

Clad 758-T6 

~ 71• ~ ~. % ~ 

-- - ----- 559 ----- -- - -------- -------- --------
- -- ---- - 616 931 -- - ----- ---- - --- - -- - ----
---- -- -- 710 1,041 1, 156 ------ --------
-------- 819 1, 181 I, 374 1, 722 --- - ----
-- - ----- 884 I, 269 1,495 1,887 -- -- ----
---- --- - 965 1, 369 I, 610 2, 045 ---- ----

3, 395 1, 063 1, 479 1,731 2, 219 3,925 
3, 719 1, 179 1, 600 1, 857 2,401 4, 292 
4,336 1, 462 1,895 2, 098 2,699 5, 145 
5, 189 I, 913 2, 363 2,501 3,088 6,085 
6,012 -------- 2,926 3,018 3,601 6,835 
7, 306 ----- -- - --- - --- - 4, 312 4,868 8,041 
8,452 - - - - - - -- ---- -- -- -------- 6,624 9,437 
9,996 -------- ---- - --- - - ------ -------- 11, 686 

• Sheet thickness Is that of both sheots. 

Table 3.61SS (a) . Spotweld Maximum Design Shear 
Strength Standards for Bare and Clad Aluminum 
Alloys a 

Material Mate rill! Material Material 
ultimate ultimate ultimate ultimate 

Nominal thickness of tenslle tensUe tenslle tensUe 
thinner sheet strength stre~h str~b strength 

above 28 k to lll · to 19.5koland 
56/ul• 56 "-'1. 27.Usl• below • 

Inch Pou'II<U Pound8 Pou'II<U Pound• 
0.012 ___ _______ 60 52 24 16 
0.016 __ __ - - --- - 86 78 56 40 
0.020_- - ----- - - 112 106 80 62 
0. 025- - - - - - - - - - 148 140 116 88 
0.032_-- -- - - --- 208 188 168 132 
0.040 __ _ ---- -- - 276 248 240 180 
0.051_ ___ __ __ __ 384 354 329 240 
0.064 __ -- - - - --- 552 500 451 320 
0.072 ____ -- - -- - 678 589 524 364 
0.08L . ________ 842 691 620 424 
0.091_ __ - -- - .. -- I, 020 810 703 484 
0.102.- - -- - --- - I, 230 960 760 548 
0.114.- -- - -- --- 1,465 1, 085 803 591 
0. I 25 _____ _ .. . _ I, 698 1, 300 840 629 
0.156 ___ _____ __ 2, 400 -------- -- -- --~- - -- -- - - -

• 8potweld!ng of aluminum alloy combinations conforming to QQ-A-
277, QQ-A-355, and QQ- A-256 may be accompllshed providing speclfto 
approval Is obtalned from the procuring or certltlcat!ng agency. 

• Heat-treated and aged 148, heat-treated 178 and 248, heat-treated and 
rolled 248, beat treated and aged 758 and R-301, R-303. 

'528-H34, 52&-H38, heat-treated and aged 538 and 618. 
• 2S-H18, 38-Hl4, 61S annealed, 61&-T4, 528 annealed . 
• 28 annealed, 2S-Hl4, 38 annealed. 
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Table 3.6122 (b). Minimum Edge Distances far 
Spot weld Joints • b 

Thickness thinner Edge dis- Thickness thinner Edge dis-
shoot tance E shoot tanoo E 

----
Inch Inch Inch Inch 

0.016 __________ %a 0. 060- - - - - - - - - 13fa2 
0.020_-- --- --- - %e 0.070 _________ % 
0. 025- - - - - - - -- - %2 0. 080- - - - -- - - - ~~-b 

0.030_ -- - ---- -- X 0.090.-- --- - -- Yte 
0. 035- -- - - - - - - - X 0.100 __ ------- Yta 
0.040 .. ~- ------ %2 0.120 ____ __ ___ ~ 
0.045 ____ __ ____ %a 0.125 _________ %a 
0. 050_-- - - -- - -- %a 0.157 _________ % 

• Intormed!ate eages wlll conform to the requirement ror the next thLmer 
gage shown. 

• For edge distances Jess tb~n tboso specltled above, appropriate reduc­
tions In the spotweld allowable loads shall be made. These reductions 
shall be subject t.o approval by tl:e procuring or ccrtl1lcatlng agency. 

be given. Fusion welding, however, is used on 
certain parts; e. g., fuel and oil tanks. The 
design of these parts is substantiated in part by 
special tests specified or deemed suitable by the 
procuring or certificating agency. 

3.6122 Spot welding. The permissibility of 
the use of spot welding on structural parts is 
governed by the requirements of the procuring 
or certificating agency. Design shear strength 
allowables for spotwelds in various aluminum 
alloys are given in table 3.6122 (a). Table 
3.6122 (b) gives the minimum allowable edge 
distance for the spotwelds in aluminum alloys; 
these values may be reduced for nonstructural 
applications, or for applications not depended 
upon to develop the full tabulated weld strength. 
Combinations of alloys suitable for spot welding 
are given in table 3.6122 (c). The thickness 
ratio of the thickest sheet to the thinnest outer 
sheet in the combination should not exceed 3.1. 

Table 3.6122 (c). Acceptable Aluminum and Aluminum Alloy Combinations • far Spotwelding 
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... ., 0 .... 
c--1 c--1 - ., ., r;; s fii s ., ., s e.-;, o! 

e e e ~ ~ e e e ~ ~ ~ ~ 
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Cl - - c--1 "' "' •r:> <D - <D 00 r:- "' <D .,., '""<D 
Sl e.-;, e.-;, e.-;, e.-;, e.-;, e.-;, e.-;, 1' "' c--1 

~ 
e.-;, .., N <Dc--~ 

11 .l: ..l: I I I I I I I ..l: I I N l 
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5 d I d d d d I d d d d d d d 1o, 
~ 0' 0' gO' Material tO 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' 

- - - - - - - - - - - - - 1----
QQ-A- 315----- -- ---- - --- - (528) ___ ___ _____ ____ ____ __ ______ ____ _ ___ ________ _ _________ ___ _____ _ _ 
QQ-A-318. ------ - -------- (528) _________ ___ ___________ ______ __ ___ ___________ __ __ ___ ___ ___ ___ _ 
QQ-A- 327 ________ ________ (618) ____ ______ ____ ____ __ ___ ________ __ ___ ___ _ ________ ____ - -·· ____ __ _ 
QQ-A-354 ________________ (Bare 248) b __ ____ _________ ____ (*) (*) ___ ___ _________ (*) (*) ___ (*) (*) 
QQ-A-355. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (Bare 248) b __ _____ ________ ____ ( *) ( *) ____ __ __ _ ______ ( *) ( *) ___ ( *) ( *) 
QQ-A-359 . . -- - - -- - ------ - (38) ___ ___ __ ______ ____ ___ ______ ____________ ___ ____ __ ______ ___ ___ ___ _ 
QQ-A-362 ________________ (Clad 248) __ ____ ____ __ ___________ __ __ __________ ____ _ ____ ___ ____ __ __ _ 
QQ-A-411_ __ _______ __ ____ (28) ____ __ ___ __ __ __ __ __________________ __ __ __ ___ ___ ____ __ ___ ______ _ 

QQ-A-561 ---- ------------ (28)---- - -- -- ---- _____________________ __ _____________ _ ____ __ ____ __ _ 
QQ-A- 287 ____ ___ _________ (Clad 758) • -- - --- _________ ___ ____ __ ___ _ ____ __ _______ __ ____ _____ ___ _ 
QQ-A-277 ______ __ ___ ___ __ (Bare 758) b _ _____ __ __ _ __ _ _ __ __ (*) (*) _______ __ ____ __ (*) (*) __ _ (*) (*) 
QQ-A-355 ________ ________ (Bare 248) b _ __ _ _ _ ___ _ ___ ____ _ _ (*) (*) __ _ __ _ __ _ __ ____ (*) (*) __ _ (*) (*) 
QQ-A-362a __ ______ ___ ____ (Clad 248) ______ ___ ___ ___ ___ ___ ___ __ _ ____ __ ____ __ _________ __ ___ ___ _ _ 
QQ-A-255 ___ _____________ (R301, Clad 148) __________ _____ (*) (*) __ __ ___________ (*) (*) ______ 

1 

(*) 
QQ-A- 261 and QQ-A-266 __ (Bare 148) b ______ ____ _ ______ _ _ (*) (*) ____ ___ __ __ _ ___ (*) (*) __ _ (*) (*) 

• Aluminumallou•. The vnrlousalumlnum anrl aluminum alloy mate­
rials referred to In tbls table may be spotwelded In any com blnstlons 
exoept the com blnstlons Indicated by the asterisk (') In the table. The 
com blnatlons, Indicated by tbe asterisk (') , may be spot welded only wltb 
tbe specl1lc approval of tbe procuring or certltlcatlng QiCncy. 

• The above table applies to construction or land· and carrl.er-based air-

craft only. The welding of bare, blgb-strengtb alloys In construction or 
seaplanes and amphibians Is problblted unless specl1lcally autborl.z.ed by 
the procuring or certltlcatlng agency. 

