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B 1.0.0 Joints and Fasteners

B 1.1.0 Mechanical Joints and Fasteners

B 1.1.1 Riveted Joints

Although the actual state of stress in a riveted joint is complex,
it is customary to ignore such considerations as stress concentration
at the edge of rivet holes, unequal division of load among fasteners,
and nonuniform distribution of shear stress across the section of the
rivet and of the bearing stress between rivet and plate. Simplifying
assumptions are made, which are summarized as follows:

(L) The applied load is assumed to be transmitted entirely by
the rivets, friction between the connected plates being
ignored.

(2) When the center of cross-sectional area of each of the rivets
is on the line of action of the load, or when the centroid of
the total rivet area is on this line, the rivets of the joint
are assumed to carry equal parts of the load if of the same size;
and to be loaded proportionally to their section areas otherwise.

(3) The shear stress is assumed to be uniformly distributed across
the rivet section.

(4) The bearing stress between plate and rivet is assumed to be
uniformly distributed over an area equal to the rivet diameter
times the plate thickness.

(5) The stress in a tension member is assumed to be uniformly
distributed over the net area.

(6) The stress in a compression member 1s assumed to be uniformly
distributed over the gross area.

The design of riveted joints on the basis of these assumptions is
the accepted practice, although none of them is strictly correct.

The possibility of secondary failure due to secondary causes, such
as the shearing or tearing out of a plate between rivet and edge of
plate or between adjacent rivets, the bending or insufficient upsetting
of long rivets, or tensile failure along a zigzag line when rivets are
staggered, are guarded against in standard specifications by provisions
summarized as follows:

(1) The distance from a rivet to a sheared edge shall not be less
than 1 3/4 diameters, or to a planed or rolled edge, 1 1/2

diameters.

(2) The minimum rivet spacing shall be 3 diameters.
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B 1.1.1 Riveted Joints (Cont'd)

(3) The maximum rivet pitch in the direction of stress shall be
7 diameters, and at the ends of a compression member it shall
be 4 diameters for a distance equal to 1 1/2 times the width
of the member,

(4) 1In the case of a diagonal or zigzag chain of holes extending
across a part, the net width of the part shall be obtained
by deducting from the gross width the sum of the diameters of
all the holes in the chain, and adding, for each gauge space
in the chain, the quantity Szlag, where S = longitudinal
spacing of any two successive holes in the chain and g = the
spacing transverse to the direction of stress of the same
two holes. The critical net section of the part is obtained
from that chain which gives the least net width,.

(5) The shear and bearing stresses shall be calculated on the
basis of the nominal rivet diameter, the tensile stresses on
the hole diameter.

If the rivets of a joint are so arranged that the line of action
of the load does not pass through the centroid of the rivet areas then

the effect of eccentricity must be taken into account,

B 1.1.2 Bolted Joints

Bolted joints that are designed on the basis of shear and bearing
are analyzed in the same way as riveted joints. The simplifying assump-
tions listed in Section B 1.1.1 are valid for short bolts where bending
of the shank is negligible.

In general when bolts are designed by tension, the Factor of
Safety should be at least 1.5 based on design load to take care of
eccentricities which are impossible to eliminate in practical design.
Avold the use of aluminum bolts in tensiomn.

Hole-filling fasteners (such as conventional solid rivets) should
not be combined with non-hole-filling fasteners (such as conventional

bolt or screw installation).

B 1.1.3 Protruding-Head Rivets and Bolts

The load per rivet or bolt, at which the shear or bearing type of
failure occurs, is separately calculated and the lower of the two
governs the design. The ultimate shear and tension stress, and the
ultimate loads for steel AN bolts and pins are given in Table B 1.1.3.1
and B 1.1.3,2. Interaction curves for combined shear and tension load-
ing on AN bolts are given in Fig. B 1.1.3-1, Shear and tension ultimate
loads for MS internal wrenching bolts are specified in Table B 1,1.3.3.
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B 1.1.3 Protruding-Head Rivets and Bolts (Cont'd)

In computing aluminum rivet shear strength, the correction factors
given in Table B 1.1.3.5 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, The basic shear strength for protruding-head
aluminum-alloy rivets is given in Table B 1.1.3.6,

The yield and ultimate bearing stresses for various materials at
room and elevated temperatures are given in the strength properties
stated for each alloy or group of alloys, and are applicable to riveted
or bolted joints where cylindrical holes are used and where D/t < 5.5,
Where D/t > 5.5, tests to substantiate yield and ultimate bearing
strengths must be performed. These bearing stresses are applicable only
for the design of rigid joints where there is no possibility of relative
motion of the parts joined without deformation of the parts. Yield and
ultimate stresses at low temperatures will be higher than those specified
for room temperature; however, no quantitative data are available,.

For convenience, "unit'" sheet bearing strength for rivets, based
on a stress of 100 ksi and nominal hole diameters, is given in Table
B 1.1.3.7. Factors representing the ratio of actual sheet bearing
strength to 100 ksi are given in Table B 1.1.3.8. Table B 1.1.3.9
contains unit bearing strength of sheets on bolts., For magnesium-alloy
riveting, it is unnecessary to use the correction factors of Table
B 1.1.3.5, which account for high bearing stresses on the rivet,



Table B 1.1.3.1 Ultimate Strength of Bolts

Bolt Nominal | Basic | Basic Steel Bolts Steel Bolts Al Alloy Bolts
Size Shank Minor | Area | Heat Treat 125,000 psi | Heat Treat 160,000 psi|Heat Treat 62,000 psi
Area Dia at Min Min Min
Mlgor Tension|Single |[Bending Tension |Single Tension | Single
Dia (1b) Shear |(in.1b) (1b) Shear (1b) Shear
(1b) (1b) (1b)
10-32 .0283 L1494 .0175| 2,210 | 2,125 2,800 2,620
1/4-28 . 0494 .2036 .0326| 4,080 | 3,680 192 5,000 4,650 1,310 1,715
5/16-24 . 0767 .2584 .0524| 6,500 | 5,750 375 8,200 7,300 2,110 2,685
3/8-24 L1105 .3209 .0809| 10,100 | 8,290 647 12,700 10,500 3,260 3,870
7/16-20 .1503 .3725 .1090} 13,600 11,250] 1,028 17,100 14,300 4,400 5,250
1/2-20 .1964 L4350 .1486| 18,500 (14,700} 1,534 23,400 18,650 6,000 6,850
9/16-18 . 2485 .4903 .1888] 23,600 [18,700] 2,184 29,800 23,600  |reeceeccceenes 8,700
5/8-18 .3068 .5528 .2400) 30,100 [23,000] 2,996 38,000 29,150  Jeccccsccennnns 10,750
3/4-16 L4418 .6688 .3513§ 44,000 |33,150( 5,177 55,600 41,950  jeecsennne ~es++[ 15,500
7/8-14 .6013 .7822 .4805| 60,000 {45,050 8,221 76,200 57,100  [erecrecereeees 21,050
1-14 .7854 .9072 .6464| 80,700 [58,900(12,272 102,500 74,600  fesecrsenscccss 27,500
1 1/8-12 .9940 | 1.0167 .8118}101,800 {73,750 (17,470 128,800 94,450  [<eeeeecnees «++| 34,500
1 1/4-12 [1.2272 | 1.1417 }1.02371130,200 |91,050 (23,970 162,600 [116,600 treceacensaies 42,500
1 3/8-12 11.4849 | 1.2667 [ 1.2602 |+rercrcacecpeccarrecckeccccccens 200,300 |141,050
1 1/2-12 | 1.7671 | 1.3917 [1.5212csvesceses SELTERTRY TETRTRRERE 241,200 (167,900
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Table B 1.1.3.2 Shear and Tensile Strengths, Areas, and Moments of Inertia of Steel Bolts and Pins

Low
Material Carbon Heat-treated steel
Steel
; . . AN standard boly
Ultimate tensile strength, ksi 55 100 125 125 designat ion
. . specification
Ultimate shear strength, ksi 35 65 75 75 MTL-B-1812
Machine Moment of |[Ultimate single shear|Ultimate tensile
Size of pin|screw size,{Area of solid inertia of strength at full strength
or bolt No. section, in.2 solid, in diameter, 1b {in thread), 1b|
1/16 0.003068 (. 00000075 107 199 230
3/32 . 006902 . 00000379 - 242 449 518
0.112 4 . 009852 .00000772 345 640 739
1/8 .012272 .00001198 430 798 920
0.138 6 .014957 .00001781 523 972 1,122
£/32 .01918 .00002926 671 1,247 | 1,438
0.164 8 .02112 . 00003549 739 1,372 1,584
3/16 .02761 . 00006066 966 | 1,794 2,070
0.190 10 .02835 . 00006399 9921 1,842} 2,126 2,210 AN-3
0.216 12 .03664 .0001069 1,282 2,381 2,748
7/32 .03758 .0001125 1,315 2,442 2,818
1/4 . 04908 .0001918 1,717 | 3,190} 3,680 4,080 AN-4
5/16 .07669 . 0004682 2,684 4,984 5,750 6,500 AN-5
3/8 L1105 .9009710 3,868 7,183 8,280 10,100 AN-6
7/16 L1503 .001797 5,261% 9,770111,250 13,600 AN-7
1/2 .1963 .003069 6,871{12,760114,700 18,500 AN-8
9/16 . 2485 . 004914 8,697 |16,152 18,700 23,600 AN-9
5/8 .3068 .007492 10,738 119,942 {23,000 30,100 AN-10
3/4 L4418 .01553 15,463 {28,717 |33,150 44,000 AN-12
7/8 .6013 .02878 21,046 {39,085 |45,050 60,000 AN-14
1 .7854 .04908 27,489 {51,651 {58,900 80,700 AN-16
11/8 73,750 101,800 AN-18
1 1/4 91,050 130,200 AN-20

€'1°1 9

(p,3uo)) s3iiod pue S3IDATYH pESH-3uTIpNI0A

¢ 93eg

1961 12quwazdag ¢z

1 € uot3dag



B 1.1.3 Protruding-Head Rivets and Bolt
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Note: Curves not applicable where shear
nuts are used. Curves are based on the
results of combined load tests of bolts
with nuts fingertight.

Interaction Formula

2
+L=1

b2

Shlx
| W

Where:

shear load
tension load
shear allowable
tension allowable

[o BRI A

Fig. B 1.1.3-1 Combined Shear and Tension on AN Steel Bolts.



