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6.58 HMFraE

MEHBEDESICIE, YRy kb (Rivets) ®RIL kEF Y b (Bolts/Nuts) D& 5% 7 7 X F (Fasteners) Z{E
ST-HBMEEEAEICAVNGONS. BERETZTENAS LN E, 77X FHEE (Fastener Joint) [ZEFEEMNF N
ENTFRTEENAVLNLIERTHD. MEBBESHMO T 7 AHHEEITIE B 6-138 £E 6-139 ITRT &
577 RAFEAWMBFLES (Fastener Shear Joint) (3XBK[2-60]), B 6-140 £ K 6-157 ISRT &K S HBAKEE (5
g, Lug) ZE-SEE (TH[2-59]), B 6-141 1257 F & 5% 5I58E 8 (Tension Fitting) ZFE-1-#E&01H 5

UPPER
SPAR caP |\

WoLd / FrvIHEe

MR HTRES

X 6-138 EEEBED T 7 XA FTEEDH
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USEFUL LOAD

BENDING + EQUIPMENT + STRUCTURAL
WEIGHT

+
PRESSURE
AXIAL STRESS

PRESSURE
HOOP STRESS

B7mE

BENDING

-

TWISTING
SHEAR STRESSES b=~ AN- - - = = . J—
o e s e L4 THE

e BT A WiE AA

hibd 2hdy WA R B EE

X 6-139 BRAIEED 7 7 R FEEDH

Main
attachment
fitting Transverse
load
fittings

attachment
fitting

attachment
fitting
Lughole

Main
attachment
fitting

fitting

Transverse
load
fittings

Transverse

load attachment
fittings fitting

H 6-140 STHEDOH —A300 EERE RAEE
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SI5EARIL

\

K 6-141 BlsREEZEDH
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6.5.8.1 77 AT MDIELE
MZHEECEbNE 77 AT DEEFLITIZHET 5.

(1) 77 RTEHE

® JRwk (Rivet)
HOHEDOAT ZLICE 2> THLDHBIEANML I 7R F. FILIZEDOLEBENOOLOLMAVHHEEFESOTT 7
RAFTAREOBEEITED. BMANRDOFTHELA, NOBABEICEBRBEANKET H0T, BRFHFEENALT
5.

e TJ352FKFYAw | (Blind Rivet)

YRy hOMLODBTERWVNKIEHRT, 7Y FOHS—OEENTELRVNERICESIHBEDEHIZ, 77

AFTELRADEN SHEOMFFTEIENTED TSV FYURY W AHD. BANGHEE

NABvyYEY/Hh5— (Hi-lok Pin/Collar)

BHOBRLUDLTIMNSWVEDORIZNAOVHIEVEMEADCEICEY, ROBBICEMRZEZIS AN HEE

FTEH5DT, EFRENALT S, HEIIMOFE2UELET, 77 RAFTARKOBRENS L. BAMWLGES

e OvUiKRILk"HF— (Lockbolt/Collar)

NAAvYERE N OVYENS—DEBRENELDS. BANGEE

RIL b F v b (Bolt/Nut)

mYS LATEEL#ES. Bk, HEe, MRICZOEBENHS.

(2) 77 AT DEOIIKOIELSE
® Hi-o5RYEE (Protruding Head)
BN/’ TS T 7R
° 88 (Flush Head)
77 AT OEHIAHERIKT, MM IBROEICT YSHBIKOME#A (Countersunk) DL ETHD. %
NEZEAT AR EHET S5SICERT 5.

) HEICLDHE
® SIRFEEMA (Tension Type)
EERFEICHA SNBDLSICENREVWTI 7R F. 7y FOAS—ICLERFTERL’HHDT, ThEHH
EhETHERTS.
o HABRIER (Shear Type)
FAMTEZBASOD T 7 XF. BEHNNEL. BHOBROBEEHNTL. TV EOAT—ICELHAMALRH
HDT, ThEMAEHETHERT 5.

4) 77 AT OREH
B 6-142 2Ry bOWBIKRETRT. FILZ YRy LOMEEE 6-17 ITRT.
X 6-14312T54 Y RURy bOBIERT
E 6-144 [CEABADONA OV I EY  AS—OBKETRT. NMBYIDT—2L—rOHZER 6-145 I
G
X 6-146 [CBAMRIL + (Shear Bolt) & 3I3R7KJL k (Tension Bolt) MHIZRT. BIERKNIL FDEIEKEL,
SIBRMETHRIL FEMHIELBWVWLSICTETWLS. ZDOR5IEARIL MEEABRIL FZHERTEL. 515K
MMZIE5I5RAFT Y FERAWS.
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Universal Head - MS20470 Flush Head - MS20426

HoRYEEU N YK mEg Y~k

K 6-142 Uy k

R 617 FILIYNy bOFE

2011/10/10

YRy

iEA

BABTRE Fsu

1100 7JL=

FT7ILIIEDT, PhdML.
JEREER ANV,

15 ksi

5056 7I)L=

TRV LE%EEDTILIESE.
EREBREHCLELNHDEZICANS.

28 ksi

2117-T4 7 L2

AD

U RMGHEERTIILIUAYE,
ESEEICHNELTE.

30 ksi

2017-T31 7IL2

ADURYKYEREDEER)R V.
ESRTICEANEZLC, FRATIEMETHEHLTREL, &
BRICEARBDL, BRENEAS. LWHhPEZTARRYIRXY
~Nyh.

34 ksi

2024-T31 7L =

DD

DUARyh&UEREDHEER b
FESRICALEBELT, FRATHEMETHAILTREL, &
BRICEARHL, BEALND. WHHETIRRYIRY
k.

41 ksi

7050-T73 7IL=

EEREDBIERTILIUAYE,
ESEEICHNEEIFTE.

46 ksi
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D I«ann?
Lock collar cap \r m
Rivet inserted ) - ]_l]
vet inserte Seer collar —@ \Eleeve
pin (solid or split
type optional)
D Rivet inserted
Start setting 7, N )
% Installed
Installed Huck Blind Rivet
Pull-mandrel Rivet
B 6-143 TS5 RURy LD
REMAINING PORTION OF REMAINING PORTION OF

H - L - -

1 - M/ DEVICE AUTOMATICALLY : - / \t
LJ\_.._¢;_I____J\_..J SHEAR OFF '_J\'"_\[\—L"—V\"'J e A OMATIEALLY

TYPICAL COLLARS: HL70, HL7D, HL82, SHEARS OFF
HI-LOK PIN® AND COLLAR AFTER ASSEMBLY HLS, HLST

TYPICAL COLLARS: HL70, HL79, HLB2
HL94, HLS7, HL379

HI-LOK PIN AND COLLAR AFTER ASSEMBLY
HL10 Hi-lok Pin HL11 Hi-lok Pin
Protruding Shear Head, Titanium 100° Flush Shear Head, Titanium

X 6-144 nNAOvHEV /" Hh5— (BAERA)
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dms

el @ () m-E

commm

BABRILE

X 6-146 HAMRIL b EBIFRARIL FDHF

6582 77 RFTHAMMBFDEE
(1) 77 AT EBAMBFOIELSE
T7RATEHAFRBFOREER 6-147 ISRT. 77 RAFTHRFICHERTIRTEDEEER 6-148 [TRT. 77
RAFRFOT 7 AFHTENMEOFEXIL 48 HTHALT:

' T .

INYRRTSARIPE ST )L

X 6-147 77 RAFTHFOESHE
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X 6-148 77 RAFTHFORE

(2) 77 AT EABBRTF OHIE

T 7 AT EAHRBFOBREXICIE, BHMOBIRE 77 XA TOBENH D,

BHMOWIEE— FZEE 6-149 [TRT. & v METE5I5REEIE (Net Section Tension Failure) & f= (L E % (Bearing
Failure) 295K JITHREFTHDON KL, BMOEAMBIE (Shear-out Failure) AHEE 5D (LimKERE (Edge
Distance) DN WF=HTHY, MFOENZLDd S FAENLES>TWVEWI LIZHD. IHKERH () 277
AT D) O2FBULICTNIECOWIBRE—FEHSCIENTE S MBI 7R T EFE oI TITHKET DD
7 AFEET o [FIRITHEE (Pull-Through Failure) HEF L K BUVHIRE— KT, MORSIHRED 2/3 LTFIZH
BEIICERETHILTHSIENTES. J7RFTBAMBFOETGZTEER 6-150 [TRT.

T7RATOBEREEICT 7 RATHOTAWBIETHS. BHOBEIN T 7 A FRICHERTRKEVERICET 7
AT OHFHENEEDLZENHD.

SIAN Net Section Tension Failure E Bearing Failure
N — P
A Shear-out Failure I7R S+ EBE o 1FRIF5EE (Pull-Through Failure)

B 6-149 BHOWEE—F
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2011/10/10
d
*e
L
o & - — d>4D
p —> 24D
BIHE © O —> >
2D
O O — -
—>
O O —
—>

6150 77 RFEAMBFOLE LA

() 77 RTEAMBFOEMHFARE

T7ATHAMBEDOHBTTEFIBMOREICL>TEDLDIDT, BFREABRZERELTHRESIND
(MMPDS (X#K[2-5])). Z7RF 1RO VTV THRFHBBOFZER 6-151 [TRT. S OHERITRDIE & ifHK
EEZE L S5AL>TEBMOBAMBIRCR Y FNTEMIEZEZ SGVRIKTITS. 77 X7 1 XOBAHBRF
DHFBRMELHEMUBFHRTE (Unit Allowble Load) EFEA.

«— —>

HEHEP,, +— > ® > —

-« X —>

T7RAFTED
t . t

¢ T t | t
” | v N 4 v
] S R :

6-151 U THFRE

o Ry MFAWBFEDIRRE
YRy D 1ERAMEBEEZR 6-18 (2R (MMPDS &Y (XHER[2-5])).
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HoRUEURY FOBAMBFOREMHFRFEIIRDLSIZLTRD S.
YRy FOBABEESBMOEERED/NS VWATEMBRFHRRELTS. URY FOEAMREIZHE
LTIEBHHREOHZEDHENLETHS. COBWERKER 61927
Ry MEAMHFREE : P, = kP,

ZCZT, k: BHREOCHERE X 6-19

Pu: URY FORABERE, p o 2 (1ECAM :n=1, 2BEEAM :n=2)
Su Su 4

FzlE, & 6-18 (2EETAMDOBEIX 1 EEAND 25)
BHEEHERE: P, =F,, (¢/D=2.0)D:
ZZT, Fyy (e/D=2.0) : MMPDS ®DT—4% — FOEEHBEIL S
D: YRy FOERE
t: BHMOKRE, 1EEANBEOSEITENISDRE, 2EEANDOBEIIRADIRDE
S, FrENMIOEROESDEE.

MEE) Ry MEFEREIBMIREDHZEZRZITIDT, YRy FEANERELBMOEEEEZR| LI
HELTRDBIELIEITES, RBICKYRD-BFHBHELESVLELNHD. MED Ry FOTAHBRF
DEFHAREE (Unit Allowable Load) DFIER 6-20 £FK 6-21 [TFRY (MMPDS (XREK[2-5]) &£ UY).

e Rk, nAOvY, BYIRILMEFOBRE
H -8R YEEMSI5RA 7 7 X+ (Protruding Tension Head Fasteners) DB AMIMF TIX, 77 XA+ DHAKBKE
CEEVOEEREDNSWES ZHEUFRTELT 5.

TR CAHRRE : p _p 2 (1ERAN n=1, 2ELAR : n=2)
Ssu su 4

FrlE, XK 622 (2EEAMDBEEIE 1 EEARD 2£5)
BMEEHFERE: P, = F,,(¢/D=2.0)Dt
ZZT, Fyy (e/D=2.0) : MMPDS ®T—4 — FOEEHBIL S
D: J7RXAFTDER
t: BHORE, 1HEEARBFOBEISENZISORE, 2EEAHOGEIEIABOKRDE

&, FEEFNMIOHRDEEDEE.

LML, HoRYBETH>THHABAD 7 7 X+ (Protruding Shear Head Fasteners) M+ A Wi#tF Tl
WEIZCE>TITAEREC I 7 RFEAMBEZREEICRIETELRV EADMA>TLS. LEzA->T, HER
T—RICE>THE L-HEUTRWEEZES.

E4%(C, MBET 7 X+ (Flush Head Fasteners) DB AMMBFICOVWTHRBRT—2 12k > THRE LI B
BREZED. N OVIDEAMBFHBTREELR 6-24 &K 625 ITRT (MMPDS (XRBR[2-5]) & Y).
V4 NABY I DEAMBFHBITELZRRLE-ONE 6-152 £E 6-153 THD. WFHREL BMO@E
EEEENAMOVIDEARBEIYVEN ENLMND.
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2011/10/10

Shear Strength Correction Factors for Solid Protruding Head Rivets®

Rivet Diameter, in. 1/16 3/32 1/8 5/32 3/16 1/4 5/16 3/8
Single-Shear Rivet Strength Factors

Sheet thickness, in.:
0016 ......... 0.964
0018 ......... 0981 | 0.912
0.020 ......... 0.995 | 0.933
0025 ......... 1.000 | 0.970 0.920
0032 ......... 1.000 0.964 0.925
0036 ......... 0.981 0.946 0.912
0040 ......... 0.995 0.964 0.933
0.045 ......... 1.000 0.981 0.953
0.050 ......... 0.995 0.970 0.920
0.063 ......... 1.000 1.000 0.961 | 0.922
0.071 ......... 0979 | 0944 | 0.909
0080 ......... 0.995 | 0.964 | 0.933
0.090 ......... 1.000 | 0.981 0.953
0.100 ......... 0.995 | 0.972
0125 ......... 1.000 | 1.000

Double-Shear Rivet Strength Factors

Sheet thickness, in.:
0016 ......... 0.687
0018 ......... 0.744 | 0.518
0.020 ......... 0.789 | 0.585
0.025 ......... 0.870 | 0.708 0.545
0032 ......... 0941 | 0.814 0.687 0.560
0036 ......... 0.969 | 0.857 0.744 0.630 0.518
0040 ......... 0.992 | 0.891 0.789 0.687 0.585
0045 ......... 1.000 | 0.924 0.834 0.744 0.653
0.050 ......... 0.951 0.870 0.789 0.708 0.545
0063 ......... 1.000 0.937 0.872 0.808 0.679 | 0.550
0071 ......... 0.966 0.909 0.852 0.737 | 0.622 | 0.508
0080 ......... 0.992 0.941 0.891 0.789 | 0.687 [ 0.585
0.090 ......... 1.000 0.969 0.924 0.834 | 0.744 | 0.653
0.100 ......... 0.992 0.951 0.870 | 0.789 [ 0.708
0.125 ......... 1.000 1.000 0.935 | 0.870 [ 0.805
0.160 ......... 0.992 | 0.941 0.891
0.190 ......... 1.000 | 0.981 0.939
0250 ......... 1.000 | 1.000

Sheet thickness is that of the thinnest sheet in single-shear joints and the middle sheet in double-shear joints. Values based on tests

of aluminum rivets
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Static Joint Strength of 100° Flush Head Aluminum Alloy Solid
Rivets in Machine-Countersunk Aluminum Alloy Sheet
MS20426DD

Rivet TYPe oo, MS20426AD (2117-T3) MS20426D (2017-T3) (2024-T31)

(F = 30 ksi) (Fy = 38 ksi) (F,, =41 ksi)
Sheet Material .............. Clad 2024-T42
Rivet Diameter, in. ........... 3/32 1/8 5/32 3/16 5/32 3/16 1/4 3/16 1/4

(Nominal Hole Diameter, in.) (0.096) | (0.1285) [(0.159){(0.191)] (0.159) | (0.191) | (0.257) | (0.191) | (0.257)

Ultimate Strength , Ibs

Sheet thickness, in.:

0032 ... 178°

0.040 ...l 193 309

0050 ...l 206 340 479 5800¢

0063 ... 216 363 523 705" 657° 859« 886"

0071 ... 373 542 739 690 917° 942

0080 ... ... ... 560 769 720 969° 992

0.090 ... il 575 795 746 1015 1552 | 1035 1647

0100 ... ... ... ... 818 1054 1640° 1073 1738°

0125 ..o 853 1090 1773 1131 1877

0160 ... ..., 1891 2000

0190 ... 1970 2084
Rivet shear strength® . ........ 217 388 596 862 755 1090 1970 1175 2125

Yield Strength ¢, Ibs

Sheet thickness, in.:

0032 ... 132

0040 ...l 153 231

0050 ...l 188 261 321 345

0.063 ... Ll 213 321 402 471 401 515 614

0071 ..o 348 453 538 481 557 669

0080 ...l 498 616 562 623 761

0090 ... ... 537 685 633 746 861 842 1053

0100 ....... ..l 745 854 1017 913 1115

0125 ... 836 1018 1313 1021 1357

0160 ...l 1574 1694

0190 ................... 1753 1925
Head height (ref.),in. ........ 0.036 0.042 | 0.055 ] 0.070 | 0.055 0.070 | 0.095 0.070 0.095

b Values above line are for knife-edge condition and the use of fasteners in this condition is undesirable. The use of knife-
edge condition in design of military aircraft requires specific approval of the procuring agency.

¢ Yield value is less than 2/3 of the indicated ultimate strength value.

d Rivet shear strength is documented in MS20426.

¢ Permanent set at yield load: the greater of 0.005 inch or 2.5% of nominal diameter.

