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STRENGTH OF METAL AIRCRAFT ELEMENTS

Page 15, Formula

1.6421

Page24,Table2.111(b)

Page 34, Figure 2.6111

Page 32, Table 2.6111
(2)

Pages 36, 89, 90, 91,
and 123, Tables 2.6115,
3.6113(b), (c), (d), 4.6113

Page 37, Table 2.6122
(b)

Page 39, Section
2.61261

Pave 46, Table 3.111

(b)
Page48,Table3.111(d)

Page 53, Table 3.111(1)

Pages 57 and 58, Tables
3.112(a), (b), and (d)

Pages86 and 87, Tables
3.6112(a), (b), (c), and (d)

Page 92, Table 3.6116

Page 92, Table 3.6122
(8)

Page 94, Table 3.6122
(0)

Page06, Table4.111(a)

Page97, Table4.111(b)

The square root sign should not extend over the D/t.

The vertical line separating the specifications for Sheet, Plate, Tube, Bar,
and Rod—4130 should be removed.

Delete the last sentence of the note appearing in the upper right hand corner
and substitute the following. “The curves are based on the results of
combined load tests of bolts with nuts finger tight.” '

The “ AN-3” designation in the left hand column should be lowered one line.

Add the following qualifying note. “The strength values listed were based
on the results of laboratory tests conducted under optimum condltlons and
should be used with caution.”

In lieu of “ F,, Figure 2.321 for F,=80,000 p. s. i.,” substitute the following.
0.9 of the values of F, from Figure 2.321 for F,,=90,000 p. s. i.”

In the second and third lines of the left hand column on page 39, delete the

figure references to Flgures 2.6127(a), (b), and (c) and substltute figures
2.61261(a), (b), and (¢) in lieu thereof.

Delete specification AN-A-13 and substitute “QQ-A-362.”

Delete specification QQ-A-245 and substitute “QQ-A-255.”
Delete specification QQ-A-325 and substitute “QQ-A-270.”

Add the following qualifying note: “Values given are applicable to forged,
rolled, and extruded products.”

On the “Clad Sheet Material”’ lines add 24S-T4 in addition to and wherever
24S-T3 is presently listed.

In the first column change “%,” to *“%”.

In footnote one delete specification QQ—A—245 and substltute specification
QQ-A-255.

In the next to last horizontal and vertical columns delete specification
QQ-A~245 and substitute specification QQ-A-255.

In column 4, “Sheet, M-1, QQ-M-54, Hard Rolled,” the value for Fy,
(e/D=1.5) should be 33 instead of 55.

~Delete the alloy designations“M1A” from the fifteenth column and “ AZ61A”

from the sixteenth and seventeenth columns and substitute “AZ61A” and
“ AZ80A” respectively.

GPO 83-39:
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CHAPTER 1
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 benefit
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 requirements,
the requirements for strength of materials and
elements have for some time been nearly identicai.
This publication has therefore been prepared to
eliminate the necessity for referring to different
handbooks and bulletins in calculating the allow-
able stresses or minimum strength of typical
structures. With a few exceptions (which are
noted in the appropriate places) the material
contained herein is acceptable to the Air Forces,
Bureau of Aeronautics of the Navy, and the Civil
Aeronautics Administration.

1.12 Score 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 modi-
fied. In such cases special rulings should be
obtained by the manufacturer from the procuring
or certificating agency. These rulings will be
based upon specimen tests and will eventually
form a basis for standard accepted strength
properties.

In addition to the strength of the materials
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 additional material can be added
from time to time as the methods of handling
new problems become more uniform and reliable.

Engineers making use of the material contained
herein are invited to submit comments and sugges-
tions as to the expansion and improvement of the
document. Such comments should be submitted
directly to the Munitions Board, Washington 25,
D. C. Attention ANC-5, Panel of the Subcom-
mittee on Aircraft Design Criteria.

1.13 Use or DgrsicN MEecuaNIicAL PRrOPER-
TIES. It is customary to assign minimum values
to certain mechanical properties of materials for
procurement specification purposes. In general.
but not necessarily in all cases, the design mechan-
ical 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
licensing agencies. The use of the different design
mechanical properties such as ultimate tensile
strength, yield strength, etc., the factors of safety
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—Slenderness ratio factor. (See equation
1:392.) .

b—Width of sections; subscript “bending.”

br—Subscript ‘‘bearing.”

C—Circumference.

c—Fixity coefficient for columns; distance
from neutral axis to extreme fiber; sub-
script ‘‘compression.”

cr—Subscript “critical.”
D—Diameter.

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, this factor being a measure of
the ductility of the material and being
based on a tension test; unit deformation
or strain; eccentricity; subscript for
Euler’s formula; subscript ‘‘endurance.”

—The minimum distance from a hole centerline
to the edge of the sheet.

E’—Effective modulus of elasticity.

E—Modulus of elasticity in compression;
average ratio of stress to strain below
proportional limit. ‘

E—Secant modulus.

E—Tangent modulus.

F—Allowable stress.

f—Internal (or calculated) stress.
Fy,—Allowable bending stress, modulus of rup-

ture in bending.

fy—Internal (or calculated) primary bending
stress.

Jo'—Internal (or calculated) precise bending
stress.

F,—FEndurance limit in bending.

fs—Internal (or calculated) bearing stress.
Fy,,—Ultimate bearing stress.

Fy,,—Yield bearing stress.

F—Allowable compressive stress.

f—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 col-

umn stress for primary failure).

- F,—Proportional limit in compression.
F.,—Ultimate compressive stress.
F.,—Compressive yield stress.

F,—Allowable normal stress.

f.—Internal (or calculated) normal stress.
F,—Allowable shearing stress.
f—Internal (or calculated) shearing stress.
F,,—Critical shear stress for buckling of

rectangular panels.

F,—Endurance limit in torsion.

F,,—Proportional limit in shear.

F,—Modulus of rupture in torsion.

F,,—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,,—Proportional limit in tension.

F,—TUltimate tensile stress (from tests of
standard specimens).

F,~Teunsile yield stress at which permanent
strain equals 0.002 (from tests of stand-
ard specimens).

G—Modulus of rigidity.

g—

—

h—Height or depth; especially the distance

between centroids of chords of beams and
trusses.

I—Moment of inertia.

1—Slope (due to bending) of neutral plane of

a beam, in radians (1 radian=>57.3°).

I,—Polar moment of inertia.

J—Torsion constant (=1, for round tubes).

j—Stiffness factor= /EI/P.

K—A constant, generally empirical.

ksi—XKips (1,000 pounds) per square inch.

L—TLength; subscript “lateral.”

I—(Not wused, to avoid confusion with nu-

meral 1.)

M—Applied moment or couple, usually a
bending moment.

m—

M,—Allowable bending moment.

N—

n—Subsecript “normal.”

0—

0—

P—Applied load (total, not unit load).

p—Subscript “polar’’; subscript ‘“proportional

limit.”

P,—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.”

T—Applied torsional moment torque.
t—Thickness.

T+—Allowable torsional moment.
U—Factor of utilization.
u—>Subscript ‘“ultimate.”

V—

—

W—

w—Specific weight, Ib/cu. in.

X—

z—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.”

Z—Section modulus, I/y.

—

Z,—Polar section modulus=1I,/y (for round

tubes).

é (delta)—Deflection.

¢ (phi)—Angular deflection.

p (tho)—Radius of gyration.

u (mu)—DPoisson’s ratio.

’ (prime)—In general denotes an “effective’” or

“precise’” value.

1.3 Commonly Used Formulas

1.31 GeNEraL. Theé formulas of the following
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 posi-
tive, and quantities associated with compressive
action are considered as negative. When compres-
sive 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 f,=P/A (tension).

1.322 f,=P/A (compression).

1.323 f,=My/I=M|Z.

1.324 f,=8S/A (average direct shear stress)

1.325 f,=8Q/Ib (longitudinal or transverse
shear stress).

1.326 f,= Ty/I, (shear stress in round tubes
due to torsion).

1.327 f,=T/2At (shear stress due to torsion
in thin-walled structures of closed sec-
tion. Note that A is the area enclosed
by the median line of the section).

1.33 CoMBINED STREsSSES (see sec. 1.535)
1.331 f,=f.+f» (compression and bending).
1.332 f, = vV 2+ (f./2)? (compression bend-

ing, and torsion).

1.333 fnm“:fn/2+fsm"

1.34 DgrrLEcTIiONS (Axial)

1.341 ¢=34/L (unit deformation or strain).

1.342 E=f/e (this equation applies when E
is to be found from tests in which f and e
are measured).

1.343 é=e¢L=(f/E)L

=PL/AE (this equation applies when
the deflection is to be calculated using a
known value of E)

949597 O - 51 - 2

1.35 DzrLecTions (Bending)
1.351 di/de=M/EI (change of slope per unit
length of beam, radians per unit length).

1352 dy=i,+ L” (M/EDdx=slope atpoint 2.
1

(The integral denotes the area under
the curve of M/EI plotted against z,
between the limits 2; and x2)

1.353

pe=yitiste—a)+ [ MIED @) da

=deflection at point 2. (The in-
tegral denotes the area under a curve
having ordinates equal to M/EI multi-
plied by the corresponding distances to
point 2, plotted against z, between the
limits z; and )

X
1.353¢ y2=y,+ﬁ ? idz=deflection at point 2.
1

(The integral denotes the area under the
curve of (i) plotted against x, between
the limits z; and x)
1.36 DzrLectioNs (Torsion)
1.361 d¢/de=T/GJ (change of angular deflec-
tion or twist per unit length of member,
radians per unit length).

1.362 ¢=f$2 (T/GJ)dz=total twist over a

length from z, to z,. (The integral de-
notes the area under the curve of T/GJ
plotted against z, between the limits
and w,.)

1.362. ¢=TL/QJ (used when torque T is
constant over length L).

1.37 TrANSVERSE DEFORMATIONS
unit lateral deformation

1.371 = = - ; ;
u=ezfe unit axial deformation

(Poisson’s ratio)

1.372 Ee,=f, —ufy

1.373  Ee,=f,— ufs.
1.38 Basic CoLumn FormMULAS
1.381 F, =cx*E[(L/p)? (BEuler formula for

long columns). B
=nE/(L’|p)? where L’=L/+/c.
1.381« F,=cn?E’[(L/p)? (modified Euler for-
mula for short columns).
1382 F.=F,{1 —K[(I'[p)/vVE[F,]"} (gen-
eral parabolic formula).
1.383 F.=F,, [1—F, (L' [p)*/4n*E] (2.0 pa-
rabola—dJohnson formula).
1384 F,=F,, {1—0.3027 (L [p)/xyEF.,}"%}
(1.5 parabola).
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1.385 F.=F,,[1 -0.385(L'/p)/xVEIF,,] (1.0
parabola—straight line formula).
1.39 Basic Corumn Formuras (Non-dimen-
sional)
1.391 R,=F/F,, (allowable stress ratio).
1.392 B=(L'/p)/x/E[F,, (slenderness ratio
factor).
1.393 R,=(1/B)* (Euler formula).
1.394 R,=1—KB" (general parabolic for-
mula).
1.395 R,=1—0.25B% (2.0 parabola—John-
son formula).
1.396 R,=1—0.30278"% (1.5 parabola).
1.397 R,=1—0.3858 (1.0 parabola—straight
line formula).

1.4 Basic Principles and Definitions

1.41 GeNERAL. It is assumed that engineers
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 certain principles of special importance.
The design mechanical properties of various metals
and elements arc given in the tables in each
chapter.

1.42 SrrEss

1.421 (@eneral. 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 dis-
tribution may or may not be uniform, depending
on the nature of the loading condition. For
example, tensile stresses as found from equation
1.321 are considered to be uniform, while the
bending stress determined from equation 1.323
refers to the stress at a point located at a distance
y from the neutral axis. Obviously the stress
over the cross section of a member subjected to
bending is not uniform. Likewise the shear
stresses caused by a shearing load are not uniform.
(Equation 1.324 gives the average 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
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together) adjacent particles of the material,
while shear stresses tend to cause such particles
to slide on each other.

143 StrAIN

1.431 Awxial strain. This term refers to the
elongation, per unit length, of a member or portion
of a member in a stressed condition. (See equation
1.341.) The term ‘“strain”’ should not be used in
place of the terms “elongation’” and “deflection.”

1.432 Lateral strain. The axial strain of a
member is always accompanied by a lateral strain
of opposite sign. The ratio of the lateral strain
to the axial strain is called Poisson’s ratio and is
designated as u. The value of u, is usually
between 0.25 and 0.33 for steel and the aluminum
alloys.

1.433 Shearing strain. If a square element of
uniform thickness is subjected to pure shear
there will be a displacement of cach 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 dis-
tance at right angles to the displacement whereas
axial strain is obtained by dividing the deforma-
tion by a length measured in the same direction
as the deformation.

1.44 TENSILE PROPERTIES

1.441 (General. When a specimen of a certain
material is tested in tension using the standard
testing procedures of reference 1.441, it is cus-
tomary 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 frequently applied
by all engineers. Typical tensile diagrams, not to
scale, are shown in figure 1.441. Typical stress-
strain diagrams drawn to scale appear in appro-
priate chapters for the general information of the
users of this document. It should be noted that
the strain scale is nondimensional, while the stress
scale is in pounds per square inch. The important
physical properties which can be shown on the
stress-strain diagram are discussed in the following
sections,

1.442  Modulus 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 numerical value of
the ratio is called the Modulus of Elasticity,
denoted by E. It will be noted that E is the slope
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of the straight portion of the stress-strain diagram
and is determined by dividing the stress (in
pounds per square inch) by the strain (which is
nondimensional). (See equation '1.342.) There-
fore, K 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
elongated a distance equal to its original length
(assuming no departure from the straight portion
of the stress-strain diagram).” This can be
easily understood from equation 1.342 by con-
sidering that =L in equation 1.341, making the
strain e equal to 1.0.

Other moduli that are often of interest are the
tangent modulus £, 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 have two separate
modulus values, as indicated in the typical curve
presented in figure 1.441. The initial modulus is
the same as for the other aluminum alloys, and
holds only up to the proportional limit of the
relatively soft covering. Immediately above this
point there is a short transition range and the
material then exhibits a secondary modulus up to
the proportional limit of the stronger core material.
This secondary modulus is the slope of the second
straight line portion of the diagram. Both values
of the modulus are based on the gross area of the
piece, core plus covering.

1.443 Tensile proportional limit (F,,). 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 proportionality will
be taken as the stress at which the stress-strain
diagram departs from a straight line by a strain of
0.0001. This property or characteristic of a
material gives an indication of the type of stress-
strain diagram which applies 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 re-
dundant structures.

1.444  Tensile yield stress (F,). The stress-
strain diagrams for some steels show a sharp break
at a stress considerably below the ultimate tensile
stress. At this critical stress the material elon-
gates considerably with little or no increase in
stress. (See fig. 1.441.) The stress at which this
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takes place is referred to as the yield point. Non-
ferrous metals, and some stecls do not show this
sharp break but yield more gradually so that there
is no definite yield point. This condition is illus-
trated in figure 1.441. Since permanent deforma-
tions of any appreciable amount are undesirable
in most structures, it is customary to adopt an
arbitrary amount of permanent strain that is con-
sidered admissible for general purposes. The
value of this strain has been established by
material testing engineers as 0.002, and the cor-
responding stress is called the yield stress. For
practical purposes this may be determined from
the stress-strain diagram by drawing a linc
parallel to the straight or elastic portion of the
curve through a point representing zero stress and
0.002 strain. (Sec 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 (F,). 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 arca of the
test specimen, without regard to the lateral con-
traction of the specimen which actually. 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 structures have relatively few
members which are critical in tension; conse-
quently, 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 approximately equal for most
of the commonly used structural materials. Special
considerations concerning the ultimate compres-
sive stress are taken up in the following section.
An example of & method of obtaining compressive
strength properties of thin sheet material is out-
lined in referrence 1.451.

1.452  Ultimate compressive stress (F..). It is
difficult to discuss this property without reférence
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to column action. Almost any piece of material,
unless very short, tends to buckle laterally as a
column under compressive loadings, and the load
at failure usually depends on the relation of the
length of the piece to its cross-sectional dimen-
sions. Column failure cannot occur, however,
when a piece is very short in comparison with its
cross-sectional dimensions, or when it is restrained
laterally by external means. Under these condi-
tions 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 frac-
ture 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 arbitrary criterion.
For wrought metals it is common practice to as-
sume that the ultimate compressive stress is equal
to the ultimate tensile stress. For some cast
metals which ‘are relatively weak in tension, an
ultimate compressive stress higher than the ulti-
mate tensile stress may be obtained from tests on
short compact specimens. When tests are made on
such specimens having an L/p 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 sometimes
plotted as torsion stress-strain diagrams. The
modulus of elasticity in shear as determined from
such a diagram is a basic shear property. Other
properties, such as the proportional limit and
ultimate shearing stress, cannot be treated as
basic properties because of the ‘“form factor”
effects.

1.462 Modulus of rgidity (G). This property
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 ratio,
and the modulus of elasticity in tension, is ex-
pressed for homogeneous materials by the follow-
ing equation:

G=E]2 Q+p)- ... (1. 4621)

This corresponds to the value E and will apply
in calculating the shear deflection of webs, pro-
vided that no wrinkling occurs.

 figure 1.471.

1.463 Proportional limit in shear (F,;). This
property is of particular interest in connection
with formulas which are based on considerations
of perfect elasticity, as it represents the limiting
value of shearing stress to which these formulas
can be accurately applied. As previously noted,
this property cannot be determined directly from
torsion tests. The results of research at the
National Bureau of Standards show that the ratio
of the proportional limit in shear to the propor-
tional limit in tension can be assumed to be ap-
proximately 0.55 for the commonly used materials.

1.464 Yield and wultimate stresses in shear.
These properties, as usually obtained from torsion
tests, are not strictly basic properties as they will
depend on the shape of the test specimen. In
such cases they should be treated as moduli and
should be used only with specimens which are
geometrically similar to those from which the test
results were obtained.

1.47 CRrEEP AND STRESS-RUPTURE PROPERTIES

1.471 General. 'The results of tests of mate-
rials under a constant load at elevated tempera-
tures are usually initially plotted as strain versus
time (creep) up to the time of rupture. However,
many combinations of the data obtained in these
tests are possible and have resulted in many differ-
ent types of plots. Data included in this publica-
tion are as described in the sections below. A
typical plot of creep-rupture data is shown in
The strain indicated in this curve
includes the initial instantaneous deformation due
to loading. From this curve are obtained the
stress-rupture curve, the minimum creep curve,
the total deformation curve, and the other param-
eters shown in figures 3.1221 (a) to 3.1221 (J).
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Figure 1.471. Typical creep-rupture curve.



1.472 Total creep. This value is defined as the
total strain at any given time including initial
strain. It is given in percent and may be used
to estimate the deformation or deflection of struc-
tural parts for given loads and temperatures.

1473 Minimum creep rate. After an initial
large strain due to loading, the rate of strain in a
creep specimen usually gradually decreases to a
constant value (except for high stress), for a time
dependent on the test conditions. This strain
rate is the minimum encountered in the test and
is defined as the creep rate.

1.474 Transition point. Subsequent to the
constant creep rate described in the previous
section an increase in creep rate occurs, in general,
which continues up to the rupture point of the
material. The inflection point between the con-
stant creep and increasing creep rate is defined as
the transition point. Failure generally occurs in
a relatively short time after the transition point.
Transition points may not occur at very low
stresses or may not be definable at very high
stresses.

1.475 Rupture stress. The stress at which
rupture will occur under constant load conditions
is defined as the rupture stress. This stress varies
inversely with time for constant temperature con-
ditions. Rupture stress data are generally used
in design if the amount of deformation allowable
is not the critical factor.

1.48 Faricue ProPERTIES

1.481 General. The results of fatigue tests
are usually plotted as stress versus the number of
cycles needed to cause failure. This stress is
usually the maximum stress in a single cycle.
Many variations of the common completely re-
versed stressing are used, however, in such cases
the stress description is not complete if the maxi-
mum stress only is recorded. Figure 1.481 indi-
cates the type of stressing which might occur and
indicates some of the parameters which affect the
fatigue life of a material 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 varia-
tions shown in figure 1.481. To completely de-
scribe the stress history the following definitions of
stress conditions are used, all of which may affect
the fatigue life, either independently or in con-
junction with one or more of the other conditions:

1.4821 Maximum stress is the highest algebraic
stress reached in a single cycle.
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1.4822 Minimum stress is the lowest algebraic
stress reached in a single cycle.
1.4823 Mean stress is the stress midway be-




tween the maximum and minimum stress. In the
completely reversed test this stress is zero.
1.4824 Stress range is the stress variation be-
tween maximum and minimum.
1.4825 Stress amplitude is the stress variation
between mean and maximum or between mean and

minimum and is one-half the stress range.

1.5 Types of failures

1.51 Generan. In the following discussion
the term “failure’” will usually denote actual rup-
ture of the member, or the condition of the mem-
ber when it has just attained its maximum load.

1.52 MarErIAL FAILURES

1.521 G@General. Fracture of a material may
occur by either a separation of adjacent particles
across a section perpendicular to the direction of
loading, or by a sliding of adjacent particles along
other sections. In some cases the mechanism of
failure includes both of these actions. For instance,
in a simple tension test sliding action along inclined
sections may occur first with a consequent reduc-
tiop in the cross-sectional area of ‘_e specimen.
This may result in strain hardening of the ma-
terial 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 compres-
sion it can apply only to members having large
cross-sectional dimensions as compared 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 con-
dition is approached in the case of rivets and bolts.
In cases where the ultimate shear stress is rela-
tively low a pure shear failure may result, but in
general & 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
compressive 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 shear stresses. Such allowable shear
stresses are therefore an indirect measure of the
stresses actually causing failure.

‘ which caused failure.

1.524 Bearing. The failure of a material in
bearing may consist of crushing, splitting, or pro-
gressive rapid yielding in the region where the load
is applied. Failure 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 contacting members is relatively
thin, It is also necessary, for practical reasons, to
limit the working bearing stress to low values in
such cases as joints subjected to reversals of load
or in bearings between movable surfaces. These
special cases are covered by specific rulings of the
procuring or licensing 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 tensile or compressive failure caused
by éxceeding a certain allowable stress in some
portion of the specimen. It is customary to
determine, experimentally, the ‘“modulus of -rup-
ture in bending,” which is a stress derived from
test results through the use of equation 1.323 in
which case A is the value of bending moment
If not determined experi-
mentally, 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 considered 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 Failure due to stress concentrations. The
static strength properties listed for various ma-
terials were determined on machined specimens
containing no notches, holes, or other avoidable
stress raisers. In the design of aircraft structures
such simplicity is unattainable, and stress distri-
butions are not of the uniform quality obtained in
the specimen tests, Consideration 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 sub-
jected in service to repeated loads. It is well
known that the strength of a material under
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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 8 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 calcu-
lated stress on the part and consequently it is at
such locations that fatigue fractures usually
begin. Other factors of major importance in
fatigue are the range of a repeated stress cycle,
from maximum to minimum stress, and the mean
stress in the stress cycle. In the following chap-
ters of this document, fatigue data are presented
for various 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
applicability to the case at hand has been estab-
lished.

1.528 Failure from combined stresses. In com-
bined 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 structural mem-
bers such as beams and columns, particularly
those made from thin material, are subject to
failure through instability. In general, instability
can be classed as: (1) Primary, or (2) local. For ex-
ample, the failure of a tube under compression
may occur either through lateral deflection of the
tube as a column (primary instability), or by
collapse of the tube wall at a stress lower than
that required to produce a general column fail-
ure. Similarly, an I-beam may fail by a gencral
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
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for one type is definitely less than that for the
other type.

Instability failures 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 important to note
that instability failures are not usually associ-
ated with the ultimate stresses of the material.
This should be borne in mind when correcting
test results for material variations. 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 failure can be
expected. For materials which have a very
small spread between the proportional limit and
the yield stress, the plastic instability type of
failure occurs in such a narrow range that it is
not of much importance, but in materials which
have a considerable spread between these two
properties, the plastic instability type of failure
may be equally as important as the elastic type.