Table B 1.1.3.3 Shear and Tensile Strengths of Internal Wrenching Bolts

(P,3U0D) S370g pue SI9ATY pEsH-suipnilold ¢'1°'1 €

Material Heat-treated alloy steel Material Heat-treated alloy steel
(160-180 ksi) (160-180 ksi)
Specification MIL-S-8503 Specification MIL-S-8503
and MIL-S-5000 and MIL-S5-5000
MIL-S5-6049 MIL-5-6049
Ultimate tensile Double shear Ultimate tensile|Double shear
Size Standard strength strength Size Standard strength strength
(minimum), 1b (minimum), 1b (minimum), 1b | (minimum), 1b
1/4 MS20004 53,000 9,300 3/4 M520012 55,600 83,900
5/16 MS20003 8,200 14,600 7/8 MS20014 76,200 114,200
3/8 MS20006 12,700 21,000 1 MS520016 102,500 149,200
7/16 MS20007 17,100 28,600 11/8 MS20018 128,800 188,900
1/2 MS20008 23,400 37,300 1 1/4 MS20020 162,600 233,200
9/16 MS20009 29,800 47,200 1 3/8 MS20022 200,300 282,100
5/8 MS20010 38,000 58,300 11/2 M520024 241,200 335,800
Note: Nuts designed to develop the ultimate tensile

strength of the bolts are required in applications depended
upon to develop the tabulated bolt loads.
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TableB 1.1.3.4Ultimate Tension Loads For Solid Rivets
2024-T3 and 2024-T36 Alclad Sheet

Universal Head

All Flush Riveting

(P,3U0D) s3I70F pue SIsATd PesH-Burpnizoig ¢°'1°'1 4

DIA. 3/32|1/8 5/32 | 3/16 1/4 5/16 | 3/32 1/8 5/32 | 3/16 1/4 5/16 DIA.
Head Head
Tension | 296|521 | 810 | 1506 | 2695 | 4200 | 261 | 445 | 729 | 1445 | 2610 | 3642 | Tengion
,016 130 | 160 .016
[ ,020 145 | 175 .020
.025 170 210 220 15 025
.032 199 | 248 290 390 104 146 .032
.040 233 | 290 380 490 138 200 235 .040
L045 254 317 435 550 970 160 232 275 .045
051 348 490 622 1020 185 272 318 415 051
.064 414 640 782 1130 1175 242 362 430 589 725 .064
,072 456 725 882 1195 1260 415 490 695 825 .072
.080 497 980 1265 1495 560 807 925 1092 .080
.091 1110 1355 1800 645 952 1062 1270 .091
.100 1220 1430 2065 720 1075 1175 1420 .100
.102 1240 1446 2120 1105 1200 1450 .102
.110 1340 1512 2350 1218 1300 1585 .110
.120 1460 1598 2645 1348 1427 1752 .120
. 128 1665 2877 1527 1885 .128
.130 1680 2935 1552 1920 .130
. 140 1762 3220 1675 2087 . 140
.150 1845 3505 1802 2252 .150
5/32 1898 3700 1880 2362 | 5/32
. 160 1930 3790 1925 2420 . 160
170 2015 2015 2585 .170
.180 2095 2095 | 2750 . 180
3/16 2160 2160 2875 3/16
.20 2265 2265 3080 .20
s 2680 .25

g 238eg
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Table B 1.1.3.5 Shear Strengths of Protruding and Flush-Head Aluminum-Alloy Rivets

Mat.
Diameter of rivet, (in.) Code 1/16 3/32 1/8 5/32 3/16 1/4 5/16 3/8
Shear strength, lb:
5056, TFg;=28 ksi B 99 203 363 556 802 1,450 2,290 | 3,280
2117-T3, Fg;=30 ksi AD 106 217 388 596 862 1,550 2,460 | 3,510
2017-T31, Fg=34 ksi D 120 247 442 675 977 1,760 2,790 | 3,970
2017-T3, Fgu=38 ksi D 135 275 494 755 1,090 1,970 3,110 | 4,450
2024-T31, Fgy=4%1 ksi DD 145 296 531 815 1,180 2.120 3,360 | 4,800
Single-shear rivet strength factors
Sheet thickness, in.:
0.0L6 vavseasnoseaarovasnsesnanse seees| 0.964
0.0L8 vevsererencensesonsnccosnancnres .984
0,020 sevevressrccnccnenans sesenscecas .996
0.005 aeesrsncesesssncasecrorscossonns 1.000 0.972
0.032 covoresstonasaasencncranennen U cesnes| 1.000 | 0.964
0.036 sarroastecesscsorsssssesvcarsssschorsssssssodesseasscce .980
0,040 sonsanan censan sevesersssserraans Jovens esened tesensonns .996 0.964
0.045¢0cerercecercca teevessessasscsaraleenreanacasiancannns « 1.000 .980
0.050cecererccesssrssrcnccncroncscnne doseaurne sedunecca resvafeesessrnane .906 0.972
0.063 vvcervorsscsonsnonna P S T T T « 1.000 1.000 0.964
0.07Lecvonsecnn cevens AR R S Y S B 980 | 0.964
0.080reecnsssacaranas vresereneen SRR R tessabareacenes PP P ..o 996 .974
0.090«svesesananane ressssecan P LTTY LY TYRYRR IR PELRTRYRS bevoasrse seduanssrcans besssnsooe 1.000 .984
0.100seccecccscecanss eerecevessessersndracacroncncecsencatrtiborsessstanfanacvansen hesescacachace tesenas .996 | 0.972
0.125...- .................. renavees erassssssasean esssncenan {- -------- sfesessavasn shorrscsceshocosncrncne 1_000 1.000
0.160
0.190
0.250

(P,3uU0)) s3T0g pue s3sAly pesH-8uIpnizold ¢'1°'T1 9
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Table B 1.1.3.5 Shear Strengths of Protruding and Flush-Head Aluminum-Alloy Rivets (Cont'd)

Diameter of rivet,

(in.)

1/16

3/32

1/8

5/32

3/16

1/4

5/16

3/8

Double-shear rivet

strength factor

1]

w
js g
m
m
ins

.016-.--

L 0LlBecsearnsanssvetrrnserasenasrnacs
02(eesvensecacssssonsasancosnsresne
L025e00sees vereanas ceevarsseaness ..o
032 svecrscansesnsonasrsovarranarons

_036-..-.no-o-a..-o--a.ooooooooc-ooo

LO045 ceenienenraanan “essesssenerenans
.0500‘.'..‘ ------- LR RN NN NN ENERENN]
063 eevsvecrerasrsrarnscnsrrcssanans

07 eeceacracscanarcncrses ceessasces
LO08B0eeencnnnns P P P T T E

,090+sevescsncsssnsetnccissacancsncey

P I T Y

OO OCODOOOOOOCOO

« 2500-..00000.-..--.---..

thickness, in.:

tsaassce teesnssssanssannsetey

.lOO-oo...ocoo-o-vot.c ...... *essncaed .

0.688
.753
.792
.870
.935
L974
.987

1.000

Peesrcacsavess
r.---.oa.o-.
teess e
Pecosssvenes
senscsvnasns

svessenenns

0.714
.818
. 857
.896
.922
.961

1.000

Peassesnnens

4essesnsee

0.688
.740
.792
.831
.870
.935
974

1.000

hsssecsnee

brovecscanse

0.688
.740
.792
.831
.870
.935

bessscssnns

0.688
.753
.792
.883

1.000

0.714

T S .818
Y 0T e T .987 .935 .883
180 careiiintesersscnaans A O ! e vosdasseneses=| 1.000 .974 .935

1.000

(p,3U0D) s3ajog pue SIIATY peIH-SUTpNIIOId €'1'1 d

Note: Values of shear strength should be multiplied by the factors given herein whenever the
D/t ratio is large enough to require such a correction.

Shear values are based on areas corresponding to the nominal hole diameters specified in table
4$,12,.0.9, note e.

Shear stresses in table 4.12.0.9 corresponding to 90 percent probability data are used wherever

01 °3eg

available.

Sheet thickness is that of the thinnest sheet in single-shear joints and the middle sheet in

double=-shear joints.
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TableB 1.1,3.6Ultimate Shear Strength for Aluminum Alloy Rivets

P e i ettt ne st et toeans ot aneesaananeesan Ceenes Protruding-head rivets?
ALLOY . v eeeeanrnns e, e U e 2117 2017 2024 5056
Specification....o.vvvvinenvan. e ceve e - MII-R-5674
COMALtion. vuvvrererenrnnnns. R R B, -731P -3¢ -T31 -H321
Basisd,........... e e . S B A B A B A | B A B
Ultimate Shear Strength, ksi:
Feu® (for driven rivets)........... chreeneees 28 30 33 34 35 38 37 41 27 28
Fsu (for undriven rivets and rivet wxve) 26 1 29 33 ! 37 37 1 38 j 24 1 27 |

a The driven head diameter shall be at least 1.3 times the nominal shank diameter of the rivet.

b The 2017-T31 designation refers to rivets that have been heat treated and then maintained in the
heat-treated condition until driving,

¢ The 2017-T3 designation refers to 2017 rivets which are fully aged at room temperature for at
least 4 days after quenching, and then driven. (The higher strength properties of the 2017-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 guaranteed tensile properties;
B is the mechanical-property column based upon probability data.

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. If 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, in....vieeeuneennn. 1/16 3/32 1/8 5/32 3/16 1/4 5/16 3/8
Drill No.......... Ch et e, 51 41 30 21 11 F P W
Nominal hole diameter, (in.)..|0.067 0.096 0.1285 0.159 0.191 0.257 1 0.323 0.386

{p,3UCD) S310g pue s3oATy pesy-duIpniioild ¢'1°1 €
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B 1.1.3 Protruding-Head Rivets and. Bolts (Cont'd)
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B 1.1.3 Protruding-Head Rivets and Bolts (Cont'd)
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Table B 1.1.3.7 Unit Bearing Strength of Sheet on Rivets, Fy,y - 100 ksi

Sheet thickness (in.) Unit bearing strength for rivet diameter indicated, 1b?

1/16 in.| 3/32 in.| 1/8 in. | 5/32 in. | 3/16 in.| 1/4 in.} 5/16 in. | 3/8 in.
0.012 sesesssesrnsesscassnssans 80
0,016 cesenersrnsescrsrncesnony 107
0.0]_8 ...................... .o o 121 173
0.020000ees terecsvaccacsnssenn 134 192
0.02500c0000es0rercsrcessvenns 168 240 321
0.032c0ccecssesecrcsssacesoans 214 307 411 509
0.036 rccccrcnrcsciscnransons . 241 346 463 572 688
0.040 +rreesssecesnsnsnseanns . 268 384 514 636 764
0 .045 ceerreeeseaansracerananes 302 432 578 716 860
0,050 ccecsareensscnnacacnane . 335 4380 643 795 955 1285
0.063 sesennnnsrsssernnnnnnnn . 422 605 810 1002 1203 1619 2035
0.07L coveecensancennensansans . 476 682 912 1129 1356 1825 2293 2741
0,080 -vreresscensrenceen. teee 536 768 1028 1272 1528 2056 2584 3088
0,000 cseccesencccccciacncas - 603 864 1157 1431 1719 2313 2907 3474
0,100 rsescecsses cerereeraana . 670 960 1285 1590 1910 2570 3230 3860
0 A R R 838 1200 1606 1988 2388 3213 4038 4825
0,160 cevsesenasoens terneeaans { 1072 1536 2056 2544 3056 4112 5168 6176
0,200 »eeraarecccens tesessecees 1340 1920 2570 3180 3820 5140 6460 7720
0.250 cveenrsn teesercaciroaneas 1670 2400 3210 3970 4770 6420 8070 | ......

(P,3U0D) $3104 pue s3IoATy PESH-BUIpNa3oad ¢€'1'T d

a Bearing values are based on areas computed using the nominal hole diameters specified in table

B 1l.1.3.6
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Table B 1.1.3.8 Aluminum-Alloy Sheet and Plate Bearing Factors?
(K = ratio of actual bearing strength to 100 ksi)
A values B values
Material Thickness, K (Ultimate) K (Yield) K (Ulitmate) K (Yield)
k/D=2.0le/D=1.5|e/D=2.0le/D=1.5|e/D=2.0]e/D=1.5]e/D=2.0}e/D~1.
2024-T42 (heat =250 1.18 0.93 0.6% 0.56
treated by usecr)e... [.250- .500 1.22 .96 .01 .93
501-1.000 1.18 .93 .61 .53
2024=T3 vererencanannees <,250 1.24 .98 .79 .69 1.29 1.02 0.82 0.71
[.250« .500 1.24 .98 74 .64 1.27 1.01 .78 .69
2024 -Theerennerearacenes .501-1.000 1.20 .95 .70 .62 1.29 1.02 .77 .67
2024=T36 ervrmseneananns <.500 1.33 1.05 .96 .84 1.37 1.08 1.00 .88
2024-T4 (coiled)ess.. ] <.250 1.18 .93 .64 .56 1.26 .99 .66 .57
£.063 1.06 .84 .54 48 1.10 .87 .56 .49
Clad 2024-T42 eveveees L064- . 249 1.12 .89 .58 .50 1.16 .92 .68 .53
(heat treated by .250- 499 1.18 .93 .61 .53
user) . 500-1.000 1.14 .90 .58 .50
[.010- .063 1.14 .90 .73 .64 1.18 .93 .76 .67
Clad 2024=T3 seeveenser L064- 249 1.20 .95 .74 .64 1.24 .98 .78 .69
(,250- .499 1.20 .95 .74 .64 1.24 .98 ..78 .69
. '/ - Heeooonmassn
Clad 2024-T4 .500-1.000 | 1.16 .92 67 59 | 1.24 .98 74 64
.019- .063 1.20 .95 .88 .77 1.25 .99 .93 .81
2074 = eabressrna
Clad 2024-T36 [.064- 500 | 1.27 | 1.01 .93 81 | 1.31 | 1.04 .96 .84
Clad 2024=T4 cuvrvennns ,012- ,062 1.10 .87 .59 .52 1.16 .92 .61 .53
(coiled) | .063 1.16 .92 .61 .53 1.20 .95 .64 .56
e <.063 1.14 .90 .75 .66
Clad 2024-T6 [ 5.063 | 1.18 .93 .78 .69
<.063 1.22 .96 .90 78
]_ d 2/_ 81 .......... { .
Clad 2024-T >.063 |1.27 |1.00 .94 .83
[ <, 063 1.33 1.05 1.04 .91
Clad 2024-T8G-rsnrer-e >.063 1.35 1.06 1.09 .95
,016~- .039 1.44 1.14 1.06 .92 1.48 [1.17 1.10 .97
L040- ,249 1.49 1.16 1.07 .94 1.50 [1.19 1.12 .98
TOT5=TH ermrrraverancenne .250- .500 1.39 1.08 1.00 .87 1.42 |1.10 1.04 .90
.501-1.000 1.42 1.10 1.04 .90 1.47 1{1.15 1.08 .94