MMPDS (X#R[2-5]) & U
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Static Joint Strength of 100° Flush Shear Head Aluminum Alloy
(7050-T73) Solid Rivets in Machine-Countersunk Aluminum Alloy Sheet
Rivet Type ................ NAS1097-E* (F,, = 41 ksi)
Sheet Material ............. Clad 2024-T3 Clad 7075-T6
Nominal Rivet Diameter, in. 1/8 5/32 | 3/16 1/4 1/8 5/32 3/16 1/4
(Nominal Hole Diameter, in.)> . | (0.1285) [(0.159)|(0.191)] (0.257) |(0.1285)| (0.159) | (0.191) |(0.257)
Ultimate Strength, 1bs
Sheet thickness, in.:
0025 ... .. 227¢ 278°
0032 ... .. 326 367° 354 441°¢
0040 ... ... ..l 437 505 561° 439 547 661°
0050 ................... 466 679 773 908° 456 674 823 | 1120°
0063 ... ... 485 717 | 1005 | 1275 477 700 980 | 1330
0071 ................... 497 731 | 1025 [ 1500 490 716 999 | 1570
0080 ................... 507 747 | 1045 | 1750 505 734 1020 | 1760
0090 ................... 521 765 | 1065 | 1840 520 754 1045 | 1790
0.100 ................... 531 781 | 1085 | 1870 531 774 1070 | 1825
0125 ... ... 814 | 1135 | 1935 814 1130 | 1905
0.160 ................... 1175 | 2030 1175 | 2020
0190 ... ................ 2110 2115
0250 ... 2125 2125
Rivet shear strength? ...... .. 531 814 | 1175 | 2125 531 814 1175 | 2125
Yield Strength®, lbs
Sheet thickness, in.:
0025 ..o 192 222
0032 ... . 283 311 307 356
0040 ... 349 439 479 372 475 542
0050 ........ i 398 538 674 767 398 572 724 894
0063 ... 462 617 799 | 1105 431 612 836 | 1205
0071 ... o 497 665 857 1310 451 638 867 | 1400
0080 ... 507 720 921 1400 474 666 900 | 1490
0090 ... ... 521 765 995 1500 499 698 938 1540
0.100 ... 531 781 | 1065 | 1595 525 729 976 | 1595
0.125 ... i 814 | 1135 | 1835 808 1070 | 1720
0.160 ....... ..o, 1175 | 2030 1175 | 1895
0.190 ................... 2110 2050
0250 ........ .. ... ... ... 2125 2125
Head height (ref),in. ....... 0.029 | 0.037 | 0.046 | 0.060 | 0.029 | 0.037 | 0.046 | 0.060

a Data supplied by Lockheed-Georgia Company.
b Fasteners installed in hole diameters of 0.130, 0.158, 0.191, and 0.254 + 0.003 inch, respectively.
¢ Values above line are for knife-edge condition and the use of fasteners in this condition is undesirable. The use of knife-edge

condition in design of military aircraft requires specific approval of the procuring agency.
d Shear strength based on Table 8.1.2(b) and F,, = 41 ksi.
e Permanent set at yield load: 4% of nominal hole diameter.
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2011/10/10

Static Joint Strength of 100° Flush Shear Head Ti-6Al-4V Fasteners in
Machine-Countersunk Aluminum Alloy Sheet and Plate

Fastener Type ................. HL 11 Pin (F,, = 95 ksi), HL 70 Collar®

Sheet and Plate Material ......... Clad 7075-T6 and T651

Fastener Diameter, in. ........... 5/32 3/16 1/4 5/16

(Nominal Shank Diameter, in.) .... (0.164) (0.190) (0.250) (0.312)

Ultimate Strength, lbs

Sheet or plate thickness, in.:
0040 ... . 734° 837"
0050 ... ... 941 1083 1343°
0063 ... ... 1207 1393 1762 2170°
0071 ... . 1385 1588 2012 2463
0080 ..., 1557 1779 2281 2823
009 ... .. ... 1775 2050 2594 3193
0100 ... ... ... 1876 2263 2919 3631
0125 ... 1950 2542 3765 4594
0.160 ..., 2007 2660 3970 5890
0190 ... ... ... ... 2694 4165 6105
0250 ... .. 4530 6580
0312 .o 4660 7050
0375 .o 7290

Fastener shear strength® .......... 2007 2694 4660 7290

Yield Strength’, Ibs

Sheet or plate thickness, in
0040 ... ... 674 794
0050 ... 835 982 1325
0063 ... ... 1038 1230 1655 2141
0071 ... 1130 1355 1813 2338
0080 ... 1230 1480 2062 2620
009 ... .. 1342 1625 2250 2880
0100 ... .. ... ... ..., 1440 1750 2470 3420
0125 ... 1670 2020 2930 3860
0160 ...... ..., 1891 2360 3480 4620
0190 ... .. ... L. 2560 3840 5150
0250 ..o 4440 6170
0312 ... 4660 6900
0375 ... .. ... L. 7290

Head height (nom.),in. .......... 0.040 0.046 0.060 0.067

a Data supplied by Hi-Shear Corporation.

b Values above line are for knife-edge condition and the use of fasteners in this condition is undesirable. The use of knife-
edge condition in design of military aircraft requires specific approval of the procuring agency.

o o

Fastener shear strength based on areas computed from indicated nominal shank diameter and F,, = 95 ksi.
Permanent set at yield load: the greater of 0.012 inch or 4% of nominal diameter.

MMPDS (X#k[2-5]) &V
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Static Joint Strength of Protruding Shear Head Alloy Steel Hi-Lok

Fastener Type ................. HL 18 Pin (F,, = 95 ksi), HL 70 Collar*

Sheet Material ................ Clad 7075-T6

Fastener Diameter, in. .......... 5/32 3/16 1/4 5/16
(Nominal Shank Diameter, in.)" . . . (0.164) (0.190) (0.250) (0.312)
Sheet thickness, in.: Ultimate Strength, 1bs.

0050 ... 1078

0063 ... 1353 1559

0071 ... 1520 1776

0080 ... 1718 1957 2593

0.090 ...l 1890 2224 2937
0100 ... 1930 2473 3250 4050
0125 . o 2007 2580 4063 5075
0160 ... 2694 4450 6509
0190 ... 4620 6880
0250 ... 4660 7290
Rivet shear strength®. .. ......... 2007 2694 4660 7290
Sheet thickness, in.: Yield Strength?, Ibs.

0050 ... 976

0063 ... 1251 1426

0071 ..o 1430 1624

0080 ... 1589 1848 2344

0.09 ... 1746 2065 2687
0100 ... 1875 2242 3031 3660
0125 oo 2563 3750 4734
0160 ... 4406 6051
0190 ...t 6686

oo oo

Data supplied by Hi-Shear Corporation.

Fasteners installed in clearance holes (0.0005-0.0025).
Fastener shear strength based on areas computed from indicated nominal shank diameter and F,, = 95 ksi.
Permanent set at yield load: the greater of 0.012 inch or 4% of nominal diameter.
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6.5.83 77 AT HMFOREFTEHI
(1) 251~y MiEF

6-154 IZ5RG 251 Ny MEFOHFBRERFTELHET D, ®MMUENS IR Y FRHEETRTELII LN
b, & 6-18 M5 MS2470AD6 ) Ry bD 1 EHFAMREIL 8601b=3825N THS. IREMEFRMIE, * 6-19
kU k=10 THEHDT, COBFOIRNY FEAMFEREL,

P, =nkP, =8x1.0x3825 =30600N

BHMOBEEHFBSHEIL 2024-T3 Clad # OEERE F,.,, = 127ksi (B-Basis) &Y,
=nF, (e/D =2.0)Dt = 8x(127 x 6.895)x (0.190 x 25.4)x (0.063 x 25.4) = 54099 N

allow bru

v MEIRFFRFEIE, 2024-T3 Clad M D 5I5REE F,, = 63ksi (B-Basis) &Y,
P, =FE,(W—nD) =(63x6.895)x (80 —4x0.190 x 25.4)x (0.063x 25.4) = 42189 N

allow

UEDHBREDR/ME (URy FEAUE) BRZDYRY MEFOSIERHFBTE Py =30600N THD.

40 mm
ﬁ—» & 20 mm
<+ —>
<+ ) —>
<+ —>
<+ O —>
BIRHE P +— 80 mm
<+ O —>
—p
<+— @)
«— X —

/

HoNBIRAEE RS SHE o 00
(2117-T3 H>3RYEA Nk 3/16 inch dia.)

.063 inch .063 inch

:

e

2024-T3 Clad

6-154 25| Ny hEF

(2) 3FYRy MEF
YRy MBI H D EHBHENESHINEHELTHALS (H 6-155). YRy kA3 HEE, UA
v FORENETIEAECHES. 22T, FTIRY FORENEZ 482 HOAETIHET 5.
t _ 0.063x25.4 033 b,
D 0.190x254
4143 &y, _K —0.20
plate
4-144 &Y, THOYRy FEIORESBEL 035, FROUANRNy FIIOFRESBEL 030 THD. HDOUANY
FRID YRy FEABTREN IR Y FEAMBEBRREISET L ENEHOFBTHETHD.
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COMFOYANY FEBEAMREERL, URY MTESEEEERLT

=1.0x3825x| 8+ 0.30
0.35

P

allow

X 4) =43714N

BMOBEEHFBFEIX, Ay MHESEZEELT,

P

allow

= (127 % 6.895)x (0.190 x 25.4) x (0.063 x 25.4) x [8 + 8? (5) x 4j =77284N

v FEIEREFRMEL,
P, = E,(W—nD)t = (63x6.895)x (80 — 4 x0.190 x 25.4)x (0.063 x 25.4) = 42189 N
LEDHBHREOR/IME (R FBIER) BNCDYRY MEFOEIRFBRE P, =42189N TH S.
COH-SRYIEAD YRy FDIBE, 2577 AT #BF LY 35T 7 RFBFOESHAHFBREAKRENI LA
Hbhdb TEBABBRENLSDLEVWIAY FEFEXE 77 RF3FTIHEFLEL, 25TLY 3RAT
b5
CCTRR2ZAICUARY MRENH—THAVELTHBRMEZHE LD, EROBETEIEELIRY FEA
MOBRRENH D= RNy MEFENY—LEIhD. LHL, URY FINELHDE, DNy FIORE
DENEAEARELHEDZDT (K 4-144), H—LHEFTELZL. REN—EDYAY MEFTHIFIFETAH
PDEOLVEEERBFTHS.

40 40
b_»mm <—>r1m ﬁ 20 mm

|

80 mm

SI3RTETE P

O O O ©
O O O

[RAUAR)

SRR RY

Be

FoNBIRREE A E S BME oo DO
(2117-T3 H>3RYEE! Ak 3/16 inch dia.)

.063 inch .063 inch
| S {
4 Lg% \%/ ~ }

X 6-155 35U~y MEF

(3) 25lnag By I HAMBEF
6-156 [Z:R 9 MEE/NA By (HL11) MFOBEMHFEFEL R 624 &Y 1779b=7913NTHS. 25|27
FAFTTI7RTHERFMETHY, 77 RFTEXBIBARTHLHDT, MFDIERHFAFMEL,
P nP, =8x7913 = 63304N

allow — su

v MEIREFARREI(L, 7075-T6 Clad M D 5I5RRE F,, = 77ksi (B-Basis) & U,
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=F

tu

R TMEREERTOER]

(W —nD)t = (77 x 6.895)x (80 — 4 x 0.1900 x 25.4) x (0.080 x 25.4) = 65480 N

ULDOHBRTEDR/MENZD T 7 AT RFOSIREFBHRE Py, =63304N TH D.

5I3RTTE P

40 mm

ﬁ—> % 20 mm
<+— —>
«— O —
<+— —>
<« 0 —
P — 80 mm
«— 0 —

—>

«— @
«— X —>

/.

*‘)I@I EE%EE?'I'%T%)EEEE Hilok HL11-6 Pin/HL70-6 Collar
(3/16 inch dia.)

.080 inch .080 inch

' |
T

7075-T6 Clad

6-156 MEE/NA O v J#EF
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6584 ST ELEVDBREMEE

SUEEY (FREFEAMARILE) 2ESHEEDEHAERER 6-157 ITRT.

XHR[2-8]DEE 9 B, FI=(LITHR[2-27]D Section B2 1255 & E L DIZEMATRETEEDFMLRBENHS. =
NIE 1950 ERICEBRT— 2D BEHINHEETHY, BETLHLLNTWLS. FEMAREIATS IO
BARTDNHETEDSL ST o128, FEM [C& BT T DIEHBITDOHERE CAFETIZHOA TV ESERT—
AEEAHAADLE TSI DREZHET HHENAXHR-57TRESATVEIDT, FOHEEUTIZENTS. E
COHEITOFEIZDONTIE, XH[R2-8IDE I EDHZEHRBET 5.

JLER BFAMRILL, FFEY

K 6-157 S5 EFEo>1=#EEDERER

1) ST DB

FT, STDORARPHERTHES (LEK[2-64]I2KB). K 6-158 DLORD &L S, SARIZSERFEZE
wMLE59%, B 6159 OTFTORD&S5H 2 ReERERETILTHEFT L. COETILTIE EVHETILE
LTHY, EVOMBEOY U ITEEISTOMBOVY U ITEDIBEREL:. EVONBEDEHRESTDROE M
FEICEZTRHOEREL, RCHBICHIHTRES LENRERTHALZ. ECORDICHEZAMLT, E
VOHRESTDOROE AL EM L IGEICIEZOBFRONFREROEEICAIEEZREL L TREEEZR D LS
2L, BNE=BEICENARORAIEZERITNSICLT (FEAEEN) HEZEABWVESICLE. ZOL3IZL
THELERAREADDTE (K 6-159 £ 6-160) 12, FFEARGADAHEER 6-161 ITFF. ChHORT
umh§$ﬂﬁﬁmﬁfﬁ:é%f/—754fbt&é.aﬁmﬁt&&raﬁmﬂﬁk%<ah@@éﬁgﬁ
FRADEHERITEL LS. AERIDFAITLEN—HT, FHAERHEZTNFEEEHLLLEVI AN,
M FEM EMfER %24 LI LT, RIBETHAT IBEMEEINRAFE SN, 20 FEM BHIERIBREEFTTHD
DT, FHREERDDICIIBHEOEEEZEETILENDHY, TOLEAARARNDGAETDEEEBEMSINS.

376



BE TMEREERTOER]

=
/BB

2011/10/10

A
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A
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P/2

4 FEM £T /L

6-158 S5 ®M

ANGLE 8, DEGREES

o

"5 £o '553u15 VIINIONVL OIZITYWHON
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ST DROBEBEDEAEIEAD5 T
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NORMALIZED STRESS ALONG x-AXIS, 9y/ O,

B OER TMERBERTOER]
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NORMALIZED PRESSURE P / O

1
0.8 1.0 1.2 1.4 1.6 . 2.0
NORMALIZED DISTANCE FROM EDGE OF HOLE, (x-R;)/R;

6-160 S ORAARIEID x HAED 5

6-161

ANGLE 6, DEGREES

SUTOAROEBEOFERMAEH (EELH) DHF
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Q) ZVDEBEEE (XEK[2-57]I2& B)
BT EDOMRER 6-162 12RF. T—/IN—RBL IF0END 45ETHS. "D FTvLa100ETHS.
ROEENT T DI ERID (eccentricity) LTWAEHEE (4 ) HEET S.

0

5D 2 RITHEH FEM BFIZ K 2 ROBEBEICHKET 2RAAMGEHORKEE FHEEE IO EEERHES
BEK, EEETS.
_ Somax
I

coT, g, ROBBISRET ZEFAEHOBKIE

K

th

7 _ P mwEERA
BR Dt

P.fE D:STDRE : STDES

ST DHBFE Py DoEENERBRH Ky ERDESITEERT .

_ allow

" DtF

tu

BR

CCT, F, : 27 DHMHOBIBEIRIFRICN (TRTOHFADS bOH/MEZERES)

COREESTHRD L,
P o = Ky DtE,

WABWAIERK, MH, REARDS TOEBRT—IM5 K, & Ky OBFRABLATLS (B 6-164 (Fr—k
B)). BEENICE > TROABEORXIEAROLMINIE, COFv—rEF-TSITDREZHETES. —A,
WAWAETED S YT 0O 2 RILEH FEM BTEREF L O THRMESAET R K, #RDE2Fv— +HMERSH
T35 (A 6-163, 6-165, 6-166, 6-167).

D D

p=0c 7 !
4 \\

AbL—b57T = 5—55

6-162 T DRIK
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CNLDFY—hEFEOTSTDREZHET HSFIREUTIZRY.

@ RrL—=F3Y (B=0")

W & 6o topFr—rA (B 6163) EEST(K,) ERDS.
i A

NROROLHBLENGE,
(K,), BM5Fv—tB (B 6-164) £E>TK,, ERD2.
P, =K, DiF, CIUTOHBHENHETES. BH, RBFIRHBEAF, SETRTOEADS 5D

allow

RIMEZES &

ROBLHH DB,
20 pg #B%V—FE&E64@)Eﬁofﬁ@@%é%ﬁ@ﬁﬂ%¢wﬁE%ﬁEK% EHHRY
W Ktb s

ETROLBOLOBNEED (K,) [THERRENTT(K,), €83

(k,), ®BFv—FB (B 6-164) EE>TK,, ERDS.
P, =K, DiIF, T3UORBHENHETES. A5, KESIRFBRLNF SETRTOEADS LD

allow

=/IMEEES C &

@ FT—1=37 (0 < p<45)
@1 T—/1\—=3J, BAARE (0°< <45, 6=0")
2R prpFr—kC (B 6-165) EHESTHARFE (0-0) DBAD(K,),, EXDB.
D
NROROLAZWNERIE,
(Ky)poy o Fr—F B (A 6-164) EFESTK,, ERDD.
P, =K, DiF, TIUDHBHENHETES. 4H, KBEIRABEAE ISETRTOAADS B0

allow

=/IMEEES Z &

ROFLHBHBHEE,
2_a g ppFv—rE (@ 6160 2E-TRLOBZIBAOHNERORERN (Ko). 23a
W R,

BY, ETRORLOBGVEZD(K,) =(K,),, ITHERKENTT(K,) &85
(k,), ®>Fr—tB (@ 6164) EEoTK,, ERD5.
P, =K, DiF, TSUDHBHENHETES. hh, REIBRFBEAF, CRIRTOFANS LD

allow

=/IMEEES C &

@2 T=R=3J, EWEFRAOFE (0°< <45, 0£0°)
W_2RK tg hoFr—tA 6163 EE2TARL—F3Y (f=0) DOSAFREIHT 5 (k,,) ,
D D ’
ERDB.