• Clnd beat-treated and aged 758 material In thicknesses leS!' than 0.020 
Inch sbRIJ not be welded without speclllcapprovRJ of tbe procuring or cer­
tl1lcatln~ agency. 
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Al UMfNOM Al.LOYS 129 
3.61221 Reduction in ten8ile strengt};. of 

parent meltll due ro spot welding. In applica­
tions of spot welding where ribs, intercostals, 
or doublers are a ttached to sheet, either at 
splices or at other points on the sheet panels, 
tho allowable ultimate tensile strength of spot­
welded sheet shall be determined by multiplying 
the 11A" value for ultimate tensile sheet strength 
obtained from tables 3. lll (a) through (o) by 
the appropriate efficiency factor shown on 
figure 3.61221. The minimum values of the 
basic sheet efficiency in tension should not be 
considered applicable to cases of seam welds. 
Allowable ultimate tensile strengths for spot­
welded sheet gages of less than 0.020 inch shall 
be established on tho basis of tests acceptable 
to the procuring or cer tificating agency. 

3.6123 Aluminum brazing. No values for 
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allowable stresses in shear are given for joints 
made "; tb this process. Allowablcs used in the 
design of parts maJe by this process are subject 
to substantiation by ~>pecial tests in accordance 
with the requirements of the procuring or cer­
tificating agency. 

3.613 Adhesivt bondedjoinf8. Joints may in 
some instances be made to advantage by the use 
of an adhesive su.ita ble for lhe structural bond­
ing of metals. This subject is discussed in 
reference 2.613. 

3.62 PA.RTS 

3.621 Bursting strength of tubu. The burst­
ing strength of aluminum-alloy tubing may be 
calculated for room-temperature conditions 
from the formula. found in specification MIL-T-
7081. 

--
f" 

... 

II 
50 

n .5 I 1.5 2 2 .5 3 
~POT SPACING (CENTER TO CENTER) IN INCHES 

Figure 9.81 SS I. Efficiency of the -pnrent metal in unaion for 'POl welded aluminum allou1. 
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CHAPTER 4 

MAGNESIUM ALLOYS 

4.1 General Properties 
4.11 NORMAL (ROOM) TEMPERATURE PROP­

ERTIES 

4.111 Design mechanical properties. The 
design mechanical properties at normal (room) 
temperature for variou!" magnesium alloys are 
listed in tables 4.111 \a) through (d) . The 
values in tables 4.111 (a) through (d) have been 
derived from test data and are the minimum 
values expected but are not necessarily covered 
by procurement specifications. 

The effects of notches, holes, and stress 
raisers on the static properties of magnesium 

130 

alloys (see sec. 1.526) are given in references 
4.111 (a) through (c). 

In the definition of bearing values, Dis equal 
to the hole diameter and e is equal to the edge 
distance measured from the hole center to the 
edge of the material in the direction of applied 
stress. Values of ejD=2.0 shall be used for 
larger values of edge distance; values of ejD 
less than 1.5 shall be substantiated by adequate 
tests subject to the approval of the procuring 
or certificating agency. For values of edge 
distance between ejD=2.0 and efD=1.5, linear 
interpolation may be employed. 

Downloaded from http://www.everyspec.com



Table 4.111 (a). Design Mechanical Properties of Magnesium Alloy Sheet, Bars, Rods and Shapes (Kips per Square Inch) • 

Type.-------. ---------------- --------- Sheet Bars, rods, and solid shapes 

Alloy (ASTM designation) _____________ AZ3IA MIA MIA I AZ31B 

Speclftcatlon. ---- -- .•• __ •. ___ • --- --- •.. QQ-M-44 QQ-M-54 QQ-M-31 

Condition ___ • ______ •. ____ __ .•• ____ --••. Annealed I Hard rolled Annealed I Hard rolled As extruded 

Thickness _____ __ --- . . . __ .·--- .---- - -- .- 0.02(H).250 0.249 or less 0.250 to 1.499 I .500 to 2.499 0.249 or less 0.250 to 1.499,1.500 to 2.499 

I 
F~-- - ------- - ------------- 32 39 28 32 30 32 32 33 32 32 

F~---------- -------- ------ 15 29 12 22 17 17 17 20 20 20 

F~- --------- - -- - ---- --- --- 12 24 11 17 8 8 8 12 12 10 

F,u------- -------- --------- 17 18 17 18 14 14 14 18 18 18 
Fbru (e/D=1.5) __ ____ ________ 50 58 45 48 36 36 36 36 36 36 
Fbru (e/D=2.0) ________ ______ 60 68 50 51 45 45 45 45 45 

I 

45 
Fbrv (e/D=1.5) ___________ ___ 29 43 23 33 23 23 23 23 23 23 
Fbrv (e/D=2.0) ____ __ ___ _____ 29 43 23 35 23 23 23 23 23 23 
e _______________________ _ ___ 12 4 12 3 2 3 2 7 7 7 
w _______________ ________ ___ 0.0645 0.0635 0.0635 0.0645 
E, E •. ___________ ____ ___ ___ 6,500 6,500 G __________________________ 2,400 2,400 

Commercial designations _____ fAMC518--0 AMC528--H24 AM38--0 AM38--H24 AM38--F AMC528--F 
l FS1-0 FS1-H24 M-Q M-H24 M-F FSl-F 

• Properties for sheet, bars, rod•, o.nd shapes are taken parallel to the dlrectlon of rolling. drawing, or extrusion or maximum metal flow during fabrication. 
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Table 4.111 (b). Design Mechanical Properties of Magnesium Alloy Ban, Rods and Shapes (Kips per Square Inch) • 

Type_--------- .• ----------- -- -------- . . ------- - -· ----

Alloy (ASTM deslgnatlonl------- -- ---- - ------- ------- AZ6!A 

Spec!flcaUon.. .. -- ---·. ____ .... · ----- ..... ____ . . .•••... 

Condition. --- --- -.. . __ ___ __ .. . .• _____ _ •.. ____ _ . . . ••.. 

Thickness __ -- ---- . ___ .. __ . ___ · --- ..... __ _______ .•... . 0.249 or 0.250 to 
2.499 

Ftu---------------------------------­
F ••---- - - - -- ---- -- -- -------- -- - - - - - - -
F~------------------------ - -- - -----­
F,u-------------------- -------- --- ---
Fbr• (e/ D= 1.5)-- __ __ _____ ___ _____ ___ _ 
Fb,.. (e/D=2.0) ____________ - - ---------
Fb,., (e/ D= 1.5) __________________ ____ _ 
Fb, (e/D= 2.0) _________________ _____ _ 
e ____________ _________ __ ____ _______ _ 
w ________ ______________ _____ __ ______ _ 
E, E, ___ ___ ___ ___ _____ ___ _____ __ ___ _ _ 
G _____ _______________ ______ _____ ___ _ 

Commercial designations ___ _______ ___ __ { 

less 

38 39 
20 24 
14 14 
19 19 
45 45 
55 55 
28 28 
32 32 

8 9 
0.0649 
6,500 
2,400 

AMC57S- F 
J1-F 

Ban, rods, and solid sbapes Hollow shapes 

As extruded 

0.249 or 
less 

43 
28 

0.250 to 
1.499 

43 
28 

------ - - 17 
19 
48 
56 
36 
40 

9 

19 
48 
56 
36 
40 

8 

AMC588-F 
01-F 

AZSOA MIA 

QQ-M-31 

Extruded and aged 

1.500 to 
2.499 

43 
28 

0.249 or 
less 

47 
30 

17 -- - - -- --
19 20 

0.250 to 
1.499 

47 
32 
28 
20 

l.!iOO to 
2.499 

47 28 
32 -- - -------
27 
20 

AZ31B 

As extruded 

0.05D-0.2.'i0 

32 
16 
10 

AZ61A 

48 - - - - - -- - - - - -- - - - - -- - -- - - - - - - - - - - - - - - - - - - -- -- - - - - -- - - - - -- - -
56 - -- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - -- - - - - - - - - - - - -- - - - - - - - --
36 ----- - - - ---- - --- ---- - --- ---------- ----- ------- ------------
40 ---- -- -- ---- - --- ---- - --- ---- - ----- - ------- - --- ----- - ------ t'1 

6 4 3 2 2 8 7~ 
0.0653 0. 0635 0. 0645 0. 0649 a:: 
6,500 

'·r AMC58S-T51 
01-T5 l\1-F FS1-F J1-F 

Al\138-F I AMC52S-F I AMC578-F 

t'1 
2! 
1-,l 
iT1 

• Properties lor bars, rods, and sb:lpes are taken parallel to the direction or rolling, drawing, or e:rtru.slon or maximum metal flow during fabrication. 
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Table 4.111 (c). Design Mechanical Properties of Magnesium Alloy Tubes, Die Castings, Sand Castings, and Forgings (Kips per Square Inch) a 

Type.·------ ------- -------- --- -- Round tubing Die 
castings Sand castings • Forgings 

AZSOA Alloy (ASTM deslgnatlon) _____ MlA I AZ31B I AZB1A AZ91A ---A-;~~-- I MIA I AZ91C AZ92A AZ61A I 
------------~--~-------------------L-------------1----L 