In studying any structural 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
failure gives the lowest strength should be used
as the criterion in design.

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

1.533 Bending instability failures. Failures of
round tubes of usual sizes when subjected to
bending are usually of the plastic instability type.
In such cases the criterion of strength is the modu-
lus of rupture as derived from test results through
the use of equation 1.323. Elastic instability
failures of thin-walled tubes having high D/t
ratios are treated in later sections.

1.534 Torsional instability failures. The re-
marks of the preceding section apply in a similar
manner to round tubes under torsional loading.




W)i’

' sidered as

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 conditions
by the use of “stress ratios,” which can be con-
nondimensional coefficients denot-
ing the fraction of the allowable stress or strength
which is utilized or which can be developed under
special conditions. For simple stresses the stress
ratio can be expressed as—

R=flF .. ______ (1.5351)

where

f=applied stress.
F=allowable stress.

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:

BR*+Ry+Ry+ . =1.0__.(1.5353)

In this equation R,, R,, and R; may denote, for
instance, the stress ratios for compression, bend-
ing, and shear, and the exponents z, 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 condi-
tion 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 correspond-
ing stress ratio.

Considering only two loading conditions, such as
bending and torsion, equation 1.5353 can be
plotted as a single interaction curve of R, against
R,. Likewise, in the case of combined bending and
compression, R, can be plotted against B,. 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 exponents are shown in figure 1.535. The
general significance of equation 1.5353 and figure
1.535 is that the addition of a second loading con-
dition will lower the percentage of the allowable
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 B;=1.0
and R,=1.0, indicating that the two loading con-
ditions 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 representing
the applied values of R, and R, computed
from the applied stresses (illustrated 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 B, and R, as
the ordinate and abscissa, respectively, 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:

U=R,/Ris=Ry/Roe- - - ___ (1.5354)

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

1
M. S'_U_ | S (1.5355)

Note that when the following stress ratio expres-
sions are used, the margins of safety can be com-
puted as indicated

For R+ R,=1,
' 1
M. S =—+"+—1
(B+R>)
For Rj*+R.2?=1
M. St 1
VEZ+R?

1



Other M. 8. formulas can, of course, be determined 1.6 Columns

for the more complicated stress ratio expressions. 1.61 GENERAL.
The general formula for the margin of safety

stated analytically for interaction equations where

any or all of 2, ¥, and z are 1 or 2 but no other

figure (except one term may be missing) is as

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
follows: which frequently cause some confusion. These
— _ will be taken up in this section. Actual strengths

[R'+ V(B4 4(R") of columns of various types are given in subse-
quent chapters.

Here the R’ designates the sum of all first power

ratios; (R’)? is the square of the same sum; and 1.62  PriMarY InsTaBILITY FAILURE
(R'")? the sum of the squares of all second-power 1.621  General—A column may fail through
ratios. The table gives all combinations: primary instability by bending laterally (stable
sections) or by twisting about some axis parallel
Interaction formula Margin of safety to its own axis. This latter type of primary
failure is particularly common to columns having
RARA=10 2 1 unsymmetrical open sections. The twisting fail-
(Bi+VR2+4Ry ure of a closed section column is precluded by its

1 —1 inherently high torsional rigidity. Since the avail-
(Bt Byt By able information on twisting instability is some-
2 -1 what limited it may be advisable to conduct tests

(Bit Byt ~2(R1+R2)2+4R32) on all columns subject to this type of failure.
Ri+R2+R2=1.0 -1 1.622  Long columns. (Stable Sections). The
(BitV R+ 4R B Euler formulsz 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
The practical application of equation 1.5353 will  standard textbooks on the strength of materials.

R1+R2+ R3= 10

R1+R2+R32= 10

R+ R24+R:2=1.0

—1
VR + R+ Ry

be taken up in the following chapters. The value to be used for the restraint cocfficient, ¢,
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Figure 1.635. Typical interaction curves for combined loading conditions.
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depends on the degree of end fixation. The true
significance of the restraint coefficient is best
understood by considering the end restraint as
modifying the effective column length, as indicated
in equation 1.381. For a pin-ended column hav-
ing zero end restraint ¢=1.0 and L’=L. A fixity
coefficient of 2 corresponds to a reduction of the
effective length to 1/4/2 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 Kuler
formula. Thisisin 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 predicting the allowable column
stress are often adopted. When a definite eccen-
tricity exists, the critical column loads are reduced
due to the combined effects of axial load and bend-
ing. 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 formulas
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:

F=xE'|(L'[p)? .. __._ (1.6231)
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 compressive stress, F, can
be determined from stress-strain curves for the
material.

1.624 Column yield stress (F,). The upper.
limit of the allowable column stress for primary
failure is called the column yield stress and will be
designated F,,. It can be determined by extend-
ing the “short-column” curve to a point corre-
sponding 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 F,, should be obtained from tests on
specimens having geometrical proportions such
that local failure is precluded except for very
low values of L’/p.

‘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 dia-
gram 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 F., for round steel
tubes is approximately equal to 1.06 times the
tensile yield stress; whereas, by reference 1.624,
F,, for some aluminum alloys, see table 3.21, is
approximately equal to F,, (1-+F,/200,000).

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

1.63 NonpiMENsiONAL CoLumMN CURVES FOR

PriMary FAILURE

1.631 General. On account of the many fac-
tors involved it is often difficult to predict 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
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employed in reference 2.53. The following coeffi-
cients will be adopted for this purpose:

R,=allowable stress ratio=F,/F,,_______ (1.6311)
where
F, =allowable column stress

F,,=column yicld stress

L -.-.(1.6312)

* B=slenderness ratio factor— S,
W\"E/Fco

where
L'=L/+e (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,,.

Thus, when B=2, the Euler stress F,, would
equal %F., or R, would be 0.25 (since the Euler
stress varies inversely as the square of L’/p).

1.632  Typical column curves. Typical column
curves plotted in terms of these nondimensional
coefficients are illustrated in figure 1.632. Tt will
be noted that the Johnson parabolic curve is tan-
gent to the Euler curve at a value of R,=0.5; that
is, the Euler formula will not apply when it gives
stresses higher than half the column yield stress.
It is also convenient 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 R, equal to 0.4286 and 0.333,
respectively.

1.64 Locav INsTABILITY FAILURE

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

1.0p

|

=Fc |
Ra Feo

oy
[Nl
]

i

t

t

!

1

I

/

x AV RA

o .5 1.0

1.5 | 2.0 2.5 3.0

“TE/F,,

Figure 1.632. Various column curves in nondimensional form.
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section. The local failure of columns having cross
sections other than those of round tubes is dis-
cussed in section 1.65.

1.642 Crushing or crippling stress (F,). The
upper limit of the allowable column stress for local
failure is called the crushing or erippling stress and
is designated F,.. The crushing 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 compres-
sion as given below:

Fo.—K NEE'Df ... (1.6421)

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 of F,; (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 D/t at which crushing
will occur at the assumed stress. Values of the
constant X must be determined empirically. As
noted above, equation 1.6421 applies to plastic
failure; i. e., for stresses above the proportional
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 rela-
tively and the constant should be suitablyreduced.

165 Corumns ofF UnconvenTioNaL Cross

SEcTION .

1.651 @eneral. In the case of columns having
unconventional cross sections which are partic-
ularly 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.
4

. L .
test specimens should cover a range of " which

The

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 sections,
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 deter-
mined by extending the “‘short column” curve
for the specific cross section under consideration
to a point corresponding to zero L'/p. When a
family of columns of the same general cross section
is used, it is often possible to determine a relation-
ship between F,, and some factor depending on
the wall thickness, 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 is con-
sidered satisfactory and is acceptable to the Air
Force, Navy, and the Civil Aeronautic Admin-
istration 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, 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 regardless of the type of failure involved
@i. e., column crushing or twisting). In figures
1.654, F, is the ultimate compressive stress of the
test specimen, F,, is the compressive yield stress
of the test specimen, and F., (std.) is the standard
compressive yield stress as given in Tables 3.111.

Acceptable methods for obtaining compressive
yield strengths for use in determining values of
K from figures 1.654 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 (@) 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 maferial 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 allowable 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
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with-the-grain ratio of the design allowable curve with intercepts on the compressive stress
compressive yield to design allowable tensile  ordinate at values determined from the appro-
yield strength for the material should be used.’ priate formula:
(¢) In case neither methods (@) nor (b) are Aluminum alloys—F F.,(14+F,/200,000)
feasible or applicable, it should be assumed Magnesium alloys—¥,=1.18 F,,
that the compressive yield of the column test Steel —F,=F,,
specimen parallel to its length is 15 percent  One intercept is determined by substituting the
greater than the minimum established design compressive yield strength of the material in the
allowable yield strength for the material in the  appropriate formula and the other by substituting
column test specimen. the design allowable compressive yield strength
1.655 Reduction of test results to standard-  for the material in the test specimen in the
alternate method. The use of the method of  formula.
reducing test results to standard illustrated in (d) When the test specimen has been tested,
. figure 1.655 is considered satisfactory and is  the test value is marked on the compressive stress
acceptable to the Air Force, Navy, and the Civil  ordinate, a horizontal line is drawn to intersect the
Aeronautics Administration. This method is con-  straight line based on the test material compressive
@ servative for aluminum alloys and is considered  yield stress. A vertical line is erected at this point

an acceptable method for correcting test results
for other materials.

The following procedure should be used to
obtain the corrected test results:

(a) Determine the compressive yield strength
of the material in the column test specimen by
one of the methods outlined in paragraphs 1.654
(@), (b), or (¢); for materials other than aluminum
alloy use a method similar to one of those de-
scribed in these paragraphs.

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

(¢) Plot two straight lines tangent to the Euler

of intersection to intersect the other straight line
based on the standard compressive yield stress,
and a horizontal line extended from this point of
intersection back to the compressive stress ordi-
nate thus establishing the corrected test stress
value.

1.7 Thin-walled and

sections

stiffened thin-walled

1.71 GeneraL. A Dbibliography 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 Pror-
ERTIES

2.111 Design mechanical properties. The gen-

eral strength properties and the related charac-
teristics of various steels at normal (room) temper-
ature are listed in tables 2.111. Particular
attention should be paid to the detailed notes at
the bottom of each table.

Table 2.111 (a). Design Mechanical Properties® of Plain Carbon Steels (Kips Per Square Inch)

L1 SRR EEEESRREEEEESELDECISLECLELSEEEI St bbb Tube, sheet, and
bar
N0 2RSSR SRR EREESRESERRESELTECELSECERLACEEL AR S h 1020-25
Specification. ... e e iemeememeeemmmmmmmmmemeesmme oo eoemmmmmSemooeioessas-aoses AN-8-11,
MIL-8-7097,
MIL-T-5066,
‘ and AN-WW-T-846
‘Condition
Diameter or thickness
b

F 7 i il 55
RN SESRES SR PSS S 36
FHI —————————————————————————————————————————————————————————————————————— 36
) RIS EEE T PSS EE SRS EEE 35
Y1) o W) L SRR ESTIEEEEEPETEETEEEEE SR FEEEE S

B 0T ) B X 1) DR REEPEEERE R E LRSS S B 90
NN 0Y) ) T N R EERESEREEPEREEEEESEEEESEE S SRS SIS S
0T, 0 X1 ) LR EEESEEEEPPEEEEEEEEEEEE SRR EEE S R
) 2 T PR PR RS S 28, 000
) SR PR TRV PSSR SRR 28, 0600
G._.__ U P PRSP L PR 10, 000
T 0805 - - o o e oo e m oo memeooaoo- 0. 283
Commercial designation - - _ . oo

» Where joints with tapered welds at angles of 30° or less to the center line,
or fish-mouth welds formed by cuts of 60° or less are used, the allowable ten-
sile stress near the weld can be assumed to be 50,000 p. s. i.

b Standard structural symbols are explained in sec. 1.2, ¢h. 1.

o I=longitudinal, parallel to direction of rolling, T=transverse, perpendic-

ular to direction of rolling.

4 p=hole diameter; e=edge distance measured from the hole center line in
the direction of stressing; use value of ¢/D=2.0 for all larger values of edge
distance; for ratios between 1.5and 2.0, the bearing stress value should be ob-
tained by linear interpolation; values for ¢/D<1.5 must be substantiated by
adequate tests prior to approval by the procuring or certificating agency.
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Table 2.111 (b). Design Mechanical Properties of Alloy Steels » (Kips Per Square Inch)

YD - eeeee e eeemmeeaan Sheet, plate, tube, bar and rod Plate and | Plate, tube, Sheet, plate, tube, bar, and rod
bar and bar
ANOY . oL 4130 Alloy steels containing less than 14 percent carbon
Specification. .. .. ... .. ... AN-QQ-58-685 MIL-T-6736
MIL-T-6731 AN-S-684
Heat treated (quenched and drawn)
Condition............ooooooooo. Nb Anncaled HT 100 HT 125 HT 150 HT 180 HT 200
ksi ksi ksi ksi ksi ©
Diameter or thickness_........._ t>0.188 $<0.188 t>1.50 t<1.50
d
Pt - } 90 95 55 65| 100 125| 150 | 180 200
L z- } 70 75 36 45 80| 100 135| «165| x165
Foyoooooooaes IT‘, } 70 £ IR R N 100 135 165 165
Fope . 55 55 35 40 65 75 90 105 115
Fou(e/D=1.5) " ______| ||
F oy (¢/D=2.0)________ 140 140 90 110 140 175 190 200 |_._._.__
Foy (e/D=1.5).________\ ||
Fooy(e/D=2.0y.______| .||
E . 29, 000 29, 000 | 29,000 | 29,000 | 29,000 | 29,000 | 29, 000 | 29, 000 29, 000
B o _____ 29, 000 29, 000 | 29,000 | 29,000 | 29, 000 | 29, 000 29, 000 | 29, 000 29, 000
G ... 11, 000 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11, 000 11, 000
W lbs./in3____________ 0. 283 0. 283 0. 283 0. 283 0. 283 0. 283 0. 283 0. 283 0. 283
Commercial designation _ 4130 e e

* Except as noted, the values given in this table apply to any of the struc-
tural alloy steels containing less than 14 percent carbon. Any of these steels
will display the properties given in the column corresponding to its ultimate
tensile stress. These values apply to the materials in various forms, such as
bars, rods, tubes, sheet, castings, forgings, ete. In the case of castings the
above values correspond to those obtained from test bars. Refercnce should
be made to the specific requirements of the procuring or certificating agency
in regard to the use of the above values in the design of castings.

b This value is applicable when the material is furnished in condition
N of the applicable MIL specification but the yicld strength is appreciably
reduced when normalized.

¢ The use of higher heat-treatments than that corresponding to ¥ ;.=180,000
p. s. i. shall be based on rulings of the procuring or licensing agencies.

d Standard structural symbols are explained in sec. 1.2, ch. 1.

¢ L=longitudinal, parallel to direction of rolling; T=transverse, perpen-
dicular to direction of rolling.

{ D=hole diameter; e=edge distance measured from the hole center line
in the direction of stressing; use value of ¢/D =2.0 for all larger values of edge
distance; for ratios between 1.5 and 2.0, the bearing stress should be obtained
by linear interpolation; values for ¢/D<1.5 must be substantiated by ade-
quate tests prior to approval by the procuring or certificating agency.
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£ Applicable only when section, size, and hardenability permit the forma-
tion of a minimum of 50 percent Martensite in the center of the section on
quenching. For alloy steels heat-treated to an ultimate tensile strength of
200 ksi an allowable tensile yield strength of 175 ksi may be used provided the
quenched structure at the center of the material contains not less than 90
percent Martensite and the subsequent draw temperature exceeds 700° F.
For information, the maximum section sizes that permit the formation of the
required Martensite in the center of the material and for which design allow-
able tensile yield strengths of 175 ksi at 200 ksi ultimate tensile strength and
165 ksi at 180 ksi and 200 ksi ultimate strength are permissible, are listed below.

Mazimum sec-
tion thickness
Jor 175 ksi (90

Mazimum sec-
tion thickness
Jor 165 ksi (50

percent ercent
Steel Alloy Martensite) artensite)
4130, 8630. ... I el
8785 134" u®
1%” lll
2[! 1//
4,[ 3[/




Table 2.111 (¢). Design Mechanical Properties of Corrosion Resisting and Heal-treated, Corrosion Resisting Steels (Kips
Per Square Inch)

.’l‘ype ....................................... Sheet and strip
ANOY oo 18-8
Speciﬁca}ion.._..._..; ...................... MIL~8-5059 Class I and II
Condition.———ooowoeommmmmecenee N Annealed Cold rolled Cold rolled and heat-treated »
14 hard 14 hard 3% hard Full hard |. 4 hard 14 hard % hard Full hard
Diameter or thickness
FruPocoooooooeaee g‘, } 75| 125 150 | 175 | 185 | 125 150 | 175 185
Fo S -- L________
T 30 75 110 135 140 75 120 140 160
| L._______ 35 65 85 95 105 75 105 120 140
T - 35 100 120 140 170 105 125 160 185
) RSPt 40 67. 5 80 95 100 | ©67.5 e 80 ° 95 ° 100
Y Y O O e B e ] e RO
Fy(e/D=2.0)__ - 75 150 180 190 195 e 150 e 180 e 190 ° 195
S T T O e e B S B i IRy
T T T i ] ] Bl Rttt Eebchban
E. o= 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
E, s 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 o= 12, 500 | 12,000 | 11,500 | 11,000 | 11, 000 | 12,000 | 11,500 | 11, 000 11, 000
w Ibs./ind oo 0.286 |- oo 0. 286 0. 286 0..286 0. 286 0. 286
Commereial designation. - - . oo oeooofom oo e oo e o e o

» Heat-treatment consists of holding from 16 to 36 hours at 300°-200° C.,
(570°-392° F.), and cooling in air.

b Standard structural symbels are explained in sec. 1.2, ch. 1.

oL =longitudinal, parallel to direction of rolling; T=transverse, perpendic-
ular to direction of rolling.

d The 0.2 percent offset minimum yield stresses were determined on the
basis of the initial moduli of elasticity as shown by the stress-strain data.

2.112 Fatigue properties. Rotating beam fa-
tigue strength data for ferrous materials and re-
versed bending fatigue strength data for chromium
— 18 percent, nickel —8 percent, sheet material are
given in tables 2.112 (@) and 2.112 (b), respectively.
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 allowance should be made for re-
entrant conditions which may produce localized
high stresses. These localized high stresses are of
great importance in studying the effect of repeated
stress.

¢ These date are safely based on the *“‘as-cold-rolled” materifil, and should be
higher for the “‘cold-rolled and heat-treated’’ material. ’\\

t D=hole diameter; e=edge distance measured from the hole center line in
the direction of stressing; use value of ¢/D=20 for all larger values of edge
distance, for ratios between 1.5 and 2.0, the bearing stress value should be
obtained by linear interpolation, values for ¢/ D<1.5 must be substantiated
by adequate tests prior to approval by the procuring or certificating ageney.

The values given in table 2.112 (a) were deter-
mined by testing 0.30 inch diameter machined
specimens in R. R. Moore rotating beam fatigue
machines and represent extreme fiber stresses
which such specimens will withstand in completely
reversed flexure. The values given in table 2.112
(b) were determined by testing cantilever sheet
specimens in Krouse constant deflection type fa-
tigue testing machines and represent extreme fiber
stresses which such specimens will withstand in
completely reversed flexure.
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Table 2.112 (a).

(Al values of stress in p. s. i.)

[Values given were determined by testing 0.30 inch diameter machined specimens in R. R. Moore rotating beam fatigue machines and represent extreme
fiber stresses which such specimens will withstand in completely reversed flexure]

Rotating Beam Fatigue Data for Ferrous Malerials

Approximate maximum stresses which material will
) . withstand for various numbers of eycles
Material Condition %’&"3?2333’

100,000 cycles l'coyogl'ggo 10&%&200 225,032-50(_)0
S. A E. 4340 steel bar___________________ Heat treated | 188,000 | 100,000 | 82,000 | 82, 000 82, 000
S. A. E. 4340 steel forged bar b____________|[.____ do___.__. 150, 000 96, 000 80, 000 76, 000 76, 000
S. A E. 2330 steel bar__ . ________________|_.__. do___.___ 116, 000 82, 000 72, 000 66, 000 66, 000
Do e do___..__ 193, 000 98, 000 95, 000 92, 000 92, 000
S.A E. 4130steel bar. . _._._.___________{ ___._ do._.._._ 129, 000 85, 000 75, 000 74, 000 74, 000
Do do__..__. 152, 000 97, 000 86, 000 84, 000 84, 000
Do e do___.___ 205, 000 105, 000 100, 600 99, 000 99, 000

& Values given for 20,000,000 cycles are commonly known as endurance limits.

b With grain flow.

Table 2.112 (b). Reversed Bending Fatigue Data for Chromium 18 Percent Nickel, 8 Percent Sheet Steel Longitudinal
Direction

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

[Values given were determined by testing cantilever sheet specimens in Xrouse constant deflection type fatigue testing machines and represent extreme fiber

stresses which such specimens will withstand in completely reversed flexure}

Approximate maximum stresses which material will
. withstand for various numbers of cycles
Temper Thl:}lfggtss of Heat » treatment gi]]te"s“ﬁf,f,éfﬂ'
,000,000 10,000,000 20,000,
100,000 cycles lcycles cycles cyelcsogo
Full hard._______._ 0.025 | Asrolled_________.________ 191, 700 86, 000 75, 000 72, 000 72, 000
Do._..__._.. . 025 | At 450° F., 24 hours*______ 202, 700 90, 000 80, 000 76, 000 76, 000
Do ... ___. .050 | Asrolled. - _______________ 200, 000 94, 000 91, 000 88, 000 88, 000
Do._._.____. . 050 | At 450° F., 24 hours_______ 208,000 |._________ 98, 000 93, 000 93, 000
Half hard________ .025 | Asrolled_. _______________ 154, 000 73, 000 66, 000 62, 000 62, 000
Do.._...____ . 025 | At 450° F., 24 hours. ______ 150, 000 75, 000 73, 000 64, 000 64, 000
» “450° F., 24 hours” is an aging treatment.
b Values given for 20,000,000 eycles are commonly known as endurance limits.
2.113  Typical stress-strain and tangent modulus ~ tubes. The local failure stresses for columns

data. Typical tangent modulus versus tensile
stress curves for corrosion-resisting and heat-
treated corrosion resisting steel sheet and strip
are given in figure 2.113 for general information.
2.12 TempErATURE EF¥rFECTS
2.13 CrrTERIA FOR DESIGN MECHANICAL Ma-
TERIAL PROPERTIES

2.2 Columns

2.21 PrimarY FarLure. The general formulas
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 formulas also can be used for
columns having cross sections other than those of
round tubes when local instability is not critical.

2.22 LocanFaiLure. Table2.21also contains
notes concerning the local instability of round
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having cross sections of other shapes are given in
the allowable stress curves of this chapter.