2Ry h e F o — PO 6-169) EE-T =45 OF—1X—F T OMAAHE(0=0)IHT 3 (K )yposs 0o
D —45°.0=

ZRDHB.
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0 BoFry—bD (B 6-166) ZFE>T =45 DT—/\—F T DREDHRDHERE ((Kt)b)ﬁ—4s:e %
K

th ) p=45",0=0°
3.
(Kp)yoas oo |CCOMERBENIT(x,),  , EED

p=45°,0

AbL=F3T(p=0)D(k,)

o & 45" T=R=3TD(k,)

b)p=45°,0

mop OREELT(K,),, £85.

.0

ROROLHBLENGE,
(K,),,2Fx—rB (B 6l64) EE>TK,, ERDD.

P, =K, DiF, TSUDEBHENHETES. hh, REIRFBEAF, CRIRTOFANS L0

=/IMEEES Z &

RORLAHHEEL,

2a _a g pdFr—hrE (H 6-167) #FEoTR FL— FSTIRLDHDBEDENERDHER

W R,

ﬁEK% EBHRY, ETROLBOOBNEED (k) - (K,),, THERRENTT(K,) 85,
Ktb s ‘ '

(k,), ®>Fr—tB (@ 6164) EEoTK,, ERD5.
P, =K, Dif, TITDHEHENHETES. #H, REIFFBENFE CRTRTOFAD3 0

allow

=/IMEEES Z &

i

HWE: Fy— oK
SEZEDYH, Fr—FORZRELTHEL (XFE[2-571& Y).
® Fry—kA (K 6-163)
A bL— b5 Y OEMEISAEPHRE
L=0,0=0 DEE,

W —0.675
(Kp), ooy = 2.75(D - 1)

B=0,0=90 DEFE,

—-1.333
(K)o = 7.78(V;j P 1724 < % <340 DEF

-1.667 W
(K oo = 9‘333(])) F1332< <1724 nEE

® Fy¥—btB (X 6-164)
XHR[2-57]DF v — K E LB TEHT-.

-0.85

Ky = 2.50K, "% —0.245

e Fv—hC (K 6165)
T—IR—=3 T OEEE A%
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@@M;@%ﬁ%WqﬁmmJ

135\ D
F¥—btD (B 6-166)
B =45 T—NR—3 T DHEDEEDMHIERE

(Ktb )ﬂ:45° .0

=1+6.33x1070-8.15x107°6°
(Kth )ﬂ:45°,9:0°

Fv—+rE (B 6-167)
BREEE1F v— b T, RIEAL
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1.8 w Symmetric Lu
f}_—\‘l LyA °
15
" RN
1.4 _L 2}
1.3} L*.¢$hxp
28 > 1.0
1.2}
(Ktb)e
(Ktb)s 1r
1.0 6= 90°
8= a5°
0.9} W  no
"'[ z ]" SYMMETRIC / =0
0.8} ‘\/ LUG —
-~
°-7F ,)0\\ ~—— SYMMETRIC LUG
P 23 1.0
ol o s wo
0.6 [ | 2 L 1 n : : ] 1 L
0.5 1.0 1.5
2a
w

6-167 RODEE - Fy—hE

3) Ty amsaEstEL
STy a2V TVWAGEEICET v 1 0RBAEHBREIROKXTEREINSD. (SCH[2-8])
P,y =1.304F, D t
C T, Faypg s 7V 1 DERERIKE S
t: STORE (Tvadig)
D, : FrnER
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@ 2MSTDEDOBEEE

SUTHREBEDEVDBREF v L BAREBIFICEHL TTS.

= =

EREOS THEOBRIFEAEEDEAR

TEE, BIFTHRET S LEFATHS. LML, FIRFMEUATTEQOHITOXRKAERNEET HEELZER
(SENTEGLKGDIE, EVOBITERNBRTHSESTDORAY DIEARTHMNY—THELGY S TREN
BTF92enn, EVOHBIFREEZFI VI TILENDHD. UTDBREFEREIIHEKR-8]ICELD.

Er Dt AMEE
K 6-168 IZRT 2SS THEEDE LD EAMEBSHRE P, [FXORXTRSIS
2

7D
P =AF, =2—LF

sT tu su

CCT, D, EVOERE
F,: EVOBAMBERED
A4, ELV QR ABOEETE
XOFD MN2) FEVA2EEAMTHELZZIT TSI LIZLS.

W —= b H- H b, bee—
he— £ — ]
. e g o b [brl
br]\‘hﬂ""" @ 1N
‘s
+ - —
\ / /fbrz
D.
\ i lp i / @ ] U] @
\\-‘—D Ve
' - - t1-t L €1
L__\/\/‘\_/\.-
P’/:F' b2 (= P/2
b,
w, — ot

B 6-168 EVOFE

ELDiIfiRE
F9, EVESTDORBOEMAEN—HKIZCHG LTSI ERETS. COEEDEVDRERBITE—2A 2k

My [FRODKXTREND.

A%M=£'ﬁ+i+g
202 4

CCZT, P:{ERBE
tSMEID S T DRE
L REIDS T DRE
g: STDxXry T
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COMITFE—AY MIHLT, BEBREIZBEVWTEUABIELATAELL. CDEE, BHiIFE2EELT

K. BHMITFEZEBELEECDOHBRHTFE—ADLE M, £T5E, ECOHITICHT 2HBRE P, &
ROKXTREINS.

2M
Bu=Trt—
[

2 4

ELOHIFICHT 2HRTEN, STOHERHFE, Jy a1 0EEHEHE EVOBAHFRFTELYK
EFVVELIE EVOBMIFICHTIBEEL ISNATHY, ChULOHEFIFTETHD.

HL, EVOBMIFIZHT 2HBRES, STDHBRE, TV 10EEHEHE, EVOBAMHRRE
FYNESWESIE, COEVEHERMICEVESTHY, BHIFFEETHSD. LML, EVHEIADZLITE
Y, EVESTORDOEMEEOTLINAECOBAMEICIEDC IS, EVOBITFE—2 2 FHENSINS.
CONREEBT DO RFoEBEMAEDNHZER 6-168MDKSIZIEL, &b, D—HATRERET S L,
STETYVL10EMEREDLRIEY b, & 2b, ITHDZ LTS, O, EVOBITICHT 2ERE,

' 2M

u

P [ |
bu ﬁ-‘rﬁ-’_
2 2 g

THD. BIEREZRO LIFTET YVl LTLHBREEZRDS. T405, SMIOSTDIRE 1
DROYIZh, ZEWD, REOZTDRE, ORDYIZ26, ZES CEICLYHFBRRELZFET LI ENTE
5. EVOHIFICHT BHBRENSTETYV1DHBREDNEVES EF L G EEN, TDFY
BEDHBHETHS. ROANCOFHEZToOLBERTHY, ECDHIFISHT SRRHFBREERDLT.

P, t t
B = ZC\/(’;“ (2’+i+gj+g2 -2Cg

P + Bugz

o O -G" C — lugl
P]ugltz + Buthl

Pg - SMAS T O RBIDHFEFEENMUS TORBID T v L 1 DHFERFEDPNEES
Py RBISTOHBERELRNAS TDHBEREDPENED

() 2B THEEDHBRRE

2 THREDHBRELZFLEDDHERD LS8 SH. (STHR[2-8])

o LEUOHIFITHTHREALY S SADEE
ELESTROBEMAEN—ZRICAAMLTVWSERELTHELLEDHFERRE BIFE— 2V FO#E
MEERLREW) A, STDHBFRE (RAISTEMISTDONEWNES), TyvL10HBRE (RE
SUTENMUAZTDINENES), EVORAMBREDEANLYEGEE.

SUTDHBRE Ty i0HBRE EVOEABHFRRED S bOR/MENS THAEDHBTHETH
.

o EUOHIFITHT PMENMENEE
EvESTROEMEEA—ZRICHTLTVSERELTHELEZE OHFBREBITFE— 42 DI
EERELEGL) A STOHBHE (RAISTEMISTDNENEZES), TyPai0HERE (RAIS
TENMUASTDNENZES), EVORAMBEDENKY HLIEWVEE.
ELOEAMBRRELEOHMIFICHT HHRFE BIFE—2 2 MEFZBER) O/PSWVESH5T
HENHBRETHD.
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(6) STHEEDBRESTERH 1
6-169 IR 2SS VS DBESFEELUTIZRT.

o MM
HEEHBEEIRDEEY THS.
> SMEISY, REISY
## : 7050-T7451, Plate, 1.501-2.000inch t
HMAMFE - F, =76ksi, F, (e/D=1.5)=112ksi
> Jwia
ME . 7LEIRUR
MEFE  F, = 60ksi
> RILk (EY)
## : Low Alloy Steel
MY . F, = 125ksi, F,,=75ksi

1,=50
A
J — t2_92_> P
y
:?\ g=10
=50
SMES Y

REISS

N

P =36000 N

6-169 2 THEEDEELER 1

@ =y
W _2R _2x1905_, 40 £9=30m5Fr—k A (B 6163) #FE>TRARL—F55 (g=0) @

D D 159

0=30 FAHEINT 2 (k,), EXDBE, (K,), =225 285
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2Ry 540t BFw—k C (B 6165 EfE->T =45 DTF——STOMAERFNE (9=0) 5T 2
D

(Krh)/}:45“,9:0“ ERHBE, (Km) =195 R/5.

p=45°,0=0"

0=30 AHLFrx—hFr D (B 6166) ZE-T =45 DT—N—FTORMEDHRADHIEFREK

(Ki)psso #gwae,  Kilpwso _ 116 £18%.
(K:b)ﬁ:45“,6:0“ (bi)ﬁ:45“,6:0“

(K )poss g =1.95 [ OHERBENITT (k) =1.16x1.95=226 &#"%.

P=45".0

AbL=F3Y (p=0) D(K,)

, £45° T—R=37D(k,) Nop OREZELT,

p-45"0
2.26-2.25
(Kxh )p,g = X(

30-0)+2.25=226 &#%.
45-0

ROBOHLVDT, (k,),,PoFr—hB (H 6-l64) EE>TK,, ERHDE, K, =101 £H5.

SUTDHBRER P

allow

= 2K,,Dt,F,

tu

= 2><1.01><15.9><5><(76><6.895)= 84152N

@ WISy
W_381 240 & 6=0" B6Fv—FA (B 6163) £ T(K,) &kDDE, (K,) =220 £85.
D 159
ROROLHBEVDT, (K,) BHFr—hB (R 6-164) ZE2TK,, ERDDE, K, =103 55
SUDHBHENR, P, =K,DtF, =1.03x159x9.5%(76x6.895) = 81528 N

allow

® Tvia
NS TDTy L1 DRBAEEFBHREL,
P,y = 1.304F, D 21, =1.304 % (60 x6.895)x9.525x 2 x 5 = 51384 N
REISTDTy 1 DREBEEFRREIL,
P,y = 1.304F, D 1, =1.304 x (60 x 6.895)x 9.525x9.5 = 48815N

@ EVOHFBEAMETE
EVII2EEAMTHIMND, EVDOHFBTEAMTEL,

D,’ 2
P,=AF, =270 F :zx%x(ﬁxa%s):m%zv

s tu su

® ErORBHIHE
ELORBHMIFE—AL hE, BREBTEEET DL F, = 180k NS,

_aD'F, _ 7x9.525" x(180x6.985)

M =106669N —mm
32 32
ELOBIFIHT 2HERHE BIFE—A2 FOBMEEELELY)
P = 2M, _ 2x106668 —36313N
A 9.5
—+—=+g —+—+1
2 4 2 4

COHBHER, STDHBHRE, Ty V1DHBHRE, EVOHFBEAMREICEATIELOT, BHIFE
— AU FDBENEZRT DLELHS.
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HIFE—AY FOEMEEZEEL-ECOBIFICSHT 5 BFRER,

51384
2 48815
PP )

C= lugl” lug2 = 2569 N/mm

P[llgltZ + PIuthl w X 95 + 48815 x5
2

P

bu,mqgx

o0 BBty )b g m20g = 2x2569% 2033 (3195 )42 Z0x2569x1 = 41965N
cl274 2569 \ 2 4

® STREDHFBHMENELD
ECDHBLABRFTES YHTFICHT2HFREDNESANSVDOT, STHEDRESE L TILE L OBIFA
REELGY, SURBOHBERER,
Py, =41965N

allow

&GS,

@D STHAEDRER®
ST ERAREIL 36000N THHNDT, MFOHANRE 115 #EZE L THRERBIEIRDELSI124 5.

41965

=————1=+0.01
36000x1.15
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(7) S TG DRESTERF 2
BIEDS YT DEUEE 9.525mm A5 12.7mm [TEMLI=E 6-170 (TR 2SS TS DBREFEE LU TIZR

7.

o HH
HEEHBEEIRDEEY THS.
> NS Y, RAEISY
## : 7050-T7451, Plate, 1.501-2.000inch t
M4 . F,=76ksi, F., (e/D=1.5)=112ksi
> TJwia
#FHE. 7L UX
MEFE  F, = 60ksi
>  WRILk (EY)
## : Low Alloy Steel
M . F, = 125ksi, F,,=75ksi

=50
g=10
P h { lz_ 952# P
g=1.0
5.0
SMAIS S

NS

N

P=36000 N

6-170 2MS THEEDRETEH 2

O MMz o
W _2R, _2x19.05 _ cc L9=30m5Fv—hAE 6-163)EE>TRFL—F55(5=0)D 0 =30°

D D 21.0

HEFHEICHT B (k,), ERDBE, (K,),

0=
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2Ry _ | geMBFr—k C (B 6-165) #FE-T =45 DT—N—STOMAEAFE (9=0) [THT3

(Krh )/}:45“,9:0“ ERHBE, (Km) =2.65 5[5,

p=45°,0=0"
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(K:b)ﬁ:45“,6:0“ (bi)ﬁ:45“,6:0“
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REISTDTy 1 DRBEEFRREIL,
P,y = 1.304F, D t, =1.304 x (60 x6.895)x12.7x 9.5 = 65086 N

@ EVOHFBEAMETE
ELDEAMEBRIGHIEF,=75ksi T2EEAMTHZ N D, EVOFBHAMTEIL

D’
P =AF, =2"L F =2x

s tu su

2
7127 (75%6.985) = 132726 N

® ErORBHIHE
ELORBHMIFE—AL hE, BURBTEEETHEF, = 180k NS,

_aD’F,  xx12.7° x(180x 6.985)

M =252842N —mm
32 32
ELOBIFISHT 2HERHE BIFE—A2 FOBMEEELELY)
P, - 2M, _ 2x252842 — 86074N
A 9.5
—+—=+g —+—+1
2 4 2 4

COHBRER, Ty PaDBFBREICEARTIEIVOT, HBIFE—AL FOBEMEZRT HLEFLGL.
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o R DR
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> R FROBEE
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RV FEED T o Xk TR R
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L JE 0 (FigiE
Ly JED315R Y ik
Ly JED#EE DORIR
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Ay -9 )y TOEMNLEWMEEIZIE, BOHOIEAMNMELLZY, LEAEUTIEAEVDT, K 6-173 IZRT &S
2, RILbFLAS LY THETCOERDO 2EDRIEDNTHDHLEEZD. BTETIEL, B 6-174 D& SIC
BERNET L. EEOBRAFEIERICERTHIN, CCTRUTFISRT LS ICEHMELBREREZEZD.
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DOSHANBHEENZ DT, HEDA 7ty FE2EETILENHTLCS (B 6-181). BT HLEDHERE
HOEZANELVD, ERAORDOA 7€y FOBWNWT—XTIE, LyTDOLw 5 RALDIFES THEARIZOESA
XF (U—X1), QXFHEL (F—R2) O2BETHENTS. GRAOROA 7€y bOHB7—XTIE, Ly
JED1ARFIBED I 7 RAFUNBEBTHEARIZHEL, CCICHEDA Tty ML IEEE—AV E525LT 5.
MBMETILER 6-182 ITRT. RAFMERBENTEEREL CTHEERZER 6-183 IZ, HIFE—A Y FORFE
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RMEA 7Y FEILOBEICIE, Ly THEARICKESERTS2HIC, BIIFE—A Y bR ERELES
Dy TDBEERECELS. BREMICELLOET v MUIZH 5.

FEA 7Y bAB-OTELY T OEARERMNL Y IO TEHTHRINATWSBEICE, 7y FEROBITFE—
AU RDTRHIERELEI VY TDBEEEL. LML, LYy TEOBITFE—AY F2REEREHhEI Yy TE
FE2A4S. ZOREFADHZEIZIE, Ly JRIOBITE—2AY FAINSLKHEL=8H, ZyrElOT74 LY R D
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EHFHREORREIE>ET VLM >TWEDT, ELLSEATNIERFHIREH S EMNTESEFTTHS. LL,
EFDODRETHIRFMEERNERELEVKS IR T IOEEERCEHLL. HBEDFES LED, BRED
BROHOT N EENEFBEICKEGHEEBXIFT. J00, BFHEZHCOICITMLOOEEZEES5-T
HETEIRENDHD.

K 7-1 7ONRER—A 257 37 DREDIIE (1988 £)

72 EHBIEDH

B TRFHIREDAI & LT C-130 BEHOPREDOTEIMROET (XHK[2-68]) B 7-4~B 74 ITRY.
FEOTE/NARIVICIE, thETIEXEBEAD, RITFICIESEREHLRET D, R MY UHENREZEELTWS
YRy FROBTIXBHFAMIZIE NS 125 (G HEH, Stress Concentration) . IBAICK ZREDHREYIRLIZK Y,
JRy FROBICEMEESIROBYBLIEADONY, EFERVFELEL, TOERI/MRYBLIEHATERELTL
. BHRIRCHEZEFTENMHIBLTLES. B 74 I2IF, BEFEHROERZRIBERNIRZ L. ZOEER
NEFHRZICHENLZLOTHY, BEORRANMEF THAIZLZHETLHDIHEOLND.