Specification ..••. _________ ---- _- WW-T-825 

Condition.. . . --------- ---- ------ As extruded 

QQ­
M-38 

Heat 

As cast As cast tr~:f~ tr:~d As cast 
aged 

QQ-M-56 

As cast Beat 
treated 

Heat 
treated 

and aged 
As 

forged 

QQ-M-40 

For~ed 
and 
aged 

As 
forged 

As 
forged 

1--------1--- ---- ------------------ -------------- -------------- --------
Thickness .-------------------- · O.OSQ-0.250 
- - - - - - --- - 1--- - --- - 1-- - ---------- --- ----1-- --1--- -1·- - ·- ----------- - --- - ------- - - -

Ft•---- -- ------ ---------------- 28 32 36 30 24 34 34 12 18 32 34 20 34 34 
F••----·- --- -- - ----------- - --· -· 16 16 16 20 10 10 16 4 10 10 16 10 10 18 
F,, .. _____ __ _______________ ___ ___ --- --- -- 10 11 20 10 10 16 4 10 10 16 10 10 18 
F,. __________ _____ ___ __ ___ ___ __ _ --- -- -- - ----- --- ------ -- 18 16 17 19 10 -- ---- ------ 17 19 16 17 20 
F.,. (e/D-1.5) __________ _______ -· ------ --- -- · -· -- -----· -------- 36 36 50 14 ----------- - 36 50 32 48 52 
Fo.. (t/D=2.0) ................. -------- -------- ........ - ---- --- 50 50 65 19 - ----------- 50 65 42 58 70 
Fo., (e!D-1.5) ---- - - ---------- -------- .. ...... -- ------ ------ -- 28 32 36 ------------ 32 36 30 32 45 
Fo., (e!D-2.0) ... __ .. __ ___ _____ ---- --- · ------- - -------- --- --- -- 30 36 45 10 -· ---------- 36 45 40 40 55 

'-------------------------------- 2 8 7 2 4 7 3 ------------ 7 3 6 
10------------------------------- 0.0635 0.0645 0.0649 0.0663 0.0664 0. 0635 0.0653 0. 0657 

AM I AM I AM 
AM AMAI AMAI AMA AM I AM I AM 265--F 265-T4 265-T6 403-F 263-F 263-T 4 2G3-T6 260-F 2GQ-T4 26Q-T6 

H-F H-T4 H-T6 M-F AZ91C-F AZ91C- T4 AZ91C-T6 0-F O-T4 O-T6 
CommercialdesigaaflontL. . ... . { 3~~ ~~; ~~; ~~ 

M-F FSl- F Jl-F R-F 
E, E•---- --------------------- - 6, 500 6, 500 6,500 
a_____________ __ _____ ______ _____ 2, 400 2, 400 2,400 

• Properties lor tubing, castings a.nd forgings are taken parallel to the direction of rolllng, drawing, or extrusion or maximum metal flow during fabrication. 

38 42 42 
22 26 28 
14 18 25 
19 20 20 
50 50 
60 70 
28 42 
32 - ------ --------
6 5 2 

0.0649 0.0353 
AMC AMCIAMC 
57&-F 58&-F 588- T5 
J1-F 01-F Ol-T5 

6,500 
2,400 

30 
18 

14 
45 
50 
23 
23 
3 

0.0635 
AM 
3:;-F 
M-F 

16 
15 

0. 0674 
AM 

658-F 
D- F 

• The sand casting properties are mlnlmum values obtained from cast test bars. Reference should be made to the specific requirements of tho procuring or certificating agency with regard to the uso of the 
nbove values in the design of castings. 
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Table 4.111 (d). Design Mechanical Properties of Magnesium Alloy ZK60A Extrusions (Kips per Square Inch) 

Spec!.flcatlon and alloy designation ..... ·---- ··------ ·--· -- - QQ-M-3l (ZK60A) 

Typa .. -- --·- ---- - ----- · -----. -···-·. -- ··--. --- .. ----.- ---- Rods, bars, and solid shapes Tubes and hollow shapes 

Condition ..... --·----- -- --------·---·. _______ __ __________ _ 
As extruded \Extruded a.nd aged ~extruded _E_xtru_d_ed_a.n_d_ag_ed-i--A-s e_x_tru-doo _ _ lc_E_xtru_d_ed_a.nd __ ag_ed_

1 
__ A_s _ex_tm_doo __ 

1
_Extru _ _ ded_an_d ag-~ ~ 

Least croos·sectional dimension, lnches .... - ----· -·-·------- Less than 2.0 2.0 to 2.99 3.0 to 4.99 Z 

~ 
Ill 

F,~- -- -- ------- - -- - ------- ---- - --- L__ __ 43 45 43 45 43 45 40 60 
T ____ ------------------------ ------------------------------------------------ - -------- --- ------------ ~ 
ST __ - - - --- --- -- - --- -- --- - -- - - - -- - -- ---- - ------------ --- - ---- - --- ---- - --- - - -- - -- -- -- - -- -- -- - - ---- -- -- a:: F,. _____ ___ __ ____________ ___ ______ L____ 31 36 31 36 31 36 28 38 toj 

T ____ ------------------------------------------------------------------------------------------------ ~ 
ST __ ------------------------ - - -- ------------ - ------------------- -------- - - ----- -- ---- ----- - - - -------

F<~~--- - ---- ----- ------- ---- -- ----- L____ 27 30 26 28 25 25 20 26 iii 
T ____ ------------ ------------ ------------ ------------ - ----- ---- -- ------------ - - ---- - -- --- - - ---------- o 
ST __ ----------------------------- ------------- -- ---- ------------------------------------------------ ~ 

F ,,. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 22 22 22 22 22 22 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ 

Fb"' (e/D=l.5) ___________________________ ------------ -----------·- ------------ - -- - -- - ----- ________________________ ------------ ------------
Fb .... (e/D=2.0)_________________________ __ 70 71 70 71 70 71 ---- - -------------- -- --- ~ 
Fb., (e/D=l.5) ________________________ ___ _____ _______ ------------ - --- - --------------------------- - --------- - ----- ---- ----- - -- -------- --- - l"j 

Fb., (e/D=2.0)__________ ____ __ _______ ____ 45 47 45 47 45 47 - - -- - -- - -------- ---- - - - - a:: 
e -------------------------------------- 5 4 5 4 5 4 5 4 ~ E ____ ____ __ ____ __ ______________ ____ ___ _ 

E•--·------------------- -- --------------0 __ ______ _____ ___ _____________________ _ 
w ______________ ____ __ __ _____ __ _________ _ 

Commercia.! designations ____ __ ____ ____ ___ _ ZK60A-F I ZK60A-T5 I ZK60A-F I 

6,500 
6,500 
2,400 
.0661 

ZK60A-T5 I ZK60A-F I ZK60A-T51 ZK60A-F I ZK60A-T5 

'"'3 
17l 
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MAGNESIUM ALLOYS 135 

4.112 Fatigue properties . Rotating beam, 
repeated flexure, and direct tension and com­
pression strength data, for several magnesium 
alloy materials are given in tables 4.112 (a) 
through (c). In using these data it should be 
remembered that they have been obtained from 
specimens in which stress concentrations are 
purposely minimized, and that suitable allow­
ance should be made for reentrant corners, 
notches, holes, joints, and all other conditions 
which may produce localized high stresses. 
These localized high stresses, which have almost 
no effect on the static strength of the members, 
are of great importance in studying the effect 
of repeated stresses. 

The values given in table 4.112 (a) were de­
termined by testing 0.3-inch diameter machined 
and polished specimens (die cast were cast to 
shape) in R. R. Moore rotating beam fatigue 
machines and represent extreme fiber stresses 
which such specimens will withstand. 

The values given in table 4.112 (b) were de-

termined by testing 0.25-inch thick cast. and 
forged specimens and 0.064-inch thick sheet 
specimens in Krouse plate bending fatigue ma­
chines and represent the completely reversed 
stresses that such specimens will withstand. 
Sand-cast specimens were machined; all other 
specimens received no special surface treatment. 
The values given in table 4.112 (c) were deter­
mined by testing 0.064-inch by l-inch sheet 
specimens and 0.3-inch diameter machined and 
polished specimens in Krouse direct tension­
compression fatigue machines, and represent 
uniformly distributed stresses which such speci­
mens will withstand under repeated axial loads. 
The data presented in this table show a mean 
stress with a superimposed alternating stress, 
instead of maximum and minimum values. It 
also indicates the magnitude of the alternating 
stress that is expected to cause failure in con­
junction with various mean stresses for various 
numbers of cycles. 