€'1'1 d

(P,3u0]) s3104 pue s33ATY PESH-3UIpnilosd

¢1 @3eg
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Table B 1.1.3.8 Aluminum-Alloy Sheet and Plate Bearing Factors®
(K = ratio of actual bearing strength to 100 ksi) Cont'd

A values B values
Material Thickness, in.| K (Ultimate) K (Yield) K (Ulitmate) K (Yield)
e/d=2.0le/D=1.5[e/D-2.0]e/D=1.5|e/D=2.0le/D=1.5|e/D=2.0|e/D=1.5

.0l6- .039 1.33 1.05 .98 .85 1.39 1.10 1.02 .90

040~ ,249 1.37 1.08 1.01 .88 1.41 1.11 1.04 .91

Clad 7075=T6sreerereeres .250- .499 1.30 | 1.01 .94 .86 | 1.33 | 1.04 .98 .82

.500-1,000 1.33 1.04 .96 .83 1.37 1.06 1.00 .87

<.039 1.22 .96 .90 .78 1.22 .96 .90 .78

Clad 2014-T6 .040-1.000 1.2 .98 .93 81 | 1.27 |1.01 .96 .84

2014=T6s+=- sessssccirnnns .040-1.000 1.29 1.02 .90 .84 1.33 1.05 .99 .87
5052-H32 (1/4H) ........ bevesonnooscvssrsosas .65 .50 .34 .29
5052-H32 (1/2H)secveess boreasaseasecnansense .71 .54 .38 L34
5052-H36 (3/4H)o" ............... cevescnanss .78 .59 .46 Al
5052-H38 (H):«+--- R sesseans .82 .62 .53 46
G06L =Tlheosooesrancosasensn e tevresaccannrannas .63 48 .26 .22
6061 =Thevesnsses cecssecnnee heceesssossnsansarenn .88 .67 .58 .50

#For e/D values between 1.5 and 2.0 bearing factors may

distance, D = hole diameter).

be obtained by linear interpolation.

(e = edge

(p,3uc)) silog pue SI9ATY peIg-aurpniload ¢°'1°'1 €

91 @23egq
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B 1.1.3 Protruding-Head Rivets and Bolts (Cont'd)

kips

Unit Bearing Strength,
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Fig. B 1.1.3-4 Unit Bearing Strengths of Sheets on Bolts and Pins

r

F . = 100 ksi



Table B 1.1.3.9 Unit Bearing Strengths of Sheets on Bolts and Pins; Fp,. = 100 ksi
Plate Bearing strength of plate for rivet size indicated, 1b
sizes,
in. 1/16  3/32 1/8 | s/32 | 3/16 1/4 | 5/16 3/8 1/2 5/8 3/4 7/8 | 1 in.
in, in. in. in, in. in. in, in. in. in. in. in.

0.025 156 234 313

0.032 200 300 400 500

0.036 225 338 450 563 675

0.040 250 375 500 625 750

0.045 281 422 563 704 845

0.050 313 469 625 781 9401 1,250

0.063 394 590 788 985( 1,180 1,575 1,969

-0.071 444 665 888 1,110] 1,330 1,775| 2,219} 2,663

0.080 500 750 11,000 1,250| 1,500} 2,000§ 2,500} 3,000

0.090 563 845 1,125| 1,407 | 1,690} 2,250 2,813} 3,375| 4,500

0.100 625 938 1,250 1,562} 1,875] 2,500( 3,125| 3,750] 5,000

0.125 7811 1,170 | 1,563 1,953 2,340 3,125 3,906 | 4,688 6,250 7,812

0.160| 1,000 1,500 2,000 2,500 3,000| 4,000 5,000| 6,000f 8,000 | 10,000| 12,000

0.200} 1,250{ 1,875| 2,500 3,125 3,750 | 5,000( 6,250 | 7,500}10,000 | 12,500| 15,000( 17,500(20,000
0.250 1,563 2,344 { 3,125} 3,916 4,688 6,250 7,813 9,375}12,500 | 15,625| 18,750| 21,875(|25,000
Note: For intermediate values see Fig. B 1.1.3-4

(p,3u0)) sSI1709 puUB S3IDATY peIg-suIpnaioig AE'T'I q

81 °8eg
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B 1.1.4 Flush Rivets

Table B 1.1.4.1 through B 1.1.4.3 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 dia-
meter. Other strength values and edge distances may be used if sub-
stantiated by tests.

The allowable ultimate loads were established from test data using
the average failing load divided by a factor of 1.15. The yield loads
were established from test data wherein the yileld load was defined as
the average test load at which the following permanent set across the
joint is developed:

(1) 0.005 inch, up to and including 3/16 inch diameter rivets.

(2) 2.5 percent of the rivet diameter for rivet sizes larger
than 3/16 inch diameter.



Table B 1.1.4.1 Ultimate and Yield Strengths of Solid 100° Machine-Countersunk Rivets

Strength, 1b

Rivet material 2117-T3 2017-T3 2024-T31
Clad sheet material 2024-T3, 2024-T4, 2024-T6, 2024-T81, 2024-T86, and 7075-T6
Rivet diameter, (in.) 1/8 | 5/32 3/16 1/4 3/16 | 1/4
Ultimate strength
Sheet thickness (in. ):@P
0.020 soseresssasssnnans . 163
0.025 vausn eeeeeeiereetitriiaenan 221 | €250
0.032 eeceeesssocncacseccasnssenss 272 | €348 P P, Ca94
0.04( sevenrvannnracensssetoasennans 309 C418 | €525 | €476 |feeresaccntacsonsss “en €555
0,050 s000savesveorcceacascervsancss 340 €479 C726 |-vsansen srns 758 €975
0,063 «sevnncnveese cesascsersurnens 363 523 €859 €1,200 886 01’290
0,071 sonvnnvsrenrrccessnsracnenans 373 542 €917 | €1,338 942 |°1,424
0,080 cccevaness vessavessssceansrrnfosnrasraliocccns 560 €969 C1,452 992 I€1,543
0.090scseesersaseenasccsssssnscsnvjocnnansdensocres 575 1,015 01,552 1,035 [€1, 647
0.100==cccecrssen seesenns vectssasfessesernleneranrabosasians 1,054 €1,640 1.073 C1’738
0.125 ............. voaerssesene sesstrenrrercesdecovevoamensnseacr 1,090 1’773 1 131 1’877
0,160 ceccsresscsaroassnssanes T cesennase 4 1,891 [-evecenes 2,000
0.190 seseereerencecnnaness T e o 1,970 |eeececees 2,084
Shear sssvesse tevreassrncsronrrtrs . 388 596 1,090 1,970 1,180 2,120

(Pp,3U0D) s3I=ATY Ysnid +#'1°'1 §

0z 2%eq

1961 23quaideg ¢7
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Table B 1.1.4.1 Ultimate and Yield Strengths of Solid 100° Machine-Countersunk Rivets (Cont'd)

Strength, 1b

Rivet material 2117-T3 2017-T3 2024-T31
Clad sheet material 2024-T3, 2024-Th, 2024-T6, 2024-T81, 2024-T86, and 7075-T6
Rivet diameter, (in.):2P 3732 1178 | 5732 | 3716 | 5732 | 3/16 | 174 3/16 | 1/4

Yield strength

0.02000veesetnseinrcersaccranascas Tigl 38

0.025 Ad4asntnrsnvsnatesnnessanneasn 113 150 110

0,032 svenrrease teseeas sessrescanan 132 198 00 fecsrecssfrraersrictocriioicadaiiaiinnen 204

Q.040- -sesraeesaasscarsansanannes 153 231 265 273 270 Jeesecesencberaieneans 362

0.050 ccesansassnssnararsacnnes «eexl 188 261 321 389 345 419  feeceeseanes 538 584
0.063eecenercnsnsrerenunsasanonce 213 321 | 402 471 401 515 610 614 811
Q0.071evecccsenans tCeresnenrensa seccdrreas seel 348 453 538 481 557 706 669 902
0.080 causs censea srsesencansnes veodasanessadecannen 498 616 562 623 788 761 982
0.090 consvescncens tesmeceenevesasdessconse b eeesene 537 685 633 746 861 842 1,053
0.100 vessesse semnernens seseseenaes T ) P, 745 854 1,017 913 1,115
0.1250+eessvsssccrcrcaracavenn sevedosossense ECEREER ERLEELER 836 L ceanes "'1,018 1)313 1,021 1,357
0.160 teeearersacsssnssnescsncannassocasssadens P R seanss PP P 1,574 |ereerecse=e 1,694
010 <eeerrnnresssnnnersnnnnesnn | IO SURUURY SR, NN SRR 1,753 [oeeeenenens 1,925

b

Note: The wvalues in this table are based on "good" manufacturing practice, and any deviation from
this will produce significantly reduced values.

2 Sheet gage is that of the countersunk sheet. 1In cases where the lower sheet is thinner than the
upper, theshear-bearing allowable for the lower sheet-rivet combination should be computed.

Increased attention should be paid to detail design in cases where D/t >4.0 because of possibly
greater incidence of difficulty in service.

€ yield values of the sheet-rivet combinations are less than 2/3 of the indicated ultimate values.

