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8 STRENGTH OF METAL AIRCRAFT ELEMENTS

is expressed for homogeneous materials by the
following equation:

G=— " (1.4621)

This corresponds to the value £ and will apply
in calculating the shear deflection of webs,
provided that no wrinkling occurs.

1.463 Proportional limit in shear (Fy,). This
property is of particular interest in connection
with formulas which are based on considera-
tions of perfect elasticity, as it represents the
limiting value of shearing stress to which these
formulas can be accuraiely applied. As pre-
viously noted, this property cannot be deter-
mined 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 proportional limit in tension can be
assumed to be approximately 0.55 for the com-
monly used materials.

1.464 Yield and ultimate stresses in shear.
These properties, as usually obtained from tor-
sion tests, are not strictly basic properties as
they will depend on the shape of the test
specimen. 1n such cases they should be treated
as moduli and should be used only with speci-
mens which are geometrically similar to those
from which the test results were obtained.

1.47 CRgrEEP AND STrRESS-RUuPTURE PROPER-
TIES
1.471 G@General. The results of tests of ma-

terials under a constant load at elevated tem-
peratures are usually initially plotted as strain
versus time (creep) up to the time of rupture.
However, many combinations of the data ob-
tained in these tests are possible and have re-

wirias !
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Figure 1.471. Typical creep-ruplure curve.

sulted in many different types of plots. Data
included in this publication are as described in
the sections below. A typical plot of creep-
rupture data is shown in figure 1.471. 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 de-
formation curve, and the other parameters
shown in figures 3.122 (¢) through 3.122 (n).

1472 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 structural parts for given loads and tempera-
tures.

1.473  Minvmum 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.

1474 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 constant 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 oceur 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 condi-
tions is defined as the rupture stress. This
stress varies inversely with time for constant
temperature conditions. 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 (eneral. 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
reversed stressing are used; however, in such
cases the stress description is not complete if
the maximum stress only is recorded. Figure
1.481 indicates the type of stressing which
might occur and indicates some of the param-
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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 (@) and (b).
These stresses are applicable only when the
D/t ratio (diameter of rivet over thickness of
gsheet) 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

STRENGTH OF METAL AIRCRAFT ELEMENTS

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

Table 2.61121. Unit Bearing Strengths of Sheels on Bolis and Pins, Fy,= 100,000 p. s. 1., (Pounds)

Bize ofrivets. ... We 352 L % 542 He Yi He 36 ¥% 5% % % 1
Plate sizes Bearing strength of plate

0.028__._.___| 175 263 350 |- e |eoeaos — __‘___._!,__-_h _____________________ I

0.035_ . __._. 219 | 328 | 438 | 547 | 656 | ___. | ___.. I I N I A I
0.049_______ 306 | 459 612 766 919 (1,225 |_____. R U NSRRI SRR IS N
0.058. ______ 362 544 725 906 |1, 087 (1,450 |1,812 |______ [ T ) W N
0.065_ - ____ 406 609 812 (1,016 |1,219 (1,625 |2,031 |__._..__|-__.____ } _____________________ R
0.072_ . _____ 450 675 900 |1, 125 |1, 350 |1, 800 (2,250 2,700 |____.__|-__.___  EES I FSR————
0.083.__._.__ 519 778 (1,038 |1,297 (1,556 (2,075 (2,594 (3,112 | _|oo o |oaooooleooo o |aoaiioo
0.095_______ 594 891 |1, 188 (1,484 |1, 781 |2,375 |2,969 |3,563 | 4,750 |- __ | . _ .l ______|-._____
0.120. -« 750 |1, 125 |1, 500 |1, 875 |2, 250 |3, 000 (3,750 (4,500 | 6,000 | 7,500 |_______|.______|-_._.__
S —— 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 e s 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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Table 8.111 (a). Design Mechanical Properties of Bare 24S Sheet and Plate (Kips per Square Inch)

B g oY T Sheet and plate Colled sheet

ANOY s s s s snossessspparss 248

Speclfication..... ... QQ-A-355

L& L 11RO ——— Heat treated by user a Heat treated H::é l‘_;ﬁggd Heat treated

ThIcKHess. - - -comvos smsmsosmsmmstamas & <0.250 0.250- 0.501- 1.001- 2.001- <0.250 0.250-0.500 0.501~1.000 1.001-2.000 2.001-3.000 <0.500 <0.084