Table 1,.11 :e (a) . Rotating-Beam Fatigue S trength 

AUoy and temper 

Sand cast: 
C-AC, AM260C ____ ___ __ ____ _____ __________ ___ ____ ____ _ 
C-HT ______ ___ ________ __ ______ ___ ___ ________________ _ _ 
C-IITS ____ __ ____ _____ __ ______ ___ ______ ___ ____ _______ _ _ 
C-HTA _________ ___ __________ ___ ____ __ ____ ___ ___ __ __ __ _ 
H- AC, AM265C __ ___ ____ ___ ___ ___ ______ ___ ____ ____ __ __ _ 
H-A CS ___ ______ ____ __ ____ ___ _______ ____ _____ __ ___ ___ _ _ 

H- HT __ __ ____ _ -- - _-- _ -- - - - - - - - - - - - --- - - - -- - -- - - -- - --- -
H-HTS ___ ______ ___ ______ ____ ___ ___ __ ___________ ___ ___ _ 
H- HT A ____________ _____ ___ __ ___________ ___ ___ ___ _____ _ 

Die cast: R, A M263C ______ __ _____ ______ _____ ___ __ ______ __ _ _ 

Extruded: 
M, AM3S __________ _____ - - - - - - - - - - - - -- - - - - --- - -- - -- - -- -
F8-1 ___ - - __ - - _-- - - --- -- - - - - - - - -- - -- - -- - - - - - -- - ---- - - - -
J-1, AMC57S __ ___ __ _____ ___ __ ________ _________ ____ __ __ _ 
0-1, AM C58S ________ _____ _______ __ ___ ___ ________ __ ___ _ 
0-1HTA and AMC58ST5L ___ ___ __ ___ _______ ____ _______ _ 

Forged: 
J - 1-- - -- - - - - - -- - -- - - - - - - - - - - - -- - -- - - - - - - -- - -- -- - -- - -- - -Q-1 _____ ____ _____ __ __________ ___ ___ _________ _____ ____ _ 
0-1A _____ ____ ______ _____ ______ _____ __ ___ ___ __ ___ _____ _ 
0-1 HT A __ ___ ____ ___ ___ ____ _____ _______ __________ __ ___ _ 

Fatigue strength (reversed stress), ka1, at indicated number 
or cycles 

100,000 
cycles 

18. 5 
20. 0 
20. 5 
19. 5 
18. 0 
23. 0 
21. 5 
21. 0 
18. 0 
17. 5 

15. 5 
27.0 
24. 5 
27. 0 
27. 0 

27. 5 
28. 0 
25. 0 
26. 0 

1,000/lOO 
cyCles 

16. 5 
18. 0 
17. 5 
17. 5 
14. 0 
19.0 
19.0 
18. 5 
17.0 
16.0 

13.0 
24.0 
22. 5 
24. 5 
24. 5 

24. 5 
25.0 
22. 5 
21. 0 

10,000,000 
cycles 

14. 5 
16. 5 
15. 0 
16.0 
10. 5 
15.0 
16. 5 
16. 0 
16. 0 
15. 0 

10. 5 
21.0 
20. 5 
22. 5 
22. 5 

21. 5 
22. 0 
20. 0 
16. 0 

100,000,001! 
cycles 

13. 0 
16. 0 
13.0 
15. 0 
10. 5 
12.0 
16. 5 
15. 0 
15. 0 
15.0 

10. 5 
19. 0 
20.0 
20. 5 
20. 5 

19. 5 
19. 5 
18. 0 
16.0 
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136 STRENGTH OF METAL AIRCRAFT ELEMENTS 

Table 4.1113 (b). Repeated-Flexure Fatigue Strength 

Mean stress 
Fatigue strength (reversed stress), lw, at tndlcated number of cylces 

Alloy and temper ksl 
100,000 cycles 1,000,000 cycles 10,000,000 cycles 

Sand """t and -Wnod H-AC, { 
0 ± 13. 0 to ± 19. 5 ±11. 0 to ±16. 0 ± 11. 0 to ± 13. 5 

+5 ± 10. 0 to ± 16. 3 ±8. 0 to ±15. 5 ±8. 5 to ±13. 0 H-HTS, H-HT, H-HTA, C-AC, 
+10 ± 8. 0 to ± 13. 5 ±6. 0 to ±12. 5 ± 6. 0 to ± 11. 0 C-HT, and C-HTA 4 ____________ __ 

+15 ± 6. 0 to ± 11. 0 ±5. 0 to ±8. 5 ±3. 5 to ±6. 5 

Die cast R ______ __ _________________ 0 ±10. 5 ±9. 0 ±8. 0 

Extruded: 

~------------------------- - --- 0 ±14. 0 ±11. 0 ±10. 0 
C>-1A ____ ______ ___________ _____ 0 ±20. 0 ± 15. 0 ±12. 5 
C>-1HTA ______ . _______________ _ 0 ±19. 5 ±16. 0 ±13. 0 
J- 1--- --- - - ---- ------ -- -------- 0 ±17. 5 ±12. 0 ±11. 5 

"••h••t ____________ ___ ____ ________ { 

0 ± 15. 5 ± 12. 0 ± 10. 0 
+5 ±13. 5 ±11. 0 ±8. 5 

+10 ± 11. 0 ±9. 0 ±7. 5 
+15 ±9. 5 ±7. 0 ±6. 5 
+20 ±&0 ±5. 0 ±5. 0 

>1- H24 •hoot- - - _____ _______ ________ ~ 
0 ±18. 5 ±14. 0 ±11. 0 

+5 ±1&0 ±13. 0 ±11. 0 
+10 ±16. 0 ±12. 5 ±11. 0 
+15 ±14. 5 ± 11. 0 ±10. 0 
+20 ±13. 0 ±10. 0 ±9. 0 

( 0 ±15. 5 ±15. 0 ±14. 5 

FB-la, •hoot ___________ ___ ___ _____ __ t +5 ±15. 0 ±13. 5 ±13. 5 
+10 ±14. 5 ±12. 5 ± 12. 5 
+15 ±13. 0 ± 11. 5 ±11. 5 
+20 ±10. 5 ±9. 5 ±8. 5 

( 0 ± 18 ±16 ± 15. 5 

FS!-H24, Moot__ ____ - - __ ____ ___ ____ ( 
+5 ±18 ±15 ± 14. 5 

+10 ±18 ±14 ±14 
+15 ±16 ±13 ±13 
+20 ±15. 5 ± 11. 5 ±11. 5 

Forged: 

~-- - ----------- -- --- --- - ----- - 0 ± 13. 0 ±9. 0 ±6. 0 
()-1HT A ____ ___ ____ ___ ___ ___ ___ 0 ±18. 0 ±14. 5 ± 14. 0 
J - 1------------- -- - -- - - -------- 0 ± 16. 5 ±12. 5 ±12. 0 

• Stress scntterbands for sand cast and machined alloys are applicable to all alloys llsted, but the range of scatter for any particular alloy Is not nec­
essarily as broad as the bands llsted. 
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MAGNESIUM ALLOYS 137 
Table 4.1111 (c). Direct Temion-Compru8ion Fatigue Strengtho 

Mean (steady) 
Reversed (alternating) stress, ka1, at indicated number of cycles 

Alloy and twJper stress, ka• 
100,000 cycles 1,000,000 cycles 10,000,000 cycles 

Sand cast and machined H-AC, 

{ 
0 ±17. 5 to ±21. 5 ±15. 0 to ±19. 0 ± 12. 0 to ± 17. 5 

H-HTS, H-HT, H-HTA, G-AC, +5 ±14. 0 to ±17. 5 ± 12. 0 to ± 17. 0 ± 10. 0 to ± 16. 0 
and G-HT a ______________________ +10 ± 11. 5 to ± 15. 0 ±9. 5 to ±14. 5 ± 8. 0 to ±14. 0 

+15 ±9. 0 to ±13. 0 ±7. 5 to ±10. 0 ± 6. 0 to ± 12.0 

Ma, •heot__ _________ ____________ ___ { 

0 ±9. 0 ±6. 0 ±6. 0 
+5 ±8. 5 ±6. 0 ±6. 0 

+10 ±8. 0 ±5. 5 ±5. 0 
+15 ±7. 0 ± 5. 0 ±5.0 
+20 ±6. 5 ± 4. 5 ±4. 5 

M-H2<, ' 1"''--__ _______________ ___ { 

0 ±17. 0 ± 14.0 ± 14. 0 
+5 ±15. 0 ±12. 0 ± 12. 0 

+10 ±13. 0 ±10. 0 ± 10. 0 
+15 ± 11. 5 ± 8. 0 ± 8.0 
+20 ±9. 5 ±6. 0 ±6. 0 

F&-la, """'----- ___________________ { 

0 ±10. 5 ±8. 5 ±8. 0 
+ 5 ± 9. 5 ±8. 0 ± 7. 5 

+10 ±9. 5 ±7. 5 ±7. 0 
+15 ±8. 0 ±7. 0 ±7. 0 
+20 ±7. 0 ±6. 5 ± 6. 5 

( 0 ±14. 5 ±14. 0 ±14. 0 

FSI- H24, Moot ____ _ - - -_-- - __ __ _____ ~ +5 ±12. 5 ±12. 0 ±12. 0 
+ 10 ± 11. 0 ±10. 0 ± 10. 0 
+ 15 ± 9. 0 ±8. 0 ± 8. 0 
+20 ±7. 0 ±6. 0 ± 6. 0 