(P,3u0)) s3I|ATY Usnig H°1°'1 €

17 @%eq

1961 1°quaideg ¢z
1 € uoT3deg



Table B 1.1.4.2 Ultimate Strength of Solid 100° Dimpled Rivets

Ultimate strength, 1lb

(p,3u0D) s3I3ATY ysn1d H'1°1 d

Rivet
Material 2117-T3 2017-T3 2024-T31
2024-T3,] 2024-] 2024-T3, 2024-T6, 2024-T3, 2024-T86 |2024-) 2024~ 2024-T3, |2024-T6,
Clad 2024-T4,|T86 and 2024-781, 2024-T4, and T3 T6 and 2024-T81,
sheet 2024-T6, 2024-T4 2024-T86, 2024-T6, 7075-T6 and | 2024-| 2024-T4 2024-T86,
material and 7075-T6 and 2024~} T81, and
2024-T81 2024-181 T4 | 2024- 7075-T6
T86,
and
7075-
T6
Rivet
diameter | 3/32|1/8|1/8 |5/32]3/16 |5/32{3/16 |5/32|3/16 |5/32|3/16 | 1/4 | 1/4 |3/16 | 1/4 | 3/16| 1/4
(in.)
Sheet
thickness,
(in.):2@
0.016 -y 177
0.020---4 209 | 299302
0.025+++4 235 | 360|383 | 474 |=rer- 462 [srereses 419 frecenne 530
0.032--++| 257 { 413|454 | 568 7221599 7251 600 6811672 822|cecraratarinssn a4 ]eeeeesas 786
0.040--+4 273 | 451{505 | 635 839| 695 891| 728 905|775 |1,000| 845|1,108| 941| 879 982(1,300
0.050vcecpesere 484|548 | 693 940( 778 | 1,036,840 |1,0971864 |1,153|1,332|1,508{1,110(1,359}1,152|1,705
0.063 -rperveecyrecesferee=e- 736 11,0121 840 | 1,142(922 |1,2401930 |1,267|1,695|1,803{1,236(1,727|1,277| 2,010
O.07Lcemgqerreroqeoercprrenees 755 11,0454 867 | 1,190/ 958 (1,301{957./1,315|/1,853|1,930{1,291|1,883|1,332|2,150
O.0BLecrqeracccefroreagecesscspenenes 1,074]-xxx- 1,230[=<--"- 1,357 >x> 1,358(1,995|2,04411,340|2,025|1,380( 2,260
0,090+ prresechorefeaanas broeane 1,098(+e--- 1,267f """ 1,405 »ene" 1,398)2,115| 2,145|1,382(2,150|1,424| 2,365
0.100%crdeerersdircasfosesiashasannd N I LT RETTY [YTTTS PRI Srpen Fpe 2,220 2,232 eeseees 2,255 preveses 2,455
Note: The values in this table are based on ''good" manufacturing practice and any deviation from this

will produce significantly reduced values.

8The values apply to double dimpled sheets and to the upper sheet dimpled into a machine-countersunk

lower sheet.
dimple sheet for dimpled, machine-countersunk joints.
must be at least 1 tabulated gage thicker than the upper sheet.

obtained by extrapolation for skin gages other than those shown.

Sheet gage is that of the thinnest sheet for double dimpled joints and of the upper
The thickness of the machine-countersunk sheet
In no case shall allowables be

7z 9%eg

1961 12quwaidag ¢z
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Table B 1.1.4.3 Yield Strength of Solid 100° Dimpled Rivets

€7 93eq

1961 a3qumeidag 67

Rivet Yield strength, 1b w
. 2117-T3 2017-T3 2024-T31 -
material b T3024-12024-T3, | 2024-T86 |2024-T3, 2024-]  2024-T86 2024-T3, 2024-T6 | 2024-T86 —
T3, | T3, |2024-T4, and [T4, 2024-T6, and and and and =
Clad 2024-12024=12024-T6, | 7075-T6 |and 2024-T81 7075-T6 2024-T4 2024-T81 | 7075-T6
sheet T4, | T4, and A
material {2024-[2024-]2024-T81 G
T6, | T6, =
and [2024- z
2024-| T8I, 5
781 | and ©
2024 - L~
T86 &
=
Rivet "
diameter [3/32 | 1/8 |5/32|3/165/32; 3/16 5/34 3/16] 1/4 5/31 3/16] 1/4 | 3/16| 1/4 | 3/16| 1/4 | 3/16( 1/4 |I&
(in.)
Sheet
thickness|
in.:?
0.016¢e.4 154
0.020...4 184 | 257
0.025 ¢+ 209 | 315 [324 feeeerd 10 foeeinas 336 fecrersdonnoncs 450
0.032 ..+ 231 367 430 (512 1525 | 640(483 546]cesesss581 FACE EEELE d 582fenreres S RIR-Y R 786
0.040 «»+f 246 | 404 |506 |0644 606 | 782)589 7301 8451675 867 978 666 879 816 962 982 978
0.050 sespreacsesdd 436 {571 (757 77 905|681 888(1,187 |756 {L,007[L,508 738(1,308( 961{1,3081,152]1,543
0.063 svtesseernbesnaess |619 841 [729 995|748 [L, 006,415 |816 [L,111[1,803| 925]1,564(1,068(1,5641,277]1,958
0,071 cerpeoeasechenereenibnl 1878 752 11,034 1778 1,056&,656 842 1,1561,930&,045 1,71111,115}1,7141,332)2,140
0.080 eesbaserss doeenes vepernsen]910 faeerfl, 070 [ooenefl, 1020, 870 feee-o[Ll, 1960 ,04640,1521,928{1,177}1,9281,380]2,260
0.090 sesprsssassfornennsapece-esG3Q "..&,100 saseell 142D 057 esseql,231P,145]1,246(2,121}1,324(2,121[1,424]2,365
0.100:eefersecasfsecanas ) FUO B PPN r ......... Y O D 220 Jsrnesfercans D, 232]ceennes 2,255 |sencenes 2,268 ceeres 2,455
Note: The values in this table are based on '"good" manufacturing practice and any deviation from this
will produce significantly reduced values.
8These values 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. 1In no case shall values be obtained

by extrapolation for skin gages other than those shown.

1 g uoT3I99g
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B 1.1.5 Flush Screws

Table B 1,1.5.1 contains ultimate and yield allowable strength
values for 100° flush-head screws with recessed heads installed in
machine-countersunk clad 2024 and 7075 sheet. These strength values
are applicable when the edge distance is equal to or greater than two
times the nominal screw diameter. Other strength values and edge
distances may be used if substantiated by tests.

These strength values may be used for the design of dimpled joints.
Higher values may be used for dimpled joints if based on test results.

The allowable ultimate loads were established from test data using
the average failing load divided by a factor of 1.15. The yield loads
were established from test data, wherein the yield load was defined as
the average test load at which the following permanent set across the
joint is developed:

(1) 0.012 inch, up to and including 1/4 inch diameter screws.

(2) 4.0 percent of the screw diameter for screw sizes larger than
1/4 inch diameter.

The test specimens used were made up of two equal-gage sheets lap
jointed and machine countersunk with washers to build up thickness to
minimum grip. All joints had 2D nominal edge distance in the direction
of the load and were either of the three-screws-across or the two-
screws~in-tandem type. For the latter type, the flush heads were placed
on opposite sides of the joint to assure 2D edge distances.



Table B 1.1.5.1 Ultimate and Yield Strengths of 100° Machine-Countersunk Screw Jointsab

Strength, 1b

Type fastener AN 509 steel screw with MS20365 steel nut

Sheet material Clad 2024-13 Clad 7075-T6

Screw diameter (in.) [ 3/16 | 174 | 5716 | 3/8 | 1/2 3/16 | 1/4 | s5/16 1 3/8 | 1/2

Ultimate strength

Sheet thickness, in.©®
0_032 ........ saosusl 493- e ¢sscvevesaasasesasacndaascsssscaqosasacsssna 569
0.040 ....... sessee 657 761 .......... dresssennia qesesnsssrne 79]_ 905
0. 0500 eseenenconeen 903 | 1,074 | 1,24 peereseecne s dy 080 | 1,277 | 1,454
0. 063 -reenenearnes 41,211 | 1,439 | 1,690 | 1,887 peereecoens d1.,365 | 1,748 | 1,995 | 2,211
0.071 seevsenerenns 41,392 141,693 | 1,955 | 2,235 jeeseeeseres 1,501 (42,006 [d2,386 | 2,608
0.080 srerenvronss d1.567 191,965 {92,288 | 2,600 |reres- el 41,632 192,252 (92,777 [493,105
0.090 seerreennanes dy 726 (92,263 |d2,679 | 3,022 | 3,690 [91,762 (92,488 [93,162 |93, 693 | 4.263
0.100w ssmeveereens d1,877 |42,576 193,105 193,519 | 4,292 | 91,892 |92,723 |43,536 |d4,222 5,100
0.125cererensnnss dy 126 [d3,054 (43,922 [%%4,579 5,586 | 2,126 {93,109 [d4,180 |95,216 6,791
0.160 coreeerecnnns 2,126 193,536 |%4,772 |%5,878 7,482 | 2,126 |493,551 |d4 858 [d6,193 8,673
0.190 ++e-r- TN SO 3,680 |95,405 |d96,872 | 99,408 leeverennns 3,680 [95,433 96,996 | 10,202
0,250 cssresvenrse B S, d5,750 d8,280 d12,201 ...... ceveshroases seesl 5,750 d8,280 d12,421
0,312 svensssesscaspeorsesscadacnosaccoasfosarcan ses d8,280 d14,141 .................... . -4 8,280 14,185
0.375 ernvevnerveelonennenres PO T oo, 114,700 foeeees R S  FOY | 14,700

(p,3u0)) sma10g ysnig G¢'1°'1 ¢

Gz 3%8eq
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Table B 1.1.5.1 Ultimate and Yield Strengths of 100° Machine-Countersunk Screw Jointsab {(Cont'd)

Type fastener

Strength, 1b

AN 509 steel screw withMS20365 steel nut

Sheet material Clad 2024-T3 Clad 7075-T6
Screw diameter (in.)[ "3/16 [ 1/4 | 5/i6 | 3/8 | 1/2 3/16 | 174 | s/16 ] 3/8 | 1/2
Yield strength

0,032 0caverncssres 436 booe- P P R . sessuconas 559
0.040scvserrasaces 508 732 heceresesedionieriicnibinciinenens . 616 931
0.050cces0sssnsnns 617 854 | 1,035 fecreereceegeoeaneenes d 710 | 1,041 | 1,156
0,063 somseseesees 744 | 1,012 | 1,248 | 1,531 [seecencoce- 819 | 1,181 |} 1,374 | 1,722
0.071 sevverncnsees 818 | 1,122 | 1,380 | 1,697 Pececrece.- . 884 | 1,269 | 1,495 | 1,887
0.080 ereeerrvacns 903 | 1,232 | 1,512 | 1,871 }esecsvsacs . 965 | 1,369 | 1,610 |.2,045
0.000cevesescsnssn 989 | 1,354 | 1,633 | 2,070 | 3,395 1,063 | 1,479 1,731 | 2,219 3,925
0,100 vsesencnnas 1,084 | 1,490 | 1,765 | 2,244 | 3,719 1,179 | 1,600 | 1,857 | 2,401 4,292
0.125000ecuvonnees 1,296 | 1,748 | 2,001 | 2,559 | 4,336 1,462 | 1,895 | 2,098 | 2,699 5,145
0.16Qeserecnecss 1,615 | 2,116 { 2,334 | 2,939 | 5,189 1,913 | 2,363 | 2,501 | 3,088 6,085
0.1900secrscccacccedoceraaneaad 2,484 | 2,702 | 3,361 | 6,012 jeesesccsee 2,926 | 3,018 ] 3,601 6,835
0.250sevssacncesacte tesecens ehennesvane 3,404 4,197 7,306 |eeresesese aassssessal 4,312 4,868 8,041
0,31 2e0esscees wesodessssecscssposssssassdsuansacsaser 5,092 8,452 jeeseceees feecsceccnnhrssacea «edl 6,624 9,437
0.375esvecssesnssednrescsassadisnecercesfocsocscnncteeneanes ee] 9,996 feesecsescadencacaciectinceanaaes cevensaaan 11,686

Tp,3u0D) SAe155 Ushid ¢'1°T @

NOTE: The values in this table are based on "good" manufacturing practice, and any deviation from this
will produce significantly reduced values,

2 This table refers to recessed-head screws only.
the range for which values are indicated shall not be determined by extrapolation.

Values for alloys in other physical conditions, for joint configurations other than that indi-

b

cated in section B 1.1.5 or for section thicknesses outside the range for which values are

indicated shall be substantiated by test data.
C Sheet thickness of countersunk sheet,

Values for sheet thicknesses above or below

d The yield values of the sheet screw combinations are less than 2/3 of the indicated ultimate

values.
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Section B 1
25 September 1961
Page 27

B 1.1.6 Blind Rivets

Tables B 1.1.6.1 through B 1.1.6.6 contain ultimate and yield
allowable single-shear strengths for protruding and flush-head blind
rivets., These strengths are applicable only when the grip lengths and
rivet-hole tolerances are as recommended by the respective manufacturers,
and may be substantially reduced if oversize holes or improper grip
lengths are used.