CO&SIT, BHFBRIZIE ORFAMERAKEHE, OQBRYRLEAD 2 DOERNDLETHD.
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hRE
" F$ 517.0 4 SKIN PANELS ES 586.68

/- FRONT BEAM
J——~ AFT /
REAR BEAM

CENTER WING REFERENCE PLANE

12703

19 20 21 22 23 24
WAl A aWala s
|

3 SKIN PANELS

PANEL NO. 1 PANEL NO. 2 ‘ PANEL NO. 3

HREOUE

K 72 C-130 BiEHOPREDEKRT - FRE

¢ 12 inch Fatigue Crack View Looking Up on Center Wing Lower Surface
on L382 Commercial

Aircraft: Panel No. 2 MSD Link-up Panel No. 1

— MSD and MED

— 2 Internal Stringers also
cracked at this location

WS 58
Wing Attach

Angle
Removed

Fuselage Side
Wall Panel

This Wing Could Not Sustain Design Limit Load

X 7-3 C-130 #iZHOPREDEKRS - TEINRDEFTEHR
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Multi-Site Damage Multi-Element Damage

Stringer 17 Zone 1 MSD and MED Cracking
Skin Panel No. 2

Stringer Cracks
2.7 in.

Panel Crack 10.9 in.

BIDERELE T TIEIEH YRYRIRDBDRFEBHDIE R

7-4  C-130 EEEDFREDIEF - TENMROEFEROEE
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73 MEDEFTRE

7.3.1

MHORFT—45

MELRLOEFT—2 &, BRI —ERIEOBYERELAEZARLTHELNS. MMPDS (3CHK[2-5])
[CIEEBMBORFZTT—2HEH - TS, MHEOEFT—2 (&, HEHEsH, HEHHEETOBRYIRLARE
HTCRTRINTWS. DTS5 7% ISNHER &S

BlELT, BFEREEREEIEL, BIEHME (Fracture Toughness) A8 W= IZIRANIRIZHEHI S 2024-T3
W DERFT—2 (BHEDZRE20) 2K 7-512F7F. COT—42— FOHRBAZELUTIZRY.

© ® 006

IEAEFERE K =20 ORBAFOBKER 7-6 [TRT
ISAIEFy EE (Net Section) ZEHAEL L= Fix71 (Net Stress) TRRSN TS, Fv FEE®D
EEEZR 7-6 IZRT.
AR FRBOEEREZR 7-7 1717
KM 71 (Maximum Stress) (R Y FEATERHOLIZEYRLIEHDRKETHS. ZRIENDEEREZH 7-8
IZR9.
EHIEH (Mean Stress) [EFY FIGATERHOLEBYRLENDREKRELEFR/MEDFEHTHS. FHIEAH
DNDEZEZEE 7-8I2RT. FHEADKDHYIZISALE (Stress Ratio, R) —F & L1z SSNHBETRERIND
BEtH5 HHALLRDEZEZX 7-8ZRT.
S-N HH#R DK (C & HFR|
log N, =9.2-3.33log(s,, —12.3)
Sy = S (1= R

N

min

R =

Ny FIEFFa (Fatigue Life). EFTHIBFE TORERY R LEK
Spax : BRAIGA (ksi), v FETEERLE

Spin - BINER (ksi), Ry MEFEIEZE

S,y FEAHIS S (ksi)

R: AL

ZODSNHENSUTDZ EAHM5.

o HAEICRMAH - TELRMEFRELEFEBLKRE TIIERFHEEELD. EXE ARYT
=AIEA 20 ksi CEHIIEA 10 ski) OB YELARIE, EAKSD 2.0 #EFE L THRAEAHSEERK
[ Fty=54ksi KY/MEWA, FHFFGAN2x10°EERY, BFBENE S,

o EHEMDIESLDEFIKREL. M (RHFEFER) IHNHEBRTHD. F, FGLRVMEETEIS D
DIEENNESLCHY, [E5DFEKRELCLS.

® BRIGANKEWVNEE, RALINNIWNEEEFEMIIEL LS.
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80 X -
:f[A12024-T3 KI=2.0 CN,EN,FN |:
Mean Stress ——
o 0.0 B
A 100 1
* 20.0 -
60 x 30,0 |
- Runout &

P

aximum Stress, ksi
P

J

~

Mofe: Stresses are based
on net section.
troiin r

100 10¢ 10%

108 107 10¢

Fatigue Life, Cycles
Figure 3.2.3.1.8(g). Best-fit 5/N curves for notched, K, = 2.0, 2024-T3 aluminum alloy

sheet, longitudinal direction.

orrelative Information for Figure 3.2.3.1.8

Product Form: Bare sheet, 0.090 inch

Properties: TUS.ksi TY¥S.ksi Temp..”F
73 54 RT
(unnotched)
73 — RT
{notched
K=2.0)

Specimen Details: Notched, K, = 2.0

Notch Gross Met Motch
Type Width Width Radius
Center 4.50 1.50 1.50

Edge 2.25 1.50 03175
Fillet 2.25 1.50 0.1736

Surface Condition: Electropolished, machined
and burrs removed with fine
crocus cloth

References: 3.2.3.1.8(b) and (f)

Test Parameters:

Loading - Axial

Frequency - 1100 to 1800 cpm
Temperature - RT
Environment - Air

MNo. of Heats/L ots: Not speciﬁed/@
Equivalent Stress Equation:

Log Ny =9.2-3.33 log (5,,-12.3)
Swq = Snax (1-R)*

Std. Error of Estimate, Log (Life) = 0.27
Standard Deviation, Log (Life) = (.89

R*=91%

Sample Size=113

[Caution: The equivalent stress model may
provide unrealistic life predictions for stress
ratios beyond those represented above. ]

7-5 2024-T3 MM DEFT—F (K pe=2.0)



4.5"

R TMEREERTOER]

_’0.75" o7s"

Ty ETETE

Center

Notch

2011/10/10
l«zzs"—» l<2.25">
6.0"
a1825"
Y
01736"
+0.0010
1.500"
Y "
17" ,_b " 50
0.3175"RAD.
0‘375']_\ +0.0010
17"
-L.wd Jr
8.1825"
60"
A L
[ sz ol r ==,
Edge Notch Fillet Notch

CHR[2-69]1& Y

7-6 JEFHERF, Kt=2.0

BEEEP

ettt

ettt

ey

77 2 MSAERAERRBDES

ey

fp;eak
P

SN R Joer =

v Wt

net

BHERFZE: K = Soca

net
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Ry A
A
Fhk R=omn

=KIEH S

max

FHEH S

mean

I R

min

K 7-8 #BYRLISHDESE

732 <A F—4l

HHEORFT—2E—ERIBEODBRYBRLIEHEZERLEZIGAEDEFEGTH I, EEOEETILEADELE
LI 5DT, TOLSLBIHEEDEFEREROIDLENHD. 79 DES AN EET HEEDEFFEMZE
HETEHAMNTITRT VA F—8l (MinerRule) TéH5. RIEEIE (Cumulative Damage) C.D. MY 1.0 ITELFEE
[CRFBIENECDHET S,

cu:Zﬁ;

ZCT,
C.D.: RTEEIE (Cumulative Damage). JEFDIEIZET, CD.=1.0ZHE > & FITRFBIET 5.
Ny BKIEA Spin WDNEN S iy D—ERBOENEFIZE T HEFFa. S-NEHENSHATRD.
n KIS Spaes WINEAS i D—EIRIEDIG S B RETEIEL

#oIER BYELE 1,
A
BYELEH 1,

/\ Smax‘Z

Eaii,rf:\jj Snmx,]
B Sm@zm,z

zFﬁjij Smean.l [
Smin2
0 * > BRfE
:Esilj\,;.“[:\jj Smm,l

K 79 ZETHEYERLIGH
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733 LAY -28—--HA9oT4Y

EEOMEBBECEHBRYVERLSATARD I EENS—FERETELEL, B 7-10 ITFRT & S HARAICE
BT AENTHS. YA FT—BZFE>TEFEEZHETDICE COXEBECHOIRIBEBRYRLEZHALITH
(EE BV, REWEITHESVESR>TLRBEICIEBMAAE—FMITRESHL. COKSBEHEHDIR
EEMRYIRLEAKERZZAZNDVEDIZ, LAY - 70— 92T 124 (Rain Flow Counting) AdHY,
DI ENMERBEDRFREFEICEDONS.

LAY - JA— W9V T4VIDFILTYRLER 7-11IZFKT. LAY TA— - ho VT4 2T DETH
EZDHRRER 7-12 LB 7-13 IZFRT. ZOBFITHNDELSIZ, D-G DEHA VLN —BREVRIEE LTHR
HNTEY, ThARFEGDETICHL2ELUC. B 719 DEETENMROEHEEZLA> - JA—- A
VTAVITRETSE, GAGHAVIILARKIRIEE LTAY Y RSB,

IS EBA R CROGABEEDRYIREL TEBRESNBIGEICE LAY - 28— AT TOF7ILTYX
LIZERIESN, EHAVIILDEREIEELS, TRTHI1HASVIILDERIBELTHD U FEINDE. ChEx TBYRT
ISHEBEOERIEINf-LSA > - 78— A>T 4 2% | (Simplified Rainflow Counting for Repeating Histories) &
R COF7ILITYRLER 7-1412RT. LA 20— A9 T4 VT DETH EFDHERREEZR 7-15 ER 7-16
[ZRY.
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Peak

PN

Valiey Reversal

R TMEREERTOER]

Reversal (=) Range

Mean Crossing

7-10 FBRANZESHT BI5H

X:SREDDOLUT ($ExtE)
Y:DEDRIDL VD (K xtHE)

M @ rows B |

® INETITHEHAILE
HABITLSELY (UL
1= N

O YEEHAIILEHZD.
LUOYDRMAID | (UFEIE ) ZIETS.
AA—bREYDRBA D RIZEIMNT.

YE1HAVILEHZB.
LUOYDILERFRTA.

7-11 LAY 28— - A9oF4205DF7ILT) XL
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LAY 28— 9o F405
/\ FHAYIL
D
+5- H — 14450 B D 4o
. F B F
s . BB
T A Time M
:\/ \/ 3 :\/ \E E \
_ A I LA |
L C | C (o}
—5L G L G G
BhERE i 1%
7-13 LAY -28— - A9 T4 0T DR
BREQLE-ER/MEDS
MR EBLSICHEREZD
X: SREBPDOLUT (HERHE)
Y:OEDHIDL VD ($E5tiE)
REDIDODWUEATLUUXEYFRDB.
Yes. BX<Y
No
@YEAFAIIERZD.
LUDYDILEREIETS.
CHR[2-70]1& Y

7-14 #BYRTIEHBEOEELEh-LAY - 20— h9 VT4 FO7IILT) XL
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LAY 28— A9 T405

N

A
MW /A\

i NEEE 5 L

X 7-16 #YRITEHBEDLA Y - 7JO— - HOo0T 4 VT DR
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74 HBEQRFTEE
BEQEFEEIHRELIBUOENBELIGAETFRBTRES. CHEEDHE LT, 72 ETHALE
FETEME (B 7-17) OEFTHRETS. #iEAECHbLEEE TEOBAELTENOBRHOEETEE
MNTFICHITONTWSDT, TEMRICIZEBEALEEL TS, HEEFEEEZTHE, HEOMMTHEHANLET
[SEENT 518, EEMRBILCRANEET . BifET 5L, FRICITFEANFEEL, LIcHHFoh b=, T
EMRICIEZBIERIG AL EET 5. RITEIZIE, /10y FOERICE > TEHEALEILT 576, ThIZIGL TSR
MNERT S 512, RITHICERAICKEYBANRIASNELOICTEMOEANEETS. COLS5IZ, 1
754 FTEETEOMRIZCARENZSHBERE 7-19I2FRT&£512H-2TWS. 1754 FTHRT BEH
DRKELR/IMEZE 5T, G-A-GH A Y JL (Ground-Air-Ground DEE) &IFEA.
MERBEDETREDHEL LUTOFIETITS.

(1) BRHRRY FILOHRE
MERDOBEESNDERAXICESNT, BER/I2— (B2 RITEM, RITSEDL2—10%) %
HET .

(2) FERARY FILOHRE
BRAARY MUICEDWT, thEREHE, BRETEHEE, RRAGEHE SETERESLEEET
3.

(3) 7254 k- 14—V DHRFE
E5E (1) (2) OBRIZEDNT, WI2DDTSA k- RE—VERET S (B 7-18). £I754
b=RXE—=—2DFEIEK, 7540 TADRIGDONMTEY, £734 T AV, &5
AV OB, B2 B, SE EEZORTNATA—4 L, thEFEORZTILEY, BRHE
DRESELEH, ERFEORESLEH, BFEFEOREIENEVEZLND.

(4) HNEBEEDOHE
BEIZA b ETAVMIHRLT, SASBETEEXHET S.

(5) NEREDE
BISA b ETAV FOABRENOHRET IHBEDRNIHTEEHET S.

(6) EEHDEE
EHFNEREICHY Z5TEER T 5.

(7) IWHEE SHARS bIL) OFE
BITZA b ETAVPMIRLT, HRETINFHFENRENL, BEHOGALVHETSE, B 7-19
ER 720 ISRT &S BIGHBREEMAITEHIENTED

(8) AKPRBOES
EEMOLNETRBEHET 5. BLAOBEERDISAEDD T—4 H3CHK (STHR[2-28]D Section B10,
XER[2-8|DEE 3 FE, XHk[2-72], XHR[2-73]) [CH O TWLWADT, ThEFESOAEETHDHH, XIS
BoTUWRLVMESICITARERETHEMNLTRDS.

(9) IEAYAOIL-AD bk
B 7-19 O&SBEEBTDHAEENS A F—RIZBERT 570, SARIBEZORBZHET 5.
TOHEAEIE, 733EBETHBALILAY - JA— - A T4 U TENMEDNS.

(10) RIBBEOHELEFEEDHIE
ISHEFRBETATAIIL - A2 FOBREMHD SN A S, A4 F—HIZFE>TREEE
EEET 5.

EBED (1) ~ (4) BRETL—TOHLETHHDT, FETEHAZLAL. (5) ~ (10) MNEERITRK

MBDHEETHA. (5) (6) (8) USNDELIIEZLEDHEY —IILEERL, EHELTE2ONREETHD. &
Tl&, (7)., (8), (9) IZDWLWTLTIZHRBAT 5.
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&z Panel No. 2 MSD Link-up Panel No. 1
VOSS “ ;
R4 {81 E 41 4R
® 7-17 XETEMROEH
B
s
CRUISE 1 CRUISE 2 CRUISE 3
— —¢
(VE]
(=]
=
—
-
<C 5 fET
CLIMB
ROTATION SPEED BRAKE\ HoLD
PREFLIGHT APPLICATION
CHE CLIMB
TAK E-OFF DESCENT EXSSMS
ROTATION e
. POST
FLIGHT
M DOWN CLIMB FLAPS DOWN APPROACH CHECK
g LANDING FLARE—
IME
b 4T T b4
=S|
SCHR[2-78]1& Y

7-18 T34 MNE—2 - ITF 54 F—
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A 7y
I&H
AT 1G
G-A-G
0 » B
q —— WEIG — #F1G
1754k
7-19 FETEMROEHBEEDEHA
#h EET A
! Jo L i __
IGROUND TAKE|CLIMBCLIMB T CRUISE CRUISE
IHAND-  TAX! OFF |FLAPS TO CRUISE PRIOR TO FUEL TRANSFER AFTER FUEL
LING ??own ILTITUDE TRANSFER
1B A
G G ™ ™M | G ] G
WING LOWER SURFACE
TENSION STRESS
TIME
B A
2% M — MANEUVER CYCLES
22/ G — GUST CYCLES
® 5 TAXICYCLES
® 10 MANEUVER CYCLES
® 21 GUST CYCLES
36 TOTAL
XRR[2-78]k Y

7-20 Boeing 747 D X E T EIMRD IS D EE
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741 HEODISHEH

BEOHEMBRKILEET IEFINHDIE, TOBMTRAMMNGRANEMT S. ChEIGHESF (Stess
Concentration) &EFESR. & LT, —#HABIRIGANE  BEFERICHALHEBHEEEZ D (A 7-21). ALO#H
DIRFETHAMNEMLTEY, BHANEEEETHDI L, ABETIHAIE—HREGHIED IEIZHE->TILNS. Zhid,
B 7-17 ISR ERTEMROKRLEELETILELZ>TLS.

—HRIEA f

trtrtettrtet

2R R R R R RR

721 —#RBIRIE N AME < BRTERPOAADE HEH

BEFBEEENEDNHLIEMTEELIDT, ESVSHEICRAETHNHINEMIENFEICEETHD.
BEQORICIEAETHAHIEMEREBLT L, BEFRREERBRLTLICHDL. RFEHEEZTILEOHDIGNE
FOHDEBLEDFELUTIZRT.

B 7-22~K 724 [CXEBDORAEDOBLOHERT. TEIMRICIESEREANEBE, HMEEIUVR ) VHD
T7RTR, RTZAR FEEHM) Oa—F—HEIT7RAFTROBEHEDRELE ST, BEFBHRIKET D,

X 7-25 £E 7-26 IT5EEEZTARENROEHEROILEDOHZRT. SEEICKYRENMRIZCT—TIEAN
R49 5. RAKICEHOSAHZ L, ZOROBOI—F—WICEAETIEES. SMROBEIIZIET 7 RF#EE
NHY, TOIT7RAFHNGAEFRELS.