' 0 ± 38. 0 ±31. 5 ± 25. 5 

0 - 1 HTA, e.tru•ion._ ---- ______ _ ----1 + 5 ± 33. 0 ± 27. 5 ±22. 5 
+10 ±28. 0 ±23. 5 ± 19. 5 
+15 ± 23. 0 ±20. 0 ±16. 5 

' + 20 ± 18. 0 ± 16. 0 ±13. 5 

J- 1, extru,.on.__ ____ __ ___ _____ __ ____ { 

0 ± 17. 5 ±13. 5 ±13. 5 
+5 ±15. 0 ±11. 5 ±11. 5 

+ 10 ± 13. 0 ± 9. 0 ± 9. 0 
+ 15 ± 11. 0 ± 7. 0 ± 7. 0 
+20 ±9. 0 ±5. 0 ±5. 0 

r 0 ± 23. 0 ± 22. 0 ± 22. 0 

ZK-60A-T5 • __ ---- ____ - ---------- - _ { 
+ 5 ± 21. 5 ± 20. 0 ±20. 0 

+10 ±20. 0 ±18. 0 ±17. 5 
+ 15 ±17. 5 ±16. 0 ±15. 5 
+20 ± 16. 0 ± 14.0 ± 13.0 

• N<YI:E.-See noto a on table 4.112 (b). 
• Data on ZK-60A-T5 based on 0.40(Hnch diameter polished specimens loaded ln the constnnt axlal·load test machine. 
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138 STRENGTH OF METAL AIRCRAFT ELEMENTS 

4.113 Typical stress-strain and tangent modu­
lus data. Typical stress-strain diagrams a.nd 
tangent modulus values at various stresses are 
given in figures 4.113 (a) and (b) for several 
magnesium alloy products. The stress-strain 
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curve in the region of low strains can be pre­
dicted accurately from the formula 1.342 where 
an appropriate value of E is selected from 
tables 4.111 (a) through (d). 
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Figure ,4.118 (a). Typical stress-strain and tangent modulus curves for magnesium alloy sheet and extruded shape8. 
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140 STRENGTH OF METAL AIRCRAFT ELEMENTS 

4.12 TEMPERATURE EFFECTS 
4.121 Low temperature. Low temperatures 

have an effect on AZ-31 magnesium alloy 
similar to the effects on aluminum alloys. 
Strength properties are increased, ductility is 
decreased somewhat, and impact characteristics 
remain relatively unchanged. However, these 
properties were determined for uniaxial stressing 
conditions, and multiaxial stressing conditions 
may cause more trouble with magnesium than 
with aluminum alloys at low temperatures. 
No data are available for such conditions. 

4.122 Elevated temperature. 
4.1221 Static properties. 

4.12211 Strength at temperature. Curves for 
computing the approximate reduction in the 
strength of some magnesium alloys at elevated 
temperatures are shown in figures 4.12211 (a) 
through (m) in one form and in4.12211 (n) and (o) 
in anotherform. Those materials in 4.12211 (a) 
through (m) are for the forged or cast condition 
(as noted) and those in figures 4.12211 (n) 
and (o) are for sheet materials. The materials 
were held unstressed for various times at 
temperatures up to 600° F. and then tested 
statically at temperature. The effect of tem­
perature on the tensile, compressive, bearing, 
and shear properties of the materials are shown 
in the various figures. 
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Figure 4.1£211 (a) . Elevated temperature properties of forged M (annealed 1 hour at 700° F.) magnesium aUoy at 
200° F . (tensile); (R. T. F,,.=!J3,500 p. s. i .). 
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4.12212 Effect of exposure. The tensile 
strength of magnesium alloys FS1- h24 at room 
t-emperature after exposure for 1 hour to various 
elevated temperatures is given in figure 4.12212. 
References 3.12231 and 4.12212 indicate some 
i!.dditional decrease in strength at room tem­
perature with increase in exposure time. 
This decrease will not be nearly as large as for 
aluminum alloys. Insufficient data exist how­
ever to establish the specific percentage reduc­
tion in strength at room temperature with 
increase in exposure time. Figure 4.12212 
presents data on effect of elevated temperature 
exposure on tensile properties only. No data 
are available for effect of exposure on room­
temperature compressive, bearing, and shear 

'"" - ---, ~ -, 

"' ~ 

I.G nr. exp( ' sure ..... 

..... ............ 

...... 

,., 
""' 

4( 
FS 1-h ~4 

2L 

properties. Further information on tensile 
properties is given in reference 4.12212. 

4.1222 Fatigue properties. Curves for com­
puting approximate elevated temperature fa­
tigue strengths for 0-1HTA, AMC58S-T51, 
H, and AMC-265 magnesium alloy materials 
subjected to reversed rotating cantilever bend­
ing are shown in figures 4.12211 (d), (e), (k) 
and (l). For situations involving fatigue 
stresses in which the mean stresses are other 
than zero, consideration must be given to 
creep-rupture properties in addition to fatigue 
properties. The effect of variation in frequency 
of stress application should also be considered. 

4.1223 Creep and stress rupture properties. 
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Figure 4.12£1 2. Room-temperature properties after exposure to elevated temperat·ure ( F S1 - h 24 sheet.) 
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Curves for computing t.he approximate reduc­
tion in ultimate tensile strength under long 
time loads, and for predicting corresponding 
deformation, for M, 0-1HTA, AMC58S- T51, 
H, AMC- 265 and EM51-HTA magnesium 
alloys are given in figures 4.12211 (a) to 4.12211 
(m). 

4.12231 Short time creep. Figures 4.12231 
(a) through (h) present the effects of short 
times at temperature on the creep properties 
of magnesium alloy sheet materials. See 
reference 3.12231 for further details concerning 
t esting procedure and source of information. 

4.13 CRITERIA FoR DESIGN MECHANICAL 
PROPERTIES. The test methods used to estab­
lish the design mechanical properties appearing 
in this chapter were the same as those described 
in sections 3.131, 3.132, and 3.133. 

4.2 Column 
4.21 PRIMARY FAILURE. The general form­

ulas for primary instability are given in sec­
tion 1.38. Formulas applicable to magnesium 
alloy columns are given in tables 4.21 (a) 
and (b). 
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Table 4.21(a). Column Formulas for Magnesium Alloy 
Extruded Open Shapes • 

G lF l PIA K(Fc.)"(s 1 . enera ormu a , (L'fp)"' tress va ues are m ks~) 

Alloy K n m Max. PIA 
-- - - ----

M, AM3S _____ _ - -· ---- 180 ~~ 1.0 0.90 F •• 
FS-1, J -1' 0-1' 2, 900 }~ 1. 5 F •• 

AMC52S, AMC57S. 
0-1HTA, AMC588-T5, 3,300 }~ 1.5 0.96 Feu 

ZK60A-T5. 

• Formulas gl.-en above are for members that do nol fa11 by local buck­
llng. Referenl-e fig. 4.23 (a). 

Table 4.21 (b). Column Formula for FS- 1h Mag­
nesium Alloy Sheet 

Max. ~=F •• == 24ksi 

Reference Fig. 4.23 (b) 

4.22 LOCAL FAILURE 
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Figure 4.12231 (a). Short time creep curves for M-1 magnesium alloy sheet (hm·d rolled) (Dowmetal M and AM- 3S). 
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Figure 4.12231 (d). Short time creep curves for M-1 mdgitesium alloy sheet (hard rolled) (Dowmetal M and AM-3S) 
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Figure 4.12231 (e) . Short time creep curves for AZ-SJ maune~ium alloy sheet (hard rolled) (Dowmetal FS- 1 aw:l AM­
C52S). 

Downloaded from http://www.everyspec.com



164 

30 

Cl: ~ 
:!: 
~ ' 
:!: 215 
0 
0 
a: 
1-
c( 

::::> 20 

tt 
~ 
~ 
~ 115 

Ql 

~ ~ 

" ts 

STRENGTH OF METAL AIRCRAFT ELEMENTS 

~ 
l'.."- r-... 

~""' f'... I'.. 

1"'- ""' ~ 1'.· 

" L""-
""' t"\. 

"\ 
''\. 

LO 

t'-
I' 
I' I' 

" 1'\ ["'-. 
'\ I'.. 'I'\ 

~'\ 

~~ ~ 
\ ~ 

1\ \ \ ~ \ 
\ 1\ 
\ 1\ 1\ 

·2'7. ~"X -1 ?. s~ 

-
10 

TIME - MINUTES 

400°F 

TOTAL DEFOIIMAnOH 

n ; iJ lJ I 
I -'II I I 

I 00 

( DEFORMATION INCLUDES THERMAL EXPANSION OF 0. 4 7%) 
(HEATING RATE -50-60•F. PER SECOND) 

-. 
1000 

Figure 1, .12231 (j) . S hort time creep curves for AZ- 31 magnesium alloy sheet (hard rolled) (Dowmetal FS. 1 and AM­
C52S). 

25 

a: 

~ 
:!: 

20 0 
0 a: 

.......... .ti 
::::> 15 
1-

LL., 

1-z 
w 
0 
a: 10 
~ 

0.1 

......."' ............ 
I"- .:--.....' 