The strength values were established from test data obtained from
tests of specimens having values of e/D equal to or greater than 2.0.
Where e/D values less than 2.0 are used, tests to substantiate yield
and ultimate strengths must be made. Ultimate strength values of pro-
truding and flush blind rivets were obtained from the average failling
load of test specimens divided by 1.15. Yield strength values were
obtained from average yileld load test data wherein the yield load is
defined as the load at which the following permanent set across the
joint 1is developed: '

(1) 0.005 inch, up to and including 3/16 inch diameter rivets.

(2) 2.5 percent of the rivet diameter for rivet sizes larger than
3/16 inch diameter.

For tables B 1.1.6.2 and B 1.1.6.3 the ultimate rivet shear strength
was based on the comparable rivet shear strength of 2117 solid rivets,
as noted in table B 1.1.6.3. Test data on which the strength values of
these tables were based were obtained using standard degreased clad
2024-T4 specimens.

In view of the wide variance in dimpling methods and tolerances
for aluminum and magnesium alloys, no standard or uniform load allow-
ables are recommended. Allowables for ultimate and shear strengths of
blind rivets in double-dimpled or dimpled, machine=-countersunk applica-
tion should be established on the basis of specific tests, 1In the
absence of such data, allowables for blind rivets in machine-countersunk
sheet may be used,

Since blind rivets are primarily shear-type fasteners, they should
not be used in applications where appreciable tensile loads on the
rivets will exist. Reference should be made to the requirements of the
applicable use of blind rivets, such as the limitations of usage on
Drawing MS33522.



Table B 1.1.6.1 Ultimate and Yield Strengths for Blind Monel Cherry Rivets
in Corrosion-Resistant Sheet

Strength, 153
Installation Protruding heat 1002 Doubled dimpled® |100°Machine countersunk®
Rivet type CR 563 CR 562
Sheet material 18-8 (1/2 hard)
Diameter of
rivet (in.) 1/8 | 5/32 | 3/16 1/4 1/8 | 5/32 | 3/16 1/4 1/8 5/32 | 3/16 1/4
Ultimate strength
Sheet thickness, inF
0,008c0000sess eesre 150 178ccdevecannad hrooseeent 252 327
0.012vcrnsssssncens 242 286 335 corecsesaes| 302 | 428 560
0,020 =erecemceneas 402 530 620 =opecerress 415 | 542 705 1135
0.025¢cn0ccnscncecs 456 621 785<sqrevscacey 482 | 642 808 1230
0.032¢ccvnccvscnes «1522 712 937 | 1362 | 543 750 963 1400
0,040 00rc0vesn «e={ 580 810 [ 1050 | 1615 | 585 | 833 1110 | 1660 | 387
0,050:00000c0 seenss 635 903 1200 | 1845 | 628 | 910 1240 ]1940 ] 480 607
0.06300rcecscscncns 678 980 | 1325 | 2090 |-------d 964 1330 | 2175 | 554 744 912
0.07Lereercrccecesd 701 1013 | 1385 | 2220 fe<-=-- 1993 1375 2275 | 585 793 1013
0,080 mceceresvoees 717 1050 11438 | 2340 }------- fereosener 1420 {2360 | 612 862 1109 1570
0.090esccesecaeees 735 1081 | 1486 | 2450 [--e-e-es b eenen P . 2440 | 637 910 | 1196 1743
0,10000000000ra00as 747 1100 | 1540 | 2540 pee--- eohrocsceccfocrancans b eeenans 662 952 | 1270 1915
0,125 0c0cennsnens | 772 1147 1605 | 2710 |- Al bbb Bevessese poosnees 697 1012 1380 | 2180
Rivet shear strengthe 775 1190 | 1720 {3110 f[----- sopesereisctaianna... poonsars 775 1190 | 1720 | 3110

Tp,3u0D) s3oATy puild 9'1°'1.9
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Table B 1.1.6.1 Ultimate and Yield Strengths for Blind Momel Cherry Rivets
in Corrosion-Resistant Sheet (Cont'd)

(p,2u0)]) s3eaTy putid 9'1°1 €

conditions and should be used with caution.

those shown.

Strength, 1b2
Installation Protruding head 100° Double dimpledP[100° Machine' countersunk®
Rivet type CR 563 CR 562
Sheet material 18-8 (1/2 hard)
Diameter of
rivet (in.) 1/8 | 5/32 3/16 1/4 1/8 5/32 3/16 1/4 1/8 5/32 | 3/16 1/4
Yield strength
0, 0080cecresesnss .| 150 178-1---------‘- -------- 151 185
0.012¢ce0es ceeneae 262 | 286 | 335 |eeeeens .} 252 | 291 344
0.0207ewesernanees 402 | 530 | 620 |eeeceens 412 | 535 653 | 793
0.025esererevenrns 456 621 785 beeeseess] 473 637 800 1072
0,0320cccseccnans 522 712 937 1338 | 497 743 963 1395
0,040cccccececnss «| 580 810 1050 1615 582 827 1090 1650 236
0.0500000reecacsns 635 903 1200 1845 620 900 1220 1930 364 393
0,063 esesases essel 678 980 1325 2090 t..... .| 958 1315 2145 457 572 628
0.07Levecencansses 701 1013 1385 2220 977 1360 2250 500 643 757
0,080 ceeesanances J 717 1050 1438 | 2340 |[ereseocpeoseecss) 1395 2350 | 534 720 877 995
0,000 sssceerasesss] 735 1081 1486 2450 leierenchocceans afecacaseas] 2425 565 174 972 1242
0.100 cvacssase eeed 747 1100 1540 | 2540 lreewees B I U [ { 597 834 1075 1460
0,125 c0cnvesnen v 772 1147 1605 2710 |reeemned 4meesemcgrecccatsctornances 635 917 1212 1800
a

The strength values listed are based on the results of laboratory tests conducted under optimum
In dimpled installdtions, values shall not be obtained by extrapolation for skin gages other than

In the case of machine-countersunk joints where the lower sheet is thinner than the upper, the

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

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

machine-countersunk installations, sheet gage is that of the upper sheet.

Rivet shear strength computed using nominal hole size and the following values for rivet and pin

materials: Rivet - R monel,annealed - Fgy = 55 ksi, Pin -~ R monel, cold worked - Fgy = 65 ksi.

67 93eg
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Table B 1.1.6.2

Ultimate and Yield Strengths for Protruding-Head (MS~20600 and MS-20602)

Aluminum-Alloy Blind Rivetsab

Strength, 1b

Installation Universal Brazier head
Rivet type MS-20600 AD and/or MS-20602 AD
(2117) (2017)
Sheet material For clad 2024-T4 and higher strength aluminum sheet materials
Rivet diameter (in.) 1/8 | 5/32 | 3/16 | 1/4
Ultimate strength
Bheet thickness, in.:€
0.020..'.... lllllllll LR R R N KN 186
0.025 sessoen taveasassatraes 233 286
0. 032 ...................... 277 368 445 601
0.040 sveccsccses seessssscas 321 425 544 750
0.050 sssssssvesnns desssenss 386 506 643 961
0.063 sevseciensaresacons ves 388 596 753 1,110
Q.07 "r=*vrceeescceaccncces 388 596 823 1’200
O0.08( sssvsecesnccrecsansarsfocsccernn T T L R R R R R T 862 1,305
0‘090 -------- esrensaane veogdsissnnvsssnnnsnas R TR ETEY FE RN F P R rscanns 862 1’415
0.100 """" LA N SN 3 - LR RN ] llr.. L "ew LR AN ] A A AR R R ERENNIITENE Y NY R [ EEEN A REN NN ER NN ER S pesesssessa DR R N A sew 1,548
(0,125 evsacsoncsvsvnnea ceecsehosnnene sucnsnn secessssnesenfiseacses ssesensncsarssnsansopoene sessessensonce waee 1,550

(p,3u0)) sieaty pulid 9'T°T €
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Table B 1.1.6.2 Ultimate and Yield Strengths for Protruding-Head (MS-20600 and MS-20602)
Aluminum-Alloy Blind Rivets3b (Cont'd)

Strength, 1b

Installation Universal I Brazier head
Rivet type MS-20600 AD and/or MS-20602 AD
(2117) (2017)
Sheet material For clad 2024-T4 and higher strength aluminum sheet materials
Rivet diameter (in.) 1/8 ] 5/32 ] 3/16 | 1/4
Yield strength
0.020 seees~ teseranasnasen 180
0.025 seneeresnsasssanacesns 226 271
0.032+cccncerecccccns vesses 264 356 431 572
0.040c00eeenees sesrercranes 304 406 523 720
0.050 ceseerernencances ceves 362 475 610 925
0.063crersccaserriocrnsasae 388 560 709 1,058
0.071 ------ venesressna seens 388 596 771 1’135
0‘080 L N R R N NS E Y Y RN esbs sttt 862 1’230
0,000 eorrevrassassansssssanesrsrsscsscasssssnsasrsasnss B P resreeneeeens venna 862 1,330
0,100¢scercscscssrssccssecnspscsssssncccansncne R LTS LT cssceresscardeccsrsrreascstrransesse 1,450
0.125ecscrnes """'°---'--ro---..-.ooo.-.-..-o..-----.-r..c ..... Asseecesasacanane sdicsasaverrarrsensensans 1’550

{p,3u0)) sISATH PUTId 9°1°T 4

8protruding-head blind-rivet yield values are included for information purposes.

bValues for alloys in other physical conditions for joint configurations ather than that indicated in

section B 1.1.6 or for section thickness outside the range for which values are indicated shall
be substantiated by test data.

CThickness of thinnest sheet.

1¢ 28eq

1961 x2quweidsg ¢g
1 4 uo1309g



Table B 1.1.6.3 Ultimate and Yield Strengths for 100° Countersunk-Head (MS-20601 and MS-20603)
Aluminum-Alloy Blind Rivets@DP

Strength, 1b

Installation 100° Countersunk head
Rivet type MS-20601 AD MS-20603 AD
(2117) (2017)
Sheet material For clad 2024-T4 and higher strength
aluminum sheet materials
Rivet diameter (in.) 1/8 | 5/32 } 3/16 ! 1/4
Ultimate strength
Sheet thickness, in.°©
Q.040 cosvacssvnrascossacscnsenssnssnsese P 159
0.050 eevesresssnsarsascacs tecmtesteesessans 236 258
0.063 sovececennas sevaveane teeesecsrsesanare 327 369 398
0.07Leereesncesscsacons tsessestecesnnnsenns 360 439 485
0.080 s=-=vsveeee vnesesvssssnanaa erasnsccens 388 511 577 654
0,090 ssrerrresercecccosces tessncesssssannas 388 561 6384 795
0.100 cseess cesrssssccsesnnne wevesssssessasfhavascsccsanasan e o 596 768 945
0,125 vesscesacsccesscsseccnanarnrasaasarsadioranas vesesssesens 596 862 1,270

(p,3u0D) saisAty purid 9°1°1 €
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Table B 1.1.6.3 Ultimate and Yield Strengths for 100° Countersunk-Head (MS-20601 and M -20603)
Aluminum-Alloy Blind Rivets®P (Cont'd)

Strength, 1lb
Installation 100° Countersunk head
Rivet type MS-20601 AD MS-20603 AD
(2117) (2017)
Sheet material For clad 2024-T4 and higher strength
aluminum sheet materials
Rivet diameter (in.) 1/8 1 5/32 I 3/16 | 1/4
Yield strength
0,040 ceeesrernsns Nessssecscessnencsessansa d31i0
0.050 cetrecessnnse seessesecsrenene ererean 198 d185
0 ,0630srreerssressacnescnnncasenncmases . 300 308 dygg
0,071 covovessncecrcansccccanes cesasssssnna 336 384 391
0 .08Q --vrvevrnsrsessareraaunns ceerensecas 377 468 497 dss56
0.090 ccroesnases fitesernarsasaen veeasaian 4 338 524 614 621
0,100 +-vresressessoanscrtonecsrocaconnnang tecevesnvanans 592 709 793
0,125 ~+sesserevesvencncccns ssevesenvnsa sodevenace sevessnsnne - 596 862 1,150

(P,3U0D) SISATY PUTIE 9°'T'1 4

a Values for sheet thicknesses above or below the range for which values are indicated shall not be
determined by extrapolation.

b Values for alloys in other physical conditions, for joint configurations other than that indicated
in section B 1.1.6 or for section thicknesses outside the range for which values are indicated,
shall be substantiated by test data.