2.221 Effects of welding. The primary failure
stress of a column having welded ends can be
determined from the formulas of table 2.21 with-
out 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 Corumn Stress Curves. Curves of the
allowable column stresses for various types of
steel tubing are given in figures 2.23. The allow-
able stress is plotted against the effective slender-
ness ratio which is defined by the formula:

r_ L (2.231)
P pycC




CHAPTER 2—STEEL
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Figure 2.118. Tangent modulus curves derived from stress-strain curves for corrosion-resisting (slainless) steel sheet and plate.
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Table 2.21. Column Formulas for Round Steel Tubes

Short columns
Material Fu—ksi | Feo—ksi e Criticat b Long columns » Local
Column formula » equzﬁidn
1025 ... 36 36 36,000—1.172 (L'/p)? 1:383 124 276108/ (L'/p)? ()
4130 . 475 79. 5 79,500—51.9 (L’/p)1-5 1:384 91.5 | 286X 10%/(L’/p)? Q)
Heat~treated ¢ alloy steel___| ¢ 100 100 100,000—8.74 (L’/p)? 1:383 75.6 | 286X 10°%/(L’/p)? ®)
Heat-treated © alloy steel. . . 135 | 135 135,000—15.92 (L'/p)? 1:383 65.0 | 286X 10%/(L'/p)? ()
Heat-treated ¢ alloy steel.__ 165 165 165,000—23.78 (L’/p)? 1:383 58.9 | 286X 10%/(L’/p)? (=)
s L'/p=L/p\/¢: L'/p shall not exceed 150 without specific authority.from d This value is applicable when the material is furnished in condition N
the procuring or certificating agency. (MIL-T-6736) but the yicld strength is reduced when normalized sub-
"® Critical L/p is that above which columns arc “long” and helow which sequent to welding to 60,000 p. s. i.
they are ‘‘short.” ¢ See “Mcechanical properties,” tables 2.111.
o Not necessary to investigate for Jocal instability when D/t<50.
T
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Figure 2.23 (¢). Allowable column stress for heat-treated

alloy steel round tubing.

!

2.24 CorLuMN Loap Curves. The allowable
column loads on round tubes versus-length as
given in reference 2.24 are satisfactory for general
use and replace those curves formerly appearing
in this document.

2.3 Beams

2.31 Ge~NERAL. See equation 1.323; section
1.525; and reference 1.71 for general information
on stress analysis of beams.

2.32 SivpLE Brams. Beams of solid, tubular,
or similar cross sections can be assumed to fail
through exceeding an allowable modulus of rup-
ture in bending (F,). For solid sections, it usually
can be assumed that F;, equals the ultimate tensile
stress. This assumption is conservative and
higher values may be wused if substantiated by
test data.

2.321 Roundtubes. Forround tubes, the value
of F, 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 molyb-
denum steel tubing.

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

2.33 Buint-Up Beams. Built-up beams usu-
ally 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 TuiN - Wes Brams. 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 intermediate
condition. Pure shear failure usually will not
occur within the range of wall thicknesses com-
monly used for aircraft tubing.

2.42 ArLowABLE TORSIONAL SHEAR STRESSES.

D .
In the range of low value of < o theoretical

formula is applicable directly. The results of
tests have been used to determine the empirical
curves of figure 2.42.
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BENDING MODULUS OF RUPTURE
ULTIMATE TENSILE STRESS
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Figure 2.321. Bending modulus of rupture—chrome molybdenum steel tubing.
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2.5 Combined loadings

2.51 Rounxp Tuses iN Benping anp Cowm-
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 deflec-
tion of the column. In general equation 1.5353,
can be used in the following form for safe values:

B fe_
P =10 (2.511)

1
M. S=prp—1 ... (2.511a)

Where

fi=Maximum bending stress including
- effects of secondary bending.

F,=Bending modulus of rupture.
Je=Axial compressive stress.

F,,=Compressive yield stress.

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

2.52 Tuses N BEnpING AND Torsion. Equa-
tion 1.5353, can be used in the following forms for
safe values:

2 2
]—J;?;) +(%7> —1.0.. ... (2.521)
Round tubes: R,24+R2=1.0____(2.521a)
1

M S=“‘—_~_-_“‘——' 1___ - 2521b
V(B + (R ( )

Streamline tubes: R,+R,=1.0___(2.522)

1
M. S.:ms—l _______ (2522&)

fs=Shear stress.

F,,=Torsional modulus of rupture.

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

2.53 Tuses IN BEnNpING COMPRESSION, AND
TorstoN. The bending stresses should include

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

Material oo Low-carbon Heat-treated steel
steel
Tensile strength, kips persquareinch...___.._.._ ... 55 100 125 125
Shear strength, kips per squareinch.... ... 35 65 75 75
i Size of bolt Machine | Area of solid | Moment of in- . Tension
AN standard bolt designation or pin screw section ertia of solid Allowable single shear strength (pounds) (pounds)
. size (No.) | (square inch) (in¥) (in thread)

Me |ooee 0. 003068 | 0. 00000075 107 199 230 | ___._.__.
Yo |- . 006902 . 00000379 242 449 518 | . _____.
0.112 4 . 009852 . 00000772 345 640 739 | _____
3 . . 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 |______.___
AN-3. .. Yo ool . 02761 . 00006066 966 1, 794 2,070 |__._______
0. 190 10 . 02835 . 00006399 992 1, 842 2, 126 2,210
0. 216 12 . 03664 . 0001069 1, 282 2, 381 2,748 | ... ___
Yoo | . . 03758 . 0001125 1, 315 2, 442 2,818 | __.___..
AN-4. .. Yoo . . 04908 . 0001918 1, 717 3, 190 3, 680 4, 080
AN-5_ .. A . 07669 | . 0004682 2, 684 4,984 5, 750 6, 500
AN-6___ ... % | . 1105 . 0009710 3, 8683 7,183 | - 8,280 10, 100
AN-T__ . ... /P I . 1503 . 001797 5, 261 9, 770 11, 250 13, 600
AN-8__ ... Yo loooo .. . 1963 . 003069 6, 871 12, 760 14, 700 18, 500
AN-9_ . N |ooe . . 2485 . 004914 8, 697 16, 152 18, 700 23, 600
AN-10_ ... .. 73 P . 3068 . 007492 10, 738 19, 942 23, 000 30, 100
AN-12_________________. 7 I . 4418 . 01553 15, 463 28, 717 33, 150 44, 000
AN-14_ . |/ . 6013 . 02878 21, 046 39,085 | 45,050 60, 000
AN-16._ . ____________. 1 ___ . 7854 . 04908 27, 489 51, 051 58, 900 80, 700
AN-18__ ... ) 7 I I [ N A 73, 750 101, 800
AN-20______ . _________ e 91, 050 130, 200




the effects of secondary bending due to compres-
sion. The following empirical equation will serve
as a working basis, pending a more thorough inves-
tigation of the subject.

BV =) s
1

M.S

—1_.(2.531.a)

" R BPHR)
In no case shall the axial compressive stress, f,,

exceed the allowable stress, F, for a simple
column.

2.6 Joints, parts and fittings

2.61 Joints
2.611 Riveted and bolted joints
2.6111 Allowable 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).

2.6112 Allowable bearing stresses

2.61121 Joints having no motion. The basic
values of the allowable stresses for various steels
may be found in tables 2.111. These stresses are
applicable only when the D/t 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

Table 2.61121.

Table 2.6111 (b).

wrenching bolts

Shear and tension strengths of internal

Unit Bearing Strengths of Sheets on

Material .. Heat-treated alloy steel (160,000~
180,000 p. s. i.)
Specification. - .. ... AN-QQ-8-687 AN-QQ-S-69¢
and and

MIL-8-6049 MIL-S-5000

Ultimate tensile Double shear

Size Standard strength (mini- | strength (mini-

mum pounds) mum pounds)
Yo NAS 144_____ 5, 000 9, 300
Yoo o NAS 145_____ 8, 200 14, 600
|/ NAS 146.___.. 12, 700 21, 000
|/ T NAS 147 ____ 17, 100 28, 600
| T NAS 148_____ 23, 400 37, 300
21 T NAS 149_____ 29, 800 47, 200
S e NAS 150 ... 38, 000 58, 300
/A NAS 152_____ 55, 600 83, 900
|/ NAS 154 ____ 716, 200 114, 200
) S NAS 156_____ 102, 500 149, 200
e oo _._ NAS 158_____ 128, 800 188, 900
1 . NAS172_____ 162, 600 233, 200
186 NAS 174_____ 200, 300 282, 100
W . NAS 176_.._. 241, 200 335, 800

NortEs

Navy contractors must obtain approval of structural applications involving
internal wrenching bolts prior to their use in design.

Internal wrenching nuts or equivalent should be used in applications de-
pended upon to develop the tabulated tensile loads.

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 connecting
elements of rigid joints when there is no possibility
of relative movement between the parts joined
without deformation of these parts.

Bolts and Pins (Fy.=100,000 p. s. 1.) (Pounds)

Size of rivets__....._.... " M 352 1% 542 e %e % % % % 7% 1
Plate sizes Bearing strength of plate

0.028.________.__. 175 263 R 110 U RSN PRNNPUIRU PUNUORUI [N JPUNPRRUIPN RUUPIURIND (RIS (PSP R
0.035. .. ____ 219 328 438 547 6506|_ _ ||
0.049_ . ________ 306 459 612 766 919 1,225( . | e e e
0.058 . ________._.. 362 544 725 906| 1,087 1,450; 1,812 ____ | ||
0.065____________ 406 609 812| 1,016 1,219 1,625 2,031 _____ | || e e
0.072____________ 450 675 900| 1,125} 1,350} 1,800 2,250 2,700(. .| e o]
0.083_.__________ 519 778 1,038| 1,297 1,556 2,075 2,594| 3,112 ______| .| e
0.095 . __________ 594 891] 1, 188] 1, 484| 1,781| 2,375 2,969 3,563 4,750 __ . _ | | e|eooeoes
0.120_ ... _______ 750 1,125 1, 500 1, 875| 2, 250| 3, 000| 3, 750 4, 500 6,000 7,500 _____ | . ..o
T P 1,172 1,758| 2, 344| 2,930| 3, 516| 4, 688 5,859 7,031] 9,375 11,719| 14, 063| 16, 406 18, 750
Y. 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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Figure 2.6111. Combined shear and tension on AN steel bolts.
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Table 2.61122 (b).

Ultimate Bearing Siress for Plain Lubricated Bearings Having Frequent Relative Motion

Type of bearing Shock or vibration Lubrication Egggsix?:}l;
-Free fits, frequent relative movement approximately 100 revolutions | None______._.__ Grease___._.____ 15, 000
per hour (or equivalent) per flight.
Free fits, subject to very frequent relative movement, with 3 or more [ ___. do__ .. _.|----- do.________ 12, 000
bearings in line, sealed or protected.
Free fits, subject to very frequent relative movement, with 3 or more |._.___ do_..._._ .- Light grease____ 8, 000
bearings in line, unprotected from dirt.
Free fits, subject to very frequent relative movement, with 3 or more Yes_ . _oo..- Oil. . .. 1, 500
bearings in line, unprotected from dirt.

Table 2.61122 (a).!  Bearing Factors for Plain?® Bearings?

Having no or Infrequent * Relative Rotation Under Design

Loads
Infrequent rzlsziggogc:it:tion under Shock % or vibration | Factor 8
None 7 e None_ . ___-_ 1.0
YeS o e | do_______ 2.0
None 7. _ e Yes .. ____. 2.0
YeS o e e do_._.___ 2.5

1 The factors given in this table are applicable to other materials as well
as to steel. .

2 Plain bearings as against antifriction bearings (ball bearings, etc.).

3 Bearings are distinguished from fittings, in general, in that a bearing is
a pin-jointed fitting which permits relative movement between the parts
joined other than that due to deformation of the parts under load.

+ Infrequent rotation is considered to be rotation of less than 100 revolutions
per hour. For rotations in the order of 100 revolutions per hour, and up,
see table 2.61122 (b).

s Shock is considered to occur in such structures as landing gears, gun
mounts, hoisting, towing and mooring connections.

6 It should be noted that the fitting factors specified by the procuring or
certifying agency also apply to the bearing surfaces. If the applicable
fitting factor exceeds the bearing factor, the former shall be used in lieu of
(not in addition to) the latter, and vice versa.

7 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. -

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

2.6113. Hollow-end rivets. If hollow-end rivets
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 of the rivet diam-
eter from the plane of shear, as measured toward
the hollow end, and further provided that they are

94904970 - 51 - 4

For joints hav-

used in locations where they will not be subjected
to appreciable tensile stresses.

2.6114 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 2.6114.

Table 2.6114.1 Allowable Ultimate Single Shear Strengths
18-82 Corrosion Resistant Steel Rivets (Pounds)

Diameter | Load
S J 973
Y B e em e m e 2150
/U U U PR 3880
0 U IS U U 6140
SRS 8800

1 Material as described in Specification AN-8-771 annealed before driving.
2 The values given in the table above were computed using an allowable
shear stress of 75,000 p. s. i. and nominal hole sizes from table 3.6111 (¢)

2.6115 Blind rivets. 'Table 2.6115 contains ul-
timate and yield allowable single shear strengths
for protruding and flush-head monel blind rivets in
corrosion-resistant sheet. These strengths are ap-
plicable only when the grip lengths and rivet-hole
tolerances are as recommended by the rivet manu-
facturer.

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
¢/D values less than 2.0 are used, tests to substan-
tiate 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 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:
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(@) 0.005 inches up to and including ¥, inch
diameter rivets.

(b) 2.5 percent of the rivet diameter for rivet
sizes larger than ¥ 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 require-
ments of the applicable procuring or certificating
agency relative to the use of blind rivets.

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

Table 2.6115.

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

2.6121 In the
design of welded joints the strength of both the
weld metal and the adjacent parent metal must be
considered.  The allowable for the
adjacent parent metal is given in paragraph 2.6122
and the allowable strength for the weld metal is
given in paragraph 2.6123. The weld metal

Fusion welds.—arc and gas.

strength

Ultimate and Yield Strengths for Blind Monel Cherry Rivets in Corrosion Resistant Sheet (Pounds)

ULTIMATE STRENGTHS

Installation_ ... ___._.... Protruding head 100° double dimpled ! 100° machine countersunk 2
Rivet type. oo oo CR563 CR562
Sheet material ... __.___.. 18-8 (1% Hard)
\

pp T— P % %z 3o % % %42 He i 343 He

\ B
0008 . __._ ... ___. 150 180 220 |- __.____ 280 315 || e
0012 _____.__._______ 230 300 350 |- ..___. 320 455 ¥610 fo ..
0.020_______ .. _______ 380 510 600 o_______ 400 620 680 |- .|| .
0025 ... .. _____. 460 620 750 1, 090 450 705 830 + |
0.032_.._____.._______ 550 770 960 1, 380 510 810 980 *¥420 |._._.__. S
0040 .. _____________ 620 900 1, 160 1, 660 570 900 1,135 *420 *535 ... _._
0051 __ . _____________ 660 1, 000 1, 340 1,960 |- || ... 510 550 (L. ___ ...
0064 _______________. 680 1, 090 1, 460 2,190 ||l 620 735 | __
0072 _____________ 700 1, 140 1, 500 2,270 || |l__ 625 840 *1, 020
0081 . _____________ 710 1, 180 1, 520 2,340 ||l 625 940 1,110
0091 ________________ 720 | 1,190 | 1,540 | 2,410 (.. .|| ... 1, 030 1, 200
0.102__ .. |l . 1, 560 2,480 |- e el 1, 100 1, 420
0125 e 1,580 | 2,590 |- | e e 1, 160 1, 470
Rivet shear strength 4_ _ 775 | 1,190 | 1,720 | 8 110 775 | 1,190 | 1,720 |- o |eooo e
YIELD STRENGTHS

0008 ... . ___. . 150 180 220 (. _______ 230 235 oo e
0012 _____________. 230 300 350 |__.____. 320 362 320 |||l
0020 ___.__.______. 380 510 600 |__._____ 400 620 650 |- e feemaes
0.025_ . _______.____ 460 620 750 1, 090 450 705 808 |||l
0032 . ___ ... __ 550 770 920 1, 380 510 810 980 80 |_ |-
0.040_________________ 620 850 1, 035 1, 660 570 900 1,135 291 283 |- _._.--
0.051 ... ... 660 930 | 1,162 | 1,938 | .. _ .. |oo_._..__ 446 455 | .__.
0064 . ______________ 680 1, 010 1, 282 2,135 . | ___. 541 610 412
0072 __________ 700 1, 048 1, 334 2,235 | |l ___. 572 690 604
0.081.________._______ 710 1, 081 1, 391 2.323 ||| 593 776 811
0001 ________._. - 720 1, 110 1, 450 2,410 | __ | jeeo.. 608 869 991
0102 e 1,507 | 2,480 |- __ | o |_____. 621 903 | 1,150
0325 .| l|eoo__. 1, 580 2,590 |__ | |- 644 920 1,334

! In dimpled installations allowables shall not be obtained by extrapolation
for skin gages other than those shown,

2 In the case of machinc countersunk joints where the lower sheet is thinner
than the upper, the bearing allowable for the lower sheet-rivet comhination
should be computed.

3 Sheet gage is that of the thinnest sheet for protruding head and double-
dimpled installations. For machine countersunk installations sheot gage is
that of the upper sheet.
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4 Rivet shear strengths computed using nominal hole size and the following
values for rivet and pin materials.
Rivet—R monel, annealed— Fou=55,000 p. s. 1.
Pin—R monel, cold worked— F,u=65,000 . s. i.

Yicld values of the sheet-rivet combinations marked thus (*) are less than
24 of the indicated ultimate values. Other sheet-rivet combinations may be
used subjeet to specifie approval of the procuring or certificating ageney.




section shall be analyzed on the basis of its loading,
allowables, dimensions, and geometry.

2.6122 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 2.6122.

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 heat treated condition as
given in tables 2.111.

Table 2.6122 (a). Allowable Ultimate Tensile Stresses
Near Fusion Welds in 4130, 4140, 4340, or 8630 Steels

[Section thickness % inch or less}

Welded after heat
treated or normal-
ized after weld
(p.s. i)

Type of joint

Tapered.joints of 30°orless! __________
Allothers_ _ . _ ... ..

90, 000
80, 000

1 Gussets or plate inserts considered 0° taper with center line.

Table 2.6122 (b). Allowable Bending Modulus of Rup-
ture Near Fusion Welds in 4130, 4140, 4340, or 8630
Steels

Type of weld Welded after hg?tte?‘v?et]%d or normralized
Tapered welds of 30° | Fp, fig. 2.321 for F(=90,000
or less.} o p.s.i.
Allothers. .. ___._____ F,, fig. 2.321 for F,,=80,000
p. s. i

1 Gussets or plate inserts considered 0° taper with center line.

2.6123 Allowable strength—weld metal. Allow-
able weld metal joint strengths are given in table
2.6123.

Table 2.6123.

When heat treatable welding rod or electrode
MIL-E~-6843 class C or D MII-R-5632 grade
2@G) is used and the structure is heat treated after
welding, higher allowable stresses for the weld
metal may be used when approved by the procur-
ing .or certificating agency. Representative tests
shall be made and suitable reports submitted with
the request for increase in stress value. Design
allowable stresses for the weld metal shall be based
on values not greater than 85 percent of the re-
spective reliable minimum test values.

2.6124 Welded cluster. In welded structure .
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 a manner
for which specific authority has been obtained
from the licensing or procuring agency. A tube
that is continuous through a joint should be
assumed as two members.

2.6125 Flash welds. The tension ultimate
allowable stresses and bending allowable modulus
of rupture for flash welds are given in tables
2.6125. A higher efficiency may be permitted in
special cases by the applicable procuring or certifi-
cating agency upon approval of the manufac-
turers process specification.

2.6126° Spot welding. The permissibility of
the use of spot welding on structural steel parts is
governed by the requirements of the procuring or
certificating agency. Maximum design shear
strengths for spot welds in various steel alloys are
given in table 2.6126 (¢). Table 2.6126 (b) gives
the minimum allowable 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. The thickness ratio of the thickest
sheet to the thinnest outer sheet in the combina-
tion should not exceed 3.1.

Weld Metal Joint Strengths

Material Parent metal thickness Welding rod or electrode Fia Fiy
Low earbon steels_ _ _ _ _ | e 32, 000 51, 000
Heat treatable alloy steels____. >lWineh. .. _.____ Nonheat treatable (MIL-E—-6843, class 32, 000 51, 000
A or B,or MIL-R-5632, grade 1G).
Heat treatable alloy steels_____ Y4 ineh or 1SS - - - C o {e e eeaee 43, 000 72, 000
Heat treatable alloy steels_ . _. >}%inch <}4inch *._| Heat treatable (MIL-E-6843, class C 43, 000 72, 000

or D, or MIL-R-5632, grade 2G).

*When the thickness ¢, exceeds 14 inch, suitable values shall be determined from representative tests, and data submitted for approval by the procuring

or certificating agency.
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Table 2.6125 (a).

Allowable Ultimate Tensile Stresses for Flash Welds in Steel Tubing

Normalized tubing—not heat treated
(Including normalizing) after welding

Tubing heat treated (including normalizing) after welding

Heat treated tubing welded after heat
treatment

Fi of unwelded material in
heat treated condition

Allowable ultimate tensile
stress of welds

1.0 F,, (based on F,, of normal-

ized tubing).

1.0 F,, (based on F,, of normal-
ized tubing).

<100,000 0.9 Fy,
100,000 to 150,000 | 0.6 F,,+ 30,000
> 150,000 0.8 Fy,

Table 2.6125 (b)

Allowable Bending Modulus of Rupture for Flash Welds in Steel Tubing

Normalized tubing—not heat treated
(including normalizing) after welding

Heat-treated tubing welded after
heat treatment

Tubing heat treated (including normalizing) after welding

Fy from fig. 2.321 using values of F,, listed below

1.0 F,, for normalized tubing_____

1.0 Fy, for normalized tubing. __

F,. of unwelded mate-
rial in heat treated
condition.

Ultimate tensile stress
for use in fig. 2.321 for
F, of welded area.

< 100,000 0.9 F,,
100,000 to 150,000 | 0.6 F,,+ 30,000
150,000 0.8 F,,

Table 2.6126 (a).

Spotweld maximum design shear strength

standards for uncoated steelst and nickel alloys

Table 2.6126 (b).

Minimum Edge Distances for

Spot-welded Joints

! Refers to plain carbon steels containing not more than 0.20 percent carbon
and to austenitic steels.
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Material ulti- | Material ulti- | Material ulti- ‘& C!
Nominal thickness of thinner | mate tensile | mate tensile | mate tensile | e————— N 1 X 1
sheet (inches) strength (150 | strength (70 strength N L { € 1 N
ksi and above)| ksi to 150 ksi) | (below 70 ksi)
e N
Pounds Pounds Pounds E E E
0.006_______________ 70 57 | ... ’
0.008. .. __.__.__._ 120 85 70
hi hi dge dis- Thi hi Edge dis-
0.010. - 165 127 02 Thidmesiimer | Edgod | Thioknes thinner | Edge dl
0012 ______________ 220 155 120
0.014_______________ 270 198 142 Inches Inches
0016 ___________ 320 235 170 0.016____ . .. _____ e || 0.060.________. 42
0018 ______________ 390 270 198 0020______._...__ e | 0070 ________. %
0.020_.________._____ 425 310 225 0025 _____.__._._ Ya2 f| 0.080._____.._. 132
0025 . . .__.___ 580 425 320 0.030____________. % 0.090___._.___. Ne
0.030___ .. _______ 750 565 403 0.035________.___. % 0.100_____.___. e
0.032___ ... 835 623 453 0.040___________.. %2 || 0120 _____ Y
0040 ______________ 1,168 850 650 0045 _________ e |} 0125 _________ Ne
0042 . ___________ 1,275 920 712 0.050__________._. Yo || 0.157__________ %
0.050__________.___. 1, 700 1, 205 955
0055._______.______ 1,982 1, 308 1,130 N
0.060. . ____________ 2, 265 1, 558 1,310 OTES
0.064______ 2 550 1,727 1, 437 Intermediate gages will conform to the requirement for the next thinner
"""""" ’ ’ ! gage shown,
0070 . ___________. 2,975 1. 982 1,628 For edge distances less than those specified above, appropriate reductions
0.072_______________ 3, 048 2. 067 1, 685 in the spotweld allowable loads shall be made. These reductions shall be
0.080______ . __._.__._ 3, 540 2, 405 1, 960 subjected to approval by the procuring or certificating agency.
0.090__________.____ 4,100 2,810 2, 290 o i
0.094______ . _______ 4, 288 2, 975 2, 443 2.61261 Reduction in tensile strength of parent
0.100. ... 4, 575 3, 200 2,645  metal due to spotwelding. In applications of spot-
3-1‘1’2 --------------- ‘;’ *1’;’7’3 g’ 23(5) § ggz welding where ribs, intercostals, or doublers are
e T ! ! ' attached to sheet splices or at other points on the
0125 .. ___ 5, 665 4, 052 3, 440 . .
sheet panels, the allowable ultimate tensile

strengths of spotwelded sheet shall be determined
by multiplying the ultimate tensile sheet strength.




obtained from tables 2.111 (¢) by that appropriate
efficiency factor shown on figures 2.6127 (a),
2.61217 (b) and 2.6127 (¢).