0.500 1.000 2.000 3.000

Basls_ ... .. A A A A A A B A B A B A B A B A B A B

) S 62 64 62 60 56 65 68 65 67 63 68 61 64 |____.|-.....] 70 72 62 66
T ___ 62 64 62 60 56 64 67 64 66 62 67 60 63 56 59 69 71 62 66

Fopooomo . ) - 40 38 38 38 38 48 51 46 49 44 48 42 46 |- __ |- _._ 60 62 40 41
S/ [ 40 38 38 38 38 42 44 40 43 40 44 40 44 40 44 52 54 40 41

Fopunsmmme s smamamsss L____ 40 38 38 38 38 40 42 38 41 38 42 38 : . ) AP, S 49 51 40 41
/. 40 38 38 38 38 45 47 43 46 43 47 42 46 |_____|..___ 56 58 40 41

Foue o ___ 37 38| 37 36 34 40 42 40 41 38 41 36 38 |l 43 44 37 40

Forw (/D=15)_______________ 93 96 98 || _ 98 | 102 98 | 101 95 | 102 |_.___l..__. | A \ _____ 105 | 108 93 99

(e/D=2.0)_______________ 118 122 118 | |- _. 124 129 | 124 | 127 | 120 | 129 |_____|.__._ I 133 | 137 | 118 126
Foy (¢/D=1.5)__________.____ 56 - 53 B || o 69 71 64 69 62 67 ||ume sl s o E—— | 84 88 56 57
(el D=20) e snvmmen - 64 61 (7 1] IS — 79 82 74 78 70 T | s _____}_4_._‘_-__ | 96 | 100 64 66

B o S e 10,500

Ee o 10,700

G 4,000

W o e 0.100

Commercial designations______. 245-T4 24S5-T42 1 24S5-T3 \ 245-T4 { 24S5-T36 \ 245-T4

o |

e Heat treat by user refers to all material supﬁied in the annealed temper and heat treatad by the user,and to all material re-heat-treated by user regardlessofthe temger in which the material wassupplied.
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68 STRENGTH OF METAL AIRCRAFT ELEMENTS

Table 3.111 (d). Design Mechanical Properties of 14S and K301 Sheet and Plate (Kips per Square Inch)

B 5" T Sheet and plato

ANOY oo Clad 148, R-301 “ 148

Speciflcation ... . ... .. 7 QQ-A-255 ‘ R

Condition. ... s Heat treated and aged H Heat treated and aged

Thickness. ... ... | Zoes | O | | e ‘ S | Y v ke ol by
| | |

Basls....cccoo..oo......./ A | B | A | B | A|B|A|B : AlB | a|lB|a|B | & | a | a

L____| 64|64 |65|67 |65 67|64|65]|68|70|68| 70|67 68| 65| 63 59

Fouo .. T....| 63|63 | 64|66 |64|66|64|65]| 67|69 |67 |69|67|68| 65| 63 59
P/ SN RSN PSR PR RS PUPRPRVEN PRURPR DRPUUOE PR | FEPUPIDS) NUPRS FVUPUPRN U FRUpI) IR S 58 54
L____| 56| 56|58 |60|58) 60|57 60| 60|62|60|62|59)|62| 59 57 55
Py = s s o T____| 55|55 ] 57 |59(57|59|57)|60| 5659|6159 61]59]|62| 59| 57 55
7o}/ AT PSRN (NN PTG (SRS DU NS, S I, |, [Sapes) SR (Rne SEIS B - 53 51

L____| 56|56 |58)60|5860|59)62]| 60|62| 60|62 61| 64| 61 59 57
Foyeoooo | T___| 57|57 ]59|61]|59|61|59|62]| 61|63|61|63|61|64| 61 59 57