¢ Sheet thicknesses of countersunk sheet.

d These yield values of the sheet-rivet combinations are less than 77 percent (i.e., Average vield x
1.15) of the indicated ultimate values. 1.5

The remaining countersunk-head blind-rivet values are included for information purposes.

£c 28eg
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Table B 1.1.6.4 Ultimate and Yield Strengths for Blind 5056 Aluminum Rivets in Magnesium Sheet

Strength, 1b

Installation Protruding head Machine countersunk
Rivet type MS-20600 | Ms-20602 MS-20601 { MsS-20603
Sheet material AZ31A-0
Rivet diameter (in,) 1/8 ¥5/32(3/16] 1/4 | 1/8}5/32[3/16 [1/8]5/3213/16 { 1/4 11/8]5/32]3/16
Ultimate strength
a
Sheet thickness, in,
0,020 coererescessssnsesnss 134
0.025 seesess ssoencann seene 165 1210 |eevccpereces 161] 186
0.032 s crenrrcrecrcnscas 210 1260 (318 | 435 {220} 261| 334
0.040eccercereccccccoccnns 268 (324 (391|535 {272] 354 391 | 197
0.050 seveucesececes soeces 311 |410 494 | 667 | 309} 440 | 490 | 248 310 [eeessefeeaeee| 290] 465
0,063 mreeeecarceace sveneee. 363 | 481 {607 | 837 | 322 497 633 [ 307} 385 | 470 [-+++++f 336 503| 652
0.071 cecanes veesseransavschrcnoanae 4524 1665 | 930 k.o 5211 670 | 3441 427 | 523 beceecchoneee 545) 750
0,080 «ererernecaes corecrscheciancras 556 1720 PO4O [eseeperreed 720 [ 385 482 | 584 | 796 [eecsofecer-- 756
0.090.0.-. ................................. 785 1140 nsseshrensae 725 417 537 654 895
0,100 %cccrcencercensccsces bessesovsdesasnesl 802 1240 feee-d e cctacalecesnsohoncne 596 723 | 992
0,125 crtvecscesrccsnssncsa bsssscenssbasenes beeoes I1Z|.l|.0 ...... IR PP S 6371 895 11130

(P,300D) s39ATY putid 9°1°1 €
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Table B 1.1.6.4 Ultimate and Yield Strength for Blind 5056 Aluminum Rivets in Magnesium Sheet

(Cont'd)

Strength, 1b

Installation Protruding head Machine countersunk
Rivet tvpe MS-20600 ] M5-20602 MS-20601 | Ms-20603
Sheet material AZ31A-0
Rivet diameter (in.) 1/8] 5/32 3/16] 1/4] 178]5/32[3/16] 1/8[5/32]3/16] 1/4] 1/8[5/32[3/16
Yield strength
0,020 c0easasrscorscsen vees 100 {
0,025 eosrasecssesncaancenes 120 157|=ree- enbosenre 116 162
0.032ecreersecernncanoncces 150| 192| 2381 336] 137 188]P237 b
0.040neeosaseeernossesocan 183| 233| 286 | 396| 161| 218| 278, 76 b
0.050 cecervsnnnnnnsrsces -++| 213] 290| 354 | 495| 1941 260{ 325| 117 b1244i)....W ...... L148)
0,063 coeresssns cereseaniaes 241| 326| 431 |600f 226 | 312f 382’1611 18417197 «ex " 4 b170 236
0,071 eovvsessessnnnesaannnn byso| 350| 456 | 677| 229 342] 416|°197|°217 b240-6~-- 185) 254 320
0,080 seeresreereennnnenns| P259| 2375 485 | 746| 235 | 362| 457|P228| D263 5288|317 baoo| P275| P345
0.090 covererrsnnceenasnncan 3001 P202| 519 | 800l 240! 372] s02{P266|  306|°343| °390] P216| P296| P370
0.100%esseseracnracennencen 300] 4320559 | 852(P2as | 381 s11| 298|P3s6|baos|{bsz0| 235 P321| baoco
0,125 cerensoscncnsrnanscses 460! 642 | 950|P263 | 399 533| 340| 4a8|bsao|Peso| 275] P372| Pasy

Tp,3u0)) s3eafy purid 9°1°1 4

% Sheet gage 1s that of the thinnest sheet for protruding-head applications, and that of the

b

upper sheet for machine countersunk applications.

In the case of machine countersunk joints

where the lower sheet is thinnest, bearing allowable for the lower sheet-rivet combinations

should be computed.

Yield values of the sheet-rivet combinations are less than 2/3 of the indicated ultimate

values.
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Table B 1.1.6.5 Ultimate and Yield Strengths for Protruding and Flush Head Blind A-286 Rivets

Strength, 1bs

CR-6636, soft stem

Installation Protruding head Flush head Protruding head Flush head
Manufacturer Cherry Dupont
Rivet type CR-6626, soft stem

Sheet material

4130 Steel 41-43Rc

A-286 Age hardened

L‘--noo--n-.--- 3900

Temperature RT
Rivet diameter (in.) 1/8 15/32 3/16 | 1/4 3/16} 1/4 1/8 15/32 1 3/16 5/32}13/16
te strength

Sheet thickness:
0.020ss00c00s snese 530 n..".."..".L"..ua ....... becveandenaans o 440 | 617 791
0.025+c000nanaae eesasl B75 825 | sscoveshonssccshocccsshroncces bessssodonacenen 512 {712 895
0.032-crescvennacacce] 800 1060 | 1285 Jecevces [ AP S seeend 562 | 829 1040
0.040c000uvercens 890 (1220 | 1570 | 2125 TN eofossone cerecscahasesss| 910 1203
0.050-c-vs0nereeenees| 960 |1360 | 1820 ] 2700 recena J."..".L".."."..". 1265 703
0.063 sceseseans 970 |1465 | 2000 | 3160 1120 jsseccsrdrvncacchacectedesnoncas 766 999
0.071 coensan cerseane qereeess| 1490 | 2080 | 3340 133011650 AL REEEEES ERPRT R 808 (1049
0.080 cenee cesvovenandarancas besnesed 2150 | 3510 154011950 [sesescdeanceesd 853 |1103
0.090+cs00vce0s ceosndes vessalecsnseshpacannas] 3650 175012240 }seessed.. wresctecsccne 904 1157
0.100 eeerccsecccanae ..".".P.u."." ..... 3800 boeasans] 2010|2540 Pececospesecssshocesea 910 {1224
0.125ce00sensscsssscdesncsonpoces vedeseceees] 3900 ceveasa 2160 (3270 leveerrherccncclanes resbecessdasennas 1265
0,156 ssscnnereecn esevesclissossadserssans b eeeoons

{P,3U0)) SIBATY purlid 9°'i°'1 4
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Table B 1.1.6.5 Ultimate and Yield Strengths for Protruding and Flush Head Blind A-286 Rivets (Cont'd)

(p,300)) s3aaty purtd 9'1'1 €

Strength, 1lbs

Installation Protruding head Flush head Protruding head[ﬁ Flush head

Manufacturer Cherry _ Dupont

Rivet type CR-6636, soft stem Cr-6626, soft stem

Sheet material 4130 Steel 41-43Rc A-286 Age hardened

Temperature RT

Rivet diameter (in.) 1/8 | 5/32 | 3/16|1/4 1/8( 5/32 ] 3/16( 1/4 | 1/8 [5/32( 3/16 | 1/8 | 5/32|3/16

Yield strength

O.020 = ecceseccrcens 4 ...... Jeeacren 4........ T T qeccesncssprccanes aj37s 8537 a704
0.025 sevseraseracsvadansans deavioevdecannad hevacaas L rencss Y S R 12430 {2606F 2775
.03 esvaseesccansssorcesrdenaarsachovarestonses N P L vernneedesnrensbeeeend 3474 | 2696 2881
0.040«ceerescasencssdosenssfossvrasdens veedoesennas D275 ,,,,.._J ....... .......4.......+ 4767121005 | 308
0.050 cevoesrscoscrscfecseccfaceanas J-eeeeedeenee | 430 bsss spesees L eeees beceneodseeee.|?1067 | 358 | 499
0.063wserserensannnn PR . AN SRR 595| Pe70 (11| RTSRN SRR ceeefoeenennd 417 | 575 | 722
0.071.ssee vevraed T ! 700 800 860 G25jersesccpesesccfonccncas 451 | 620 775
0.0800esercenees .. j ..... I T 825| 950 | 1040|P1120]--+-- SR TRRTTEe 474 | 672 | 837
0.000 secanesnsaesces A S ( ....... 9501 1120 ] 12401°1410)-<+-. cedocenned ceenevedesanas| 727 | 899
0.10Q s=sessssncaas ) P P Joevenedreccecndheneees] 1300 | 1460|P1680F-werncdess cocshecesnaadenaaas 767 | 976
0,125 ssneessnssereadssnnes ) P A R ST 1460 | 1935] 2310 ".u..r.“.... ............. keeeeed 1667
0.156 secrsecvasennss doorrer{ensenns F I K ....J.. ..... S P 3140

8yield strength is 80% ultimate or higher.

b

Yield values of the sheet-rivet combinations are less than 2/3 of the indicated ultimate values,.

l¢ 9%8eg
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B 1.1.6 Blind Rivets {Cont'd)

Section B 1

25 September 1961

Page 38

Table B 1.1.6.6 Explosive Rivets, DuPont Extended Cavity

Ultimate Rivet Load, Lb/Rivet
Rivet Sheet Gauge
Size . 025 .032 . 040 .051 . 064 .072 .081
5/32 320 410 513 610 610 610 --
3/16 -- 495 620 796 880 880 880




Section B 1
25 September 1961
Page 39

B 1.1.7 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 dia-
meter from the plane of shear, as measured toward the hollow end, and
further provided that they are used in locations where they will not
be subjected to appreciable tensile stresses.

B 1.1.8 Hi-Shear Rivets

The allowable shear load for "Hi-Shear" rivets is the same as
that specified for the standard aircraft bolts heat treated to 125 ksi
and given in table B 1.1.3.2.

B 1.1.9 Lockbolts

Lockbolts 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 B 1.1.9.1. These strength values were
established from test data and are minimum values guaranteed by the
manufacturer. Shear and tensile yield strengths and ultimate and
yield bearing strengths will be added when available.

For all lockbolts but the BL type (blind) under combined loading
of shear and tension installed in material having a thickness large
enough to make the shear cutoff strength critical for the shear load-
ing, the following interaction equations are applicable:

Steel lockbolts - R¢ + Rg'0 = 1.0, 7075-T6 lockbolts - Ry + Rg> = 1.0,
where Rt and Rg, are the ratios of applied load to allowable load in
tension and shear, respectively,



Table B 1.1.9.1 Ultimate Single-Shear and Tensile Strengths of Protruding

and Flush-Head Lockbolts® and Lockbolt Stumps

Heat treated alloy steel

7075-T6 Aluminum alloy

Lockbolt
diameter, in.

Single-shear
strength, 1b

Tensile strength, 1lb

Standard-type

Shear-type

Single-shear
strength, 1b

Tensile

strength, 1b

Stumps and pull gun pins

b

Pull-gun Stumps and
Stumps pins pull gun pins
5/32s0enee O L L ereens ceesrereseierans 995 850
3/16+0n--- e 2,620 2,210 2,210 1,105 1,330 1,375
1/d-eerveanss 4,650 4,080 4,080 2,040 2,280 2,535
5/16eessces . 7,300 6,500 €4,225 3,750 3,620 4,025
3/8ueroenss . 10, 500 10,100 ds5, 050 5,050 5,270 6,275

310ckbolts are pull-gun driven:

bCollars are heat-~treated 60618S.

lockbolt stumps are hammer or squeeze driven.