............. ........_ ' 
""" 

........_ 

" 
"' ' -"" . "' " " " " ' 

"' 
1.0 

r- .. 

' ' I' ' ~ 

"""' " I'. 'I'\ 
1\ ~ ' "' ' ' 2t 37. 4?; 

.. . . . 

10 

TIME- MINUTES 
soo·F· 

r--. TOTAL DEFORMATION 

sr. 7,.; II I 
100 

(DEFORMATION INCLUDES THE~t.AAL EXPANSION OF 0 . 71 % ) 
(HEATING RATE - 700F. PER SECOND) 

I 
100() 

Figure 1, .12231 (g) . S hort time creep curves for AZ-31 magnesium alloy sheet (hard rolled) (Dowmetal FS-1 and AM­
C52S) . 

Downloaded from http://www.everyspec.com



20 
n: 
:E 
"-! .... 
:e 
0 15 
0 
0: 

.... 
<X 

:::> 
10 J-

\ 
\ 

.... z 
"-! 
0 
0: 5 "-! 
Cl. 

0.1 

MAGNESIUM ALLOYS 

I' I""-
'\ """-. """-. 

1\.. ~ .......... ~ 
t'-., r---- ....... r--... r-.... r-.... 

!'---., ~ ['.. t-... 
............... 

......__ t-... 
-....... !--.... ~~ 

....... '-...,_ .......... ""-
'---.. "" ....... TOTAL OEFORMATION 

2 7. 3 ~ -n: s-~ 7" T 
I I I I I I I II I 

1.0 10 100 

TIME- MINUTES 

600°F. 
(DEFORMATION INCLUDES THERMAL 'EXPANSION OF 0 . 90 'Yo ) 

(HEATING RATE -70° F. PER .SECOND) 

165 

1000 

Figure 4.12231 (h). S hort time creep curves f or AZ-31 magnesium alloy sheet (hard rolled) (Dowmetal FS-1 and AM­
C52S) . 

Downloaded from http://www.everyspec.com



STRENGTH QF ME;'fAI,. AIRCRAFT ELEMENTS 

4.23 CoLUMN STREss CuRvEs. ·· Curves of 
the allpwable colUmn. stresses ·for v~rious mag-:- · 
nesitci:t 8lloy columns arJ :gi'ven m figures 4.23 
(a) and ·· (b) . . The aliowitble stress .is piotted :' 
against the effective slenderness ratio defined by-
equation 3:231. ' · . . · · 

4.3 ;Bedms 
4.3( GEN.E~AL:: See equ~tion 'f.323; section . 

I.52S; and referen~~ _L_7l f!)J! gim~:r:~l inforrfiati<>-ri : , 
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4.32' SIMPLE B:EA~E! ' • -, 
4.3~i :Round tube'i. '.For round tubes the 

vaiue of Pb will depend:on the nit ~atio as ~ell 
as the compressive yi~d stress . . The benqing 

'm(jdulus of rupttire of ;magne:sium alloy ro.und 
tubes is given ' in figttr_e 4.321: It; should be 

_rioted that the:;;e valueS apply' orily when ~ the 
t_t1bes arerestrained aga~st local'buckJ.illg at 
the loadmg points. · · -
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Figure 4.23 (a). Allowable column stres.~es for magnesium alloy columns. 
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168 STRENGTH OF METAL AIRCRAFT ELEMENTS 

4.4 Torsion 
4.41 GENERAL. The general statements re­

lating to aluminum alloy tubing, section 3.4, 
are applicable to magnesium tubing. 

4.42 ALLOWABLE ToRSION SHEAR STRESSES. 
An empirical curve of the allowable torsional 
modulus of rupture for magnesium alloy round 
tubing (Specification WW-T-825) is given in 
figure 4.42. 

4.5 Combined loadings 

4.6 Joints and parts 
4.61 JOINTS 
4.611 Riveted and bolted joints 
4.6111 Protruding head rivets and bolts. The 

loads per rivet at which the shear or bearing 
type of failure occurs are separately calculated 
and the lower of the two governs the design. 
The basic shear strengths for protruding head 
aluminum alloy rivets are given in tables 3.6111 
(a) and 3.6113 (a). (For magnesium alloy 
riveting it is unnecessary to use the correction 
factors of table 3.6111 (a) which account for 
high bearing stresses on the rivet.) The design 
bearing stresses for magnesium alloys given 

in tables 4.111 (a) through (d) are applicable to 
riveted joints (or bolted joints) wherein circu­
lar holes are used and where Dft<5.5; where 
Dft>5.5, tests to substantiate yield and ulti­
mate bearing strengths must be made. (A 
determination as to whether or not yield 
strength in bearing is more critical than ulti­
mate strength may be necessary for Dft<5.5.) 

4.6112 Flush rivets. Information on this 
subject is to be supplied at a later date. 

4.6113 Blind rivets. Table 4.6113 contains 
ultimate and yield allowable single shear 
strengths for protruding-head and flush-head 
blind 56S aluminum rivets in magnesium alloy 
sheet. These strengths are applicable only 
when the grip lengths and rivet hole tolerances 
are as recommended by the rivet manufacturer. 

The strength values were established from 
test data obtained from tests of specimens 
having edge distances e/D equal to or greater 
than 2.0. Where ejD values less than 2.0 are 
used, tests to substantiate yield and ultimate 
strengths must be made. Ultimate strength 
values of protruding and flush blind rivets were 
obtained from the average failing load of test 

F. - TORSIONAL MODULUS OF RUPTURE THOUSANDS OF P. S. I. 
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Figure 4.42. Torsional modulus of rupture for magnesium aUoy round tubing. 
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specimens divided by 1.15. Yield strength 
values were obtained from average yield load 
test data wherein the yield load is defined as 
the load at which the following permanent set 
across the joint is developed: 

(a) 0.005 inch up to and including %6 inch 
diameter rivets. 

(b) 2.5 percent of the rivet diameter for rivet 
sizes larger than %6 inch diameter. 

Blind rivets should not be used in applica­
tions where appreciable tensile loads on the 

rivets wiU exist. Reference should be made to 
the requirements of the applicable procuring or 
certificating agency relative to the use of blind 
rivets. 

4.612 Welded joints 
4.6121 Fusion welds 
4.6122 Spot welding. The permissibility of 

the use of spot welding on structural parts is 
governed by the requirements of the procuring 
or certificating agency. Design shear strength 
allowables for spotwelds in various magnesium 

Table 4.6113. Ultimate and Yield Strengths for Blind 56S Aluminum Cherry Rivets in Magnesium Sheet (Pounds) • h 

ULTIMATE STRENGTHS 

Installation . ... . ... .... . . . ... ..•.... Protruding head 100° double dimpled • ' 100° machine countersunk • 

Rivet type ... ... -..... . ........ --·-- CR 157 • CRI56 • 

Sheet materiaL .. .. . ............... . FS-1h 

Rivet <liameter 
------------1-- -------1------ -----1--- - -1----1- - --1----

Sheet thickness: I 
0.020 ____ _________ __ _ ------ ---- - ------------- 95 ----- --- ------- - --- - -- ·- ·------- --------
0.025 ____ ______ _____ _ 200 214 -------- 140 240 --- --- - - - - - - -- -- - -------------- -
0.032_-.- .-- -- --- ---- 244 320 338 200 270 330 -------- ----- - -- - -------
0.040 - -- - -- - -- - - - - - - - 290 360 430 225 300 370 200 -------- --- - -- - -
0.05 L _. _. __ . . _ . ... _. 345 424 526 260 340 430 260 320 ____ _ .. _ 
0.064___ ____________ _ 390 490 620 - - ---- - - 390 495 305 380 •510 
0.072_ ________ _____ __ 395 530 680 - ------ - ----- -- - 515 340 410 520 
0.08L ______ __ ______ _ -------- 580 750 - ------ - - -- - ---- 535 370 450 540 
0.09L ____ _____ _____ _ - -- - --- - 605 825 - -- - --- ------ -- - ----------- - - --- 495 590 
0.102 _______ ________ _ - - -------------- 875 ------- -- ----- - ---- - ---- ----·--· 550 660 
0.125. - - .---- .. - - --- -- - - -- - - - - --- - -- - - -------- - - -- --- - - - -- - - -- -- --- - - - ---- - --- 570 820 

YIELD STRENGTHS 

Sheet thickness: I 
0.020 _____ ---------- - ------------------ - ----- 73 ---------------- - ---- - - - ------·- --------
0.025_ __ _______ ___ ___ 177 214 · - -- - --- 112 190 - - -- - - --- --- --- - -- -- ---- - -- - - - --
0.032_______________ _ 220 295 320 182 253 288 ---- - --- ------ -- ----- - --
0.040_ ____ _____ ___ ___ 275 360 415 190 259 288 190 - - ---- --- ----- --
0.051._______________ 334 424 510 260 267 356 230 241 --------
0.064 ______________ __ 365 490 600 --- - --- - 356 450 288 345 310 
0.072_______ _________ 380 530 640 - -- --- - - -------- 483 316 386 374 
0.081.. __ __ __ ______ __ ------ - - 560 690 - - -- - ---- -- - - --- 512 357 426 443 
0.09L ____ __ _________ --- - -- - - 580 730 ---------------- -------- - - ------ 472 495 

~:~~~~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ +---~~~- ~ ~ ~ ~ ~ ~~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~~ ~ ~ ~ ~:~ ~g~ 
• The strength values ltsted were based on laboratory tests conducted 

under optimum conditions and should be used with caution. 
• The double-dimpled allow abies also apply to dimpled-machine 

countersunk joints. In this case the allowable Is determined by the 
gage of the upper dimpled sheet. The gage of the lower machine counter­
sunk sheet must be at least 2~~ times the height or the preformed rivet 
head . 