ST | e e e e 59 | 57
P 393939 |40 (39|40 (39|40 || 41 |42 |41 |42 |41 |41 | 40| 39| 37
P e/D=15_______ 96 | 96 | 98 (101 | 98 [101 |____[____ 102 [105 |102 105 |____|___ | ____l____| ____

bru--| o/D=2.0_______ 122 (122 [124 (127 (124 (127 | __ i __ 129 |133 (129 |133 | ___'____ | __ I
F e/D=15._._.. |78 | 78|81 |84 |81 |84  __ | ___| 8 |87|8 87| ________ S S S
Pu=-| ¢/D=2.0._._.._| 90 | 90| 93 | 96 | 93 | 96 |____|____| 96 | 99 |96 99 | ___| ___|_____ i [
B 10,400

Beooooooo 10,600

G oo 3,950

W o e 0.101

Commercial designa- Alclad 145-T6 145-T6

tions. R301-T6
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Destgn Mechanical Properties of 7568 Sheet and Plate (Kips per Square Inch)

TYPC- oo smommmmens Sheet and plate
AlOYoooees, seammnan 758 Clad 758
Speclfication . ... .. QQ-A-283 : QQ-A-287
Condition._.. ... .. Heat treated and aged
Thickness. . 0.016- 0.040— 0.250- 0.501- 1.001- 2,001~ 2.501-  (3,001-(3.501-| 0.016- 0.040- 0.250- 0.500- 1.001- 2.001- 2.501- 3. 001-'3. 501-
0.039 0.249 0.500 1.000 2.000 2.600 3.000 3.500 | 4.000 0.039 0.249 0.499 1.000 o 2,000 ¢ 2.500 o 3.000 < 3..500““4.000"
Basis. . I A B A B A B A B A B A B A B A A A B A B A B A B A B A B A B A ‘ A
Fraoooo ... 82 78 80 73 75 70 72 68 66 70 73 72 74 72 74 74 76 el 75 68 70| 65 67 63 61
80 77 79 73 75 70 72 68 66 70 73 72 7 72 74 72| 74 72 73 68 70 65 67 83 61
_______________ 67| 69| 64| Gb 64 B2 luneco|esmanfussuel s calsusedsmms [oasss fupssiduomss| e 62 64| 60| 61 60 58
Ftvc. 2 o soni 72 | 68 71 62 65 80 | 62 58 56 61 64 63 65 63 65 64 67 63 66 58 60 56 | 58 54 52
69| 66| 69| 62| 65| 60 | 62 58 56 | 60| 63| 62| 64| 62| 64| 62| 64| 61 64 58| 60| 56 | 58 54 52
_______________ 61| 63| 59| 60 56 54 || o eee oo em oo e oo e 2| 8571 50| 55| 86 52 50
Fey - ... 72| 68 71| 65| 67| 63| 65 62 60 | 62| 65| 64| 66| 64| 67| 64 67| 63| 66| 60| 62| 59| 60 58 56
72| 68| 71 65| 67| 63| 65 62 60| 64| 67| 66| 68| 64| 67| 64 67| 63| 66| 60| 62| 59| 60 58 56
SUTSHEN PRSI S 64 86 62 | 63 62 00! |cse|som e cnmmn fumman | s o] o s | wmes] s e 60 61 58 60 58 56
} RO 49 46 47 43 45 41 43 40 39 | 42 44 43 44 43 44 44 45 44 40 42 | 38 40 37 36
Firu(e/D==1.5) £ L | s, RSN, [ Pee AT PR B, (e 106 | 110 | 108 | 111 | 101 | 104 | 104 | 106 |__. | = o 8 Nemamnl| snmss
Foru(e/D=2.0)_....._..| 144 | 148 | 146 | 150 | 139 | 142 | 142 | 147 | __._|_____[ .. NN TR [y . 133 | 139 | 137 | 141 | 130 | 133 | 133 | 187 [..__ ! EU : | -
Fury(e/ D=1.5) 85| 90| 88| 91| 82| 84| 8| 87 ..., | ] -
Furs(e/ D=2.0) 98 | 1021101 | 104 | 94| o8| 906|100 | . R U U A
E ... 10, 300
9, 500
Eecivogacns 10, 500
9,700
G| B 000 e e s
W oo 0. 10t
Commercial
[ 177 ¢ 1 O — Alclad 755-T6