“Huck designation is R-1028 or R-1029.

dCollar material is heat~treated 6061S.

All other collars are heat-treated 2024S.

(p,310)) 537099207 6°1°1 g

oY ?8eq

1961 12quaidag GZ

1 § uoT3dag



Section B 1
25 September 1961
Page 41

B 1.1.10 Jo-Bolts

The ultimate and yield allowable shear strengths for flush-head
steel and aluminum Jo-Bolts in clad aluminum-alloy sheet are given in
Tables B 1.1.10.1 and B 1.1.10.2.



Table B 1.1.10.1 Allowable Ultimate and Yield Shear Strengths of Steel Jo-Bolts in
Machine~Countersunk Joints in Clad 2024-T3 and Clad 7075-T6
Aluminum Alloys

Shear strength, 1lb
TYDPE v ier it ttnnnnannennns F 200 F 260 F 312
ShEEL vvvierneennnnnnnn e Clad Clad Clad Clad Clad Clad
Material ...veevrennnnnennnns 2024-T3 7075-T6 2024-T3 7075-T6 2024-T3 7075-T6
Ultimate strength
Sheet thickness, in.
............. 420 520
................... 445 545 2520 580
................ 4580 2700 ag20 a700
................... 21000 aj200 21040 81230 41720
.......... 21220 41360 21300 21540 21760
................ a1380 21500 21580 a1870 81860
......... a1520 21620 41900 42260 22130
......... a1650 a1740 22950 42700 &2440
.................. a1890 1960 82940 43220 43080
................... 2160 2200 433990 83570 23940
.................. 2400 2420 23730 23860
................... 2620 2620 24260 4320 ag110
................... 4650 4650

(p,2u0)) s3Tog-of OQ1°'1°'1 €

7 99883
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Table B 1.1.10.1 Allowable Ultimate and Yield Shear Strengths of Steel Jo-Bolts in
Machine-Countersunk Joints in Clad 2024-T3 and Clad 7075-Té6

Aluminum Alloys (Cont'd)

Shear strength, 1b

TyPe ittt F 200 F 260 F 312
Sheet +vvivvvrrieenannnnanns Clad Clad Clad Clad Clad Clad
Material ............. ... ... 2024-T3 7075-T6 2024-T3 7075-T6 2024-T3 7075-T6
Yield strength
Sheet thickness, in.:
0.032 ... .. it 310 390
0.040 ... i, 320 400 320 400
0.050 ..., i 340 430 340 430
0.063 ... . i, 610 770 690 790 870 950
0.07) ..o 685 850 780 870 930 1000
0.080 ... iiiinnenennnn 770 930 880 980 1000 1070
0.090 ........ it 370 1025 990 1110 1090 1160
0.100 ... v 980 1130 1120 1280 1200 1280
0.125 ... i e 1200 1350 1380 1600 1440 1540
0.160 ... . .vvininennenn 1500 1640 1700 2050 1820 1980
0.190 ... it 1800 1960 2010 2470 2200 2520
0.250 ... it 2400 2550 2600 3190 2950 3710
0.312 ... e e 3200 3880 3690 4830
0.375 tiiiiiiieii i 4450 5790

8 Yield values are less than 2/3 of the indicated ultimate values.

(p,3u0)d) safog-of OT1'1'T €

¢y 98eg
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Table B 1.1.10.2 Allowable Ultimate and Yield Shear Strengths of Aluminum Jo-Bolts
in Machine-Countersunk Joints in Clad 2024-T3 and Clad 7075-T6

Aluminum Alloys

Shear strength, 1b

TYPE «ovenenenncnsonnncnns FA-200 FA-260

Sheet ..v.ovvierrerneaarnans Clad Clad Clad Glad

Material wuoenr e 2024-T3 7075-T6 2024-T13 7075-T6

Ultimate strength

Sheet thickness, in
0.032 ..., i, 390 450
0.040 ..., 420 500 620 740
0.050 .. ivvivinnann, 500 590 790 940
0.063 .......... e 640 750 1010 1170
L 790 880 1150 1310
0.080 .....ivivvnnnnns 1040 1060 1310 1480
0.090 ... .civivinannn 1270 1270 1480 1650
0.100 ....vvivvnvennn, 1450 1450 1680 1850
0.125 ... iiniiiinnnen 1595 1595 2010 2250
0.160 ...... Peeses 1595 1595 : 2300 2650
0.190 ....... Ceeaaanan 2520 2790
0.250 .iiiivnnennnnans 42790

(p,3u0)) s3toq of OT°'1°T €

+4 28eg
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Table B 1.1.10.2 Allowable Ultimate and Yield Shear Strengths of Aluminum Jo-Bolts
in Machine-Countersunk Joints in Clad 2024-T3 and Clad 7075-T6

Aluminum Alloys (Cont'd)

{(p,3u0)) s3itog-of OT1'1'T €

Shear strength, lb

TYDE o onr e FA-200 FA-260

Sheet ... .. iiiinnnnsen Clad Clad Clad Clad

Material v seeee 2024-73 7075-Tb6 2024-T3 7075-T6

Yield strength

Sheet thickness, in,:
0.032 ... ... i 380 390
0.040 ... .t 420 430 450 590
0,050 ... .t 500 520 520 720
0.063 ... ... i 630 700 705 910
0,071 ..o 740 800 820 1020
0.080 ... viiviviinnan 860 915 940 1160
0.090 ... ..t 990 1040 1080 1300
0,100 ... .o 1130 1180 1230 1460
0.125 .. i 1340 1420 1550 1790
0.160 ... 1540 1590 1980 2240
0.190 .. v 2420 2700
0.250 .. i

8 Extrapolated value.

Gt a8eg
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B 1.2.0 Welded Joints

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

B 1.2.1 Fusion Welding - Arc and Gas

In the design of welded joints, the strength of both the weld
metal and the adjacent parent metal must be considered. The allowable
strength for the adjacent parent metal is given in section B 1.2.2 and
the allowable strength for the weld metal is given in section B 1.2.3,
The weld-metal section will be analyzed on the basis of its loading,
allowables, dimensions, and geometry.

B 1.2.2 Effect on Adjacent Parent Metal Due to Fusion Welding

For joints welded after heat treatment, the allowable stresses
near the weld are given in Tables B 1.2.2.1 and B 1.2.2.2.

For 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 of
design mechanical properties of the specific alloys.

Table B 1.2.2.1 Allowable Ultimate Tensile Stresses
Near Fusion Welds in 4130, 4140, 4340, or 8630 Steels?

(Section thickness 1/4 inch or less)

Type of joint Ultimate tensile
stress, ksi

Tapered joints of 30° or lessb 90
All others 80

2 Yelded after heat treatment or normalized after weld.
b Gussets or plate inserts considered 0° taper with center line.

Table B 1.2.2.2 Allowable Bending Modulus of Rupture Near
Fusion Welds in 4130, 4140, 4340, or 8630 Steels®

Type of joint Bending modulus
of rupture, ksi

Tapered joints of 30° or lessP

Fy, figure B 1.2.2-1 for
Ftu = 90 ksi

All others 0.9 of the values of Fy

from figure B 1.2.2-1

for Ftu = 90 ksi

2 Welded after heat treatment or normalized after weld,
b Gussets or plate inserts considered 0° taper with center line.
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B 1.2.2 Effect on Adjacent Parent Metal Due to Fusion Welding (Cont'd)

450
AH \
2 400
¢ N
é‘ 350 \<:j
=
= 300 AN
- A\ NN
2 250 | e 20k
a
3 R ﬁ‘ P, 240 kai
5 K\\.- FN 220 kai
[#]
£ 200 —I E_, 200 kel
&0 N Fm, 180 kat
5 FNR
3;6; 150} —] \F 150 kst
@ 1§§:j
/A % L 125 kel
- 100
F;? 3 95 kst

505““ 901:!!
0 10 20 30 40
D/t

Fig. B 1.2,.2-1 Bending Modulus of
Rupture for Round
Alloy-Steel Tubing.

B 1.2.3 Weld-Metal Allowable Strength

Allowable weld-metal strengths are shown in Table B 1,2.3.1.
Design allowable stresses for the weld metal are based on 85 percent
of the respective minimum tensile ultimate test values.



Table B 1.2.3.1 Strengths of Welded Joints

Heat treatment Fsu’ Ftu’
Material subsequent to welding Welding rod or electrode ksi |ksi
Carbon and alloy steels.. | None ................ MIL-R-3632, class 1 32 51
MIL-E-15599, classes E-6010 and E-6013| 32 51
Alloy steels ............ None .........vovvue. MIL-R~5632, class 2 43 72
Alloy steels .,.......... Stress relieved ..... MIL-E-6843, class 10013 50 85
MIL-E-18038, classes E-10015 and
E-10016
Alloy steels ............ Stress relieved ..... MIL-E-18038, classes E-12015 and 60 100
E-12016
Steels ....overiiiiinnnn, Quench and temper ...
4130 oo, 125 ksi ........ MIL-E-8697, classes 63 |105
4140 ... e, 150 ksi ........ HT-4130, HT-4140, and HT-4340 75 125
4340 L ... .., . 180 ksi ........ 90 150

(P,3U0D) 43I3Us13§ 91qeMOT]V TPISW-PIoM €°C'1 €

gy 9%eq
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B 1.2.4 Welded Cluster

In a welded structure where seven or more members converge, the
allowable stress shall be determined by dividing the normal allowable
stress by a material factor of 1.5, unless the joint is reinforced, A
tube that is continuous through a joint should be assumed as two members,

B 1.2.5 Flash Welding

The tensile ultimate allowable stresses and bending allowable
modulus of rupture for flash welds are given in Tables B 1.2.5.1 and
B 1.2.5.2.

Table B 1.2.5.1 Allowable Ultimate Tensile
Stress for Flash Welds in Steel Tubing

Tubing Allowable ultimate tensile
stress of welds
Normalized tubing - not heat treated 1.0 Feu (based on Fiy of
(including normalizing) after normalized tubing)
welding.
Heat-treated tubing welded after heat 1.0 Fy,, (based on Fy, of
treatment.

normalized tubing)
Tubing heat treated (including normal-

izing) after welding. Fgy of
unwelded material in heat-treated

condition:
<100 ksi 0.9 Fey
100 to 150 ksi 0.6 Fyy + 30
>150 ksi 0.8 Fey




B 1.2.5 Flash Welding (Cont'd)
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Tabie B 1.2.5.2 Allowable Bending Modulus of
Rupture for Flash Welds in Steel Tubing

Tubing

Allowable bending modulus
of rupture of welds (Fp
from Fig. B 1.2,2-1
using values of Fy, listed)

Normalized tubing-not heat treated
(including normalizing) after
welding.

Heat-treated tubing welded after heat
treatment.