BEHTRERAEDBIEIUTOL S HIEFRTHS.

o TJF7RIT#MF

® SIRFMEMNEBRINATVEI7XTH
e I1—F—1p

o HWEOALE
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RF BRI FEET DB

TYPICAL SECTION

LOWER SURFACE SPANWISE
SPLICE

LOWER SURFACE INTERMEDIATE
STIFFENER

=
e

REAR SPAR
LOWER CHORD AND SKIN
ATTACHMENT

CHR[2-751& Y
7-22 B-52G DEETENMRDIG HEREFT

Between the stringer

THESMR — 2024-T4

Cracks in the sheet and
the flange of the stringer

XHR[2-76] &k Y
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I—TEH

out-of-plane bending / /
~../AB /
inside

forward escape hatch

s
/
Stress distribution at 56.9 kPa cabin pressure A
and 1.3 g inertia loading 4 13
290

725 3ty bOBREEFEHLY DIEHKH

CHR[2-67]1& Y

T BFEIZ&ZT—THE
SYT-RTSAAD

BFEEER
ST RTSALAD
l BREERER

Typical Body Skin Panel

XHR[2-771& Y

726 BERENMROESHORFTBRAEEME
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742 T7ATHRFORNEST R
EHBECRVEELG I 7 ATHRFICHT IR NEDRBOHESZE
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(XBR[2-79]) EATIZRY.

K 727 ISR 77 RTMFOEHERREBE, SEREZITIEAFTROEAEFE I 7 A FTREZZ(TE5FR
DIEHEFDEEERD. BELLDIDF, ERBDISHEFERT, TRITARBROTEDROEEREEH

FTTRFOLAEHERERDD.

0
f;,max

—HEIBRER T S EBIRP D
MADEAESER : K7 =3.0

ERIRD T 7 RS HED
HhER RS ko - 8

T

(REBHIEE [, THH S EITER)

tttt

M
P e

I &8

B,

K 727 77ATHRFOFE
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SERMEICEDNERRRICHT S TEFERRI2BELHY, TEOHWERK ) EERT HHLORBERK
2, THA. TEOREFRY A 13, BERBOBBEERTHL0THY, Fr— FEE 728 [TRT. BAML
BREMNEPREAKRELLGD. ERTHAORMERK L X, ST 7 AT RFOMBEDOFLLUSNERT 5.
ERLTEATHWSAOPREICHLIADEAEFFZERE, AA/EMTHEET 2EEICLEATNELLLS. AH 37
UEHZBEICHIFIADHTROADHERE (B 7-29) 2HAFR2ATHS.
T7 RAFTHEICK DS ARPRYICHT 2 TEBERY A, £ 7-30 ITFY.
SNODRHERBER > TI 7 RTBFORNEPRBEHEAZT HHEZER 7-31 [SRY. MMPDS @ S-N
HIRAR Y FISARETRTRENTWVSH, Ry MEABREDHAEPRBOHEXZT L. BERODSIRSA
B P [F/NA/XRTTE (Bypass Load) EFEIEND. 77 RAFTHMFOLAKRREYE, 77 RFREENANRAFE
DEETEDLDZEITERESAEL.

887 7 AF (Countersunk Fastener) TIl&, 77 R FHICMEY AH 518, BIERGAKRFHRHEMSZX FL— L
DEELYRECHD. MET 7 RAFTHADEHERRYUDEEFET 5707 5 LHNXHEK2-80]CH ->TLVS. &
DTAY S5 LEE>THELER bL— FAOZIRGHERRRITHT 2 MEOBERY ), OEEE 7-32 (27
¥, BEOMET 7 RFOMOBEF 1000 T, NDORELT7RFEDL <%> £ 020~0.35 OREI=H 5.
CORKIE 2 &4 RLESICEBROAALDIERIEAERFRE K" =30 IZHTS.
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SEDFL
N, ]
A T T L X
ZHD I
3 4 5 6 7 8 9 10
e
D
<+ —>
<+ —>
S — /7
" o— —>
<— _’ ff,max
<+ SEDH —> o
<4+— e .ft,max = ﬂ’hKf ﬂ
=3,1"
<+ —>
<+ —>
o <_ _> foo
I/ — — P
+— — =K =
| | fi

CHR[2-79]1& Y

729 BIERZEZRITAFARDIEHEFRBOERAMERE
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2011/10/10
\
\
\
e
—=2.0
~— D 2.5
\\\\ —
N | —— — 1 ]
T ———— R
o~~~ | 1T TT13.33
——T—————11 5.0
10.C
3 4 5 6 7 8 9 10
S
D
f;,max
1 —>
—>
s —>
—>
—>
» ft,max _
h 4 fT - ﬂ’h
t,max
P
— M&ZB;
_> 0
_> ft,max _ K:: iz
— S T
—>
CHR[2-79]1& Y

730 77 RATHEZZITHRDIENEH DT EFEREK
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iﬁﬁa) 7 7 Zj_ ’4#» fl“max
P < A 5| a A P+ By,
S,1 \N|7 v \J P
Dl B.1
I o
P, =< CS/ > 7,
oy
TS o
B.1
q:FEﬁ%B e f
A
) P, .+ P,
P < A S; Tf‘ A~ S.i B.i
S, N7 v \J P N 4
D,' B.i
Y
” f;.max
P, €= CS\/ J—> »~,
o
$i Q>
B.i
BID I 7R
rib ft max
L IC P ”‘-\"7._’ PB,N
DN B.N
7-31
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fi =32 i+£ Fr
£, max s Sltl 77.'2 b Dltl
P, + P,
Fora =1 P
o (Sl_Dl)tl
30 B, 8, B
_fum-“ _ s 7 thtl
et Sonet P+ P,
(sl -D, )tl
P
t,gross
y Sity
S K< 2K =32,
S gross
£ = Py,
Jor =
D]t]
S «_ 8
hi-:Kh = 4K, :7117
S
P, 8 P,
fz,max = 3}%}% SS'. +?ﬂh DEt
B+ Py,
f;,m't - (Si _Dl')tl
P, . P,.
34, 5 +i2/1h Bi
koS st Dy,
T Py, + By,
(sl _Dl')tl
B,
S =

S

=K, = 4,AK =344,
Jogross

_ 1B
S D

. 8
Jims =K,=4K;=—12,

8 P,y
fz,max :Tﬁ“h )

T Dyt
Py
Sona = D

(SN — LUy )IN

_ S _ 8 sy~ Dy
" e T Dy
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16 | | | | | I | | | | |
17 | | | | 17 | | |
| | | | \!\\ \!\ | | |
t—b °
—=0.20~0.35 x
1.5 D
t —
y
A 1.4
1.3 <
~
~
1.2
1.1 N
\\\
1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

b
t

X 7-32 MEE7 7 RFTFADIERIGHEFDHERI

743 EHFHFWOREE

MO S-NBR (B 7-5) #RH5EDNDESIC, BFFR V) OT—EDE5DEEFKREL. 2458
FEOTCERBEELTHETHLEICE, HBRT—2OFEMED S-N HHREZFESDT, BohdRBEGETTEY
EEWVWSZLICHD. BEHFEMDRERLLT, COFRDIESDELEET H1-0, HEL-REBEBEEICXFv
YA - T74 AR (Scatter Factor) Z#MIT5H. RF¥vi - T7 7 ADEIESDS 2.0~40 0BG NE. RF¥v Yy
B TFORAENT-REREDHEX 1.0 LT TRITAIELR S
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744 EEDEFTEGDOEES
BEDERFEMTEFELT, B 723 ISR LEEETENMRODRESHEZFE>THAT S, XA VD
EEOFEMER 7-33 I2RT.

(1) #MHFHE
SIRO#MFEE 2024-T3 EL, RNYDH, VT, RTSAR - TL— O EIL 2024-T351 £F 5. SMRER
F)UHADY U TRFIFEAEFLLDT, HEICERA M) VHADY U TEEHES.
2024-T3 Bl3RY >4~ % E=10.5 msi = 72400 MPa
2024-T351 BI3EY >4 8 E=10.7 msi = 73800 MPa, t AMBEMEHEL G =4.0 msi=27600 MPa
7RIV FDFE( Low Alloy Steel THD & T 5.
Low Alloy Steel 3|58 > 4'Z E=29.0 msi = 200000 MPa

Q) 77 RTRENBLBHTEDIHE
HADOEKETHALR MY U HED 70mm #BYH L TEHETS. 482 BTHALIEELSIZ, BLIERTE
TIET D (B 734). 1HEICT7RAFT 2R HEDT, 77RFT2RXEFVEDDIERTETILETS. Xk
DUOHDERI DSV ETRIS VD ERDETETIVIET BH, Dz TTOHEA>TLSEDT, Dz T&EA
EHR TETIVIET B, Dz JOEMIEHRAINE K IFXOKXTHETES. BRFEIR LTSV ETHED
SUTHNMRICER—ETARNT 5.
P:Ka:ﬁga
h
ZCT, P:HE
o TR
G: T DY AMEERY
T TDRE
h:9 IO
w: ™Mz JDIF

HEDEELEROHEDHEEZR 7-1 £X 7-212FT.
UEDT—2%FE->T, BAFRE 100000N #BFLI-EEDT7RTRAEFHELLHEREZR 7-35(2R7.

(3) 77 RATHDIEH EENERFRE

T7ATHMBEDGHERNEDT R (BUATEARNISS) OHEFKREER 73 IZFRT. 77 RXAT#HFD
ISAERBRBOHEREIL742EIZELS.

4) FIEHEE
BAFEH (10000 RITEIE) DI M) UHESHOETIVICEARINSHEREEZR 741279, hiE
BRAARY MLALLLY - JA— - AT A VI THELEDIDET 5.

(5) 77 RATHORBEBEEDHE

T77RTHORBEGOHESZER 7-5 ITRT. Ry MEHLEEHEFRBOEIS—BH LW EBDNED
TFRATES 4 ZBEALE. COT77ATHDIEHERREIE 3.05 THSH, MMPDS (3LHEK[2-5]) [CIEAEFF
20L& 40D SNHEBELAFH>TLELDT, 50D SNEBEMNSHEL THEAESFRE 3.05 O SN iRz
ERT H2WENHD. REBEDOFEER 7-36 ITRT. RRISHER/NMSHDETREDLNL R LEFFan NAZK
LT, WAEFFRE20 & 40D S-N#FRODX (Equivalent Stress Equation) #{#->T S, Z5EL, 2D S, &%
NEFFZRE3.05 TR (REHER) 5.
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MIELTHER L - SNEIfRZE > T, RRICHDENSFa N, ZHRANY, YA F—BIZFE>THEGEZHET
3. BEZEHL, AXYy YR - T7H98220FNHELOAKRDZBEEEME (022) THD. HEFFRSHEWL
N, RICELWI7RFTHIET 7R T 16 BTRBEIBEE 021 THS.

Nyingwa SMRELIIBH=UE D

® 9 » * ¢ 0 O ¢ {

,-' ’ P, Zr)oHEH

Nyinap  SMRELIIBH=VERD

eo® * o * 0 p

UM

A
36.0 4.0
A

: : T30
sHiR .25 inch dia. .

Steel Bolt

RATSAR-TL—k 25 inch dia.

Steel Bolt

B mm

BiE A-A

7-33 EETEMRES IO T
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#im X
&5 (mm)
1 0
2 15
3 31
4 47
5 79
6 93.5
7 108
8 15
9 47
10 79
11 108
12 140
13 0
14 15
15 47
16 79
17 108
18 140
19 0
20 47
21 79

R TMEREERTOER]

2011/10/10

)
|
)7 J7RFREIE RRIDADOIITD
AR
AR AHD LA
« ©® @
19 x 20 \iﬂ _
@w Y16 ‘Vn Om
SO AT > Lo
: & & & ¢
@8 N9 w10 N1 ‘%2 ER—ETHEZAH
| | | | n | |
e W N . N, e
AR)UHD T + 544
x=0 15.0 47.0 79.0 108.0 140.0
ATS54R
734 A MY DUHEEHDOETIL
=71 HREBEEROT—4
BEXR t b A e
(mm) (mm) (mm*2)
1-2 11.5 70 805
2-3 115 70 805
3-4 8 70 560
4-5 8 70 560
5-6 8 70 560
6-7 45 70 315
8-9 3 70 210
9-10 11.49 70 804.56 | tixvzIDEEIEESH=-FMiRE
10-11 | 11.49 70 804.56 | tIEHrJDOWEEESH-HMIRE
1112 | 11.49 70 804.56 | t[XHrJDWEEE SO MIRE
13-14 7 70 490
15-16 6.76 70 47344 | tIEYJOMEEESO-EMRE
16-17 6.76 70 47344 | tIE U7 OWEABESH-EMRE
17-18 6.76 70 473.44 | tIE U7 OWEBESH-EMRE
19-20 6.5 70 455
20-21 6.5 70 455
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BE TMEREERTOER]

b3
2011/10/10
£ 72 FREROBIM
T7 AT OE@IE R 1AK% 2K 5
IFhEXR n a b t1 t2 D E1,E2 Ef C K 2*K
(mm) (mm) (mm) (MPa) (MPa) 1/MPa-mm MPa-mm MPa-mm
2-8 1 0.6667 3 115 3 6.35 73800 | 200000 | 2.21068E-05| 45235 90470
4-9 1 0.6667 3 8 11 7.9375 | 73800 | 200000 | 1.17192E-05| 85330 170660
5-10 1 0.6667 3 8 11 7.9375 | 73800 | 200000 | 1.17192E-05| 85330 170660
7-11 1 0.6667 3 45 11 6.35 73800 | 200000 | 1.72192E-05| 58075 116150
8-14 1 0.6667 3 3 7 6.35 73800 | 200000 | 1.95514E-05| 51147 102294
15-20 1 0.6667 3 6 6.5 7.9375 | 73800 | 200000 | 1.31596E-05| 75990 151980
16-21 1 0.6667 3 6 6.5 7.9375 | 73800 | 200000 | 1.31596E-05| 75990 151980
cot_(h+Hypf 1 1 L 1
K 2D n\tE, nt,E, 2t E, 2nt,E,
7 D AR
[FhEFR t h w G K
&S (mm) | (mm) [ (mm) (MPa) | (MPa-mm)
9-15 4 22 32 27600 160582
10-16 4 22 32 27600 160582
11-17 4 22 32 27600 160582
P-ks="Cs
h
el Gs
D
1 ] ]
r\‘\L’
X |
F
H .
xxxxx : ZZ7RFTHE QER)
7 / yyyyy : #i7
16457
32896 ,% & )
216439 216457
b—db—o0—0
// 19317 § 17253 § 33931 | 34521
10721 ®O— i i : ——p HIHE 100000 N
210721 | & 36171 | 52966 | 65479
| v
8596 17669 17016 13102
g glwe o o
56381 WX OO O O O
47786 30118 13102

735 J7ARATHELHAMBADGHERR - BUFERM
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K73 I7RTHADOBAERNEFOHE
B{IEE 100000N BROGEERT.
T7RAFTH | F7RTHE
&5 (27 %})
P B PB+PS PS A D t 2*s e
(N) (N) (N) (mm*2)] (mm) | (mm) [ (mm) | (mm)
=® - @® @ ®=0-® @ ® ® @ ®
2 8596 56381 47785 805.0 6.35 11.5 70 30
4 17669 47786 30117 560.0 | 7.9375 8 70 32
5 17016 30118 13102 560.0 | 7.9375 8 70 30
10 17016 52966 35950 804.6 | 7.9375 11 70 32
11 13102 65479 52377 804.6 6.35 11 70 29
16 16457 33931 17474 473.4 | 7.9375 6 70 32
20 16439 32896 16457 455.0 | 7.9375 6.5 70 32
7R | ft_gross fbr s/D e/D A_s A_h A_b ft,max ft_net Kt,net
&5 (MPa) (MPa) (MPa) (MPa)
. ©@= ®= W= | ®@= ®=3FD'OQ | Gumrmyi. o ® =
2 - ® | ® | ® . @ODID - 26)O
/! (&*®*2 /(&2 / + 8/pir2*(19* /
2 59.4 58.9 5.51 4.72 1.07 0.96 1.43 251.1 85.6 2.94
4 53.8 1391 4.41 4.03 1.085 0.94 1.53 337.1 110.4 3.05
5 23.4 134.0 4.41 3.78 1.085 0.93 1.53 237.0 69.6 3.41
10 44.7 97.4 4.41 4.03 1.085 0.94 1.53 257.6 86.4 2.98
11 65.1 93.8 5.51 4.57 1.07 1 1.43 317.7 100.3 3.17
16 36.9 172.8 4.41 4.03 1.085 1 1.53 334.4 98.4 3.40
20 36.2 159.3 4.41 4.03 1.085 1 1.53 315.3 93.5 3.37
20 16
10
11

100000 N

> BfufrE
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& 74 HWEHAE
RAFE RIMTE T EE %%/ % 6 (10000747 [E%1) "E
Pmax Pmin n
(N) (N)
155000 -50000 2000 G-A-GH1IIL
120000 -35000 3000 G-A-GHA1YI)L
100000 -32000 5000 G-A-GH1YIL
130000 -40000 200
100000 -20000 1000
100000 0 20000
100000 20000 10000
80000 -20000 10000
80000 0 20000
80000 20000 60000
x 75 BEEGEOHE - J7XTIAES4
T7ARATH | BEHE | BEAEH | BAKPHRE
x5 P ft_net Kt,net
(N) (N)
@ @ ©
4 100000 110.4 3.05
RAFE | HE | FERYK FKGH &S A =N &S A R IRIEFTORIRELE 815
Pmax Pmin n ft_net,max ft_net,min ft_net,max ft_net,min Nf n/Nf
(N) (N) (MPa) (MPa) (ksi) (ksi)
©) ) ®@-= ®= ® = @ =
Q@/D*Q 0/D*Q ®/@ /@
155000 -50000 2000 1711 -55.2 24.8 -8.0 -0.323 32,000 0.063
120000 -35000 3000 132.4 -38.6 19.2 -5.6 -0.292 150,000 0.020
100000 -32000 5000 110.4 -35.3 16.0 -5.1 -0.320 430,000 0.012
130000 -40000 200 143.5 -44.1 20.8 -6.4 -0.308 85,000 0.002
100000 -20000 1000 110.4 -22.1 16.0 -3.2 -0.200 700,000 0.001
100000 0 20000 110.4 0.0 16.0 0.0 0.000 2,000,000 0.010
100000 20000 10000 110.4 221 16.0 3.2 0.200 10,000,000 0.001
80000 -20000 10000 88.3 -22.1 12.8 -3.2 -0.250 4,000,000 0.003
80000 0 20000 88.3 0.0 12.8 0.0 0.000 -- 0.000
80000 20000 60000 88.3 221 12.8 3.2 0.250 -- 0.000
A&t 0.111
!
Scatter Factor = 2 DREEG: 022 |
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Smax (ksi)

R TMEREERTOER]

2011/10/10
80 — .
2.0 3
70 V—— : Xk, =15
| 3.05 S\ \
60 N\
— AN D \ Kt’net = 20 t 40 0) Smax
50 = 40 SHE=e—=== X DE THRS W
40 S 3 S Equivalent Stress Equation: et
= B N NG Log N;=9.2-3.33 log (S,,-12.3)
S N Seq = Spux (1-R)*® 1
30 ™N S
U= — e =
20
= Log N, = 8.3-3.30 log (S,,-8.5) =
— Seq - Sna (I_R)
0 e ! :
100 1,000 10,000 32.000 100,000 1,000,000 10,000,000 100,000,000
Nf

7-36  S-N HH#R D NiE
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8 MEFREZE
AETHBENEEOEREHAT 5. BEBITRMEOKKNLET Y Ty FMIREHEETHD. BEMHE
23 REA#OBEEEIMERICIREYT IERXNE, BHEFAKOBEEIHBEEICREISIEXAXXETHS.