• In dimpled installatlon.sallowablesshall not be obtained by extrapola· 
tlon for skin gages other than those shown. 

• In the case or machine countersunk joints where the lower sheet Is 

thinner than the upper, the bearing allowable for the lower sheet-rt~et 
combination should be computed. 

• See table 3.6112 (a) for rivet shear strengths. 
1 Sheet gage Is that or the thinnest sheet! or protruding head and double­

dimpled installations. For machine countersunk Installations sheet gage 
Is that of the upper sheet. 

• Yield values or the sheet-rivet comblnatlon.s marked thus(*) are less 
than % or the Indlcsted ultimate values. 

• Other sheet-rivet combtnatlons may be used subject to specific ap­
proval of the procuring or ccrtUlcatlng agency. 
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alloys are ii*"en in table 4~61:22 (a); the; thidknei3s 
ratib:of the·thicke8t sheet to ·thethi'nhest out~ 
sheet in the <X)mbinatibil shouid:not ex{)eed 3:t. 
Table 4.6122 (b) gives the minimum allowabie 
edge distance for spotwelds·inmague8ium eilloys; 
these values may be reduced for· nonstruc'tilral 
appli.6ations; oit for· applicittions riot depended 
upoi:rto develop'the'fuU tabulated weld strength. 

Tq.ble 1,;6122 (a), · Spolwelr,J .· Maximum > l)~grt Shear 
8qengt~ Sta~ards: j(JT, M ag~i.u111 fllWiJil o 

.l.) Mngnesium , .Magnesium 
Nominal thick- · alklys · .: · NominRI tblck- · alloys 

ness of thinner ness of tbinne.r 
sheet (Inch) QQ-M- QQ-M- sheet (inch) QQ'-M- QQ-M-

54 44 54 44 
---

Pw:nd&. Pmnd& PmndlJ Pound& 
0.020. _____ 51 69 0.072_---- 279 378 
0 .025_- c-- - 71 97 0.08L ___ _ 320 434 
0.032_ ----- 102 139 0.09L ____ 368 498 
0.040 ___ ~-- 137 185 0.102 _____ 433 586 
0.051_ _____ 186 251 O.ll4 _____ 488 658 
0.064.----- 242 328 0.125 _____ 544 735 

• Magnesmm Allovs. Magnesium alloys, conforming to SpecUicatlons 
QQ-M-44 and QQ-M-54, may be spotwelded In any combination. 

Where alloys listed in table 4.6122 (a) are spot­
welded in combination the lower spo:tweld 
strength shall b!f used. 

·' 4.613 Adhksivebo'nde& jdi'i1Jd. ; :.f1oihts ·tiiay·m 
·some>instances· be made t<htdvantage by ·the 
use dCan a'dhesive 'suita:ble .: f6r the sttU.ctUnll 
bonding oftnetals. This stibj~ct' is discussedili 
reference 2.613. · · ~ : s . • ·:·' ·: 

. ' ! .... . . :.1 ,_. \~' / 

Table 1,.6122 (b). Minimum Edge ])islances . for•Sp~-
We,l~d Jointll,0 b• . , 

~ .. ll~_l .. 't 

~71!~ 
Thickness thinner Edge dis-

sheet tance (E) 
--------'--

Inch · Inch 
0.0}6 ______ c _ __ _ _ %6 
0.020--- ----- ~ - -- %6 
0.025 _____ _______ %2 
0. 030- - - - - - ~ - - - - - ~~ 
0.035.----------- X 
0. 040- - - - - - - - - - - - %2 
0.045 ___ _________ %6 
0.050 ___ _________ %6 

Thickness thinner 
sheet ·· 

Inch 

0.060- - - - ----
0.070 __ - -----
0.080 ________ 
0.090 ____ · ____ 

0.100~-- -----
0.120 ________ 
0.125 ______ ~-

0.157--------

Edge dis-
tanoo (E) 

Inch 
1Ya2 
% 
1%2 
%6 
%6 
)1 
%6 
% 

• Intermed.!ate gages will conform to the requirement· for the next 
thinner gage Shown. · ' 

b For edge distances less than those specified above, appropriate reduc­
tions In the s.potweld allo.wable loads shall be made. These reductions 
shall be subject to approval by the procuring or certlflcatlng ag,ency. 
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_ : T~TANIUM AND;:ITS, ALLOYS ·. , , .. 
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5 .. 1 . . , G.ener~l Properties 
5-.ll NoRMAL (RooM) TEMPERATURE PnoP­

:ERTIEs 

i5.111 DeS!iQn mechanical .properties. Table 
5.111 ' presents design mechanical properties .at 
normal (rooin) temperature .for those com­
:Inerciallyo available titanium .. 'base · m.aterials, 
the tensile properties of which are covered by 
sev,erat procurement specifications . . ,The re­
maining properties given have been deri-ved 
from test data and are the .minimum lv~tlues 

expected . .. · . . .· . 
'I).tble. 5.111 .is not mean,t tq , be fl. compre­

hensive , lis~i..p.g. of aU the currently availabl~ 
tit~nitiln alloys. , Vigorou~ ;esearch 'ill the 

··. i I" 

'• . 

development oi titanium . alloy~ . is ,underW!ay 
and .it . is expected , that new and improved 
alloys· will be add{}d to those ali·e~dy a"¥a.iltlhle. 
When · these new m~terials, tlr.e covored by 
procurement specifications, . ~h~ir ' appropriat~ 
·mechaoicaL properties . will -be. inserted_ in the 
tables. · .. , 
' In the definition · of beari..Rg values, 'D ·'is 
equal to· the hole diameter . and e . is equal to 
'the edge: 1 distance ' measured .from the . hole 
center to the edge of the material in the• ditec: 
tion of• applied .stress; Values of e/D=2,0 shall 
be tisM for larger : values : of edge distance'; 
values·of efD less' than 1.5 shall be substarltiated 
by _adequate tests'subject to the approva1 ~ 61f 

. . . .. . . . . • . .· •f l._ 

Tabl~ p.,111 : Desig~ Mechanical P~op~rties o} Tziani~~ and Titanium Alloys~Shtiet ani Bar (Kip$ per Sq';at-e Inch) 
. ' ,I ! ·; ·' -:· :· · 

Type.'· --•. ---. --~· - __ , .. : •• '_ .c __ . -~ _ .. ___ ., .•. _ .... __ .. c.~._. :~'· .. '._ 

Alloy-----·· -- --- - · ·--· ··-··. --··· .... . ........ _ . .......... .... ..... -·--· 99+TI 99TI 
01 TJ 

8.0Mn 

Bar 

WTJ 
' ~iTJ 

4Mn 4AI 
-----1-----1- ---·1--·- - - ----

MIL-T-7993 M!L-T-9046 MIL-T-9011 MIL-T-9047 
AMS 4001 AMS 4008 AMS 4921 AMS 402o Speclftcatlon ... _ ..... .. . .......... ___ --···-- .. --·· - __ ··--- --··-- ·--·--·. M1JiliJ/Z3 

Condition .. . _ ....... ·-··- ......... -----· _ ... ________ . __ .. __ ... ____ --··· Annealed Annealed Annealed Annealed Annealed 
----- ----1- -----l----1----

Thickness. -· · · ·· -·---·· ·-··---·-·-·--··· ...... -·-- · ·---··---------·-··· ........... ..•. __ . ·· -·-···---· --··-···------ - ~~ ~~;:~;s UJ: ~~~:e~~;" 
Basis .....•... .....• ---· __ .• --···· · ··· ..•........... ___ . .•.. __ __ .·-- .. _. 