Tubing heat treated (including normal-
izing) after welding. F¢y of
unwelded material in heat-treated
condition:

<100 ksi
100 to 150 ksi

>150 ksi

1.0 Fry for normalized
tubing

1.0 Fiy for normalized
tubing

0.9 Ftu
0.6 Ftu + 30
0.8 Fyy

B 1,2.6 Spot Welding

Design shear strength allowables for spot welds in various alloys
are given in Tables B 1.2.6.1, B 1.2.6,2, and B 1.2,6.3; the thickness
ratio of the thickest sheet to the thinnest outer sheet in the combina-
tion should not exceed 4:1. Table B 1.2.6.4 gives the minimum allow-
able edge distance for spot welds, these values may be reduced for non-
structural applications, or for applications not depended upon to
develop full tabulated weld strength. Combinations of aluminum alloys
suitable for spot welding are given in Table B 1.2.6.5.
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Table B 1.2,6.1 Spot-Weld Maximum Design Shear Strengths for
Uncoated Steels® and Nickel Alloys

Nominal thickness of Material ultimate tensile
thinner sheet, in, strength, 1b
150 ksi and}f 70 ksi to Below 70 ksi
above 150 ksi
0.006 .....ivviirinnnn 70 57 ] e eieaens
0.008 ......... craane . 120 85 70
0.010 .....cviriinnnns 165 127 92
0.012 ... it ann 220 155 120
0.014 vvrevnvennnnnenns 270 198 142
0.016 ....erviveenannnn 320 235 170
0.018 .. ... it iveeinnn 390 270 198
0.020 ... ... . 425 310 225
0.025 ... .., . 580 425 320
0.030 ..vivininnennnnns 750 565 403
0.032 ...ttt 835 623 453
0.040 e Craeann 1,168 850 650
0,042 L, .iiriiinennans 1,275 920 712
0.0530 .ivvirevinncesnna 1,700 1,205 955
0.05% ........ . Cea 2,039 1,358 1,166
0,060 ..... Ceeeraneenes 2,265 1,558 1,310
0.063 ...ttt nnnn 2,479 1,685 1,405
0.071 ........ Cereas . 3,012 2,024 1,656
0.0B0 ... ihiiniannnn 3,540 2,405 1,960
0,090 ........ eeeeas . 4,100 2,810 2,290
0.095 ... ieiiiinnnnn 4,336 3,012 2,476
0.100 .....ierinnneenns 4,575 3,200 2,645
0.112 .. i, 5,088 3,633 3,026
0.125 L.t 5,665 4,052 3,440

dRefers to plain carbon steels containing not more than 0.20 percent

carbon and to austenitic steels.

The reduction in strength of spot-

welds due to the cumulative effects of time-temperature-stress factors
is not greater than the reduction in strength of the parent metal,
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Table B 1.2.6.2 Spot-Weld Maximum Design Shear Strength
Standards for Bare and Clad Aluminum Alloysa

Nominal thickness Material ultimate tensile strength, 1b
of thinner sheet, in,
Above 56 | 28 ksi 20 ksi to| 19.5 ksi,
ksi to 56 ksl | 27.5 ksi |and belm&
0.012 ......vvnnn, vens 60 52 24 16
0.016 ..viviiivinnnnnnnns 86 78 56 40
0.020 ...vvennnnnn e 112 106 80 62
0.025 . ...iiiiiniie,, 148 140 116 88
0,032 .. ivivinnennnn . 208 188 168 132
0.040 eesaresasansnas 276 248 240 180
0.050 tesne Ceesanas 374 344 321 234
0.063 feeans oo . 539 489 442 314
0.071 ...vvrvivinnns .o 662 578 515 358
0.080 . fedieesa e 824 680 609 417
0.090 ... iveireinnnnnnn, 1,002 798 695 478
0.100 ......... Ceaneaen 1,192 933 750 536
0.112 ........... cevann 1,426 1,064 796 584
0.125 ........... et 1,698 1,300 840 629
0.160 ........... sesarans 2,490

8gpot welding of aluminum-alloy combinations conforming to QQ-A-277,

QQ-A-355, and QQ-A-255 may be accomplished.

The reduction in strength

of spotwelds due to cumulative effects of time-temperature-stress
factors is not greater than the reduction in strength of the parent

metal.
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B 1,2.6 Spot Welding (Cont'd)

Table B 1.2.6.3 Spot-Weld Maximum Design Shear Strength
Standards for Magnesium Alloys?®
Welding Specification MIL-W-6858

Nominal thickness of
thinner sheet, in. Design shear strength, lb

0.020 v evevevenronnaneaas 72
0.022 ... .. i 84
0.025 it 100
0.028 ... .t 120
0.032 .. iiiiinnaes 140
0.036 .....iviiennnennan. 164
0.040 ., ... ioirivininnny. 188
0.045 ...... et 220
0.050 ... it 248
0.056 i innnnns 284
0.063 ... .iriierninnns 324
0.071 ..., 376
0.080 ... veviiirinnnnnnns 428
0.090 ... i 496
0.100 ... iiineennnans 572
0.112 ... i it 648
0.125 ... it 720

8Magnesium alloys AZ31B and HK31A may be spot welded in any
combination,
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B 1.2.6 Spot Welding (Cont'd)

‘Table B 1.2.6.4 Minimum Edge Distances for Spot-Welded

Joints?
Nominal thickness of
thinner sheet, in. Edee distance, E, in.

0.016 ....iviveriinoennnnn 3/16
0.020 .....c.covuv-nn eees 3/16
0.025 ...t iinianiinnnn 7/32
0.032 ...t iiannnn 1/4
0.036 ..cvvenvnrn Ceereeas 1/4
0.040 . ..ivirneiennnnnnn. 9/32
0.045 . iuieinenrninnnnans 5/16
0.050 . ..iviveeervenrennas 5/16
0.063 ..vvevnnennnnn Ceeas 3/8
0.071 ........ e eraianna 3/8
0.080 ....... Ces et i e 13/32
0.090 ...... et eraan 7/16
0.100 ......... e 7/16
0.125 L iiiiinnnnnnns vees 9/16
0.160 .4eevoaeenoaaosnss 5/8

aIntermediate gages will conform to the requirement for the
next thinner gage shown,

bFor edge distances less than those specified above, appropriate
reductions in the spot-weld allowable loads shall be made.

- KA K

Fig. B 1.2,6-1 Edge Distances for Spot-Welded Joints.




Table B 1.2.6.5 Acceptable Aluminum and Aluminum-Alloy Combinations® for Spot Welding
P P

ia)
O e = P RPN RO RN ey s
o~ o~ o M~ M~ [a¥] o — —
(=] o o j ] o o f] o o
— —~ —_ o o~ _ [a¥] — —_ P~ M- [aN] o o~ (]
o~ [a¥] — s)] 4] o e (@] o el w o] - o Q
Material SIals8ts e8]l Sl |22 151513138 8
siejeleigie) ejcic|ielg|g|ele g
a] (o0} L ~t uy (o) o — — P~ ™~ [Tg] tr\lu uy — O
. R — - o uwy Ta u O — O e 0] M~ [Vl O N O el
Specification ol LA BUCH SO RO BN BEAR B BUTAR BRI IOURN RN BEA B B SN
No AR A RN R A SRR A R A DA DA B K
Specification No. Material gl IS 8181818281218 i8181g g
QQ-A-315 ............ (5052)
QQ-A-318 ............ (528)(5052)
QQ-A-327 .. ... ... (618) (6061)
QQ-A=354 .. .......... (Bare 2024) ) ¢ (*)| ¢*) =) ™)
QQ-A-355 ......... ... (Bare 2024) ) [ (%) ) (%) *)| )
QQ-4-359 ............ (3003)
QQ-A-362 .......... ..l (Clad 2024)
QQ-A-411 ,........ ...| (1100)
QQ-A-561 ............ (1100)
QQ-A-287 ............ (Clad 7075)b
QQ=A-277 v, (Bare 7075) (*) |(*) (*)| (*) (*)| (%)
QQ-A-355 . ....ii.n... (Bare 2024) ) [(*) ()| (%) =)l &)
QQ-A-362a............ (Clad 2024)
QQ-A-255 ..... e (Clad 2014) (*) |(*) (%) (%) (*)
QQ-A-261 and QQ-A-266| (Bare 2014) (*) [(*) )| () *)| (%)

(p,3uon) Butpiam 30dS 9'Z°T1 €

4The various aluminum and aluminum-alloy materials referred to in this table may be spot welded
in any combinations except the combinations indicated by the asterisk (*) in the table.

bClad heat-treated and aged 7075 material in thicknesses less than 0.020 inch shall not be
welded.
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B 1.2.7 Reduction in Tensile Strength of Parent Metal Due to Spot
Welding

In applications of spot welding where ribs, intercostals, or
doublers are attached to sheet, either at splices or at other points
on the sheet panels, the allowable ultimate strength of the spot-welded
sheet shall be determined by multiplying the ultimate tensile sheet
strength ("A" values where available) by the appropriate efficiency
factor shown on Figures B 1,2.7-1 through B 1.2.7-4., The minimum values
of the basic sheet efficiency in tension should not be considered
applicable to cases of seam welds, Allowable ultimate tensile strengths
for spot-welded sheet gages of less than 0.012 inch for steel and
0.020 inch for aluminum shall be established on the basis of tests.
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B 1.2.7 Reduction in Tensile Strength of Parent Metal Due to Spot

Basic Sheet Efficiency in

Basic Sheet Efficiency in

Welding (Cont'd)

Tension, per cent

Tension, per cent

100 0.012 in.
0.020 in.
4;’;—-—’" 0.032 1in.
j | e 0.050 in.
/ L 0.063 in.,
80 .080 in.
=1/ / / ——"TN\0- 090 tn.
, 0.125 in.

70 pd sheet

gage

60

0 0.5 1.0 1.5 2.0 2.5 3.0
Spot Spacing (Center to Center), inches
Fig. B 1.2.7-1 Efficiency of the Parent Metal

in Tension for Spot-Welded 301-1/2 H
Corrosion-Resistant Steel

100 L,012 1in.
[ p— 0.020 in.
e .
& — 0.032 in.
90 ——— , 0.040 in.
/ /———-—-"""" e .050 in,
/ / .063 in.
80 / g \0.080 in.
0.090 1in.
:U/// / A 0.125 in.
70._;, 7 sheet
——/ // gage
60 _y
50
0 0.5 1.0 1.5 2.0 2.5 3.0

Spot Spacing (Center to Center), inches

Fig. B 1.2.7-2 Efficiency of the Parent Metal
in Tension for Spot-Welded 301-H
Corrosion-Resistant Steel
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B 1.2.7 Reduction in Tensile Strength of Parent Metal Due to Spot
Welding (Cont'd)

100

8 0,012 in.
o~ 43 !j — 0.020 in.
88 90 — 0.032 in.
-.?i © -—"""—‘ 0.040 in,.
[ 20 8] ‘ -1 .—-'-"'—_.1 - 0.050 in-
O & /] | \0.063 in,
N 80 0.080 in.
o \0.090 in.
§§ e 0.125 in,
w9 70 sheet

8 gage

o0

a 60

0 0.5 1.0 1.5 2.0 2.5 3.0
Spot Spacing (Center to Center), inches

Fig. B 1.2.7-3 Efficiency of the Parent
Metal in Tension for Spot-Welded
301-A, 347-A, and 301-1/4 H

Corrosion-~Resistant Steel

100 , I

o p.020 ?n.

- A0.032 in,

B 90 *HHD.OG,O in, —t T
0.160 in,

g E % 0.125 12.
0.100 in- -

B8 N T T oo ]

] + 0.080 in.

§§ 70 0.071 in——t

Lo 0.063 in.

w8 N 0.050 in.

- 60 Sheet gage—

2

|

50 i L

0 0.5 1 1.5 2 2.5 3

Spot Spacing (Center to Center), inches

Fig. B 1.2.7-4 Efficiency of the Parent
Metal in Tension for Spot-Welded
Aluminum Alloys
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B 1.3.0 Brazing

Insofar as discussed herein, brazing is applicable only to steel,
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 capillarity.

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 tempera-
tures of the brazing process shall be in accordance with the following:

Material Allowable Strength
Heat~treated material Mechanical properties of
(including normalized) normalized material

used in "as-brazed"
condition

Heat-treated material Mechanical properties
(including normalized) corresponding to heat
reheat-treated during treatment performed

or after brazing

B 1,3.1 Copper Brazing

The allowable shear stress for design shall be 15 ksi, for all
conditions of heat treatment.

B 1.3.2 Silver Brazing

The allowable shear stress for design shall be 15 ksi, 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,
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Reference:

(1) MIL-HDBK-5, Strength of Metal Aircraft Elements, Armed Forces
Supply Support Center, Washington 25, D,C,, March 1959,