8.1 BMEMHEEOHEHLIT
BEMEEOELNAICOVWTHALTEL. ChEHoTLRIE, ESVSFREBREFEEICHYATLT
nEONFELADNEESS.

o REHKDEES, BEFEELAREHABRKEEN Certification Documents & L THZEM GRE) DFEEAIZED
na.

o [FEEBDIGEE BEFEEIRNEEENLE L THEROEE GREDIH) ITELNS.

o HERICFEGHNHIEEIC, FTESGOLEDHEZT H2EHLLTEDND. LAIE HEIHRDIR
EAREEREL Y /NI STGEIC, TOMREFEALTEIVDNESHDHWEZT 5-DICEEFESE
R 5.

o ERFICBENMEELIGRIC, BEDESR BEOAZZROLICOITAEFEELZSRT L.

82 BMENEZDEMLENE

WMENEEOEMIE, 1, HEICK > TERICHMIEL LD, EXNICEIRLTHS. BEFEED—HEM
W ER 81 ITRT. EEGC LI, WEHIEBAIEE (Traceable) - BIRATAE (Reproducible) THHZ ETH .
HmANRHNE ($iE) ZBEETEDE3(2H2>TLENEWNFRL. RE#EIHTEICHhE>TERSNDN, 0
2HRICH > TREHEEZEISBINS I LEZIBITBVWTERT 2BENH S.
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= 8-1 BENEEDEM
&5 A4 RE HRHmA
1. B ZOXEDEMEEL
2. 1 FA 26 COXEDEREHEEEL
3. WE COXEOAENEHZEL.
4. RERWB—E BERBO—EREARBMEZTT X
5. BMEIE
5.1 aaaatgiE
5.1.1 BERE BEOHERERL, BEDEREHEE
EXETHHT 5.
5.1.2 HEES MEBEDHRK, HIKDES
5.1.3 M ERAMEE, ARV, RE
5.1.4 RETFRE HETFRENE AR EOHFEERET 5.
5.1.5 HEtEE
5.1.5.1 RMES—R BELLGLHET—R HMET—RZBEREFEETROON TS,
5.1.5.2 HEtRE RAREDELMEZHTRY . g??ﬁ%#%%‘,lﬁﬁ?é%ﬁl:li, ZDH %R
£ HFEMBRIT TRODN B EE B2
&, TDOHFZEAERET 5.
5.1.6 ERRE GFEERXERRANVERRE G H) OFENBEES 7 |RER, BAMGERSZHESIEEE Z0HEE
Y—=RTFA— AT S LEDITDHIL. |HAREE>TEL
BITY—ILEFSEEICE TOY—ILDADT—
AEH AT —HEHET 5.
FEMBHZIT35HE1E, ETIDHRBAETEIEEE
12, T—2DREFEFRERRETS.
51.7 HERRE(FREFBRRA\GERE N OFERNETEEC TENEDEZOLEFERERLT 5.
FERLEFYy—rOEMERRETS.
5.1.8 RERH RERBOFELEREEC
52 bbbb##:&
5z 222248
BEE R NHIERETEE, COBBERDES
HE HEBEHEEFOXENIRL
7. BSEEH BENEECHEI-—RICAFTES
A, XERDYR
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9 R
9.1 BEDHBE
(1) k&
1 inch = 25.4 mm
1 foot =12 inch = 304.8 mm

(2) A
1 kgf=2.20516=9.807 N
11b=0.4536 kgf =4.448 N
1 N=0.2248 Ib=0.10197 kgf

(3) Ish, EA
1 ksi =0.7031 kgf/mm? = 6.895 MPa
1 kgf/mm?* = 9.807 MPa = 1.4223 ksi
1 MPa = 0.10197 kgf/mm?* = 0.14503 ksi

9.2 EEZZHA

BEMEZTILEEICNE, BEROERETSI I EMNZL. S TIEEEERKXDEY FZEHET . 7O
HEFESZEITKY, BBMNICEEERAEZESILENTES.

MZEHEBEODMEE (TEERR (Structural Diagram) TEZRINDS. BEIVKR—R Y MEICBIEEZRNE
ESNhD0T, BERMOZHRANDBEICLES. ERAOEEZERAEIUTOLSIZHZDT, ThoOXEHEAE
bheEdIEickY, THRAEFEIENTES.

o FRDTITHE

’

x xX—x,
’

YI=1Y=D
!

z z-2z,

o x EiFEHY DML

L

x 1 0 0 x" x" 1 0 0 |x
y'|=|0 cosp -—sinng|y"| y'|=|0 cosnp sinp| )y
z 0 sinp cosn |z z 0 —sinny cosp| z

oy EiFEHLYDMEER

x cosg 0 sing| x" x" cosgp 0 —sing| x'
y|=| 0 I 0 |y y'i= 0 1 0 y
Z' —sing 0 cosg| z" z" sing 0 cos¢ |z

o #FEhH Y DEER

x' cos@ —sinf O x" x" cos@ sin@ Ofx'
y'|=|sin@ cos@ O] yy" y"|=|-sin@ cosf O} )
z' 0 0 1 z" z" 0 0 1z
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BERIML
2"flOY'Sy | [ —sing
EOZES || cosy

B OER TMERBERTOER]
2011/10/10

A BERIML

Yoy Sy _[cosn
YEEOZERSY | | sing

2

y

v
<

BTV

x"HHOZBSy | [ -sing
SEOXESY || cosd

A HEARHSNL

[z" iy @Z’ﬁﬁﬁj\} B {cos q

2EHOXESY | | sing
5
>z’

BRI
Y'EOXRSY | [ -siné
YERDYESY || cos@

A BERIRL

{x” iy @x'hﬁﬁ\} _ {cos 9}

y"%@y'ﬁi/ﬁ\ sind
x”
o
> x’

9-1 EEZEZE#K
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BDAEE LTIX, CATIA CTEHREDEZHOBELNY MLOE (B 9-2) ZBREINIE ROKSICHHEIZE

BMAEECIENTES.

! ’

X —X, L. 1, L |x X [, m, n,|x—x
' ’ | _ _

y=yo|=|m, m, m,.|y Y=\l m, n.|y-y,
’ ’

z—2z, n. n, n.|z z L, m, n,|z-z

ZERDBERI NI

2Oy | L
z’iﬂ]@ybi‘ég: =\m, L YEAD BRI NI L
2Dz Sy n Y OxESY L,
v o=\ m,
z ylhozEsy | | ny,

XEDBEARTRL

XWOxo| [ L
o XBDYSY |=| m,
XBDzSy | | ny

9-2 EZEEHOEFEANY kL

flE LT, TBHRMEEZEROEHRKEZRT. £3AT, BMUETOREBANTHLIEREEEZ D (F 9-3).
FREROFERRICBHL, ERMEANBZLL,
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9.3 Bruhn DHEFED B R & FR5I
Brhun DHEHZE ([1-4]) [IMEHEERTOEHETSETLHIEMAZVD, BALAT+H2T, F3IIHELDTH
MOEBEH#RDOGTHDIZEFTTS. COREIEZMETSHOHIC, BRERSIZUTIZSRTIOTHHEINT L.
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“Analysis and Design of Flight Vehicle Structures” by E. F. Bruhn B X

Al The Work of the Aerospace Structures Engineer.

Al.1 Introduction.

Al1.2  General Organization of an Aircraft Company Engieenring Division.

Al.3 The Work of the Structures Group

2011/10/10

Al2

STATICALLY DETERMINATE STRUCTURES (Loads, Reactions, Stresses, Shears, Bending Moments, Deflections)

A2 Equilibrium of Force Systems. Truss Structures. Externally Braced Wings. Landing Gear.

A2.1
A22
A23
A24
A25
A2.6
A2.7
A28

Introduction.

Equations of Static Equilibrium.

Structural Fitting Units for Establishing the Force Characteristics of Direction and point of Application.
Symbols for Reacting Fitting Units as Used in Problem Solution.

Statically Determinate and Statically Indeterminate Structures.

Examples of Statically Determinate and Statically Indeterminate Structures.

Example Problem Solutions of Statically Determinate Coplanar Structures and Coplanar Loadings.

Stresses in Colpanar Truss Structures Under Coplanar Loading.

ANALYTICAL METHODS FOR DETERMINING PRIMARY STRESSES IN TRUSS STRUCTURES

A29

A2.10
A2.11
A2.12

A2.13
A2.14

Method of Joints.
Method of Moments.
Method of Shears.
Aircraft Wing Structure. Truss Type with Fabric or Plastic Cover.

Landing Gear Structure.

Example Problems of Calculating Reactions and Loads on Members of landing Gear Units.

A3 Properties of Sections - Centroids, Moments of Inertia, etc.

A3.1 Introduction.

A3.2 Centroids, Center of Gravity.

A3.3 Moment of Inertia.

A3.4 Moment of Inertia of an Area.

A3.5 Polar Moment of Inertia.
A3.6 Radius of Gyration.

A3.7 Parallel Axis Theorem.
A3.7a  Mass Moments of Inertia.

A3.8 Product of Inertia.

A3.9 Product of Inertia for Axes of Symmetry.
A3.10 Parallel Axis Theorem.
A3.11 Moments of Inertia with Respect of Inclined Axes.

A3.12 Location of Axes for which Product of Inertia is Zero.
A3.13 Principal Axes.

A4 General Loads on Aircraft.
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A2.1
A2.1
A2.1
A22
A23
A2.4
A2.4
A2.7
A29

A2.10
A2.10
A2.11
A2.12
A2.14

A2.23
A2.23

A3.1
A3.1
A3.1
A3.1
A3.1
A3.1
A3.1
A3.1
A32
A3.9
A3.9
A3.9
A3.10
A3.10
A3.10

A4.1
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A4.1 Introduction.

A4.2 Limit or Applied Load. Design Loads.
A4.3 Not exists.

A4.4 Weight and Inertia Forces.

A4.5 Air Forces on Wing.

A4.6 Forces on Airplane in Fight.
A4.7 Load Factors.

A4.8 Design Flight Require,emts for Airplane.
A4.9 Gust Load Factors.

A4.10
A4.11
A4.12
A4.13
A4.14
A4.15

[lustration of main Flight Conditions. Velocity-Load Factor Diagram.

Special Flight Design Conditions.

Example Probl;ems Involving Accelerated Motion of Rapid Airplane.

Effect of Airplane Not Being a Rigid Body.

General Conclusions on Influence of Dynamic Loading on Structural Design of Airplane.

Problems.

BEAMS AND BEAM COLUMNS.

A5 Beams - Shear and Moments. Beam-Column Moments.

A5.1
A5.2
AS53
A5.4
AS.5
A5.6
A5.7
A5.8
A5.9
A5.10
A5.11
A5.12

Introdution.
Statically Determinate and Statically Indeterminate Beams.
Shear and Bending Moment.
Shear and Moments Diagrams.
Section of Maximum Bending Moment.
Relation Between Shear and Bending Moment.
Moment Diagrams as Made up of Parts.
Forces at a Section in Terms of Forces at a Previous Station.
Equations for Curved Beams.
Torsional Moments.

Shears and Moments on Wing.

Example Problem of Calculating Wing Shears and Moments for One Unit Load Condition.

SHEAR AND MOMENTS ON AIRPLANE BODY.

A5.13
A5.14
A5.15
A5.16
A5.17

A5.18
A5.19
A5.20
A5.21
A5.22

Introduction.

Design Conditions and Design Weights.
Body Weight and Balance Distribution.
Load Analysis. Unit Analysis.

2011/10/10

A4.1
A4.1

A42
A4.4
A4.4
A4.5
A4.6
A4.6
A4.7
A4.8
A4.8
A4.12
A4.14
A4.14

AS5.1
AS5.1
A5.1
A5.1
A52
A5.4
A5.4
A5.6
A5.7
A5.8
A5.9
A5.9
A5.10

A5.11
AS.11
A5.12
AS5.12
AS5.12

Example Problem Illustrating the Calculation of Shears and Moments on Fuselage Due to Unit Load Conditions.

Unit Analysis for Fuselage Shears and Moments.
Example of Fuselage Shears and Moments for Landing Conditions.
Inertia Loads Due to Angular Acceleration.
Solution for Inertia Loads Due to Unit 100,000 in-lb. Pitching Moment.

Problems.

BENDING MOMENTS — BEAM-COLUMN ACTION.
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A5.12
A5.15
A5.18
A5.18
A5.19
A5.20

A5.21



R TMEREERTOER]

2011/10/10

AS5.23 Introduction. A5.21

AS5.24 General Action of a Member Subjected to Combined Axial and transverse Loads. AS5.21

AS5.25 Equations for a Compressive Axially Loaded Strut with Uniformly Distributed Side Load. AS5.21

AS5.26 Formulas for Other Single Span Loadings. A5.22

AS5.27 Moments for Combinations of the Various Load Systems as Given in Table A5.1, Margins of Safety. Accuracy of

Calculations. A5.22

AS5.28 Example Problems. A5.28

AS5.29 Stresses Above Proportional Limit Stress of Material. A5.29

A5.30 Not exists.

A5.31 Beam-Columns in Continuous Structures. A5.30
A6 Torsion - Stresses and Deflections. A6.1
A6.1 Introduction. A6.1
A6.2  Torsion of Members with Circular Cross Sections. A6.1
A6.3 Transmission of Power bya Cylindrical Shaft. A6.2
A6.4 Torsion of Members with Non-Circular Cross-Sections. A6.3
A6.5 Elastic Membrane Analogy. A6.3
A6.6 Torsion of Open Sections Composed of Thin Plates. A6.4
A6.7 Torsion of Solid Non-Circular Shapes and Tick-Walled Tubular Shapes. A6.5
A6.8 Torsion of Thin-Walled Closed Sections. Ab6.5
A6.9 Expression for Torsional Moment in Tterms of Internal Shear Flow Systems for Multiple Cell Closed Sections

A6.6
A6.10 Distribution of Torsional Shear Stresses in a Multiple-Cell Thin-Walled Closed Section. Angle of Twist. ~ A6.7
A6.11  Stress Distribution and Angle of Twist for 2-Cell Thin-Walled Closed Section. A6.7
A6.12  Example Problems of Torsional Stresses in Multiple-Cell-Thin-Walled Tubes. A6.8
A6.13  Example 3 — Three-Cell-Tube. A6.9
A6.14 Torsional Shear Flow in Multiple Cell Beams by Method of Successive Corrections. A6.10
A6.15 Use of Operations Table to Organize Solution by Successive Corrections. A6.12
A6.16 Torsion of Tin-Walled Cylinder Having Closed Type Stiffeners. A6.15
A6.17 Effect of End Restraint on Members Carrying Torsion. A6.16
A6.18 Example Problem Illustrating Effect of End Restraint on a Member in Torsion. A6.16
A7 Deflections of Structures. Castigliano's Theorem. Virtual Work. Matrix Methods. A7.1
A7.1 Introduction. A7.1
A7.2 Work and Strain Energy. A7.1
A7.3 Strain Energy Expression for Various Loadings. A7.1
A7.4 The Theorems of Virtual Work and Minimum Potential Energy. A7.5
A7.5 The Theorem of Complementary Energy and Castigliano’s Theorem. A75
A7.6 Calculations of Structural Deflections by Use of Castigliano’s Theorem. A7.7
A7.7 Calculation of Structural Deflections by the Method of Dummy-Unit Loads and (Method of Virtual Loads). A7.9
A7.8 Deflections Due to Thermal Strains. A7.17
A7.9 Matrix Methods in Deflection Calculations. A7.18
A7.10 Member Flexibility Coefficients: Compilation of a Library. A7.22
A7.11 Application of Matrix Methods to Various Structures. A7.23

A7.12 Deflectionds and Angular Change of the Elastic Curve of Simple Beams by the “Method of Elastic Weights” (Mohr’s
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Method)
A7.13
A7.14
A7.15
A7.16
A7.17

THEORY AND METHODS FOR SOLVING STATICALLY INDETERMINATE STRUCTURES
A8 Statically Indeterminate Structures. Theorem of Least Work. Virtual Work. Matrix Methods.

A8.00
A8.0
A8.1
A8.2

R TMEREERTOER]

Example Problems.

Deflections of Beams by Moment Area Method.

Beam Fixed End Moments by Method of Area Moments.
Truss Deflection by Method of Elastic Weight.

Solution of Example Problems.

Introduction.
The Principle of Superposition.
The Statically Indeterminate Problem.
The Theorem of Least Work.

A8.2.1 Determination of Redundant Reactions by Least Work.
A8.2.2 Redundant Stress by Least Work.