Ftu- ----- ---- -- - ---- --- ------ -- ---- ---- - L_ ____ _ 
T _____ _ 

F IY- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
L_ ____ _ 

T ___ __ _ 

Fey- -- --- -------- ----- ---- ------ ----- --- L _____ _ 

1- --'--1----- - -------- ----
A 

60 
60 
50 
50 
50 

A 

80 
80 
70 
70 
70 

A 

120 
120 
110 
110 
110 

A 

80 
80 
70 
70 

A 

140 
140 
130 
130 

T ______ - --------- ---------- ---- - -- - -- ----- - ------- - ---- - -
F au -- - - - - --- - - - - - - - - - . -- - - - • - .• • - - - - • - - - - • - - ••. -- 36 42 84 . __ . _ . . _ . _ _ . __ . - - . . . 
Fbru (e/D=l.5)_______ _____ _______ _____ _____ ______ 99 120 170 ·- - ---- - -- ----·-----
Fbru (e/D = 2.0). ______ ____ __________ _____ _________ ---- - - - ----- - - - - - --- -- --- - - -- - - - -- -- - - - - -------- - -
Fbr> (e/D=l.5)____ ____ ____ ___ ___ _____ __ __ ___ __ ___ 82 101 130 - -- --- ---------- ----
Fbrs (e/D = 2 .0) __ __ _______ ___ _________________ ____ ---------- -- - ------- -- - ------- ----- -- -------------

e . .• - - --------- -------- - ----- ---- - ------ - -- ------ 22 15 10 15 12 
E.------- -- --------------------- -------- -------- 15, 500 15, 500 15, 500 15, 500 15, 500 
w_----- ---. -_. -- .- -. _ . . _ . . _____ . _. __ . ___ _____ . _ _ 0. 164 0. 164 0. 171 0. 164 0. 164 

171 
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172 STRENGTH OF METAL AIRCRAFT ELEMENTS 

the procuring or certificating 11gency. For values 
of edge distance between eJD=2.0 and eJD= 1.5, 
linear interpolation may be employed. 

5.12 TEMPERATURE EFFECTS 
5.121 Low temperature. The effect of low 

temperatures on the behavior of commercially 
pure and alloy titanium ha, not been too well 
established, due partly to the newness of the 
material and partly to the large number of 
different materials being developed. However, 
generally, the static strength properties of 
titanium are increased more than for most other 
materials. These results are presented in 
reference 2.121 (b). 

5.122 Elevated temperatures. The effects of 
elevated temperature on titanium are based on 
continuous heating. Insufficient data are avail­
able to state definitely whether the information 
is also applicable to intermittently heated 
titanium materials. However, it is probable 
that intermittent heating would be directly 
cumulative as described in section 3.12211. 

5.1221 Static properties. Curves for com­
puting the reduction due to elevated tempera­
ture of tensile, compressive, bearing, and shear 
properties, are presented in figures 5.1221 (a) 
through (h). These curves are for commercially 
pure titanium held unstressed for ~f and 100 
hours at various temperatures up to 1,000° F., 

and then tested statically at the exposure 
temperature. 

5.13 CRITERIA FOR DESIGN MECHANICAL 
PROPERTIES. The test methods used to estab­
lish the design mechanical properties were the 
same as those described in sections 3.131, 3.132, 
and 3.133, except that all shear allowables are 
based on pin tests. 

5.14 RATE oF STRAINING EFFECTS. The 
strength properties of titanium, particularly in 
the commercially pure product, are more sensi­
tive to variations in the rate of straining than 
are most other aircraft, structural metals. In­
sufficient data are available to provide specific 
values for various strain rates. However, some 
data are available in reference 5.14 (a) and 
(b). The general effect is for an increase in 
strength properties as the strain rate is increased 
so that for high strain rates the strength values 
would be higher than those listed in table 
5.111 for static conditions. However, for ap­
plications where relatively high loads will be 
applied for a considerable length of time (i. e., 
very slow strain rates) the strength properties 
may be lower than those presented in table 5.111 
The effect of strain rate should therefore be 
considered in the application of titanium, 
particularly in the commercially pure products. 
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CHAPTER 6 

MISCELLANEOUS METALS 

6.1 General Properties. 

6.11 NORMAL (ROOM) TEMPERATURE PROP­

PERTIES. 

6.111 Design mechanical properties. The 
general strength properties and related charac­
teristics for bronze castings and several copper 
alloys at normal (room) temperatures are listed 
in the tables 6.111 (a) and (b). These values 
have been derived from test data and experience 
gained in individual applications, and are not 
necessarily covered by procurement specifica­
tions. 

In the definition of bearing values, Dis equal 
to the hole diameter and e is equal to the edge 
distance measured from the hole center to the 
edge of the material in the direction of applied , 
stress. Values of e/D=2.0 shall be used for 
larger values of edge distance; values of ejD 
less than 1.5 shall be substantiated by adequate 
tests subject to the approval of the procuring 
or certificating agency. For values of edge 
distance between e/D= 2.0 and e/D= 1.5, linear 
interpolation may be employed. 

Table 6.111 (a). Design Mechanical Properties of Bronze Castings (Kips per Square Inch) a 

AIJoY--------- - --- -- --- --- -- -- -- --- --- --- - -- -- -- -- -- Aluminum bronze Manganese bronze 

Specification __ -----_- -- -- __ ------ -- -- - ______ ____ __ _ QQ- D-671 QQ- B-726 

Condition._. __ __ __ ________ __ ___ ________ ___ -- ------- As cast As cast 

Hydraulic Phosphor 
bronze bronu 

QQ-B- 69lb QQ-B~9lb 
(Compost- (Composi-

tion 2) tlon 6) 

As cast As cast 

Class . .. --- --- -- -- -- - -- -- --- - --- - ---~=:__::__:~-~- --2-1-'-1-4-__ 2_ ~-_4_ ~-~ _ c _ ___ o_
1 
__ __ 

1 
_ __ _ 

F,. _____ ____ ___ _____ ___ _____ ___ L __ 65 65 75 90 80 90 no 65 90 uo 60 30 36 
F,. ___ ________ __ ______ _________ L__ b25 b2.J b30 b40 b40 b45 b60 25 45 60 20 14 16 
FC11--- - -- - --- - ---- - -- - -- - - - -- - -- L __ ___ _ ____ _______ _ __ ___ __ _ __ ___ ____ ____ ___ _______ __ ____ ____ __ _ 
F '" _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 40 40 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 40 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ _ 
Fbw (e/D = l.5) ________ ____ ____ ____ _ ____ ____ __ __ _____ ____ ___ ____ _____ __ _ _____ ___ - - - -- - ---- - -- - --
Fbru (e/D=2.0) _________ _____ ________ 80 80 ---- ---- -------- - --- 80 ---- ________ --- - ---- ------- -
Fbrv (e/D = l.5) ___ ______ _____ ___ ____ _ _____ ____ ___ ___ _ ___ _ ____ ____ ___ _ ____ _______ _ -- - - -- - - - - --- - - -
Fbrv (e/D=2.0) ___ ___ _____________ _____ __ ____ ___________ _ __ __ ___ _ __________ __ ____ -- - -------------
e ________ ___ _____ ______ _____ ____ ___ 20 20 12 6 12 1 6 5 20 20 12 15 20 18 
E_ _ _ ___ _____ __ _____ ______ __ ____ ____ 15,000 15,000 --- - ---- ___ ____ _ 
E,____ ________ ___________ _____ _____ 1.'),000 15,000 - - --------- - ----
G __ __ __ _ - _- _- -- _- -- - - - - _- _- _ - _- _- _ 4,500 4,500 ______ ___ __ ____ _ 

• Values are mlnJmum values obtained from cast test bar speclmens. Reference should be made to the specltlcrequlrements of the procuring or 
cert ificating agency with regard to the use or the above values in the design or castings. 

• As determined by e. tension under load method . Llmlllng extenslon=0.005lnch per Inch of gage length. 
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180 STRENGTH OF METAL AIRCRAFT ELEMENTS • 
Table 6.111 (b). Design Mechanical Properties for Copper Alloys (Kips per Square Inch) 

Type Bar 

Alloy ••••. ---··· ······················-------- -- ·----- Aluminum bronze 

Specification •........• . . _. ___ .... _ . . .•. _______ . ... •. . AMS~1 

Condtttnn ••••.•••...•. .••..• ___ •••.•................. AT 

Thickness_....... . .......................... .. .. ... . Up to 0.501 to 1.001 to 2.001 to 
0.500 1.000 2.000 3.000 
Inch !ncb Inches Inches 

Beryllium copper 

QQ- C-530 

BT 

0.020 to 0.376 to Over 
0.375 1.000 1.000 
Inch Inch Inch 

Strip 

Berylllum copper 

QQ- C- 533 

AT 

Up to 
0.187 
Inch 

BT 

Up to 
0.187 
Inch 

------------------- -- ---- ---- ----------- - ----- ---

F~-- - -- - -- -- - - -- - - --- - - - -- - --- - ---- 90 88 85 75 160 185 180 175 165 190 
F~-- - -- -- ----- ----- - - - - - - - - - - - - -- - -- 45 44 42. 5 37. 5 120 130 130 130 120 140 
F <~~----- - - - - - - - - . - - - - - - - - - - - - - - - - - - - - 45 44 42. 5 37. 5 120 130 130 130 120 140 
F,M--- ----------------- --------- ---- 50 48 47 41 87 101 99 96 90 104 
Fbrv (ejD=l.5) _________________ ------ 100 97 94 83 160 185 180 175 165 190 
Fbrv (e/D=2.0) ___ . --- - - - ---- ____ ___ . _ 110 105 101 90 175 200 195 190 180 205 
Fb, (e/D=l.5) ________ __ ____ ____ _____ 50 48 47 41 120 130 130 130 120 140 
Fb'll (e/D = 2.0) ________ _______ ____ ___ _ 54 53 51 45 132 143 143 143 132 152 

U . S . GOV ( AtHHNl PR INTING Of fi Cf : 19S6 
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