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.

2.613 Brazed joints of steel and high melting-
point nonferrous alloys. Brazing is defined as a
weld wherein coalescence is produced by heating
to suitable temperatures above 800° F. and by
using a nonferrous filler metal having a melting
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 employed,
the calculated allowable strength of the base
metal which is subjected to the temperatures
of the brazing process shall be in accordance
with the following:

Material
Heat-treated material
(including normal-

Allowable strength
Mechanical properties
of normalized mate-

ized) used in ‘“‘as rial.
brazed’’ condition.

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

ing.

Mechanical properties
corresponding to
heat-treatment per-
formed.

2.6131 Copper brazing. The allowable shear
stress for design shall be 15,000 p. s. i., for all
conditions of heat treatment. Higher values
may be allowed upon approval by the procuring
or certificating agency.

2.6132 Silver brazing. The allowable shear
stress for design shall be 15,000 p. s. 1., provided
that clearances 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-S-561d. Deviation from these
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specified allowable values or alloys may be
allowed upon approval of the procuring or certifi-
cating agency. .

2.614 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. 614.

2.62 Parts

2.621 Antifriction bearings. For antifriction
bearings the following load should not exceed
the manufacturer’s non-Brinell rating:

(@) For Air Forces and civil use—limit load.

(b) For Navy use—the design yield load.

Needle and tapered-roller antifriction bearings

may be used subject to the procuring or certifi-
cating agency’s approval.

2.622 Antifriction bearing control pulleys. Int
formation on the strengths of antifriction bearing
control pulleys is given in table 2.622. Two
requirements for pulley design must be met:

1. Pulley strength as limited by the resultant
load on the pulley bearing.
2. Pulley strength as limited by the pressure
on the pulley sheave produced by 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.

Table 2.622. Static Yield Strengths for Control Pulleys

Resultant Cable strengths for cable diameter indicated (see note 1)
AN pulley radial T%‘;fteon
strength s 342 1% 42 3o V42 % #

219-2 - 480 307 460 | ) e feee e 37
219-3 e 480 307 460 | |e e e e 37
2194 e 920 307 460 | oo 37
2105 e 920 307 460 | | e |eiiiaoo 37
2201 oo 500 [ feeeoo 830 1, 040 1,250 | |- 87
2202 e 1,680 |- foooooC 830 1, 040 1,250 |- 87
220~ e 2,500 |- |o___o__ 830 1, 040 1,250 || _ 87
2204 e 2,500 |- _o-- 830 1, 040 1,250 || . 87
221~ e aaan 2,800 |- e 2, 620 3, 060 3, 500 125
2212 e 4,900 |- | feeeme e e 2, 620 3, 060 3, 500 125
2218 e 7,000 |- |icmemma | 2, 620 3, 060 3, 500 125

NoTE 1. The cable strengths are the limiting values for the pulley sheaves
and not for the cables themselves. However, for a factor of safety of 1.5 or
less, cable strength is not eritical if MIL~C-1511 specification cable is used.
Cable breaking strength may be found in table 2.6232,

2.623 Cable and cable connections

2.6231 Cable connections. The following effi-
ciencies shall be used in the design of cable
connections.

(a)* For swaged connections manufactured in
accordance with specifications approved by the
applicable procuring or certificating agency, 100
percent.

(b)? Five tuck and Nicopress® type splice—
flexible cable, 75 percent.

! Terminals used for swaged connections shall be designed to preclude failure
at a load less than the minimum cable strength given in table 2.6232.

2 Nicopress type splice may be used in place of the five-tuck splice in
secondary apblications in which the cable diameter is 36 inch or smaller.

3 For civil aircraft Nicopress terminals may be used up to full rated load
of the cable when the cable is looped around a thimble.

NoOTE 2. Limit endurance strengths: The endurance limit is 50,000 revolu-
tions and approximately (7,850 X sheave diameter) reversals when using the
largest cable size specified above, 90° angle of wrap, and a resultant radial
strength equal to 14 the resultant radial strength given in the table above.

NorkE 3. For material, see Specification MIL~P-7034,

(¢) Shackle and ferrule loop terminal—hard
wire, 85 percent. _

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

2.6232 Strength and load-deformation data for
aircraft cable. Information on strengths of steel
cable is given in table 2.6232 and load-deforma-
tion data in figure 2.6232. The data in figure
2.6232 represent average curves obtained from
a series of tensile tests on long lengths of pre-
stretched 7 by 19 aircraft cable (prestretched 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
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by the prestretching, (1) a short transitional
elastic range and (2) an apparent true elastic
range. For design purposes (1) and (2) are also
shown as a combined elastic range.
are mainly for the corrosion-resistant cable but
can be converted to those for carbon steel by
multiplying by the ratio of modulus of elasticity

Table 2.6232. Strength of Steel Cable

The data

of 3 inch diameter.

for the corrosion-resistant to that of carbon steel.
This relation is also shown by the comparative
data on the chart for tests on both types of cables
It is realized that the load-
deformation characteristics of cable may be affec-
ted by several variables, yet it is believed that the
data in figure 2.6232 are satisfactory.

1x7and1x19

7x7,7x19,and 6x19 IWRC)

Nonflexible, carbon Flexible, carbon Flexible, corrosion resisting
Diameter in inches MIL-C-6040 MIL-C-1511 MIL-C-5424

Weight in Breaking Weight in Breaking Weight in Breaking

pounds per strength pounds per strength pounds per strength

100 feet (pounds) 100 feet (pounds) 100 feet (pounds)
0. 031 Yoo .. 0. 30 185 ||
0. 047 e oo el 0. 52 875 | i
0. 062 M oo 0. 78 500 0.75 480 0.75 480
0. 078 e . 1.21 800 (.||
0. 094 3 1.75 1, 200 1. 53 920 1. 53 920
0. 109 S 2. 60 1,600 | e
0.125 el 3. 50 2, 100 2. 90 2, 000 2.90 1, 900
0. 156 Y . 5. 50 3, 300 4. 50 2, 800 4. 44 2, 600
0. 187 T T 7.70 4,700 6. 50 4, 200 6. 47 3, 900
0. 218 S 10. 00 6, 300 8. 60 5, 600 9. 50 5, 200
0. 250 /S 13. 50 8, 200 11. 00 7, 000 12. 00 6, 600
0.281 %o e e 13. 90 8, 000 14. 56 8, 000
0. 312 b e e e 20. 65 12, 500 17. 30 9, 800 17.71 9, 600
0. 344 D U (R F, 20. 70 12,500 |- |
0. 375 7 NI FUSNNOIUUUN A 24. 30 14, 400 26. 45 13, 000
0.4837  Uo o oo e 35. 60 17, 600 35. 60 17, 600
0. 500 TS PR UP NN 45. 80 22, 800 45. 80 22, 800
0. 562 /1 TP MNP MU 59. 00 28, 500 59. 00 28, 500
0. 625 7 SN RSN I 71. 50 35, 000 71. 50 35, 000
0. 750 /SN ISP M 105. 20 49 600 105. 20 49, 600
0. 875 SO (RPN MO 143. 00 66, 500 143. 00 66, 500
1. 000 ) RO SRRSO MO 187. 00 85, 400 187. 00 85, 400
1. 125 L PPN ISR SR 240. 00 106, 400 240. 00 106, 400
1. 250 L /PN F S MV 290. 00 129, 400 290. 00 12y, 400
1. 375 W o 330. 00 153, 600 330. 00 153, 600
1. 500 Vo e b . 420. 00 180, 500 420. 00 180, 500
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Figure 2.6232. Load—deformation data for steel cable.
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CHAPTER 3
ALUMINUM ALLOYS

3.1 General Propetties

3.11 NormaL (Room) TEMPERATURE Prop-
ERTIES

3.111  Design mechanical properties. The de-
sign mechanical properties at normal (room)
temperature for various aluminum alloys are
listed in tables 3.111.  The values in the A column
have been derived from test data and are the
minimum values expected but are not necessarily
covered by procurement specifications.  All values
in the B column have been derived from test data
and are the lowest expeeted in 90 percent of the
material. Use of the values in the B column is
permitted in design by the Air Force, Navy and
Civil Aeronautics Administration, subject to cer-
tain limitations as specified by each agency; refer-
ence should be made to the specific requirements
of the applicable ageney before using the B values
in design. Tensile and compressive strengths
have been given in both the longitudinal and trans-
verse directions (parallel and perpendicular, re-
spectively, to the dircetion of rolling, extruding,
ete.) wherever data are available. Shear and
bearing strengths have been given without refer-
ence to direction and may be assumed to be the
same in all directions. In those instances where
the direction 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 755 heat-treated and aged alloy,
cognizance should be taken of the fact that, be-
cause of mass effect in quenching, the propertics
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 (k) 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
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thicknesses 1.500 and over. These values are
representative of the average property of the com-
plete cross section. The values for transverse
tensile and compressive properties are based on
the properties at the center of the extrusion for all
section thicknesses. Statistical studies have shown
that the typical longitudinal properties at the
center for 755 heat-treated and aged extrusions of
section thickness 1.500-4.000 inches and up to 32
square inches area will be 94 and 91 percent, re-
spectively, of the tensile ultimate and yield
strength properties midway between the surface
and center. It was further established that apply-
ing these ratios to the pertinent guaranteed mini-
mums tabulated in table 3.111 (A) gave values
most of which were equal or below the minimum
center properties of all the large section extrusions
tested. Based on the above therefore, footnotes
(f) and (g) of table 3.111 (k) should be considered
when designing a part machined from large extru-
sions of 755 heat-treated and aged alloy. When
the part is heat-treated after rough machining,
however, these footnotes may be disregarded.

The effects of notches, holes, and stress raisers
on the static propertics of aluminum alloys (see
see. 1.526) are given in references 3.111 (a), (b),
(c), (d).

The transverse properties of aluminum alloy
plate, bars, shapes, and hand forgings given in
this document apply to the longer of the two
transverse dimensions (width). There is some
evidence that the transverse properties, measured
at right angles to the above usual direction of
testing transverse properties, are lower than the
tabulated values. Sufficient data are not avail-
able, 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 direc-
tion through the shorter dimension (thickness),
this relationship should be established for the
particular section and the need for correction of
design allowables evaluated.
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Table 3.111 (¢). Design Mechanical Properties of Clad 248 Sheet (Kips per Square Inch)

11072 o - SRR RS F S Sheet
N 1 2R Clad 248
Spectfieation. - oo e AN-A42
Condition . - - coooecmccce e m e e e e Heat-treated and aged Heat-treated cold worked and aged
ThHiCKNeSS _ - - ceoo oo e commmmmemmamamcemememeamm oo <0.064 50.064 <0.064 S0.064 <0.064 50.064 <0.064 >0.064
BaSIS A et cmmmm e mmmmmmm e mmm e A A A A
Foub oo Lo ee-. 60 62 64 67 67 70 70 72
‘ T 60 62 62 65 | oo 68 70
U B /S 47 49 57 59 63 66 66 69
R 47 49 54 B6 || 62 66
) Lo 47 49 55 57 62 65 63 66
A 47 49 55 BT | 63 66
3R 36 37 38 39 39 40 40 41
Fou(e/D=1.5)8_____ . - 90 93 96 100 100 105 105 106
Fora (e/D=2.0) it 114 118 122 127 127 133 133 135 .
Py (€/D=1.5) oo 66 69 78 83 88 92 - 91 95
Fay (6/D=2.0) - 75 78 90 94 101 106 104 109
) o PRI. ... ._._. 10,500 »
SEC__ ... 9, 500 | 10,000 | 9,500 | 10,000 | 9,500 | 10,000 | 9,500 | ‘10, 000
) PRI.. ... 10,700
SEC. oo oo 9,700 | 10,200 | 9,700 | 10,200 | 9,700 | 10,200 | 9,700 | 10,200
G e
Wb i3 e : 0.100
Commercial designati Pureclad 248-T6 | Pureclad 2485-T81| Pureclad 245-T84 Pureclad 245-T86
ommercial GeSIgNALIONS - - - - - -~ - ------ -~ Alclad 24S-T6 | Alclad 24S-T81 | Alclad 24S-T84 | Alclad 245-T8¢

s A is the mechanical property column based upon the minimum guar-
anteed tensile properties.

b Standard structural symbols are explained in sec. 1.2, ch. 1.

¢ L=longitudinal (with grain) T=transverse (cross grain).

& D=hole diameter; e=edge distance measured from the hole center line in

the direction of stressing; use value of e/D=2.0 for all larger values of edge
distance; for ratios between 1.5 and 2,0 the bearing stress value should be
obtained by linear interpolation; values for ¢/D less than 1.5 must be sub-
stantiated by adequate tests prior to approval by the procuring or certificating
agency.
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Table 8.111 (d). Design Mechunical Properties of Clad 148 and R301 Sheel and Plale (Kips per Square Inch)

YD - e e Sheet (flat and coiled) and plate » Flat sheet and plate o Coiled sheet Sheet (flat ;u;d coiled) and
plate a
ANOY e Clad 148, R301 ’ Clad 148 Clad 148, R301
Speelficatton. ___.___.____...___. QQ-A-245
Condition_._ ... .._.......___. Heat-treated by user Heat-treated Heat-treated and aged
Thickness......._.........__... <0.039 | 0.040- | 0.250- | 0.500- <0.039 | 0.040- | 0.250- | 0.500~ | Z0.039 | 0.040- <0.039 | 0.040- | 0.500-
0.249 | 0.499 | 1.000b 0.249 | 0.490 | 1.000b 0.128 0.499 | 1.000 b
Basiso . A A A A A A A A A A A A A
Fe,d Le__ 55 57 57 55 56 58 58 56 55 57 64 65 65
T.... 55 57 57 55 55 57 57 55 55 57 63 64 64
Y P L.___ 32 34 34 32 40 41 41 37 32 34 56 58 57
T __. 32 34 34 32 35 36 36 34 32 34 55 57 56
| L___. 32 34 34 32 33 34 34 32 32 34 56 58 57
T ... 32 34 34 32 38 39 39 36 32 34 57 59 58
Fowe oo . 33 34 34 33 35 37 37 34 33 34 39 39 39
Foru(e/D=1.5)f_________ 83 86 86 83 84 87 87 84 83 86 96 98 98
Forue/D=2.0). _.______ 105 108 108 105 106 110 110 106 105 108 122 124 124
Forle/D=1.5)_________ 45 48 48 45 56 57 57 52 45 48 78 81 80
Foyy(e/D=20)_________ 51 54 54 51 64 66 66 59 51 54 90 93 91
E . 10,400
B .. 10,600
G .. 3,950
Wib.ind_ _____________ 0.101
Hardclad Hardclad Hardclad Hardelad Hardeclad Hardclad
Commercial designation. R301-T4 R301-T42 R301-T3 R301-T4 R301-T4 R301-T6
Alelad Alclad Alclad Alclad Alclad Alclad 148-T6
145-T4 145-T42 14S-T3 14S5-T4 14S-T4

s Plate is material which is greater than 0.249 inch thick.

b Specification minimums for clad material 0.500 inch thick and heavier
are for the core material inasmuch as a round test specimen is required for
testing. The values given here for thicknesses 0,500 inch and greater have
been adjusted to represent the average properties across the whole section
including the cladding.

© A is the mechanical property column based upon minimum guaranteed
tensile properties.

d Standard structural symbols are explained in sec. 1.2, ch, 1.
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¢ L=longitudinal (with grain); T=transverse (cross grain). (Sce par.
3.111)

f D=hole diameter; e=edge distance measured from the hole center line
in the direction of stressing; use value of ¢/ D=2.0 for all larger values of edge
distance; for ratios between 1.5 and 2.0 the bearing stress value should be
obtained by linear interpolation; values for ¢/D less than 1.5 must be sub-
stantiated by adequate tests prior to approval by the procuring or certificat-
ing agency.




Table 3.111 (e).

Design Mechanical Properties of 7568 Shect and Plate (Kips per Square Inch)

YPe- oo e Sheet and plate =
ANOY e e 758 Clad 758
Specification. ... ... QQ-A-283 AN-A-10
Condition  oee oo ccanaan Heat-treated and aged
P hiCKNeSS - e 0.016-0.039 | 0.040-0.249 | 0.250-0.500 | 0.501-1.000 |1.001-| 0.016-0.0390 | 0.040-0.249 | 0.250-0.499 |0.500-1.000 b |1.001-
2.000 2.000 b
Basis & i A B A B A B A B A A B A B A B A B A
Fod . Le___| 76| 780 771 79| 77| 79| 79| 82 79| 70| 73| T2 T4 V2| T4 T4 76| V4
T\ 76! 78] 77| 79 77| 79| 77l 80| 77y 70| 73| 72| T4 V2| V4] 72| ‘T4 72
Fogyoee . L.___| 66| 69| 67 70i 67 69| 69| 72| 69 61| 64| 63| 65 63 65 64 67 64
T .| 65/ 68/ 66| 69| 66| 68 66 69| 66 60 63} 62 64 62| 64| 62| 64| 62
Fey . L..__| o7/ 70| 68 71| 69 71y 69| 72| 69| 62| 65 64 66| 64| 67| 64| 67 64
] T | 70 78| w71l 74 69| Til 69| 72| 69 64| 67| 66| 68 64| 67| 64| 67 64
Fowe oL 46 47| 46| 47 46| 47| 47| 49| 47 42] 44| 43| 44 43| 44] 44] 45 44
Forule/D=1.5) f___________ 114} 117| 116| 119| 116; 119| 119| 123} 119| 105 110 108/ 111| 108/ 111| 111 114| 111
Fopu(e/D=2.0)_____________ 144| 148| 146/ 150| 146| 150| 150| 156| 150| 133| 139; 137 141 137 141| 141| 144| 141
Fo(efD=15)_____________ 92| 97| o94] 98 94 97| 97| 101} 97| 85 90} 88 91| 88 91| 90| 94 90
Fi,y(e/D=2.0)________.__._. 106/ 110| 107] 112| 107| 110/ 110| 115 110| 98| 102| 101| 104| 101] 104 102 107} 102
E . PRI..___ 10, 300 10, 300
SEC . | e 9, 500 -
E._____________ PRI_____ 10, 500 10, 500
SEC . - | e 9, 700
Gl 3, 900
Wib./in8_ ___ . _______. 0. 101 0. 101
Commercial designations____ 758-T6 Alclad 755-T6
a Plate is material which is greater than 0.249 inch thick. d Standard structural symbols are explained in sec. 1.2, ch. 1.
b Specification minimums for clad material 0.500 inch thick and heavier e L=longitudinal (with grain); T=transverse (cross grain). (See par. .

are for the core material inasmuch as a round test specimen is required for
testing. The values given here for thickness 0.500 inch and greater have been
adjusted to represent the average properties across the whole section including

the cladding.

s A is the mechanical property column based upon minimum guaranteed

tensile properties.
based upon probability data.

(See par. 3.111,) B is the mechanical property column

3.111.)

f D=hole diameter; e=cdge distance measured from the hole center line in
the direction of stressing; use value of ¢/D=2.0 for all larger values of edge
distance; for ratios between 1.5 and 2.0, the bearing stress value should be
obtained by linear interpolation; values for e¢/D less than 1.5 must be sub-
stantiated by adequate tests prior to approval by the procuring or certifi-

cating agency.
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Table 8.111 (f). Design Mechanical Properties of 528 and 618 Shee! (Kips per Square Inch)

50

B0 T PP Sheet
ALlOY o oo e 528 618, R361
Specification. . .. -A-318 —A -
pecification Q%A]l QQ-A-327
Conditlon. ... 34 hard 34 hard 34 hard Ful! hard Heat-treated | Heat-treated
and aged
i eSS, . - oo oo aiiiceaeas 0.016-0.249 0.013-0.249 0.013-0.162 0.013-0.128 <0.25 <0.25
Basls s i A A A A A A
Foub . Le_. 31 34 37 39 30 42 o
T .. 31 34 37 39 30 42
Py oo L. 21 24 29 33 16 36
T .. 20 23 29 33 16 35
Foy oo . L. 20 23 |- 35 "
T ... 21 24 || e 36
F o e 19 20 22 23 20 27
Foru (e/D=1.5) . .. 50 54 59 62 48 67
Fyry (e/D=2.0)__.___ P 65 71 78 82 63 88
Fory (e/D=1.8) .. 29 43 41 46 22 49
Foyy (e/D=2.0)_______ . 34 38 46 53 26 56
B . 10, 100 9, 900
B e 10, 200 10, 100
G 3, 850 3, 800
Wbs.ind. .. 0. 096 0. 098
. R . 615-T4 615-T6
Commercial designations_._.____._.__________ 52S-H32 | 525-H34 ' 525-H36 | 528-H38 {R361—T4 R361-T6
|
s A is the mechanical property column based upon the minimum guar- the direction of stressing; use value of ¢/D=2.0 for larger values of edge dis-
anteed tensile properties. tance; for ratios between 1.5 and 2.0, the bearing stress value should be ob-
© b Standard structural symbols are explained in sec. 1.2, ¢h. 1. tained by linear interpolation; values for ¢/D less than the 1.6 must be sub-
¢ L=longitudinal (with grain); T'=transverse (cross grain). (See par. stantiated by adequate tests prior to approval by the procuring or certificat-
3.111) ing agency.
4 D=hole diameter; e=edge distance measured from the hole center line in
.
s



Table 8.111 (g). Design Mechanical Properties of Aluminum Alloy Rolled Bar and Rod, Tubing, and Shapes (Kips per
Square Inch)

L1071 YR Rolled bar, rod, and shapes Tubing
ANOY e 148 178 248 535S, R353 618, R361 758 248 618, R361
SPeCIfication. _—...onoeooeee - QQ-A-266 | QQ-A-351 | QQ-A-35¢ | QQ-A-331 | QQ-A-325 MIL-T-5063 (L‘,}‘}VI"’_‘,IT T
Condition ... ... Heat- Heat-treated Heat-treated and aged Heat- | Heat- Heat-treated
treated treated treated and aged
and aged by usera
Thickness and cross-section area.; >3{e in., <3.000 <3.000 <3.000 <3.000 <3.000 0.018 to 0.018 to | 0,025 to 0.500
<36 in.2 0.500 0.500
Basisb. il A A A B A A A B A. B A A
Fogeo oo ___ Ld.__ 65 55| 62| 64 32 42| 77| 80| 64/ 70 62 42
T ... 62 . ___.__ 50 B2| oo 70| T3\ ||
Fopooooo . L__.__ 55 32| 40| 43 25 35| 66| 70| 42| 46 40 35
T __. 53 _-- 37 40| e 60| 63| _ . | |-
Feyeo oo L___. 55 32| 40| 43 25 35 66| 70| 42| 46 40 35
T.... L 37| 40| el 10 T O o I
Fogpe 38 33| 37| 38 19 25| 46| 48 39 42 39 27
Fpry (¢/D=1.5)e________ 98| 83, 93, 96 13 | P, 100} 104/ 96| 105 96 67
Fpry (¢/D=2.0)_______._. 124 105 118| 122 67 . 123| 128| 122| 133 122 88
Fooy (e/D=1.5) _____._ 77 45! 56, 60 35| - 86, 90| 59| 64 56 49
Fyv, (e/D=2.0)..__.___. 88 51] 64] 69 40| . __ 92| 98 67, 74 64 56
E_ .. 10, 500, 10, 400| 10, 500 9, 900 9, 900| 10, 300 10, 500 9, 900
B 10, 700 10, 600| 10, 700 10, 100 10, 100| 10, 500 10, 700 10, 100
G 4, 000 3,950 4,000 3, 800 3,800 3,900 4, 000 3, 800
Wlbs./in3_ .. _________ 0. 101 0. 101 0.100 0. 097 0.098 0.101 0. 100 0. 098
. : s 535-T6 61S-T6 615-T6
Commercial designations.| 148-T6| 175-T4| 248-T4 { R353-T6 { R361-T6 758-T6| 24S-T3| 248-T4 { R361-T6

» Heat-treat by user refers to all material supplied in the annealed temper
and heat-treated by the user, and to all material re-heat-treated by the user
regardless of the temper in which the material was supplied.

b A is the mechanical property column based upon the minimum guaran-
teed tensile properties; B is the mechanical property column based upon
probability data. (See par. 3.111.)

o Standard structural symbols are explained in sec. 1.2, ch. 1.