A8.3
A8.4
A8.5
AB.6
AB.7
AB.8
AB.9
A8.10
A8.11
A8.12
A8.13
A8.14
A8.15

Redundant Problems by the Methods of Dummy-Unit Loads.
Example Problems — Trusses With Single Redundancy.
Trusses With Double Redundancy.

Trusses With Multiple Redundancy.

Redundant Structures With Members Subjected to Loadings in Addition to Axial Forces.

Initial Stresses.

Thermal Stresses.
Redundant Problem Stress Calculations by Matrix Methods.
Redundant Problem Deflection Calculations by Matrix Methods.
Precision and Accuracy in Redundant Stress Calculations.
Thermal Stress Calculation by Matrix Methods.
Thermal Deflections by Matrix Methods.

Problems.

A9 Bending Moments in Frames and Rings by Elastic Center Method.

A9.1
A9.2
A9.3
A9.4
A9.5
A9.6
A9.7
A9.8
A9.9

A10

A10.1
A10.2
A10.3
A10.4

Introduction.

Derivation of Equations. Unsymmetrical Frame.

Equations for Structure with Symmetry About One Axis through Elastic Center.
Example Problem Solutions. Structures with at least One Axis of Symmetry.
Unsymmetrical Structures. Example Problem Solutions.

Analysis of Frame with Pinned Supports.

Analysis of Frame with One Pinned and One Fixed Support.

Solution of Unsymmetrical Frames Using Principal Axes.

Problems.

Statically Indeterminate Structures, Special Method — Column Analogy Method.

General.
General Explanation of Column Analogy Method.
Frames with One Axis Symmetry.

Unsymmetrical Frames or Rings.
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A7.27
A7.28
A7.30
A7.32
A7.33
A7.34

A8.1
A8.1
A8.1
A8.1
A82
A8.2
A3
A8.6
A8.7
A8.10
A8.11
A8.11
A8.13
A8.14
A8.16
A8.27
A8.27
A8.33
A8.39
A8.42

A9.1
A9.2
A94
A9.4
A9.13
A9.16
A9.17
A9.18
A9.18

A10.1
A10.1
A10.1
A10.2
Al10.4
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A10.5 Example Problem — Unsymmetrical Section. A10.5
A10.6 Problems. A10.6
All Continuous Structures - Moment Distribution Method. All.l
All.1 Introduction. All.l
Al11.2 Definitions and Derivations of Terms. All.l
Al1.3 Calculation of Fixed End Moments. All3
Al1.4 Stiffeness Factor; Carry -over Factor — Derivation of. All4
Al11.5 General Expressions for Stiffness and Carry-over Factor in Terms of Fixation Factor (F) ar Far End of a Beam.
All.5
All.5a Example Problems. All.S
Al11.6  General Summary of Proceedure. All.6
All1.7 Continuous Beams with Yielding or Deflected Supports. All.8
A11.8 Check on Final Moments. Al1.10
A11.9 End Moments for Continuous Frameworks Whose Members are not in a Straight Line. Joint Rotation Only.
All.10
A11.10 Continuous Structures with Members of Variable Moment of Inertia. All1.15
Al11.11 Frames with Unknown joint Deflections Due to Sideway. Al1.17
Al1.12  Effect of Axial Load on Moment Distribution. All.22
Al11.13 Fixed End Moments, Stiffness and Carry-over Factors for Beam Columns of Constant Section. Al1.23
Al1.14 Illustrative Problems. Al11.23
Al1.15 Secondary Bending Moments in Struuses with Rigid Joints. Al1.28
Al11.16 Structures with Curved Members. Al11.28
Al11.17  Structures with Curved Members. Al11.29
Al1.18 Stiffness and Carry-over Factors for Curved Members. Al11.30
A11.19 Example Problems. Continuous Structures Involving Curved Members. Al11.31
A11.20 Problems. Al1.38
Al12 Special Methods — Slope Deflection Method. Al2.1
Al12.1 General. Al2.1
A12.2 Derivation of Slope Deflection Equation. Al2.1
A12.3 Hinged End. Slope Deflection Equation. Al12.3
Al12.4 Example Problems. Al23
Al12.5 Loaded Continuous Beam with Yielding Supports. Al2.5
Al12.6 Statically Indeterminate Frames. Joint Rotation Only. Al12.7
A12.7 Frames with Joint Displacements. Al2.8
A12.8 Example Problems of Frames with Unknown Joint Displacement. Al12.8
A12.9 Comments on Slope-Deflection Method. Al12.12
A12.10 Problems. Al2.12
BEAM BENDING AND SHEAR STRESSES.
MEMBRANE STRESSES. COLUMN AND PLATE INSTABILITY.
Al13 Bending Stresses. Al3.1
A13.0 Introduction. Al13.1
A13.1 Location of Neutral Axis. Al3.1
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A13.2 Equations for Bending Stress, Homogeneous Beams, Stresses Below Oroportional Limit Stress. Al3.2
A13.3 Method 1. Stresses for Moments About the Principal Axes. Al3.2
Al13.4 Method 2. Stresses by Use of Neutral Axis for Given Plane of Loading. Al3.3
Al13.5 Method 3. Stresses from Moments, Section Properties and Distances Referred to any Pair of Rectangular Axes
through the Centroid of the Section. Al3.3
A13.6 Advantages and Disadvantages of the Three Methods. Al3.4
A13.7 Deflections. Al3.4
A13.8 Illustrative Problems. Al3.4
A13.9 Bending Stresses in Beams with Non-Homogeneous Sections, Stresses within the Elastic Ranges. Al13.11
A13.10 Bending Stresses of Homogeneous Beams Stress above the Elastic Limit Stress Range. Al13.13
A13.11 Curved Beams. Stresses Within the Elastic Range. Al13.15
A13.12 Problems. Al13.15
Al14 Bending Shear Stresses - Solid and Open Sections - Shear Center. Al4.1
Al4.1 Introduction. Al4.l
Al14.2 Shear Center. Al4.1
A14.3 Derivation of Formula for Flexural Shear Stress. Al4.l
Al4.4 Examle Problems. Symmetrical Sections. External Shear Loads Act Thru Shear Center. Al4.2
Al4.5 Maximum Shear Stresses for Simple Cross-Sections. Al4.5
A14.6 Derivation of Flexural Shear Flow Equation. Symmetrical Beam Section. Al4.5
A14.7 Shear Stresses and Shear Center for Beam Sections with One Axis of Symmetry. Al4.6
A14.8 Shear Stresses for Unsymmetrical Beam Sections. Al4.8
A14.9 Beams with Constant Shear Flow Webs. Al4.10
A14.10 Example Problems for Beams with Constant Shear Flows Between Flange Members. Al4.11
Al4.11 Shear Center Location By Using Neutral Axis Method. Al4.15
Al14.12 Problems. Al4.16
A15 Shear Flow in Closed Thin-Walled Sections. AlS.1
Al15.1 Introduction. AlS.1
A15.2 Single Cell Beam. Symmetrical About One Axis. All Material Effective in Resisting Bending Stresses.  A15.1
A15.3 Single Cell - 2 Flange Beam. Constant Shear Flow Webs. Al53
A15.4  Shear Center of Single Cell - Two Flange Beam. Al5.4
A15.5 Shear Center of Single Cell - Three Flange Beam. Constant Shear Flow Webs. Al15.6
A15.7 Single Cell - Multiple Flange — One Axis of Symmetry. Al5.7
A15.8 Single Cell — Unsymmetrical — Multiple Flange. Al15.8
A15.9 Two Cell - Multiple Flange Beam. Symmetrical About One Axis. Al5.11
A15.10 Three Cell - Multiple Flange Beam. Symmetrical About One Axis. Al5.15
A15.11 Shear Flow in Beam with Multiple Cells. Method of Successive Approximations. Al5.16
A15.12 Example Problem Solution. Problem No. 1. Al5.18
A15.13 Example Problem 2. All Material Effective in Bending Resistance. Al15.21
A15.14 Use of Successive Approximation Method for Multiple Cell Beams when Subjected to Combined Bending and
Torsional Loads. Al15.24
A15.15 Shear Flow in Cellular Bbeams with Variable Moment of Inertia. Al5.24

A15.16 The Determination of the Flexural Shear Flow Distribution by Considering the Change in Flange Loads. (The AP
Method.) Al15.24
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Example Problem to Compare Results in Using Equations (1) and (3).
Shear Flow in Tapered Sheet Panel.
Example Problem of Shear Flow in Tapered Multiple Flange Single Cell Beam.

Problems.

A16 Membrane Stresses in Pressure Vessels.

Al6.1
Al6.2

Al6.3
Al6.4
Al6.4
Al6.5

Introduction.

2011/10/10

Al15.25
A15.27
A15.27
A15.29

Alé6.1
Alé6.1

Membrane Equations of Equilibrium: Shells of Revolution Under Rotationally Symmetric Pressure Loadings.

Applications to Simple Pressure Vessels.
Displacements, Boundary Conditions and Local Bending in Thin Walled Shells.
Special Problems in Pressurized Cabin Stress Analysis.

Shells of Revolution Under Unsymmetrical Loadins.

A17 Bending of Plates.

Al7.1
Al7.2
Al17.3
Al7.4
Al17.6
Al17.6
Al17.7
A17.8

Introduction.

Plate Bending Equations.

An Illustrative Plate Bending Analysis.
Compilations of Results for Plate Bending Problems.
Deflection Limitations in Plate Analysis.

Membrane Action in Very Thin Plates.

Large Deflections in Plates.

Considerations in the Applications of Large-Deflection Plate and Membrane Analyses.

A18 Theory of the Instability of Columns and Thin Sheets.

Part1 Elastic and Inelastic Instability of Columns.

Al8.1
Al18.2
Al18.3
Al84
Al18.5
Al8.6
Al18.7
Al18.8

Introduction.

Combined Bending and Compression of Columns.

Elastic Stability of a Column.

The Failure of Columns by Compression.

Buckling Loads of Columns with Various End Conditions.
Inelastic Buckling. Introduction.

Perfection Column. Reduced Modulus Theory.

Imperfect Column. Tangent-Modulus Theory.

Part2 Theory of the Elastic Instability of Thin Sheets.

Al18.9
Al8.1
Al8.1
Al8.1
Al8.1
Al8.1
Al8.1
Al8.1
Al8.1

Introduction.
0 Pure Bending of Thin Plates.
1 The Differential Equation of the Deflection Surface.
2 Strain Energy in Pure Bending of Plates.
3 Bending of Rectanglar Plates.
4 Combined Bending and Tension or Compression of Thin Plates.
5 Strain Energy of Plates Due to Egde Compression and Bending.
6 Buckling of Rectangular Plates with Various Edge Loads and Support Conditions.

7 Buckling of Simply Supported Rectangular Plates Uniformly Compressed in One Direction.
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Alé6.1
Al6.2
Al16.5
Al16.6
A16.9

Al7.1
Al7.1
Al7.1
Al17.3
Al74
Al7.4
Al17.5
Al17.6
Al17.7

Al8.1
Al8.1
Al8.1
Al8.1
Al18.2
Al18.3
Al18.6
Al8.6
Al18.6
Al18.8

Al18.10
Al18.10
Al18.10
Al8.12
Al8.12
Al18.13
Al18.17
Al18.19
A18.20
A18.20
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A18.18 Buckling of Simply Supported Rectanglar Plate Compressed in Two Perpendicular Directions. Al18.22
A18.19 Buckling of Simply Supported Rectanglar Plate Under Combined Bending and Compression. Al18.22
A18.20 Inelastic Buckling of Thin Sheets. Al18.23
A18.21 References. A18.23
Part3 Strength of Columns with Stable Cross-Sections. Al18.25
A18.22 Methods of Column Failure. Column Equations. Al18.25
A18.23 Column End Restraint. Fixity Coefficients. Column Effective Length. A18.25
A18.24 Design Column Curves for Various Materials. Al18.26
A18.25 Selection of Materials for Elevated Temperature Conditions. Al18.26
A18.26 Example Problem. Al18.26
A18.27 Compression Treatment of Column Strength. A18.29
A18.29 Some Mechanical and Physical Properties of a Few Typical Aircraft Materials. Al18.29
INTRODUCTION TO PRACTICAL AIRCRAFT STRESS ANALYSIS
A19 Introduction to Wing Stress Analysis. Al19.1
A19.1 Typical Wing Structural Arrangement. Al9.1
A19.2 Some Factors Which Influence Wing Structural Arrangements. Al19.2
A19.3 Wing Strength Requirements. Al19.5
A19.4 Wing Stress Analysis Methods. A19.5
A19.5 Examle Problem 1. 3-Flange, Single Cell Wing. Al19.5
A19.6 Examle Problem 2. Metal Covered Wing With Single External Brace Strut. A19.7
A19.7 Single Spar — Cantilever Wing — Metal Covered. A19.10
A19.8 Stress Analysis of Thin Skin - Multiple Stringer Catilever Wing. Introduction and Assumptions. A19.10
A19.9 Physical Action of Wing Section in Resisting External Bending Forces from Zero to Failing Load. Al19.11
A19.10 Ultimate Strength Design Requirement. Al19.11
A19.11 Effective Section at Failing Load. A19.12
A19.12 Example Problem. A19.13
A19.13 Bending and Shear Stress Analysis of Tapered - Multiple Stringer Cantilever Wing. Unsymmetrical Beam
Method. Al19.14
A19.14 Bending and Shear Stress Analysis of 2-Cell Multiple Stringer Tapered Cantilever Wing. A19.20
A19.15 Bending Strength of Thick Skin - Wing Section. Al19.22
A19.16 Example Problem. A19.22
A19.17 Application to Practical Wing Section. A19.24
A19.18 Shear Lag Influences. A19.24
A19.19 Application of Shear Lag Approximation to Wing with Cut-Out. A19.25
A19.20 Approximate Shear Lag Effect in Beam Regions where Large Concenrated Loads are Applied. A19.25
A19.21 Approximation of Shear Lag Effect for Sudden Change in Stringer Area. A19.26
A19.2 Problems. A19.26
A20 Introduction to Fuselage Stress Analysis. A20.1
A20.1 General. A20.1
A20.2 Loads. Basic Structure. A20.1
A20.3 Stress Analysis Methods. Effective Cross-Section. A20.3
A20.4 Example Problem. A20.3
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A20.5 Ultimate Bending Strength of Fuselage Section. Example Calculation.
A20.6 Shear Flow Analysis for Fuselage Structures.

A20.7 Example Problem. Tapered Circular Fuselage with Unsymmetrical Stringer Areas.

A20.8 Discotinuities — Shear Lag — Pressurization Stresses — Comnined Stresses.
A20.9 Problemns.
A20.10 Secondary Stresses in Fuselage Stringers and Rings.

A21 Loads and Stresses on Ribs and Frames.

A21.1 Introduction.

A21.2 Types of Wing Rib Construction.

A21.3 Distribution of Concentrated Loads to Thin Sheet Panels.
A21.4 Rib for Single Cell 2 Flange Beam.

A21.5 Stresses in Rib for 3 Stringer Single Cell Beam.

A21.6 Stress Analysis of Rib for Single Cell Multiple Stringer Wing.
A21.7 Rib Loads Due to Discontinuities in Wing Skin Covering.
A21.8 Example Problem. Wing with Cut-Out Subjected to Torsion.

A21.9 Example Problem. Wing with Cut-Out Subjected to Bending and Torsional Loads.

A21.10 Fuselage Frames.

A21.11 Supporting Boundary Forces on Fuselage Frames.
A21.12 Calculation of Frame oundary Supporting Forces.
A21.13 Problems.

A22 Analysis of Special Wing Problems. Cutouts. Shear Lag. Swept Wing.
A22.1 Introduction.

A22.2 Stress Around a Panel Couout.

A22.3 Shear Lag Analysis of Box Beams.

A22.4  Stress Analysis of a Box Beam With a Cutout.

A22.5 Analysis of a Swept Box Beam.

A23 Analysis by the "Method of Displacements"'.
A23.1 Introduction.

A23.2  Structural Coordinates.

A23.3 Theoretical Basis of the Method of Displacements.
A23.4 Tabulation of Element Properties.

A23.5 Transformation of Coordinates.

A23.7 Methods of Gaussian Elimination.

A23.8 Gauss-Seidel Iteration.

A23.9 Calculation of Nodal Forces for Loads Acting Between Nodal Points.
A23.10 Structural Modeling Using Finite Elements.
A23.11 A Delta Wing Example Problem.

A23.12  Accuracy, Convergence and Error bounds.

A23.13 Management of Problem for Computer.

THEORY OF ELASTICITY AND THERMOELASTICITY
A24 The 3-Dimensional Equations of Thermoelasticity.
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A20.6
A20.9
A20.11
A20.15
A20.15
A20.16

A21.1
A21.1
A21.1
A21.2
A21.6
A21.7
A21.9
A21.11
A21.11
A21.13
A21.17
A21.17
A21.17
A21.19

A22.1
A22.1
A22.1
A22.5
A22.8
A229

A23.1
A23.1
A23.1
A23.3
A234
A23.6
A23.10
A23.12
A23.13
A23.14
A23.17
A23.25
A23.26

A24.1



A24.1
A24.2
A243
A24.4
A24.5
A24.6
A24.7
A24.8
A24.9

Assumptions.

Formulation of the 3-Dimensional Equations of Thermoelasticity.
The Equilibrium Equations.

Strain — Displacement Relations.

Stress-Strain Relations.

The General Equations of 3-Dimensional Thermoelasticity.

The Compatibility Equations.

Boundary Conditions.

General Notes.

A25 The 2-Dimensional Equations of Elasticity and Thermoelasticity.

A25.1
A252
A253
A25.4
A25.5
A25.6
A25.7
A25.8
A25.9

Introduction.

Plane Stress.

Derivation of Equations.
Formulation of Plane Stress Problem.

Plane Strain.

Mathematical Equality of the Plane Stress and Plane Strain Problems.

Formulation of Plane Strain Problem.
Concluding Discussion.