& §pecification 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 thickness 0.500

ing the cladding.

inch and greater have been adjusted to represent the average properties across the whole section incind-
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Table 3.111 (h). Design Mechanical Properties of 14S and 768 Exiruded Bar, Rod, and Shapes (Kips per Square Inch)

A T Extruded bar, rod, and shapes
Aloy. oo . 148 758
Bpoclfieation: cuuuvorisuinossnns o s QQ-A-261 QQ-A-277
Heat
treated
Condition___. __...... ... ... ... .. ... Heat treated and aged aueczi Heat treated and aged
ag
by user @
Thickness . __... ... ... .. . _ _..| Upto 6.500- 0.750- 1.500- 3.000- | 50 759 Up to Up to 0.250- 0.500- 0.750- 1.500- 3.000-4.499 4.500-
0.499 0.749 1.499 2.999 4.499 >0.% 4.499 0.249 0.499 0.749 1.499 2.999 5.000
_ , 25 | Uhk _ . 2w | >, 332 22
Cross-sectlonalarea.... ... .~ . .. ... . <25 square inches sutiate | sauste <20 square inches square square | square
1gches o b inches | inches | inches
v [
Basis... . ... .. ... ... A} B|A B|A|B|A|B|A|B A A A|B|A|B|A|B|A | B|A B|A|B|A|B A
[
Figwnn swmmnmmmensies s 60 | 61 68| 68| 73| 68 73| 681 73 68 | 60 78| 83| 80| 8| 8 | 8| 8 | 8| 8| 8| 8 82| 78 81 78
60 61 64 67 63 61 63 58 61 35 56 ] 79 74 78 73 1 77 70 74 65 | 69 59 63 59 83 58
Blyecossompossarsamanarms s ssassmms 53 57 62 60 85 60 85 60 65 58 53 70 76 72 78 72 77 72 75 72 75 70 72 70 71 68
531 57| 55 59| M 52| 56| 49 53 47 47 65| 70| 64| 69| 63| 68| 61 65| 65 39 49| 54| 49| 54 47
) o R U, TR S 55| 59| 60| 64| 62 67| 62| 67| 62| 67 |....____ 53 70 6| 72 78| 72 78| 72| M| 72| 75| ____|.....
53 56 58 62 57 61 57 61 57 61 ... .. 48 70 76 65 70 65 70 65 76 65| 68 [ _f-——_-
T st S SRR 35| 35| 37| 39| 39| 42| 30| 42| 39 42 39 35 43 | 46| 44| 47 44 | 47| 44| 46 [ 44| 46| 4 45
Pign (6D} siisosommsmmsmmonsmams s 90 | 92| 06| 102| 88 95| 88| 95| 88| 95| ... . | oo 101 | 108 | 96| 103 | 96 | 102 | 96| 100 | 968 | 100 | - |- —o_|.... ST PR
Pipn /DB csii: pucsnscspmmmemss s mos s 114 [ 116 | 122 | 129 [ 109 | 117 | 109 | 117 | 109 | 117 | .. .. | _.._.__. 125 | 133 | 128 | 138 | 128 | 136 | 128 | 133 | 128 | 133 |...._ S U] | SR
Py, (6fDal5)scues cnusaro avmme. s 74 | 80 81 87 78 85 78 85 78 85 | -¢orrmmeleose conl B 99 79 86 79 85 79 83 79| 83 .-cw: SRR pRe— N IR
Fuyey (e/D=2.0) .. .| 8| 91 93 99 | 84 91 84 91 84 L) I O, ¥ SN 98| 106 | 101 | 109 | 101 | 108 | 101 | 105 | 101 | 105 §...._ | -l _{..olo__....
10.500 . 10,300
10,700 10,500 i
4,000 3,900
0.101 . 0.101
148-T6 14S-T62 758-T6
s Heat treat by user refers to all material supplied in the annealed temper 2nd heat treated by the user, - 3 For extrusions with outstanding legs, the load-carrying ability of such legs shall be determined on

and to all material re-heat-treated by the user regardless of the temper in which the material was the basis of the properties in the appropriate column corresponding to the ieg thickness.
supplied.

cL
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