949597 0 - 51 - 5

d L=longitudinal (with grain); T=tranverse (cross grain}. (See par. 3.111.)

e D=hole diameter; e=edge distance measured from the hole center line
in the direction of stressing; use value of ¢/ D=2.0 for larger values of edge dis-
tance; for ratios between 1.5 and 2.0, the bearing stress value should be ob-
tained by linear interpolation; values e/D less than the 1.5 must be substanti-
ated by adequate tests prior to approval by the procuring or certificating
agency.
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Table 3.111 (i). Design Mechanical Properties of 248 dnd 618 Extruded Shapes (Kips Per Square Inch)

L o TS U U Extruded shapes
ANOY - - e 248 618, R361
Specification. ... QQ-A-354 QQ-A-325
Condition. ... Heat-treated Heat-treated | Heat-treated
by user = and aged
Thickness b and cross-section area. ... _....._. <0.250 0.250 to 0.749 0.750 to 1.499 51.500 inches 0.250and up | Up to 3.000
<25 square <32 square
inches inches
Basis €. e A B A B A B A B A A
Fod Le___ 57 61 60 60 65 70 70 74 57 38
T.... 51 53 51 53 51 54 51 54 51 36
Foyo oo L____ 42 47 44 47 46 54 52 54 38 35
T .. 36 39 36 39 37 42 39 41 36 33
Feyooooeoeeeeeeeeoo | L 38 41 39 42 44 52 50 52 38 35
T __. 38 41 39 42 42 48 42 44 38 35
Fowe . 30 32 32 32 34 38 37 40 30 24
Forale/D=1.5)_ ________ . ___. 85 91 85 91 85 91 85 91 85 61
Fou(e/D=2.0)_______ .. 108 114 108 114 108 114 108 114 108 - 80
Foy(e/D=1.5) __ _________________. 59 66 60 66 61 66 62 66 53 49
Fom(e/D=2.0y_ ___________________ 671 751 69| 75 7| 75| 731 75 61 56
E . 10, 500 9, 900
Beo . 10, 700 10, 100
G ... 4, 000 3, 800
Wilbs./ind_______________________.. 0. 100 0. 098
Commercial designations. __._______ 248-T4 248-T42 { 618-T6
R361-T6

« ® Heat-treat by user refers to all material supplied in the annealed temper
and heat-treated by the user, and to all material re-heat-treated by the user
regardless of the temper in which the material was supplied.

b For extrusions with outstanding legs the load carrying ability of such legs
shall be determined on the basis of the properties in the appropriate column
corresponding to the leg thickness.

¢ A is the mechanical property column based upon the minimum guaran-
teed tensile properties; B is the mechanical property column based upon
probability data. (See par. 3.111.)

d Standard structural symbols are explained in sec. 1.2 of ch. 1.

e L=longitudinal (with grain); T=transverse (cross grain). (See par.
3.111.) .

f D=hole diameter; e=edge distance measured from the hole centerline in
the direction of stressing; use value of ¢/D=2.0 for all larger values of edge
distance; for ratios between 1.5 and 2.0, the bearing stress value should be
obtained by linear interpolation; values for ¢/D of less than 1.5 must be sub-
stantiated by adequate tests prior to approval by the procuring or certificating
agency.
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Table 8.111 (k). Design Mechanical Properties of Aluminum Alloy Die Forgings (Kips per Square Inch)

B 7 TSRO RI Die forgings
ANOY . e 148 258 A518 538, R353 758
Specification. ... QQ-A-367
Condition. . ..o e Heat-treated Heat-treated and aged
T HICKNESS . o - e e ce et ceee oo mmmmm e e <4 inches <3 inches
BasIS 8. e A A A A A A
F b e Le___ 55 65 55 44 36 75
T .. 52 62 52 42 34 71
Fopm L. 30 55 33 37 - 30 65
T ___ 28 52 31 35 28 62
L.__. 30 55 33 37 30 . 65
T ... 28 52 31 35 28 58
Foe oo e 34 39 34 28 22 45
Fopu (e/D=1.5)4_________________________. 83 98 83 70 58 . ________
Faru (6/D=2.0)_ _ __ . 105 124 105 92 76 |
Fory (e/D=1.5) - . 42 77 46 52 42 |
Fory (e/D=20)_ . .. . 48 88 53 59 48 | .
P 10, 500 10, 500 10, 300 10, 100 9, 900 10, 300
B oo e 10, 700 10, 700 10, 500 10, 300 10, 100 10, 500
G oo e 4, 000 4, 000 3, 900 3, 850 3, 800 3, 900
Wilbs./ind_. ... 0. 101 0. 101 0. 101 0. 097 0. 097 0. 101
Commercial designations_ _ _ . ___..__.______ 145-T4 148-T6 255-T6 A518-Té6 { R532,’583__,;‘T 66 ’ 758-T6

s A is the mechanical property column based upon minimum guarantecd

tensile properties.

b Standard structural symbols are explained in sec. 1.2, ch. 1.
¢ L=longitudinal (with grain); 7'= transverse (cross grain).

d D=hole diameter; e=edge distance measured from the hole center line in

the direction of stressing; use value of ¢/D=2.0 for all larger values of edge
distance; for ratios between 1.5 and 2.0, the bearing stress value should be
obtained by linear interpolation; values for ¢/D less than 1.5 must be sub-
stantiated by adequate tests prior to approval by the procuring or certificat-

ing agency.
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Table 3.111 (I).

Design Mechanical Properties of Aluminum Alloy Castings (Kips per Square Inch)

44 S Sand castings = Permanent mold castings »
ANOY . e e 40-E 195-T4 195-T6 220-T4 356-T6 B195-T4 B195-T6 355-T6 ’ 356-T6
Speelfteation. ... ... QQ-A-601 QQ-A-601 QQ-A-601 | QQ-A-601 QQ-A-596 QQ-A-596 ‘ QQ—A—.’;&)&..
M-
Condftion..____._._........._. .. ... Aged Heat- Heat- Heat- Heat- Heat-treated | Heat-treated | Heat-treated and aged
treated, treated treated treated, class I and aged,
class T and aged, and aged class I1
class 11
Basis b A A A A A A A A A
Fouo o oL 32 29 32 42 30 33 35 37 33
F oy e 20 13 20 22 20 20 22 23 22
Foy o e 14 21 23 20 20 22 23 22
Fowe oo 27 22 24 30 25 25 26 26 .25
Fou (e/D=1.5) 4 __________|_______ 46 51 67 48 4|l
Foru (/D=2.0) ____________|..______ 61 67 88 63 ||l
Fopy (e/D=1.5) _.. . ______|.__.____ 22 34 37 34 |||l
Fopy (e/D=2.0)____________|._______ 26 40 44 40 |
) 10, 300
E. .. 10,300
G . 3, 850
Wilbs./ind_ ________________ 0. 100 0. 101 0. 101 0. 093 0. 097 0. 101 | 0. 101 0. 098 0. 097
Commercial designation_____ 40-E | 195-T4 | 195-T6 | 220-T4 | 356-T6 | B195-T4 | B195-T6 | 355-T6 | 356-T6

» Reference should be made to the specific requirements of the procuring or
certificating agency in regard to the use of the above values in the design of
castings.

bA is the mechanical property column based upon the minimum guar-
anteed tensile propertics from separately cast test bars.

¢ Standard structural symbols are explained in sec. 1.2, ch, 1.

3.112 Fatigue properties. Rotating-beam, re-
peated-flexure, and direct-stress tension-compres-
sion fatigue strength data at normal (room) tem-
perature, for several aluminum alloy materials
are given in tables 3.112 (a) through (d). These
data are average values. Even under carefully
controlled conditions, there is considerable scatter
in fatigue test results. The tabulated test results,
therefore, must be considered as values lying at
about the center of a scatter band which may in
some cases be broad enough to include values 20
percent above and below the average curves. (See
reference 3.112 (a) for effect of grain direction on
fatigue properties of aluminum alloys.)

The values given in most of the tables are de-
termined on smooth specimens, that is, on speci-
mens in which stress concentrations are purposely
minimized. They do not apply directly to the
design of structures because they do not take ac-
count of the effect of stress raisers such as reentrant
corners, notches, holes, joints, rough surfaces, and
other similar conditions which are present in fab-
ricated parts. The localized high stresses induced
in fabricated parts by such stress raisers are of
much greater importance for repeated loading

56

4 D=hole diameter; e=cdge distance measured from the hole center line in
the direction of stressing; use value of e/D=2.0 for all large values of edge
distance; for ratios between 1.5 and 2.0, the bearing stress value should be
obtained by linear interpolation; values for ¢/D of less than 1.5 must be sub-
stantiated by adequate tests prior to approval by the procuring or certificating
agency.

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 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. (Sce reference
3.112 (b) for information on how to use high-
strength aluminum-alloy and reference 3.112 (c)
for further details on the static and fatigue
strengths of high-strength aluminum-alloy bolted
joints.) Reference 3.112 (d) presents single rivet
fatigue test data.

One of the accompanying tables, table 3.112 (3),
shows notch-fatigue data. The data in this table
were obtained in the same kind of a test as that
used to obtain the data in table 3.112 (a), except
that the specimens were not smooth but contaivned
a circumferential 60° very sharp V notch. By
comparing table 3.112 (b) with table 3.112 (a), one
can immediately see the serious effect that such
a sharp notch has on fatigue strength. It is evi-
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Table 3.111 (m).

Design Mechanical Properties of Heal

Treated, Cold Worked and Aged 248 Alloy Extrusions
and Tubing (Kips per Square Inch)

Basis 8 _ oo

Ftu b .. L ¢
T

Foyo e L

F o e

Fgu oo

Commercial designations. . ._

Extruded shapes Tubing
248 248
Heat-treated, Heat-treated,
cold worked cold worked
and aged and aged
<0.250
A A
64 68
56 60
“““ 10,500 | 10,500
10, 700 10, 700
4, 000 4, 000
0. 100 0. 100
24S-T81 245-T81

s A is the mechanical property column based upon minimum guaranteed

tensile properties.

b Standard structural symbols are explained in sec. 1.2 of ch. 1.
¢ I=longitudinal (with grain); T=transverse (across grain in the longer of

2 transverse directions; width).

Table 3.112 (a).

Average Fatigue Strengths of Smooth

Machined Round Specimens Under Completely Reversed

Flexure

[Values given are from tests of 0.3-inch diameter machined

specimens

machines at Aluminum Research Laboratories.

in R. R. Moore rotating-beam fatigue

Tests

of specimens up to 2-inch diameter show no appreciable

size effect]

Fatigue strength (reversed stress) ksi at indicated
number of cycles

Alloy and temper " . w B § w § "

g% | 8% | & §~ g4 | 8¢

st | g5 | 8 | 85 | 28 | 2B
148-T6._____ 53 40 31 25 20 18
248-T4._____ 53 40 31 25 20 18
A518-T6__ .. 41 29 21 16 12 11
618-T6_._.__ 43 31 22 17 14 13
758-T6..__ - 56 42 31 25 22 21

Table 3.112 (b).

Average Fatigue Sirengths of Sharply

Notched Round Specimens Under Completely Reversed

Flexure.

[Values given are from tests of sharply notched specimens
in R. R. Moore rotating-beam fatigue machines at Alu-

minum 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 the noteh of ‘about 0.0002 inch. The values given in
the table are nominal calculated stresses obtained by
applying the simple flexure formula to the 0.330-inch
diameter cross section at the root of the notch with no
correction for stress concentration]

Fatigue strength (reversed stress) ksi at indicated
number of cycles

Alloy and temper § P % P § P §_ o %g §~§

St | 85 ;% §% gé g%
145-T6._____ 31 20 14 10 8 8
245-T4. . ____ 33 24 17 13 11 11
A518-T6____ 28 | - 16 9 7 6 6
618-T6___.__ 29 18 11 8 7 7
758-T6....__ 31 20 14 10 8 8

Table 8.112 (c).

Average Fatigue Strengths of Flat Sheet

Specimens Under Completely Reversed Flexure

[Values given are from tests of 0.064-inch thick sheet
specimens with as-rolled surfaces in Aluminum Research
Laboratories repeated flexure fatigue machines}

Fatigue strength (reversed stress) ksi
at indicated number of cycles

Alloy and temper § P §, g § g é"fg §§
= . g g g
24S5-T3_ .. ___ 34 26 21 18 18
2485-T36_ __________ 37 29 22 19 19
618-T6____________ 30 22 16 13 12
758-T6. .. ___ 37 26 21 20 20
Alclad 14S-T3.._.___ 31 20 17 15 15
Alclad 148-T6.___.__ 31 20 17 15 15
Alelad 245-T3_..._.__ 31 19 15 13 13
Alclad 24S-T36..____ 31 19 15 13 13
Alclad 245-T81 . ___ 31 19 15 13 13
Alclad 24S-T86_____ 31 19 15 13 13
Alclad 75S5-T6___ ... 31 19 15 13 13
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Table 8.112 (d). Average Fatigue Strengths of Smooth Machined Round Specimens Under Repeated Axial Load

{Values given are from tests of 0.2-inch diameter specimens

in Aluminum Research Laboratories direct-stress fatigue

machines. Stresses considered algebraically: plus (+) means tension, minus (—) means compression)

Reversed (alternating) stress, ksi, at indicated number of eyeles
Mean (steady)
Afloy and temper stre *(q ksi - 100,000 1,000,000 10,000,000 100,000,000 | 500,000,000
eycles cycles cycles cycles eycles

—10 433 426 +21 +18 +17

- 5 433 +26 +21 +17 + 16

0 +32 +25 +20 +17 +16

+ 5 +32 +25 +20 416 +15

145-T6 and 248-Td.. ... 110 +30 +24 £19 +16 14
+15 +29 +23 +18 +15 413

-+20 +27 +22 17 +14 +13

+25 25 +21 416 +13 +12

—10 428 +22 +17 +13 +11

— 5 +27 +21 £ 16 +12 +11

0 +26 420 +16 +12 +11

618-T6. ... 4 + 5 +25 +19 +15 +12 +11
+10 +23 418 +14 +12 +11

+15 +21 +17 +14 +12 +11

) + 20 +19 +15 +13 +11 +11
—10 + 38 +31 +25 +21 +20

- & +37 +30 +23 +20 +19

0 + 36 +29 +22 +19 + 18

7556 . . _. + & + 34 +27 +21 +17 416
+10 +33 + 26 +19 416 +15

+15 431 +24 +17 + 14 +13

+20 +29 +22 +16 413 +12

dent that all of the materials do not suffer to the
same extent from the presence of a sharp notch.
The notch fatigue strengths, like the smooth-
specimen fatigue strengths, are not to be used as
allowable stress values for design but are included
for general information only.

3.113  Typical stress-strain and tangent modulus
data. Typical stress-strain diagrams and tangent
modulus values at various stresses are given in
figures 3.113 for certain 24S and 14S aluminum
alloy products.

The typical stress-strain curves may be con-
verted to other values of Fty and Fey by the
Ramberg-Osgood method or any other analytical
or graphical method which maintains the original
slope and results in a curve affine with the typical
curve.
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3.12 TemperaTUureE Errrcts

3.121  Low temperature

3.1211  Static properties. The approximate of-
fect of low temperatures on the tensile properties
of materials given in table 3.111 (a) through 3.111
(m) are shown in table 3.1211 (a). These static
properties must be used with the same caution as
applied to room temperatuve static properties
relative to stress raisers. The effect of low tem-
perature on the modulus of elasticity of aluminum
alloys is given in table 3.1211 (b).

3.1212  Fatigue properties. The effect of low
temperatures on unnotched reciprocating non-
rotating round cantilever fatigue specimens is
shown in table 3.1212. The combined effect of
notches, holes, joints, ete., and low temperatures
on fatigue strength is not well known, and such
factors should be considered.
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Figure 3.113 (a). Typical stress-strain and tangent modulus curves for various aluminum alloy sheet materials.
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Typical stress-strain and tangent compression modulus curves for 145 aluminum alloy sheet.
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Figure 8.113 (¢). Typical stress-strain and tangent modulus curves for 248 and 148 aluminum alloy exirusions.
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Figure 3.118 (d). Typical stress-strain and tangent modulus curves for 618 and 7568 aluminum alloy exirusions.
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Figure 8.113 (e). Typical stress-strain and tangent modulus curves for 148-T6, 248-T4, and 768-T6 aluminum alloy
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Table 3.1211 (a).

Aluminum Alloys

Percent of room
Percent of room temperature ulti- | temperature yield
mate strength for various material | strength for var-

Ten(lopti;fx)turc . groups muz rx(r):[z;[t)(;rml
Group | Group | Group | Group | Group | Group

TA TB TC D YE YF
75 . 100 100 100 100 100 100
O —...| 103 103 103 101 101 102
—=50_______. 105 105 105 103 102 103
—100_______ 111 109 108 105 103 106
—150____.___ 124 117 114 108 107 110
—200____ ___ 137 127 121 112 110 116
—250_.____. 156 140 130 116 115 123
—300_______ 179 156 139 118 118 130
—320____.__.| 189 163 144 121 120 135

Tensile strength:
Group TA—28-0, 38-0, 535-0, 61S-0 (all prod-
ucts). ' .
Group TB—28-H14, 3S-H14 (all products).
Group TC—28-H18, 3S-H18, 53S-T4,
615-T4, 618-T6, 755-0 (all products).
Group TD—148-T4, 145-T6, 24S-T3, 24S-T4,
755-T6 (all products).
Yield strength:

535-T6,

Group YE—28-0, 2S5-H14, 28-HIS8, 3S-H14,
3S-H18, 148-T6,. 538-T6, 615-T6, 758-0,
758-T6 (all products).

Group YF—38-0, 148-T4, 248-T3, 248-T4;

538-0, 538—T4, 618-0, 618-T4 (all products).
Factors apply to clad as well as nonclad material.
! Values in group YE are somewhat high for all 148-T6 products except

extrusions; at —320° F., 112 perecent should be used and for temperatures of
—300 to 0° F. values should be correspondingly reduced.

Table 8.1211 (b). Effect of Various Temperatures on the
Modulus of Elasticity of Aluminum Alloys

Approximate
value of modulus
Temperature (° F.) in terms of mod-
ulus at 75° F,
(percent)
—320 . 112
-2 . 107
=18 102 .
T e 100
b 98
800 .. 95
400 ... 90
500, . 80

Acceptable Approrimations of Effects of
- Low Temperatures on the Static Design Properties of

Table 8.1212. Flexrure Type Fatigue Dala

[Values given were obtained by testing 0.5 inch diameter
polished specimens in flexure in Krouse type plate
fatigue machines and represent the extreme fiber
stresses which such specimens will withstand in com-
pletely reversed stressing)

[All values in kips per square inch]

Approximate maximum stress which material
will withstand for given number of cycles
Alloy and temper
1,000 5,000 50,000 | 500,000 | 10,000,000
Room temperature
25-H14 .. ______. 30 |245|17.5|14 |11
248-T4_ ________. 80 63 44 35 26
61S-T6__________ 64 52 34 27 20
758-T6_ ________. 92 75 52 34 31
—108° F.
2S-H14_ _________ 35 29 21.5 | 17.5 . _______
245-T4_ ________. 85 71 51 39 31
618-T6__________ 70 57 38 o |a...
758-T6__ .. _____ 94 78 56 40 .
—320° F.
25-H14__________ 40.5 | 35.5 | 29.5 |______|.__._.__
248-T4_ _________ 98 86 71 53 oo ..
61S-T6_____._.__ 80 68 52 40 ...
758-T6_________. 108 96 78 ..

3.122  Elevated temperature

3.1221 General. The data shown in figures
3.1221 (a) and (b) for short-time tests are based
on continuous heating but are considered applic-
able to intermittent heating when the total time
at temperature is the same. The data shown in
figures 3.1221 (c) through (I) are also based on
continuous heating and loading but must be used
with discretion for intermittent heating and load-
ing as deformations may be larger and failure
times shorter for the latter conditions. The data
included in the tables are based on specimens
heated in air with no added corrosive agents.
Consideration must be given to the fact that
materials in service may be exposed to more cor-
rosive atmospheres over longer periods of time
under temperature variations.
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Figure 3.1221 (a). Aluminum alloy tensile properties at elevated temperatures.
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Figure 3.1221 (¢). Aluminum alloy tensile properties at elevated temperatures.
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Elevated temperature properties of wrought 24S-T3 aluminum alloy at 211° F.
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3.1222 Static properties. Curves for com-
puting the approximate reduction in tensile ulti-
mate and tensile yield properties for various heat-
treated and heat-treated and aged aluminum
alloys, held unstressed at elevated temperatures
up to 700° F. for various time intervals and then
tested statically at temperature, are presented in
figures 3.1221 (a) and (b). These data are re-
ported in another form in figures 3.1221 (¢) to
(m) inclusive, for comparison with other high
temperature properties. This information is based
on tests which did not include any clad material,
but the percentages for nonclad material are con-
sidered representative of what would be expected
for the corresponding clad material. Available
data on shear, bearing, and compressive propertics
at elevated temperatures indicates that the data
in figures 3.1221 (e¢) and (b) may also be used to
determine approximate shear, bearing, and com-
pressive properties of aluminum alloys at elevated
temperatures as follows:

(@) The percentages for tensile ultimate strength
may also be applied to shear and bearing ultimate
strengths.

(b) The percentages for tensile yield strength
may be applied to compressive and bearing yield
strengths.

The data are based on continuous heating but
are considered applicable to intermittent heating
when the total time at temperature is the same.
The effect of high temperature on the modulus of
elasticity of aluminum alloys is given in table
3.1211 (b).

3.1223  Creep and stress-rupture properties.
Curves for computing the approximate reduction
in ultimate tensile strength under long time
loads, and for predicting corresponding deforma-
tions, for 248 (heat-treated), 24S (heat-treated,
cold-worked, and aged), and 75S (heat-treated and
aged) aluminum alloys are given in figures 3.1221
(c) to (m) inclusive, for temperatures up to 375°
F. This information is based on clad sheet ma-
terial only, but the percentages are considered
applicable to nonclad sheet and other wrought
materials of 24S heat-treated and 755 heat-
treated and aged. Although no actual data are
available on shear, bearing, and compression
creep and stress-rupture properties at elevated
temperatures, gencral reasoning, and known room
temperature relations indicate that the data
shown in figures 3.1221 (¢) to (m) inclusive may
be used to determine approximate, shear, bearing,
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and compressive properties at elevated tempera-
tures as follows:

(@) The percentages of the ultimate tensile
strengths for rupture and transition times can be
applied dircctly to shear and bearing ultimate
strengths.

(b) The various percentages of total deforma-
tion or minimum creep rates are not directly
applicable to shear and bearing but may serve
as guides. The tensile values may be used for
compression where deformations are not excessive.

(¢) The percentages of ultimate tensile strength
for determining transition times in tension may be
used as guides for estimating transition times in
shear and bearing.

Table 3.1224. Cantilever beam fatigue strengths of wrought
aluminum alloys at elevated temperatures 1

[Values were determined by testing 0.4-inch diameter
machined specimens in Aluminum Research Labo-
ratories fixed cantilever beam fatigue machines and
represent extreme fiber stresses that such specimens
will withstand in completely reversed flexure. All
specimens had been stabilized by prolonged heating
at testing temperature before testing.  Values at 75° F.
are from rotating-beam tests]

‘é’. Fatigue strength (reversed stress), ksi
Z at indicated number of cycles
£l
s d -0
Hemper g | B | Byl & | E
R E
75 | 40 32 25 20 18
300 | 22.5 | 18 15 13 12
MST6-- N 400 |15 |12 |10 | 85! 8
500 | 10 85 7 55 5
75 | 40 32 25 20 18
300 | 24 20 17.5 | 15 14
248-T4 400 |20 |16 |12.5] 10 9
500 | 14 10. 5 85 7 6
75 | 31 22.5117.5 | 15 13. 5
300 | 24 18.5 | 13.5 | 11. 5 11
618-T6. - 400 | 19 15 10.5| 85 7.5
500 7 6 5 5 4.5 4.5
75 | 45 35 27 22 21
300 | 18 15 13 12 12
7586 30 135|111 | 95| 85| 85
500 | 11 9 75 7 7

! Data based on tests conducted by Aluminum Co. of America.

3.1224 Fatigue properties. Curves for com-
puting approximate reductions in tensile ultimate
strengths for 248 heat-treated and 758 heat-treat-
ed and aged aluminum alloy materials subjected
to reversed loading at elevated temperatures arce
shown in figures 3.1221 (¢) to (m) for tempera-




tures up to 375° F. This information is based on
tests on cantilever beam machines in which one
end of the specimen is deflected in the path of a
circle subjecting the specimen to completely re-
versed loading. These tests include only nonclad
materials but are considered applicable to clad
materials. For situations involving fatigue stress-
es in which the mean stresses are other than zero,
consideration must be given to creep and creep-
rupture properties in addition to fatigue proper-
ties. Values of cantilever beam fatigue strengths
of wrought aluminum alloys at elevated tempera-
tures are given in table 3.1224. These values
were determined by testing 0.4-inch diameter
machined specimens in ARL fixed cantilever
beam fatigue machines and represent extreme
fiber stresses that such specimens will with-
stand in completely reversed flexure. All speci-
mens had been stabilized by prolonged heating
at testing temperature before testing. Values at
75° F. are from rotating beam tests.

3.13 CriTEriA FOR DESIGN MECHANICAL
ProrerTiEs. The test methods used to. establish
the design mechanical properties appearing in this
chapter are discussed below, unless discussed in a
note accompanying the table in which the allow-
ables appear.

3.131 Shear strengths. The values of shear
strengths of aluminum alloy sheet were deter-
mined 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 alumi-
num products were determined from double shear
tests of cylindrical specimens in which a 1-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.

3.132 Tensile strengths. The values of tensile
strength of aluminum alloy materials were deter-

mined by the methods outlined in reference 1.441.

3.133 Bearing strengths. The values of bear-
ing strength of aluminum alloy materials were de-
termined by loading a steel pin inserted in a close
fitting hole in material test specimens having
widths at least four times the pin diameter and
thicknesses not less than one-fourth the pin dia-
meter. '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 two 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. See references
3.133.

3.14 Ratk oF StressiNG Errecrs. A knowl-
edge of the effect of the rate of loading on the load-
deformation characteristics of aluminum alloys
is important since the aircraft structure in which
the material is used is subjected to various loading
rates depending on aircraft speed, gust sizes and
velocities, maneuver conditions and alighting
conditions. Sufficient information is available
for the higher strength aluminum alloys to estab-
lish that the effect of rate of loading on their load-
deformation characteristics at room temperature
is insignificant. However, no data are available
from this investigation for the lower strength ma-
terial such as 2S and 3S 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 temperatures rate of stressing is no more criti-
cal than at room temperature.

3.2 Columns

3.21 PriMary FaiLure. The general formu-
las for primary instability are given in section 1.38.
For convenience, these formulas are repeated in
table 3.21 in simplified form applicable to round

Table 8.21. Column formulas for Aluminum Alloy Tubing and/or Shapes
Material Feo Short columns Critical L'/p Long columns fIa‘i(;lcSIe
Foy . ——— .
248-T3 and T4, 148-T4, and | F,| 1+ —— Equation 1.385__| 1.732x/E/F,,---| Equation 1.381__| (¥
61S-T6. 200, 000
758-T6._ . 1.075 Foyo oo Equation 1.383__| 1.414xE/F,,---| Equation 1.381__| (¥

*Must be determined by test unless conservatively assumed.
L' L
= =-—"—: I’/pshall not exceed 150 without specific authority from the

P A/cp

procuring or certificating agency.

Critical L'/p is that above which the columns are ‘long” and below which
they are “‘short.”

Equation 1.381 (a) may be used in the short column range if E’ is replaced
by E: obtained from the compressive stress-strain curve for the material.
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Figure 8.23. Allowable column and crushing stresses 248

and 618 aluminum alloy tubing.

aluminum alloy tubes. These formulas can also
be used for columns having cross sections other
than those of round tubes when local instability
is not critical.

3.22 LocaL Famwure. Table 3.21 also con-
tains notes and references concerning the local
instability of round tubes.
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3.23 Corumn Strrss 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 cffective slenderness
ratio defined by the formula:

T (3.231)

3.3 Beams

3.31 GENERAL. Sce cquation 1.323;: section
1.525; and reference 1.71 for general information
on stress analysis of beams.

3.32 Smvpre BEams. Beams of solid, tubular,
or similar cross scctions can be assumed to fail
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Figure 8.321. Bending modulus of rupture aluminum alloy
round tubing restrained against local buckling at loading
points.

through exceeding an allowable modulus of rupture
in bending (F3). For solid sections it can usually
be safely assumed F, cquals the ultimate tensile
stress.

3.321 IRound tubes. For round tubes the
value of F, will depend on the D/t ratio as well as
the ultimate tensile stress.  The bending modulus
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.
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3.322 Unconventional cross sections. Sections
other than solid or tubular should be tested to de-
termine the allowable bending stress.

3.33 Buwr-Up Brams. Built-up beams will
usually fail due to local failures of the component

‘parts. In aluminum alloy construction the
strength of fittings and joints is an important
feature.

3.34 Tuin-Wes Brams. 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 -

. 341 Gexeran. The torsional failure of alu-
minum-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 thick-
nesses commonly used for aircraft tubing.

342 AiLowABLE 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

3.561 Rounp Tuses ixn Benpinag anp 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 secondary
bending, that is, bending produced by the axial
load acting in conjunction with the lateral deflec-
tion of the column. In general, equation 1.5353,
can be used in the following forms for safé values:

1 F)+(fe/Fe)=1.0___.__ (3.511)
1
M. Szm—l ______ (3511&)

where

f» =maximum bending stress including effects
of secondary bending.

F,=Bending modulus of rupture.
f.=Axial compressive stress.
F,,—=Compressive yield stress.

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

Figure 3.42.

wi ]
|.n_- 60 R 1,‘1F
Sl o 61S "y~
x| » G HHE I
w E 50_:_. 1 i N 24SFTU= 64,000 PS
Ie) K 1 3 : Nu R HHIHBII
- i it : n it
w w i i st
o i
PR L
al » - S
8\ g
= [l i
&' W 30k
z| = TR
o <C
wl| =
2 I =
o|d .2 i
!> ST reY
n 113 i
'u_) o _ iy d
T I it i
iy ; "
t A tii
H : it IS ; } '{Tb
FHEHIE L e el G e il HHEHE R Hi
0 - o
0 5 10 15 20 25 D4 30 35 40 45 50

Torsional modulus of rupture—aluminum alloy round tubing.

81




3.52 Tusnes iNn Benpinc anDp Torsion. Equa-
tion 1.5353, can be used in the following forms for
safe values:

(fb/ﬁ1b 2+(fs/ﬁ‘sr)2=1.0 ______ (3521)

Round tubes:

B2+R2=1.0_____.____ (3.5212)

1
S.:““‘_““—:::—‘l____ 3521b
V(R (R,) ( )

Streamline tubes:

R+ R=1.0_. ... (3.522)

1

g B e 2

M. 8. iR, 1. .. (3.522a)

Jfs=Shear stress.
F,,=Torsional modulus of rup-
ture.

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

3.53 Tuses in Benping, COMPRESSION AND
TorsioNn. 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 & more thorough in-
vestigation of the subject:

U IF [ f o/ Fol=[1—fo/Fo)*- - - -(3.531)

1

M. S.= o
R+ (R + (R

1....(3.531a)

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

3.6 Joints, fittings, and parts

3.61 JoinTs

3.611 Riveted and bolted joints. In order to
determine the strength of such joints it is necessary
to know the strength of the individual rivets or
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bolts. In most cases, such joint failures occur by
shearing the connecting element, or by bearing
and/or tearing the sheet or plate.

3.6111 Protruding head rivets and bolts. The
load per rivet or bolt at which the shear or bearing
type of failure occurs is separately caleulated and
the lower of the two governs the design. The
basic shear strengths for protruding head alumi-
num alloy rivets are given in table 3.6111 (a).
Basic shear strengths for protruding head stecl
bolts, and pins are given in tables 2.6111.  In com-
puting 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 resulting from high bearing stresses
on the rivet at D/t ratios in excess of 3.0 for single
shear joints, and 1.5 for double shear joints (refer-
ence No. 3.6111).  The design bearing stresses for
aluminum alloys given in tables 3.111 are appli-
cable to riveted or bolted joints wherein eylindri-
cal holes arc used and where D/t<5.5; where
D/t>5.5, tests to substantiate yicld and ultimate
bearing strengths must be made.  Yield strengths
of rivets or bolts may be computed in & manner
similar to ultimate strengths except that the
factors of table 3.6111 (a) need not be applied.
The bearing yicld stresses correspond to a perma-
nent set in the hole (in a single sheet) equal to two
percent of the hole diameter. These bearing
stresses arc applicable only for the design of rigid
joints where there is no possibility of relative move-

"ment 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 nominal
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.




Table 3.6111 (@). Shear Strengths of Protruding and Flush Head Aluminum Alloy Rivets (Pounds)

Diameter of Fivet. ..o e 349 1% 342 3e 14 516 3¢
56S—Fo,=27 kst . 95 195 350 536 774 1, 400 2, 210 3, 160
A178-T38—F,, =30 kst _ . .. 106 217 388 596 862 1, 550 2, 460 3, 510
178~-T381—Fey=34 kst ________.. 120 247 442 675 977 1, 760 2, 790 3, 970
17S-T3—F,u=38 kst ..o .. 135 275 494 755 1, 090 1, 970 3,110 4, 450
248-T31—Fo=41 ksi___ . __ . __________ 145 296 531 815 1, 180 2, 120 3, 360 4, 800
SINGLE SHEAR RIVET STRENGTH FACTORS
Sheet thickness:
0014 e e e e e e e
* 0006 .. 0.964 || e
0.018. .. 984 | L | et e e
0.020___ - 996 | e oo e
- 0.025_ .- ___ 1. 000 0.972 | me e e
0.032____ i ie|emmaa 1. 000 0. 964 || |eece e e e
0.036___ e 980 | | |e e fece oo
0040 e . 996 0.964 |- |||l
0045 e 1. 000 980 |||
0.051 __ oo m oo 996 0.972 | ______ ..
0.064 _ _ ___ et 1. 000 1. 000 0.964 |______._|..______
0.072. . e e e e e e . 980 0.964 {________
0.081 .. e e e e . 996 974 |______._
0091 e e |- 1. 000 984 (______.__
0.102__ e e e e e e 996 0. 972
0.128_ | e e e e e e 1. 000 1. 000
0.156_ . e e e e e | e | e e
0.188 e e e e e e | et
0.250_ - e e e e e e e
DOUBLE SHEAR RIVET STRENGTH FACTORS
Sheet thickness:
0.014_ e e e e e et e | mm e e et | e
0016 _ . _ .. 0.688 ||| e e e
i 0.018 .. £ 750 RN IR [RUNIUIPD [NURIUPIPUDE) PIPURUPDNS (PPN FUORpR U
0020 __________ . .. 792 || e
0.025. .. . 870 0. 714 |||
, 0.082 .l 935 818 | 0.688 |- oo |oo b
= 0.086. . .. . 974 857 740 |||
0040_______ ... 087 . 896 792 0.688 | ||
0.045. oo 1. 000 922 831 740 | | e oo
0051 __ | 961 870 . 792 0.714 | | e |eomeo oo
0.064 __ . l|eeooooo- 1. 000 935 . 883 . 818 0.688 | ______|____....
0072 __ e e 974 919 . 857 740 |l ____
0.081. oo 1. 000 948 . 896 792 0.688 | ___.___
0091 __ . ___ . e el 974 922 831 753 | ____.___
0102 e e e 1. 000 961 . 870 792 0.714
0.128_ e e e 1. 000 935 883 818
0.156_ e e e e 987 . 935 883
0.188 e e e e 1. 000 . 974 935
0.250._ _ e e e e e 1. 000 1. 000
NorTE
Values of shear strength should be multiplied by the factors given herein Shear stresses in table 3.6111 (¢) corresponding to 90 percent probability
whenever the Dj¢ ratio is large enough to require such a correction. data are used wherever available,
Shear values are based on areas corresponding to the nominal hole diameters Sheet thickness is that of the thinnest sheet in single shear joints and of the
specified in table 3.6111 (c) note e, middle sheet in double shear joints.
949597 0 - 51 - 7 83




Table 8.6111 (M.  Aluminum Alloy Sheet and Plate—Bearing Faclors 1

[K =ratio of actual bearing strength to 100 ks?]

Matertal

Thickness

248-T4 (hcat-treated by
USer) .o _____

248-T42 (heat-treated by

248-T36_ .. ____ .
248-T4 (coiled) . __ ...
Clad 245-T4 (heat-treated

by user) ... ... ..

Clad 248-T4 (heat-treated
by user) ... _._____._..

Clad 248-T3. . ___ .. ._._.
Clad 245-T4_____________

Clad 248-T36.._ ... ___.__
Clad 245-T4 (coiled). . ___
Clad 248-T6_.._____._._.
Clad 248-T81__.._________
Clad 248-T84.___________

Clad 248-T86_.__________

758-T6 (aged) . . ________.

Clad 755-T6 (aged). ... _._

Hardelad R301-T3 and

Alelad 148-T3__.______
Hardelad R301-T6 and

Alelad 145-T6_________
B528-H32 (). ...
528~-H34 (WH)Y...._______
528-H36 (4H). .. ________
525-H38(H)__ . _._____.__
615-T4
615-T6
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p—C—
S L N

—

—

e ——

—

<0.
. 250-0.
. 501-1.
. 001-2.
. 001-3.

o R

ATATAR A

. 064- .
. 250- .
. 500-1.
. 001-2.
. 001-3.
. 010- .
. 064— |
. 250- .
. 500-1.
. 001-2.
L019—
. 064~ .
.012- .

e ek pd ek ek et bk bk bad bl bk bl kel bl e bt b b bk b ek ek ek bl bk bk ek bt bed bk bk bk bk b bk ek bk bl ek e ek bk bk ek ek ek
bt et et bl et bt e bd fmet bk bk e b bk ek

efD=15

0. 93
. 96
.93
.00
.84
. 98
.98
95
.92
.05
.03
. 87
.92
.93
.90
. 87
. 81
.90
.95
.95
.02
. 89
.05
.01
. 87
.02
.90
.93
06
.00
. 00
.05
.05
. 06
.14

16

.16

19
19

.05

08
08

11
. 11
. 84
. 85
.94
.06
.50
. 54
.59
. 62
. 48
. 67

! For ¢/ D values between 1.5 and 2.0 bearing factors may be obtained by linear interpolation (e=cdge distaner, D=hole diameter).

e S P G gy

A values (minimum guaranteed properties)

e/D=1.5

0. 56
.53
.53
.53
. 563
. 69
. 64
. 62
. 60
. 84
. b6
. 52
.53
. 63
. 50
. 50
. 50
. 64
.61
. 64
.59
. 56
.77
. 81
. 52
. 63
. 66
.69
.78
.83
. 88
.92
.91
05
.92
.04
.M
.97
.97
. 85
. 88
. 88
.90
.90
. 66
. 60
.78
. 80
.29
.34
.41
.40
.22
.44

1es (probability values)

K yield

R ¢/ D=2.0 e/D=15
0. 82 0.71
78 . 69
77 . 67
75 . 66

1. 00 . 88
66 . 57
76 67
78 69
78 69
74 64
70 62
93 . 81
96 . 84
61 .53
6 . 56
1.10 a7
1. 12 98
1. 10 .07
1.15 1. 01
1. 02 090
1.04 91
1. 04 91
107 94
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Table 3.6111 (c). Design Mechanical Properties for

Aluminum Alloy Rivets (Kips Per Square Inch)

PO - e e e e et meaennne Protruding hm;d rivets »

ATIOY -« - oo A178 178 248 568
Specification. - .. e MIL-R-5674

CONAItION oo (T3) (T3 b (T3) ¢ (T31) (H-321)
Basis . e A B A B A B A B A

F oa® o e 28 30 33 34 35 38 37 41 27

= The driven head diameter shall be at least 1.3 times the nominal shank

_ diameter of the rivet.

b The 178-T31 designation refers to rivets that have been heat treated and
then maintained in the heat treated condition until driving,

¢ The 178-T'3 designation refers to 178 rivets which are fully aged at room
temperature for at least 4 days after quenching, and then driven. (The
higher strength properties of the 17S-T3 rivets result from the cold-working
effects obtained when the rivets are driven in the aged condition).

d A is the mechanical property column based 'upon the minimum guaran-
teed tensile properties; B is the mechanical property column based upon
probability data. (See par. 3.111.)

e Shear and bearing strength values for driven rivets may be based on areas
corresponding to the nominal hole diameter provided that the nominal hole
diameter is not larger than the values listed below. 1f the nominal hole
diameter is larger than the listed values the listed value shall be used.

Standard rivet hole drill sizes and nominal hole diameters

Rivet size. . W %o % 3 e A e %
Drill No- oo 51 41 30 21 11 F . P w
Nominal hole diameter_ _____________..__ 0. 067 0.006 | 0. 1285 0. 159 0.191 0. 257 0. 323 0. 386
Table 3.6111 (d). Unit Bearing Strength of Sheet on Rivets F,,=100,000 psi (Pounds)
Diameter of rivet He 342 1% 542 $o U e 36
Sheet thickness:
0.014. e 44 || e e e |
0.016. e oo__ 107 | e | e e e
0.018. - 121 178 | e e e e e e
0.020. . e 134 192 | o e e et
0.025. e 168 240 821 | e eeeo
0.032. . s 214 307 411 509 |- | e
0.086. oo 241 346 463 572 B88 | ||
0.040_ e 268 384 514 636 764 Lo |
0.045 e 302 432 578 716 860 ||l
0.051 . - 342 490 655 811 974 1,310 || .
0.064 oo 429 614 822 1, 020 1, 220 1, 640 2,070 (____.____
0.072 . e 482 691 925 1, 140 1, 370 1, 850 2, 330 2,780
0.081 . 543 778 1, 040 1, 290 1, 550 2, 080 2, 620 3, 130
0.001__ . el 610 874 1,170 1, 450 1, 740 2, 340 2, 940 3, 510
0.102. .- 683 979 1, 310 1, 620 1, 910 2, 620 3, 290 3, 940
0.128 e 858 1, 230 1, 640 2, 030 2,410 3, 290 4,130 4,940
0.156 o 1, 050 1, 500 2, 010 2, 480 2, 980 4,010 5, 040 6, 030
0.188 e 1, 250 1, 800 2,410 2, 980 3, 580 4, 820 6, 060 7,240
0.250 . _ o _lo__. 1, 670 2, 400 3, 210 3, 970 4,770 6, 420 8,070 {_ . ______

"Bearing values are based on areas corresponding to the nominal hole diameters speeified in table 3.6111 (c).

3.6112 Flush rivets. Tables 3.6112 contain
ultimate and yield allowable 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
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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 devel-

oped.

(a) 0.005 inch up to and including

diameter rivets.

Table 3.6112 (a).

%s inch

(b) 2.5 percent of the rivet diameter for rivet
sizes larger than ¥ inch diameter.
Test data from which the yield and ultimate
strengths listed were derived are to be found in

reference 3.6112.

Ultimate Strength of Solid 100° Machine Countersunk Rirets (Pounds)

Rivet material ... A178-T3 178-T3 248-T31
Clad sheet material ... ... . .. __ .. ... 245-T3, 248-T6, 248-T81, 248-T86, and 758-T6
\\ D 34 34 54 34 " 3/ A

ta \\ 342 23 e 542 e 1 s Y

E——

0020 . . ___ ... _____________. 132 | e e
0025 el 166 4 e e e
0.032_ . . ____. 178 272 | e e e
0040 _ .. 193 309 *18 | __. ¥T6 ||| lL
0051 L. 206 340 *479 *628 *580 *¥726 | ____. 758 | . .. ___
0064 ___ L ___. 216 363 523 705 *657 *¥859 . .__._ 886 *1, 290
0072 . |l . 373 542 739 690 *917 | *1, 338 942 *1, 424
0.08Y _ e 560 769 720 *¥969 | *1,452 992 *1, 543
0091 _ ||l 575 795 746 1,015 | *1, 552 1, 035 *1, 647
0.102_ . e 818 .. ___._ 1,054 | *1, 640 1,073 *1, 738
0125 e e 853 | ... 1, 090 1,773 1,131 1, 877
0156 . e e e e 1,891 |.___.___ 2, 000
0.188 e e e 1,970 |_____.__ 2,084
0.250 e e e e e e e

» Sheet gage is that of the upper sheet.

In cascs where the lower sheet is thinner than the upper the shear-bearing

allowable for the lower sheet-rivet combination should be computed.

The values in this table are based on “good’”” manufacturing practice, and

Table 3.6112 (b).

any deviation from this will produce significantly reduced vahues.
Yicld values of the sheet-rivet combinations marked thus (*) are less than

24 of the indicated ultimate values.

Yield Strength of Solid 100° Machine Countersunk Rivets (Pounds)

Rivet material _....._ ... .. ... .. Al178-T3 178-T3 248-T31
Clad sheet material. ... . ________.___._. 248-T'3, 248-T6, 24S-T81, 24S-T86, and 758-T6
\\ B

fo T 42 14 3o 542 3o % % %

\\\

0.020_ _ L. (2 A PR FRCEUUUUNY USRI [NV FONUIORPIN JUURPURPNY ANNRISTUN I
0.025 ... 9 B 200 PR (ROUNUPIPRN PRI IUPUIPUIN FIUNRY FRUUUUPUTN VU I,
0032 . ... 132 198 | e
0040 . ____ .. __________ ... 153 231 265 . _____ 270 ||
0051 . . __ 188 261 321 389 345 419 | ... ____ 538 | ..o-_.-
0.064__ . __. 213 321 402 471 401 515 [ _.____ 614 811
0072 _ o feeel__ 348 453 538 481 557 706 669 902
0.081 e 498 616 562 623 788 761 982
0.001 | . 537 685 633 746 861 842 1, 053
0102 e 745 (.o ______ 854 1,017 913 1,115
0125 i 836 | _______ 1,018 1,313 1, 021 1, 357
0166, e e 1,574 | ... .. 1, 694
0.188 e 1,753 | .. _. 1, 925
0.250_ _ e e e e e e e e

» Sheet gage is that of the upper sheet.

In cases where the lower sheet is thinner than the upper the shear-bearing

allowable for the lower sheet-rivet eombination should be computed.
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The values in this table are based on “good’’ manufacturing practice, and
any deviation from this will produce significantly reduced values.




)

Table 3.6112 (¢). Ultimate Strength of Solid 100° Dimpled Rivets (Pounds)

Rivet material ... _. A175-T3 178-T3 248-T31
248~
Clad sheet material | 248-T3, 245-T6, T o
usT6, | A% | 2813 2878l 24876, gna uSTE0aNd |pu5 gl TEL | ga5ms | e, 248 e,
248-T81 755-T6’ 245-T81 T8, and 758-T6
: and
758-T6,
\ b
‘o Y42 14 1% | oS40 | e | %4 | ¥Me | Y42 | Me | 2 | e A U | He Y e Y
\\ _
0.016_.___.... b i 4 ¢ [FRRURUUN (RUUSN BRSRPUNY (VUSROS [P [VOUPUIR ENEPERUOUY [SPRPUPRUR INURIRpES FROUPRRDS JUPRpIRpNY IRRRPN PURPS PSUPI FEUNPRINY ISR
0.020__.______ 209| 299 302 _ _ __ | | e e e e e e e e |
0025 _____ 235 360| 383] 474|..___ 462|. ... 419(.____ 530| ||
0032_.._ . _.___ 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 9821, 300
0.051_________|--.__ 484! 548| 693| 940/ 7781, 036| 840(1,097| 864(1,153|1, 332!1, 508!1, 110j1, 359|1, 152|1, 705
0.064____ . |- jooeoleooaa 736(1,012] 840i1, 142| 922[1, 240| 930(1, 267|1, 695!1, 803i1, 236|1, 727|1, 277(2, 010
0072 | feaoan 7551, 045 8671, 190| 95811, 301| 9571, 315|1, 853(1, 9301, 291|1, 8831, 332(2, 150
0.081. ||| aoa 1,074| ____ 1,230(.____ 1,357 .__. 1, 358|1, 995|2, 0441, 340|2, 025|1, 3802, 260
0.001_ || 1,008[.___. 1,267|_____ 1, 405).____ 1, 3982, 115[2, 145|1, 382(2, 1501, 424|2, 365
0.102 | e e 2,220(2, 232]_____ 2,255 ___._ 2, 455

= The above allowables apply to double dimpled sheets and to the upper
sheet dimpled into a machine countersunk lower sheet. Sheet gage is that
of the thinnest sheet for double dimpled joints and of the upper dimple
sheet for dimpled-machine countersunk joints, The thickness of the machine
countersunk sheet must be at least 1 tabulated gage thicker than the upper
sheet.

In no case shall allowables be obtained by extrapolation for skin gages other
than those shown.

The values in this table are based on ‘‘good” manufacturing practice and
any deviation from this will produce significantly reduced values.

Table 3.6112 (d). Yield Strength of Solid 100° Dimpled Rivets (Pounds)

Rivet material.. A178-T3 178-T3 248-T31
CRdart ™ | s mg, US TR usmy, o s pas . <
o (St P M e | Mmdseimer | 2eS-Tebana7ssTo | aasems | PHTaghd | MGRTEnd
248-T81|,, 800 1 245-Tsi
N
\ b 352 14 562 | Me | 342 e 542 e 1 342 | s M e 1A e 14 3 %
ta ~
0.016______ 154| . ____ JUNUSRY SN FEDUN [N IR I, JEUNDRRS IRRREES IVRURR (VORI U DTN DRSNS PRI
0.020...___ 184 P45 4 D IR R RN RN I, [EURUEUS SRR ISR IRV SRR IRV FPDUUES N R
0.025______ 209 315! 324|____| 410{___.__ 336|____.|.._-_ - %511 [N [UUURUE RN SNNDUPUUN PRI IR PR SRR
0.032___.__ 231 367, 430| 512| 525! 640 483| 546/ __._ 581 705|.__._ 582(.____ 649 . ___ 786|_____
0.040__.__. 246 404| 506 644| 606] 782| 589| 730| 845| 675 867 978 666; 879 816/ 962| 982 978
0051 ___|-._._. 436| 571 757 677 905/ 681| 8881, 187| 756i1, 007|1, 508| - 738|1, 308| 961i1, 308|1, 152|1, 543
0064 _____|.___._|-_-... 619] 841| 729 995| 748|1, 0061, 415| 816]1, 111|1, 803| 9251, 5641, 068{1, 5641, 277|1, 958
0072 ||l 641| 878| 752(1, 034| 778|1, 0561, 656| 842|1, 156(1, 93011, 0451, 711|1, 115|1, 7111, 332|2, 140
0081 |ao_ _._.| 910{____|1,070|____i1, 102/1, 870|____|1, 196/2, 044(1, 152|1, 9281, 177|1, 928!1, 3802, 260
0.091______ R B _o..| 939|____i1,100{____|1, 142|2, 057|____|1, 231|2, 1451, 246/2, 1211, 324|2, 121]1, 424]2, 365
0.102__ . ___fo_... RN IR PN, S [ . 2,220|. .| -_ 2,232(__.__ 2,255 __._ 2,268 . _-. 2, 45'5

aThe above allowables apply to double dimpled sheets and to the upper
sheet dimpled into a machine countersunk lower sheet. Sheet gage is that
of the thinnest sheet for double dimpled joints and of the upper dimpled
sheet for dimpled-machine countersunk joints. The thickness of the machine
countersunk sheet must be at least 1 tabulated gage thicker than the upper
sheet.

In no case shall allowables be obtained by extrapolation for skin gages other
than those shown.

The values in this table are based on “good” manufacturing practice and
any deviation from this will produce significantly reduced values.
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3.6113 Blind rivets. Tables 3.6113 contain
ultimate and yield allowable single shear strengths
for protruding head and flush head blind rivets in
aluminum alloy sheet.  These strengths are applic-
able only when the grip Iengths and rivet hole
tolerans ~ arce as recommended by the respective
rivet manufacturers. These strengths may be
substantially reduced if oversize holes or im-
proper grip lengths are used.

The strength values were established from test
data obtained from tests of specimens having
edge distances ¢/D equal to or greater than 2.0.
Where e/ values less than 2.0 are used tests to
substantiate yicld and ultimate bearing strengths
must be made. Ultimate strength values of pro-
truding and flush blind rivets were obtained from
the average failing load of test 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 fol-
lowing permanent set across the joint is de-
veloped.

(@) 0.005 inches up to and including ¥e-inch-
diameter rivets.

(d) 2.5 percent of the rivet diameter for rivet
sizes larger than ¥g-inch-diameter.
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Blind rivets should not be used in applications
where appreciable tensile loads on the rivets will
exist.  Reference should be made to the require-
ments of the applicable procuring or certificating
ageney relative to the use of blind rivets.

Table 3.6113 (a). Rivet Shear Stremgths for Blind Rivels
(Protruding and Flush Heads) (Pounds)

STANDARD-SIZE RIVETS!

Rivet diameter
Rivet type ——
1% 542 pat] ]
Cherry (CR156, CRIS7)____| 395 605 875 1 1, 580
Cherry (CR162, CR163)___.{ 415 635 917 | 1, 660
Huck (P, 100V)____ . ______ 445 684 986 | ...
OVERSIZIE RIVETS?
Cherry (CR178, CRI79).___| 472 788 11,065 |. ...
DuPont (DR, DR~100) ... _} 435 725 11,015 | _____

I Shear strengths eomputed using nominal hole size and probability shear
values for rivet and pin materials as shown in table 3.6111 (c).

2 Shear strengths computed using rivet diameter before driving and proba-
bility shear values for rivet and vin materials as shown in table 3.6111 (e},




—

Table 8.6118 (b). Ultimate and Yield Strengths for Protruding Head Blind Rivets (Pounds)
ULTIMATE STRENGTH

Standard-size rivets Oversize rivets

Riveb type ..o ceemmees Cherry (CR 157) Cherry (CR 163) Huck (1) Cherry (CR 179) DuPont (DR)
Sheet material ... - 248-T3, Clad 248-T3, | 248-T3, Clad 248-T3, Clad Clad 248-1'3 245-T3, Clad 245-T3, 245-"T3

Clad 248-T6, Clad 248-T6, Clad 248-T81, Clad Clad 24S8-7T6, Clad

248-1'81, Clad 248- 248-T84, Clad 248-T86 and . 248-T81, Clad 245-

T-84, Clad 248-1'86, Clad 758-1¢ T84, Clad 245-T86,

and Clad 758-T6 and Clad 758-T6
==

tﬂ\\ D % 542 b 1% 242 e 1 % 542 3o 1% 42 3o 1% 949 34g
T - —_— JE—
0.025_ o oo-- 225 278|..__. 232 298|. . __j----- 2531 280| 326/ 260 300, 310] 270 ____|.__..
0.032_ - 260| 334] 425 282 420 520|.__.. 344| 455 492 305 420 460] 355 435 460
0.040___ ... 310! 400! 495! 337 490| 594 694| 390, 505 647 355 520; 610 420 555/ 665
0.051__________ .- 370 480| 598 372 555 690(1,092| 402 604| 856/ 430 605/ 770, 435 660/ 840
0.064 .o oo- 305/ 572| 723| 414] 635 8131, 290 422 665 008 472) 680 900 435 725 960
0.072 o 395/ 605/ 787 415] 635 8801, 380 ... 678| 957, 472] 725 955 435 725|1, 000
0.081 ... 395! 605 851|- - _|--.-- 0171, 485 - |- -~ 967|.____ 765(1,000]. .} |-
0.001 e 605 875 - - _i_--- Or7l1, 5500 - o |-eoei]o oo 788(1,040 . ____|___._|-----
0.102 oo 605 875 ____|l.____l__.. 1,660 | oo 1,065 ...\ ____
0.125 oo Y £ S I R 1,660| |||l 1,065 .||
YIELD STRENGTHS

0.025_ o eos 225 278|_.___ 2321 208} . __|----. 233! 280| 326{ 240 275, 285 210|_____|- .-
0.032 .- 260| 334| 425 282 392 520/ ._._ 268| 364 472| 280 385 415 275 335! 360
0.040__ . _______ 3100 400 495/ 325/ 460 570 694; 300| 402| 530, 330 470! 550{ 325 430| 510
0.051 - 362 480| 598| 372 545 660| 930/ 316{ 499, 680 305| 555| 705| 355 510 660
0.064_ .- . .. 305 561 723/ 410 635 7651,130] 401 540 688 450 625, 835/ 360 550| 750
0.072. - 395/ 600| 787 415 635 820|1,260[----. 546 820| 450, 660 875 ____ 575 780
0.081__ __ . _._-_____ 395 605 851 _.__|----- . 865]1,380_ - _|----- 820{_._...| 700 920 ____|-----j-----
0.091_ |- 605 875 - |----_ 870(1,460|. .. __}___.. e e 2| T40] 960 | |o-oe-
0.102____ . _|e-o-- 605 875 |- _]----- 1,830 | 990 . ____|- S .
0.125 e 875 |- 1,600 ol |eeomfem oo 990 |- |oaa-

Other sheet-rivet combinations may be used subject to specific approval of the procuring or certificating agency.
& Sheet gage is that of the thinnest sheet.
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Table 3.6118 (c). Ultimate and Yield Strengths for 100° Double Dimpled Blind Rivels (Pounds)
ULTIMATE STRENGTHS

Standard-size rivets

Oversize rivets

Rivet type............_._. Cherry (CR 156) (2) Cherry (CR 162) (2) Huck (100V) Cherry (CR 178) (2) DuPont (DR-100)
Sheet material . ___________ 248-T3, Clad 248-T3, | 248-T3, Clad 245-T3, Clad Clad 24S-T3 248-T3, Clad 248-T3, 8-
ee Clad 245-T6, Clad | = 248-T6, Clad 245-T81, Clad Clad 24S-T6, Clad 248-T3
24S-T81, Clad 24S- | 24S-T84, Clad 245-T86, and 24S-T8l, Clad 24S-

T84, Clad 245-T8g6, Clad 758-T6
and Clad 758-T6

T84, Clad 245-T86,
and Clad 758-T6

T\\D 1% 549 36 1% 542 s % 1 342 316 1 542 36 1% 342 3

0.020. .. _._.__.. 170/ ___|-__._ i 11 R AR R RN SR R SR AU A 304 387|._._.
0.025_____________. 185| 290 ___. 252 368 ____|._... 255 375 *464) 235! 335 455 366 503 __
0.032___ . ________.._ 205 315 460 252/ 368 490/ ___. 266/ 400 493 285 400, 520 519| 678 830
0.040.__ . _____.._. 225 348 485 269 395 528 *832| 340, 513 694 330 465 610 570 776 1,021
0.051 . _____.__. 255 390 520/ 298 440 578/1,005 428 545/ 824 380 550 725| 611 969 1,177
0.064 .. _|o___. 445 565|. ... 482/ 636|1,125/_____ 684/ 900/ 380/ 610| 785/ ____ 9881, 290
0.072 |l 5901 ____|--_.. 655(1,190[_____|_____ 981 ___. 610 785/ __._|____. 1, 330
0.080_ e 620)_ . ___|____. 683(1,200\_____|.___. 986 | oo 1, 395
0.091 . e e L4100\ e
0.102 e 1,835

0.020___ ... _..._. 170 . |- 99| . 285 310|..___
0025 . . ___. 185 290/.___. 242 290|._.__|___.. 255 304] 289 230 268 320/ 362| 400/ .___
0.032. ... . __.. 205| 315 460| 252/ 368 440[.____ 266| 369 404| 272 386 450, 495/ 487| 695
0.040__ .. . __.___.. 225 348/ 485 269 395 440 550! 294! 410, 480 310 465 575/ 525 595 790
0.050_________._._ 255/ 390) 520, 298 432 517 700| 366] 473 554 358 550 725 611 810 825
0.064______________|.__.. 445| 563|_.___ 482/ 636/ 890|._.__._ 683 645/ 358 610| 785|..__._ 835 870
0.072. || 578 . |_.__.. 655/ 950|._...|.____ 775 610 785/ .__ | ____ 905
0.081_ | |eoaoo 588 __|-._-. 683(1,030]__.._[-_.__ 809 || 1,025
0.091 e L90|- ||
0.102. e 1,350 - e e

e Sheet gage is that of the thinnest sheet.

In the case of Cherry Rivet Co. rivets only, the above allowables 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 countersunk sheet must be at least 134 times the height of the
preformed rivet head for standard size rivets and twice the height of the
preformed rivet head for oversize rivets. Allowables for the DuPont Co.
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and Huck Rivet Co. rivets for dimpled-machine countersunk installations
are not available,

In no case shall allowables be obtained by extrapolation for skin gages
other than those shown.

Yield values of the sheet-rivet combinations marked thus (*) are less than
3% of the indicated ultimate values.

Other sheet-rivet combinations may be used subject to specific approval
of the procuring or certificating agency.
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Table 3.6118 (d). Ultimate and Yield Strengths for 100° Machine Countersunk Blind Rivets (Pounds)
ULTIMATE STRENGTHS

Standard-size rivets - Oversize rivets
Rivet type. . cccoooceoooo Cherry (CR 156) Cherry (CR 162) Huck (100V) Cherry (CR 178) DuPont (DR-~100)
Sheet material __._....__... 248-T3, Clad 24S-T3, | 248-T3, Clad 248-T3, Clad Clad 248-T3 248-T3, Clad 248-T3, 248-T3
Clad 248-T6, and 248-T6, and Clad 245-T81 Clad 248-T6, and
Clad 248-T81 Clad 243-T81
T\ D % 942 e ¥ 342 3o b %% 942 3o % 942 s 3% 948 He
— ] ‘
0.032. e fmmee e e e - '] i 4 SRR IEUROUPRO [SUNPURES MEPUUHPRNS R PRI RS (R
0040 _ __________.__ 2171 |- 227 | eaaos *276) *441|_____ 265 ____\.____ *382| ... _._.
0051 ____ .- 258 *3501.____ 255! *415|.___ ... *302| *471| *605, 330| *542|_____ 361 *567|__.__
0064 ____ . ___.___ 305 350| *433| 348| 415 *615____. 329| *504| *654| 405 575 *630; 412| *602| *800
0.072_ .. 338| 390| 444| 395 480 *615_____ 399| *499| *699| 440| 630 *690| 435 623} *847
0081 ____ . . ___.__ 374| 440| 446| 415/ 50| 615 *965).____ *537| *739] 472| 680 760| 435 677 *908
0001 _ . o |eae-- 505{ 590j.__.. 625 727 *965|_____ *620, .869|.____ 735 855! 435/ 725 *915
0.102_ ___ o e-- 585 755\ ... 635 917 965 ____|----- 926|.____ 788| 990| 435 725 984
0.125_ . |eea-- 605 875/ ____ 635 917|1,600{.____{ . 969 ____ 7881, 065|.____|- .- 1,010
YIELD STRENGTHS

1% DN HS IR NN NSO S RN 102
0.040. __._________ 155 o |aoooo 162| | |- 154 144 ____ 207) -] - 130)_ |-
0.051. ... 205 210j.____ 241 185, ____|.._-- 196| 221} 207| 322 276____._ 277 217 ...
0064 _________.._. 250, 200| 229, 327 305 122|..__. 243! 246, 218 397 483| 368 344 323; 185
0.072_ . ___._._ 270| 340/ 315 380| 374 300 ___. 304| 275 234| 430 550/ 4507 372 470 349
0081 ___.____ 288| 393| 410 415 455 506/ 280|-.___ 332 432/ 465| 610 530; 382 515 490
0001 _ . |eeee- 457 508|_____ 546 670/ 505 . __. 410| 627|.____ 680 690/ 386/ 612 518
0102 o _|--- 521 634j.___. 635 752| 740\ ____|-____ 674(.____ 735 840 435 612 752
0125 |- 605 875|-____ 635 8601,090_ ____| .. - 821j___._ 735(1, 045 . __|..__. 890

= Sheet gage is that of the upper sheet. Yield values of the sheet-rivet combinations marked thus (*) are less than

24 of the indicated ultimate values.
Other sheet-rivet combinations may be used subject to specific approval
of the procuring or certificating agency.

In cases where the lower sheet is thinner thaﬁ the upper the shear-bearing
allowable for the lower sheet-rivet combination should be computed.
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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 percent of the rivet diameter
from the planc 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.

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 and lockbolt stumps. TLock-
bolts and lockbolt stumps shall be installed in
conformance with the lockbolt manufacturer’s
recommended practices, and shall be inspected in
accordance with procedures recommended by the
manufacturer or by an equivalent method. The
ultimate allowable shear and tensile strengths for
protruding and flush head Huck lockbolts and
lockbolt stumps are contained in table 3.6116.
These strength values were established from test
data and are minimum values guaranteed by the
manufacturer. Yield shear and tensile strengths
and ultimate and yield bearing strengths will be
added when available.

Table 3.6116. Ultimate Single Shear and Tensile Strengths
of Protruding and Flush Head Huck Lockbolts* and
Lockbolt Stumps (Pounds)

Heat-treated

Lockbolt pin material ... Alloy stecl - 755-T6
Lockholt collar material. . 245-T4 615-T6
Loading
. T~ Single shear| Tension |Single shear| Tension
Diameter (in.) ™~
e b . 2,620 | 2,210 | 1,330 1, 875
AL 4, 650 4, 080 2, 280 2, 535
T S 7, 300 6, 500 3, 620 4, 025
7 P 10, 500 | 10,100 | 5, 270 6, 275

* Lockbolts are pull gun driven, lockholt stumps are hammer or squeeze
driven,

b Heat treated alloy steel Huck pull type lockbolts are available only in
3{¢- and 4-inch diameters. Heat treated alloy steel Huck lockbolt stumps
are available in 316-, ¥4-, ${¢-, and 3¢-inch diameters.

3.612  Welded joints

3.6121 Fusion welds. Since fusion welding is
not generally used in the joining of major struc-
tural parts made of aluminum alloy, no values for
allowable stresses for such joints will be given.
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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 allow-
ables 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 spot-
welds 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 arc given in table

3.6122 (¢). The thickness ratio of the thickest
sheet to the thinnest outer sheet in the combina-
tion should not exceed 3.1.

3.61221 Reduction in tensile strength of parent
metal due to spotwelding. In applications of spot-
welding  where ribs, intercostals, or doublers
arc attached to sheet, cither at splices or at other

Table 8.6122 (a). Spotweld Mazimum Design Shear
Strength Standards for Bare and Clad Aluminum Alloys !
Material Material Material Material
ultimate ultimate ultimate ultimate
Nominal thickness of tensile tensile tensile tensile
thinner sheet (inch) strength strength strength strength
ahove 28 kst to | 20 ksi to [19.5ksiand
56 ksi? 56 ksi 3 20.5 ksit helow §
Pounde Pounds Pounds Pounds
0012 ____________ 60 52 24 16
0016_____________ 86 78 56 40
0.020_________.____ 112 106 80 62
0025 __ . _______.__ 148 140 116 88
0032____.____.___. 208 188 168 132
0.040_____________ 276 248 240 180
0.051___.________. 384 354 329 240
0064 ____________ 552 500 451 320
0072___________.__ 678 589 524 364
0081_____________ 842 691 620 424
0091 _____________ 1, 020 810 703 484
0102 ... ... 1, 230 960 760 548
0114 ___________. 1, 465 1, 085 803 391
0125 ___________ 1,698 | 1,300 840 629
0.156__________.__ 2,400 |- e

1 Spotwelding of aluminum alloy combinations conforming to AN-A-11,
AN-A-12, and QQ-A-245 may be accomplished providing specific approval
is obtained from the procuring or certificating agency.

2 Heat-treated and aged 148, heat-treated 178 and 248, heat-treated and
rolled 248, heat-treated and aged 755 and R-301, R-303.

3 528-H34, 528-H38, heat-treated and aged 538 and 618,

425-H18, 35-H14, 61S annealed, 618-T4, 528 anncaled.

$ 28 annealed, 28-H14, 35 annealed.




Table $.6122 (b) Minimum Edge Distances for Spotweld — points on the sheet panels, the allowable ultimate

Joints tensile strength of spotwelded sheet shall be de-
termined by multiplying the “A’ value for ulti-
mate tensile sheet strength obtained from tables
3.111 by the appropriate efficiency factor shown

e = & = J
‘ ‘_ﬁ on figure 3.61221.
abi s b Allowable ultimate tepsile strengths for spot-

welded sheet gages of less than 0.020 inch shall

Thickness thinner Edge dis- Thickness thinner | Edge dis- be established on the basis of tests acceptable to
sheet (inch) tance E sheet (inch) tance E . ; ;
the procuring or certificating agency.
Inch Ineh 3.6123 Aluminum brazing. No values for
1 . . .« .

0.016. - Z/jﬁ g'ggg ------- 52 allowable stresses in shear are given for joints
* g'ggg """""" g;z 0.080 .. 1§gz made with this process. Allowables used in the
0.030_ .- 1 1) 0.090_ ... %, design of parts made by this process are subject
0.085. .- ¥l 0100 .. - Vllf to substantiation by special tests in accordance
. 0.040_________._ %2 || 0.120___ .- % . . : )
oo T oo | 0125 ... %6 “.Ilth ‘_nhe requirements of the procuring or cer

0.050.__ .. - 5e || 0.157. .. %  tificating agency.
3.613 Adhesive bonded joints. Joints may in

Intermediate gages will conform to the requirement for the next thinner some instances be made to advantage by the use
gage shown. . . .
For edge distances less than those specified above, appropriate redugtions of an adhesive suitable for the structural bondmg

in the spotweld allowable loads s}mll be mfide. ‘These rednctions shall be Of met. &1 s. ThlS subj ect is discusse d in re ference
subject to approval by the procuring or certificating agency.
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Figure 3.61221. Efficiency of the parent metal in tension for spotwelded aluminum alloys
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Table 3.6122 (c).

Acceptable Aluminum and Aluminum Alloy Combinations! for Spotwelding

2 |E z
£ 7@ |@ 2 ilzlaldla
g SIS S8 || 9=
plalala| 58~ 13-~ l8|8 8388
B|8|2(8|12|2|8|C|8|8|8|E|£|S|E|2
Sl ] Al i Be
s szl |3|B8ig|E a8l B|S Y
SR A
R BB BB D A B A Bl Bl Nl A il il =
glelciglaelielaleleie|elzzsdd|d
Specification No. Material IO IO | 4| |||
QQ-A-315_._._________. (528) . SR O R AR R S ) N F S
QQ-A-318..____________ (528) .
QQ-A-327_ .. _________ (618) oo
QQ-A-331______________ (538)
QQ-A-354______________ (Bare 248)2.._._______ S R O O O 1 Y O I MO A R PO IO N e
QQ-A-355______________ (Bare 248)?__________ SO D O R B 1 G Y N I N N 1 I T S
QQ-A-359___._______... (8S) .
QQ-A-362______________ (Clad 248) __.________
QQ-A-411______________ (@S) o
QQ-A-561______________ (@S) .
AN-A-10_.____________ (Clad 758) R3033_____ I JERS PO U O RO DO RS PR FEUN PR SR IFUURN DR IO B
AN-A-11._ ______..._.. (Bare 758) R3032_____ - S RN PR G X () RS RN IR NN DRI Y .1 ) 1 T N ) | I )
AN-A-12. . .. ___ (Bare 248)2___ .. _____ PR S SRR N G N G ) NS R N R RN Y €)Y N €5 | PO N ) T I )
QQ-A-362a_____________ (Clad 248)___.________
QQ-A-245______________ (R301, Clad 148)..____ S S U DR ) I ) Y DR PR PR O Y 5 1 ) OO I I )
QQ-A-261 and QQ-A-266_| (Barc 148)2 __________ ST I U N U 11 G A O N O I R R TR O R

! Aluminum alloys. The various aluminum and aluminum alloy mate-
rials referred to in this table may be spotwelded in any combinations except
the combinations indicated by the asterisk (*) in the table. The combina-
tions, indicated by the asterisk (*), may be spotwelded only with the specific
approval of the procuring or certificating ageney.
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2 The above table applies to construction of land- and carrier-based aireraft
only. The welding of bare, high-strength alloys in construction of seaplanes
and amphibians is prohibited unless specifically anthorized by the procuring
or certificating agency.

3 Clad heat-treated and aged 758 material in thicknesses less than 0.020
inch shall not be welded without specific approval of the procuring or cer-
tificating agency.



CHAPTER 4
MAGNESIUM ALLOYS

4.1 General properties

4.11 NormaL (Room) TEMPERATURE Prop-
ERTIES '

4.111 Design mechanical properties. - The de-

sign mechanical properties at normal (room) tem-

" perature for various magnesium alloys are listed

in tables 4.111. The values in tables 4.111 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 alloys (see
sec. 1.526) are given in references 4.111 (a)
through (c).

4.112 Fatigue properties. Rotating beam, re-
peated flexure, and direct tension and compression
strength data, for several magnesium alloy ma-
terials are given in tables 4.112. In using these
data it should be remembered that they have been
obtained from specimens in which stress concen-
trations are purposely minimized, and that suitable
allowance 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 deter-
mined 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 deter-
mined by testing 0.25-inch thick cast and forged
specimens and 0.064-inch thick sheet specimens
in Krouse plate bending fatigue machines and
represent the completely veversed stressesthat
such specimens will withstand. Sand-cast speci-
mens were machined; all other specimens received
no special surface treatment. -The values given
in table 4.112 (¢) were determined by testing
0.064-inch by 1-inch sheet specimens and 0.3-inch
diameter machined and polished specimens in
Krouse direct tension-compression fatigue ma-
chines, and represent uniformly distributed stresses
which such specimens will withstand under re-
peated axial loads. The data presented in this
table show a mean stress with a superimposed
alternating stress, instead of maximum and mini-
mum values. It also indicates the magnitude of
the alternating stress that is expected to cause
failure in conjunction with various mean stresses
for various numbers of cycles.
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Table 4.112 (a). Rotating-Beam Fatigue Strength 1

[Values given were determined by testing 0.3-inch diameter machined and polished specimens (die cast to shape) in
R. R. Moore rotating-beam fatigue machines and represent extreme fiber stresses which such specimens will with-

stand in completely reversed flexure.]

Fatigue strength (reversed stress), ksi at indicated number
of ¢ycles
Alloy and temper
100,000 1,000,000 10,000,000 100,000,000
cycles cycles cycles cycles

Sand cast:

C-AC, AM260C______ 18.5 16. 5 14. 5 13.0

C-HT 20.0 18.0 16. 5 16. 0

C-HTS 20.5 17.5 15. 0 13. 0

C-H A 19. 5 17.5 16. 0 15.0

H-AC, AM265C_ _ _ o 18. 0 14.0 10. 5 10. 5

H-ACS . 23.0 19.0 15. 0 12. 0

H-HT 21.5 19.0 16. 5 16. 5

H-HTS . 21. 0 18. 5 16. 0 15.0

H-HTA 18.0 17. 0 16. 0 15.0
Die cast: R (¢), AM263C_ ______________ o 17. 5 16.0 15.0 15. 0
Extruded:

M, AMSBS . 15. 5 13.0 10. 5 10. 5

L 27.0 24.0 21.0 19.0

=1, AMCS7S. 24.5 22.5 20. 5 20.0

0-1, AMCS8S . 27.0 24.5 22. 5 20. 5

O-1HTA and AMCS8STS] .o 27.0 24.5 22.5 20. 5
Forged:

0 27. 5 24. 5 21. 5 19. 5

O 28.0 25.0 22.0 19. 5

O-1A 25.0 22.5 20.0 18.0

O-1HT A 26. 0 21.0 16. 0 16. 0

! Data based on tests conducted by the Dow Chemical Co. and American Magnesium Co.
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Table 4.112 (b).

Repeated-Flexure Fatigue Strength

[Values given were determined by using cast and forged 0.25-inch thick specimens, and 0.064-inch thick sheet specimens
in Krouse plate bending fatigue machines, and represent the approximate reversed (alternating) stresses, ksi, that

can be superimposed on the mean stresses for various numbers of cyecles.

compression.]

Plus () means tension, minus (—) means

Alloy and temper

Mean stress

Fatigue strength (reversed stress) ksi at indicated number of eycles

AN RN T NOOOOOODUTMUNNO O ;O

had 100,000 cycles 1,000,000 cycles 10,000,000 cycles
Sand cast and machined H-AC, H-HTS,
H-HT, H-HTA, C-AC, C-HT, and :
C-HTA' e 0| +13.0to +£19.5 | +11.0 to +16.0 +11.0 to +£13.5
+5| +£10.0 to 4+16.3 +8.0 to +£15.5 +85to £13.0
+10 +80 to £13.5 +6.0 to £12. 5 +6.0 to +£11.0
+15 +6.0 to +£11.0 + 5.0 to £85 +3.5 to +£6.5
Diecast R_ .. . ______ e 0 +10. 5 +9.0 +8.0
Extruded:
M o e 0 +14.0 +11.0 +10.
O-1A . e 0 +20.0 +15.0 +12.
O-1HTA e 0 +19.5 +16.0 +13.
J-1 e 0 +17.5 +12.0 411,
Ma sheet_ - e 0 +15.5 +12. 0 + 10,
+5 +13. 5 +11.0 +8.
410 +11.0 +9.0 +17.
+15 +9.5 +7.0 +6.
+20 £8.0 £5.0 £5.
Mhsheet .. . 0 +185 +14.0 +11,
+5 +18.0 +13.0 +11.
+10 +16.0 +12. 5 +11.
+15 +14.5 +11.0 +10.
+20 +13.0 +10.0 +9.
F8-1a,sheet . . (U +15.5 +15.0 + 14,
+5 +£15.0 +13. 5 +13.
+10 +14. 5 +12. 5 +12.
+15 -~ £13.0 +11.5 +11.
+20 +10. 5 +9.5 +8.
FS8-1h, sheet. - 0 +18 +16 +15.
+5 418 +15 +14.
+10 +18 114 +14
+15 +16 +13 - +13
+20 +15. 5 +11. 56 +11.5
Forged:
Moo 0 +13.0 |- +9.0 +6.0
O-1HTA e 0 +18.0 +14.5 +14.0
J-1 e 0 +16. 5 +12. 5 +12.0
1 Stress scatter bands for sand cast and machined alloys are applicable necessarily as broad as the bands listed.
to all alloys listed, but the range of scatter for any particular alloy is not Data based on tests by the Dow Chemical Co.
949597 0 - 51 - 8 99




Table 4.112 (c).

Direct Tension-Compression Fatigue Strength*

[Values given were determined by using 0.064- by 1-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 specimens will withstand under repeated axial loads.

minus (—) means compression.]

Stresses considered algebraically: plus (4) means tension

Reversed (alternating) stress, ksi at indicated number of eyeles
Alloy and temper M(;?p(,s(:’t(,:r;?w -
100,000 cycles 1,000,000 cycles 10,000,000 cycles

Sand cast and machined H-AC, H-HTS,
H-HT, H-HTA, C-AC, and C-HT*_____. 0f £17.5 to £21.5 ] +15.0 to +19.0 +12.0 to +£17.5
: +5] £140 to £17.5 | +12.0 to +17.0 +10.0 to +16.0
+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, sheet _ _ _ ___________________________._ 0 +£9.0 +6.0 ' +6.0
+5 +85 +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
Mh, sheet. . ... 0 +17.0 +14.0 +14.0
+5 +15.0 +12.0 4+12.0
+10 +13.0 +10.0 +10.0
+15 +11.5 +80 +80
+20 +9.5 +6.0 +6.0
FS-1a,sheet ... . L __ ... 0 +10. 5 +85 +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
FS~1h, sheet __________________________ 0 +14.5 +14.0 +14. 0
+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
O-1 HTA, extrusions_ _ . __________________ 0 +38.0 +3L.5 +25. 5
+35 +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, extrusions_ ___ ... ... . __._. 0 +17.5 +13.5 +13.5
+5 +15.0 +1L. 5 +11.5
+10 +13.0 +9.0 +9.0
+15 +11. 0 +7.0 +7.0
+20 +9.0 +5.0 +5.0

*Nore.—Sece note 1 on table 4,112 (b).
Data based on tests by the Dow Chcemical Co.
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4.113 Typical stress-strain and tangent modulus
data. Typical stress-strain diagrams and tangent
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4.12 TEeMPERATURE EFFECTS

4.121 Low temperature

4,122 Elevated temperature

4.1221 Static properties. Curves for com-
puting the approximate reduction in tensile
ultimate and tensile yield properties for mag-
nesium alloys M, O-1HTA, AMC 585-T51,
and EM51-HTA, held unstressed at elevated
temperature up to 600° F. for various time
intervals and then tested statically at temperature,
are given in figures 4.1221 (a) to 4.1221 (m).
Available data indicates that the data in figures
4.1221 (@) to 4.1221 (m) may also be used to

determine approximate shear, bearing and com-
pressive properties of magnesium alloys at elevated
temperatures as follows:

(@) The percentages for tensile ultimate strength
may also be applied to shear and bearing ultimate
strengths,

(b) The percentages for tensile yield strength
may be applied to compressive and bearing yield
strengths.

Data are based on continuous heating but are
considered applicable to intermittent heating when
the total time at temperature is the same.
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41222 Fatigue properties. Curves for comput-

ing approximate elevated temperature fatigue .

strengths for O-1HTA, AMC585-T51, H, and
AMO-265 magnesium alloy materials subjected to
reversed rotating cantilever bending are shown in
figures 4.1221 to 4.1221 (e), 4.1221 (k) and 4.1221
(). TFor situations involving fatigue stresses in
which the mean stresses are other than zero,
consideration must be given to creep-rupture prop-
erties 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.
Curves for computing the approximate reduction
in ultimate tensile strength under long time loads,
and for predicting corresponding deformation, for
M, O-1HTA, AMC583-T51, H, AMC-265 and
EM51-HTA magnesium alloys are given in figures
4.1221 (a) to 4.1221 (m). Although no actual
data are available on shear, bearing, and compres-
sion creep properties at elevated temperatures,
general reasoning and known room temperature
relations indicate that the data may be used to
determine approximate shear, bearing, and com-
pressive properties at elevated temperatures as
follows:

(@) The percentages of the ultimate tensile
strength and the rupture times can be applied
directly to shear and bearing ultimate strengths.

(5) The various percentages of total deforma-
tion or minimum creep rates are not directly
applicable to shear and bearing but may serve as
guides. The tensile values may be used for com-
pression where deformations are not excessive.

(¢) The percentages of ultimate tensile strength
for determining transition times in tension may be
used as guides for estimating transition times
in shear and bearing.

4.13 Criteria For . DesiGN MECHANICAL
ProrerTiES. The test methods used to estab-
lish the design mechanical properties appearing in
this chapter are discussed below, unless discussed
in a note accompanying the table in which the
allowables appear.

4.131 Shear strengths. The values of :shear
strengths of magnesium alloy sheet were deter-
mined 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
magnesium products were determined from double
shear tests of cylindrical specimens in which a
1-inch length is sheared from the center of a
specimen 3 inches long. In both cases, the shear-
ing was done with hardened steel tools which have
sharp smoothly finished cutting edges that are
maintained in that condition.

4.132 Tensile strengtks. The values of tensile
strength of magnesium alloy materials were de-
termined by the methods outlined in reference
1.441.

4,133 Bearing strengths. - The values of bearing
strength of magnesium alloy materials were de-
termined by loading a steel pin inserted in a close
fitting hole in material test specimens having
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 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.

4.2 Columns

421 Primary Fainurt  The general formulas
for primary instability are given in section 1.38.
Formulas applicable to magnesium alloy columns
are given in tables 4.21 (a) and (b).

Table 4_.21((1).
Extruded Open Shapes

General Formula P[A =I((I(f/;”)): (Stress Values are in kst)

Column Formulas for Magnesium Alloy

Alloy K n m

Max. P/IA
M, AM3S___ ... 180 | % 1 0.90 F.,
FS-1, J-1, O-1,12,900 | % 15| F,
AMC528, AMC57S.
O-1HTA, AMC588-T5_(3, 300 Yi 1.510.96F,

Formulas given above are for members that do 7ot fail by local buckling.
Reference fig. 4.23 (a).
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Allowable column stresses for magnesium alloy columns.

Figure 4.23 (a).

EULER CURVE E=6,500,000 PS
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CY FNH A m
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N+ ROUND TUBES, Foy=10,000 PSI
B & ‘\\ —— ™ - —

FC-COLUMN STRESS IN THOUSANDS OF PSI
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Table 4.21

4.22 LocaL FaiLure
4.23 CoLumN STrESs CURVES.

ness ratio defined by equation 3.231.
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Fg — BENDING MODULUS OF RUPTURE —KIPS

).

Alloy Sheet

§=1.05 Fey—

(.05 F ) %L [p)’

4riE

Max. §=Fc,,=24ksi

Reference Fig. 4.23(b)

Column Formula for FS—1h Magnesium

Curves of the
allowable column stresses for various magnesium
alloy columns are given in figure 4.23. The allow-
able stress is plotted against the effective slender-

4.3 Beams

4.31. GENERAL. See equation 1.323; section
1.525; and reference 1.71 for general information
on stress analysis of beams.

432 SimpLE BEAwms

4321 Round tubes. For round tubes the
value of F, will depend on the D/t ratio as well as
the compressive yield stress. The bending modu-
lus of rupture of magnesium alloy round tubes is
given in figure 4.321. It should be noted that
these values apply only when the tubes are re-
strained against local buckling at the loading
points.
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Figure 4.821. Bending modulus of rupture of magnesium alloy round tubing.

Note.—The data for figure 4.321 are for tubes fabricated from magnesium sheet,

PO,




4.4 Torsion

441 Generan. The general statements relat-
ing to aluminum alloy tubing, section 3.4, are
applicable to magnesium tubing.

442 ArvowaBLE TorsioN SHEAR STRESSES.
An empirical curve of the allowable torsional
modulus of rupture for magnesium alloy round
tubing (Specification AN-T-71) is given in figure
4.42.

4.5 Combined loadings

4.6 Joints, fittings, and parts

4.61 JoinTs

4.611 Riveted and bolted joints

4.6111 Protruding head rivets. 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

Fst— TORSIONAL MODULUS OF RUPTURE THOUSANDS OF P.S.1I.
25 . }" ot =t 1] 4_.4 LIIIf'l‘lIlllIllII.IlllJ‘lIlll_
SPECIFICATION AN-T-7I;

20 i - Fp, =36000

15 BESEtaies
10

S

0 |

0 5 10 - 15 20 25 30 35 40

Figure 4.42.

Torsional modulus of rupture for magnesium alloy round tubing.

121




rivets are given in tables 36111 (a) and 3.6113
(@). (For magnes'um alloy riveting it is unneces-
sary 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 are applicable to
riveted joints (or bolted joints) wherein circular
holes are used and where D/t<5.5; where D/t 5.5,
ests {o substantiate yield and ultimate bearing
strengths must be made. (A determir ation as to
whether or not yield strength in hearing is more
critical than ultimate strength may be necessary
for Dt<5.5.) .

4.6112 Flush rivets. Information on this sub-
ject is to be supplied at a later date.

46113 Blind rivets. Table 4.6113 contains
ultimate and yield allowable single shear strengths
for protruding-head and flush-head blind, 563
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.
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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
¢/D values less than 2.0 are used. tests to substan-
tiate 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 values were obtained from average yield
load test data wherein the vield load is defined as
the load at which the following permanent set
across the joint is developed:

(@) 0.005 inch up to and including ¥ inch
diameter rivets.

(b) 2.5 percent of the rivet diameter for rivet
sizes larger than ¥, 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 require-
ments of the applicable procuring or certificating
agency relative to the use of blind rivets.
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Table 4.6118. Ultimate and Yield Strengths for Blind 668 Aluminum Cherry Rivets in Magnesium Sheet (Pounds)
ULTIMATE STRENGTHS

Installation . ... .. Protruding head 100° double dimpled = b 100° machine countersunk ¢
Rivet tYPe. oo CR 1574 CR 1564
Sheet material ... .. FS—lh
\\ 5
> 14 542 e 1% 342 e 14 842 He
te \ 7 7 7 7 7 7
\
0.020._ _ e e L5 20 S IO AU PR
0.025_ o ooo- 200 214 |________ 140 240 |||l
0.082. e 244 320 338 200 270 330 |_ o feemofeees
0.040_ _ _ _ .- 290 360 430 225 300 370 200 | ____.__.|___._.
0.051 . . . 345 424 526 260 340 430 260 320 |______
0.064_ _ _ e __. 390 490 620 . ______. 390 495 305 380 *510
0072 _ o eoa- 395 530 680 | |- 515 340 410 520
0.081 . _ e 580 750 ) o |- 535 370 450 540
0.091 _ e an 605 825 | || 495 590
0.102 _ _ e 875 || 550 660
0125 e e e e e 570 820
YIELD STRENGTHS
0.020_ _ e e o 4> 70 TEUSUEUR ORI IR NSRRI [P
0.025_ . o= 177 214 (... 112 190 | |||
0.082. _ e 220 295 320 182 253 288 || |eoooo
0040 . .. 275 360 415 190 259 288 190 §__ ..\ ____
0.051 . _ e 334 424 510 260 267 356 230 241 |______
0.064 _ _ _ __ .- 365 490 600 |._._____ 356 450 288 345 310
0.072 e~ 380 530 640 | ______ |- 483 316 386 374
0.081 _ _ e 560 690 | oo 512 357 426 443
0.091 - _ _ e 580 730 ||| 472 495
0.102_ e 765 e | e e 530 563
0125 e e e e e e 565 690

» The double-dimpled allowables also apply to dimpled-maching counter-
sunk joints. In this case the allowable is determined by the gage of the upper
dimpled sheet. The gage of the lower machine countersunk sheet must be at
least 23¢ times the height cf the preformed rivet head.

b In dimpled installations allowables shall not be obtained by extrapolation
for skin gages other than those shown.

¢ In the case of machine countersunk joints where the lower sheet is thinner
than the upper, the bearing allowable fcr the lower sheet-rivet combination
should be computed.

d See table 3.6112 (a) for rivet shear strengths.

© Sheet gage is that of the thinnest sheet for protruding head and double-
dimpled installations. For machine countersunk installations sheet gage is
that of the upper sheet.

Yield values of the sheet-rivet combinations marked thus (*) are less than
24 of the indicated ultimate values.

Other sheet-rivet combinations may be used subject to specific approval of
the procuring or certificating agency.
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4.612 Welded joints

4.6121 Fusion welds

46122 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
alloys are given in table 4.6122 (a); the thickness
ratio of the thickest sheet to the thinnest outer
sheet in the combination should not exceed 3:1.
Table 4.6122 (b) gives the minimum allowable
edge distance for spotwelds in magnesium alloys;
these values may be reduced for nonstructural
applications, or for applications not depended
upon to develop the full tabulated weld strength.

Table 4.6122 (a). Spolweld Maximum Design Shear
Strength Standards for Magnesium Alloys !

Magnesium Magnesium
alloys alloys

Nominal thick-

ness of thinner
sheet (inch)

Nominal thick-
ness of thinner
sheet (inch)

QQ-M-| QQ-M- QQ-M-1QQ-M-
54 44 54 44

Pounds | Pounds Pounds | Pounds

0.020.__...._ 51 69 (| 0.072______ 279 378
0.025______.. 71 97 || 0.081______ 320 434
0.032_______. 102 139 {| 0.091___._. 368 498
0.040______._ 137 | 185 || 0.102._.__. 433 586
0.051._______ 186 | 251 || 0.114______ 488 658
0.064______.. 242 | 328 || 0.125______ 544 735

| Magnesium Alloys. Magnesium alloys, conforming to Specifications
QQ-M—44 and QQ-M-54, may be spotwelded in any combination.
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Table 4.6122 (b). Minimum Edge Distances for Spot-

Welded Joints

3 T g 1
e e
Thickness thinner Edge dis- Thickness thinner Edge dis-
sheet (inch) tance (E) sheet (inch) tance ()
Inch Inch
0016 ___. . ______ Yo |] 0.060_ . ________ 114,
0.020.____________ e || 0070 _________ %
0.025____._._ . ... T2 || 0.080. .. _____ 134
0.030____.________ 4l 0.090__________ e
0.035.____________ %0100 ________._ e
0040 ____________ %2 [} 0.120________._ ¥
0.045 .. __._. e 11 0125 _ _____.__ %e
0.050_.__________. Me || 0157 ________ 5

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

For edge distances less than those specified above, appropriate reductions
in the spotweld allowable loads shall be made. These reductions shall be
subject to approval by the procuring or certificating agency.

Where alloys listed in table 4.6122 (a) are spot-
welded in combination the lower spotweld strength
shall be used.

4,613 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
2.614.
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CHAPTER 5
MISCELLANEOUS METALS

5.1

General Properties

511 NormaL (Room) TEMPERATURE Prop-

ERTIES

5.111 Design mechanical properties.

eral strength properties and related characteristics
of various metals and alloys at normal (room)
temperatures are listed in the table 5.111.

The gen-

Table 6.111. Design Mechanical Properties—Caslings
(Kips Per Square Inch)
Type. oo Castings
Alloy._ Aluminum | Manganese | Hydraulic | Phosphor
bronze bronze bronze bronze
Specification___.._..._... QQ-B-671 | QQ-B-726 { QQ-B-691 | QQ-B-691
(composi- | (composi-
tion 2) tion 6)

Condition._...____________ As cast

Fer . 65 65 30 35
) 28 25 ||
) USSR (NPNSUIRPSIU) PUUUPUUUUPUI) JRUPRIIPR SR
Fouo oo 40 40 ||
Forle/D=1.5) . - - | || |eimeee e
Fora(e/D=2.0) ____ 80 80 |
Fany(e/D=1.5) |||
Fana(e/D=2.0) |||
Percent elongation_ 22 20 20 18
E Eeoooeee . 14,000 | 14,000 | .. .| ______.
G 4,500 | 4,500 |- . _ |- -o_.

a Standard structural symbols are explained in sec. 1.2, ¢h. 1.
The above values are minimum values obtained from east test bar speci-
mens. Reference should be made to the specific requirements of the procur-
ing or certificating agency with regard to the use of the above values in the

design of castings.
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