Problems.

A26 Selected Problems in Elasticity and Thermoelasticity.

A26.1
A26.2
A26.3

PART B

Introduction.
One-Dimensional Problems.

Two-dimensional Problems.

FLIGHT VEHICLE MATERIALS AND THEIR PROPERTIES

B1 Basic Principles and Definitions.

B1.1 Introduction.

B1.2 Failure of Structures.

B1.3 General Types of Loadins.

B1.4 The Static Tension Stress-Strain Diagram.

B1.5 The Static Compression Stress-Strain Diagram.

B1.6 Tangent Modulus. Secant Modulus.

B1.7 Elastic - Inelastic Action.
B1.8 Ductility.

B1.9 Capacity to Absorb Energy. Resilience. Toughness.
B1.10 Poisson’s Ratio.
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A24.1
A24.1
A242
A245
A24.6
A24.7
A24.7
A24.8
A24.9

A25.1
A25.1
A25.1
A25.2
A25.5
A25.7
A25.8
A259
A259
A25.10

A26.1
A26.1
A26.1
A26.5

B1.1
B1.2
B1.4
B1.5
B1.5
B1.5
B1.6
B1.7

B1.11 Construction of a Stress-Strain Curve Through a Given Yield Stress by Using a Known Test Stress-Strain Curve.

B1.13 Influence of Temperature on Material Properties.
B1.14 Creep of Materials.

B1.15 The Ggeneral Creep Pattern.

B1.16 Stress-Time Design Charts.

B1.17 Effect of Time of Exposure.
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B1.18
B1.19
B1.20
B1.21
B1.22
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Effect of rapid Rate of Heating.

General Effect of Low Temperatures Upon Material Properties.
Fatigue of Materials.

Effect of Impact Loading on Material Properties.

Example of Some Results of Impact Testing of Materials.

B2 Mechanical and Physical Properties of Metallic Materials for Flight Vehicle Structures.

PART C

C1 Combined Stresses. Theory of Yield and Ultimate Failure.

Cl.1
Cl.2
Cl3
Cl4
CL5
Cl.6
Cl1.7
Cl.8
Cl1.9
C1.10
Cl.11
Cl.12
Cl.13
Cl.14
Cl.15

Uniform Stress Condition.
Shearing Stresses on Planes at Right Angles.
Simple Shear Produced Tensile and Compressive Stresses.
Principal Stresses.
Shearing Stresses Resulting From Principal Stresses.
Combined Stress Equations.
Mohr’s Circle for Determination of Principal Stresses.
Components of Stress From Principal Stresses by Mohr’s Circle.
Example Problems.
Triaxial or Three Dimensional Stresses.
Principal Strains.
Elastic Strain Energy.
Structural Design Philosohy. Limit and Ultimate Loads. Factors of safety. Margine of Safety.
Required Strength of Flight Structures.

PRACTICAL STRENGTH ANALYSIS & DESIGN OF STRUCTURAL COMPONENTS.

2011/10/10

B1.13
B1.14
B1.14
B1.15
B1.15

B2.2

Cl.2
Cl3
Cl3
Cl4
CL5
CL.5
Cl.6
Cl.6
Cl1.7

Determination of the Ultimate Strength of a Structural Member Under a Combined Load System. Stress

Ratio-Interaction Curve Method.

Cl.16
Cl.17
CI1.18

Determination of Yield Strength of a Structural Member Under a Combined Load System.
The Octahedral Shear Stress Theory.

Example Problem 1.

C2 Strength of Columns with Stable Cross-Sections.

C2.1
C22
Cc23
C24
C2.5
C2.6
C2.7
C2.8

C2.9

C2.10
C2.10
C2.12
C2.13

Methods of Column failure. Column Equations.
Column End Restraint. Fixity Coefficients. Column Effective Length.
Design Column Curves for Various Materials.

Tangent Modulus Et from Ramberg-Osgood Equation.

Non-Dimensional Column Curves.

Strength of Columns with Variable Cross-Section or Moment of Inertia.

Design Column Curves for Columns with Non-Uniform Cross-Section.

Cl1.7
Cl.8
Cl.8
C1.9

C2.1
C2.1
C2.1
C22
C22
C22
C2.8
C2.9

Column Fixity Coefficients C for Use with Columns with Elastic Side Restraints and Known End Bnding Restraint.

Selection of materials for Elevated Temperature Conditions.
Example Problems.
Solution Without Using Column Curves.
Strength of Stepped Column.
Column Strength With Known End Restraining Moment.
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C2.14 Columns With Elastic Lateral Supports. C2.17
C2.15 Problems. C2.17
C3 Yield and Ultimate Strength in Bending. C3.1
C3.1 Introduction. C3.1
C3.2 Basic Approach to Finding the Bending Strength of Members. C3.1
C3.3 Bending Strength of a Solid Round Bar. C3.1
C3.4 The Cozzone Simplified Procedure. C3.2
C3.5 Design Curves for Finding Modulus of Rupture (Fb). C33
C3.6 General accuracy of Method. C34
C3.7 Example Problems in Finding Bending Strength. C34
C3.8 Complex Bending. Symmetrical Section. Moment Vector Not Parallel to Principal Axis. C3.9
C3.9 Section with One Axis of Symmetry with Moment Vector not Parallel to Either axis. C3.9
C3.10 Unsymmetrical Section with No Axis of Symmetry. C3.9
C3.11 Alternatate More Exact Method for Complex Bending. C3.10
C3.12  Strength Under Combined Bending and Flexural Shear. C3.10
C3.13  Strength Under Combined Bending Flexural Shear and Axial compression. C3.11
C3.14 Further Values of fm and f0. C3.11

C4 Strength and Design of Round, Streamline, Oval and Square Tubing in Tension, Compression, Bending, Torsion

and Combined Loadings. C4.1
C4.1 Introduction. C4.1
C4.2 Design for Tension. C4.1
C4.3 Design for Compression. C4.2
C4.4 Column Formulas for Round Steel Tubes. C4.2
C4.5 Column Formulas for Aluminum Alloy Tubes. C4.2
C4.6 Column Formulas for Magnesium Alloys. C4.2
C4.7 Short Column Equations for Other Materials. C43
C4.8 Column Failure Due to Local Failure. C4.3
C4.9 Design Column Charts. C4.3
C4.10  Section Properties of Round Tubing. C4.3
C4.11 Some General Facts in Tubing Design. C4.5
C4.12  Effect of Welding of Steel Tubes Upon the Tension and Column Strength. C4.5
C4.13 Illustrative Problems in Strength Checking and Design of Round Steel Tubes as Columns and Tension Members.
C4.5
C4.14 Illustrative Problems using Aluminum Alloy and Magnesium Round Tubes as Columns and Tension Members.
C4.11
C4.15 Strength of Streamline Tubing. C4.12
C4.16  Strength of Oval and Square Shaped Tubes in Compression. C4.12
Ultimate Bending Strength of Roound Tubes. C4.15
C4.17 Charts for Finding Modulus of Rupture Stress. C4.15
C4.18 Problems Involving Bending Strength of Tubes. C4.15
Ultimate Torsional Strength of Round Tubes. C4.17
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C4.19
C4.20
C4.21
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Torsional Modulus of Rupture.
Torsional Modulus of Rapture Curves.

Problems Illustrating Use Torsional Modulus of Rapture Curves.

Strength of Round Tubes Under Combined Loadings.

C4.22
C4.23

Combined Bending & Compression.

[lustrative Problem Involving Combined Bending and Compression.

C4.23a  Combined Bending and Tension.

C4.24

Combined Bending and Torsion.

C4.24a Ultimate Strength in Combined Compression, Bending and Torsion.

C4.25
C4.26
C4.27
C4.28

Ultimate Strength in Combined Bending and Flexural Shear.
Iustrative Strength in Combined Comression, Bending, Flexural Shear and Torsion.
Ultimate Strength in Combined Tension and Torsion.

Ultimate Strength in Combined Tension, Torsion and Internal Presssure p in psi.

C5 Buckling Strength of Flat Sheet in Compression, Shear, Bending and Under Combined Stress Systems.

Cs.1
Cs5.2
C53
C5.4
C5.5
Cs.6
Cs5.7
Cs5.8
C5.9
C5.10
Cs.11
C5.12
C5.13
Cs5.14

Introduction.
Equation for Elastic Buckling Strenth of Flat Sheet in Compression.
Buckling Coefficient ke
Equation for Inelastic Buckling Strength of Flat Sheet in Compression.
Simple Problems to Illustrate use of Curves in Figs. C5.7 and C5.8.
Cladding Reduction Factors.
Buckling of Flat Rectanglar Plates Under Shear Loads.
Buckling of Flat Plates Under Bending Loads.
Combined Bending and Longitudinal Compression.
Combined Bending & Shear.
Combined Shear and Longitudinal Direct Stress. (Tension or Compression.)
Combined Compression, Bending & Shear.
[lustrative Problems.

Problems.

C6 Local Buckling Stress for Composite Shapes.

Cé6.1
C6.2
C6.3
C6.4
C6.5
C6.6

C7 Crippling Strength of Composite Shapes and Sheet-Stiffener Panels in Compression. Column Strength.

C7.1
C7.2
C73
C74
C7.5

Introduction.

Compressive Buckling Stress for Equal Flanged Elements.

Compressive Buckling Stress for Flange-Web Elements.

Design Charts for Local Buckling Stresses of Some Composute Web-Flange Shapes.
Problems Illustraing Use of Charts.

Buckling of Stiffend Flat Sheets Under Longitudinal Compression.

Introduction.

Method 1. The Angle Method, Or the Needham Method.

Design Curves.

Method 2. For Crippling Stress Calculation. (The Gerard Method.)

Stresses and Displacements of Flat Plates After Buckling Under Conditions of Uniform End Shortening.
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C4.17
C4.18
C4.18

C4.22
C4.22
C4.22
C4.23
C4.23
C4.24
C4.25
C4.26
C4.26
C4.26

Cs.1
Cs.1
Cs.1
Cs.1
C53
C53
C5.5
C5.6
Cs5.6
C5.6
Cs5.8
Cs5.8
C5.8
C5.10
C5.12

Cé6.1
Cé6.1
Cé6.1
Cé6.1
C6.2
C6.2
Co6.4

C7.1
C7.1
C7.1
C7.2
C7.2
C72
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C7.6 The Gerard Equations for Crippling Stress. C7.2
C7.7 Correction for Cladding. C7.4
C7.8 Maximum Values for Crippling Stresses. C7.4
C7.9 Restraint Prduced by Lips and Bulbs. C7.6
C7.10 Illustrative Problems in calculating Crippling Stresses. C7.7
Effective Sheet Width. C7.10
C7.11 Introduction. C7.10
C7.12  Sheet Effective Width. C7.10
C7.12 Effective Width W1 for Sheet with One Edge Free. C7.11
C7.13  Effective Width When Sheet and Stiffener Have Different Material Properties. C7.12
C7.14 Inter-Rivet Buckling Stress. C7.12
C7.15 Illustrative Problem Involving Effective Sheet. C7.13
C7.16 Failing Strength of Short Sheet-Stiffener Panels in Compression. C7.15
C7.17 Failure by Inter-Rivet Buckling. C7.15
C7.18 Failure of Short Panels by Sheet Wrinkling. C7.15
C7.19 Equation for Wrinkling Failing Stress Fw. C7.17
C7.20 Rivet Criterion for Wrinkling. C7.17
C7.21 Problem 1. Illustrating Calculation of Short Panel Failing Strength. C7.17
C7.22 General Design Limitations to Prevent Secondary Failure in Sheet-Stiffener Panels. C7.20
C7.23 Y Stiffened Sheet Panels. C7.20
C7.24 Example Problem Y Stiffened Panel. C7.21
C7.25 Column Curve for Members With Unstable Cross-Sections. C7.21
C7.26 Methods Used for Determining the Column Failing Stress in the Transition Region. C7.22
C7.27 Example Problems Involving the Finding of the Column Strength of Columns With Unstable Cross-Sections.

C7.24
C7.28 Column Strength of Stiffener With Effective Sheet. C7.25
C7.29 Sheet-Stiffener Panels With Relatively Heavy Sheet Thickness. C7.27
C8 Buckling Strength of Monocoque Cylinders. C8.1
C8.1 Introduction. C8.1
C8.2 Buckling of Monocoque Cylinders Under Axial Compression. C8.1
C8.3 Additional Convenient Design Charts for Determining Compressive Buckling Stress. C8.1
C8.4 Plasticity Correction. C8.3
C8.5 Buckling of Monocoque Cylinders Under Axial Load and Internal Pressure. C8.3
Buckling of Monocoque Circular Cyliners Under Pure Bending. C8.7
C8.6 Introduction. C8.7
C8.7 Available Design Curves for Bending Based on Exoerimental Results. C8.8
C8.8 Buckling Strength of Circular Cylinders in Bending with Internal Pressures. C8.8
C8.9 External Hyrostatic Pressure. C8.11
C8.10 External Radial Pressure. C8.11
C8.11 Buckling of Monocoque Circular Cylinders Under Pure Torsion. C8.11
C8.12  Buckling Under Transverse Shear. C8.14
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C8.13
C8.14
C8.15
C8.16
C8.17
C8.17
C8.18
C8.19
C8.20

C9 Buckling Strength of Curved Sheet Panels. Ultimate Strength of Stiffened Curved Sheet Structures.

Part 1.
Co.1
C9.2
C9.3
C9.4
C9.5
C9.6
C9.7
C9.8

Part 2.
C9.9
C9.10
C9.11
C9.12
C9.13
C9.14
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Buckling of Circular Cylinders Under Pure Torsion With Internal Pressure.

Buckling of Circular Cylinders Under Transverse Shear and Internal Pressure.

Buckling of Circular Cylinders Under Combined Load Systems.

Ilustrative Problems for Finding the Buckling Strength of Circular Monocoque Cylinders.
Problems Involving Internal Pressure with External Loadings.

Buckling Strength of Thin-Walled (Monocoque) Conical Shells.

Allowable Compressive Buckling Stress for Thin-Walled Conical Shells.

Additional Design Buckling Curves for Thin-Walled Conical Shells.

Example Problem.

Buckling Strength of Curved Sheet Panels.
Introduction.
State of the Theory.
Compressive Buckling Stress of Curved Sheet Panels.
Shear Buckling Stress of Curved Sheet Panels.
Buckling Strength of Curved Sheet Panels Under Combined Axial Compression and Shear.
Compressive Buckling Stress of Curved Panels with Internal Pressure.
Shear Buckling Stress of Curved Sheet Panels with Internal Pressure.

Example Problems.

Ultimate Strength of Stiffened Cylindrical Structures.
Introduction.
Types of Instability Failure of Semi-Monocoque Structures.
The Determination of the Stresses in a Stiffened Cylindrical Structure Under External Loads.
Panel Instability Strength.
Calculation of General Instability

Buckling of Spherical Plates Under Uniform External Pressure.

C10 Design of Metal Beams. Web Shear Resistant (Non-Buckling) Type.

Part 1.
C10.1
C10.2
C10.3
C10.4
C10.5
C10.6
C10.7
C10.8
C10.9
C10.9a
C10.10
C10.11
C10.12
C10.13

Flat Sheet Web with Vertical Stiffeners.
Introduction.
Flange Design.
Allowable Flange Design Stresses.

Use of Stress-Strain Diagrams in Computing Beam Flange Bending Allowable Design Stresses.

Flange Strength (Crippling).
Web Strength. Stable Webs.
Web Bending and Shear Stresses.
Shear Resistance Provided by Sloping Flanges.
Effect of Variable Moment of Inertia on Flexural Shear Stress Distribution.
Flange Discontinuities.
Stiffener Size to Use with Non-Buckling Web.
Notes on Beam Rivet Design.
Loads on Rivets Attaching Reinforcing Plates to Flange Member.
Web Splices.
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C8.14
C8.14
C8.17
C8.17
C8.20
C8.22
C8.22
C8.23
C8.23

Co.1
Co.1
Co.1
Co.1
Co.1
Co.1
Co.1
Co.1
C9.6
C9.6

C9.8
C9.8
C9.8
C9.9
Co.11
Co.11
C9.13

C10.1
C10.1
C10.1
C10.1
C10.2
C10.2
C104
C10.5
C10.5
C10.6
C10.7
C10.7
C10.7
C10.8
C10.9
C10.10
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C10.14 Example Rivet Problem. C10.10
C10.15 Example Problem. Strength Check of Beam. C10.12
C10.15a Use of Longitudinal Stiifener to Increase Bending Buckling Stress of Web Sheet. C10.15
Part2. Other Types of Non-Buckling Webs. C10.16
C10.16 Other Types of Web Design. C10.16
C10.17 Beaded Webs. C10.16
C10.18 Webs With Round Lightening Holes Having Formed 45° Flanges. C10.17
C10.19 Webs With Round Beaded Flange Lightening Holes and Intermediate Vertical Male Beads. C10.18
C10.20 Example Problems. C10.19
C11 Diagonal Semi-Tension Field Design. Cl11.1
Part 1. Beams with Flat Webs. Part 2. Curved Web Systems. Cl1.1
Cl1.1 Introduction. Cl1.1
C11.2 Elementary Approximate Explanation of Tension-Field Beam Action. Cl1.1
C11.3 Elementary Derivation of Approximate Tension-Field Beam Formulas. Cl1.2
C11.4 General Wagner Equations for Tension Field Beams. Cl1.4
C11.5 Modified Wagner Equations for Use in Design. CI1.5
C11.6  Shear Carried by Beam Flanges. Cl11.5
C11.7 Shear Load Carried by Web. Cl11.5
C11.8 Beams with Parallel Flanges but with Oblique Web Stiffeners. C11.7
C11.9 Rivet Loads. Cl11.7
C11.10 Flange Loads. CI1.8
CI1.11 Loads in Web Vertical Stiffeners. CI11.9
C11.12 Beams with Non-Parallel Flanges. C11.9
C11.13 Example Problem Using Method 1. CI11.9
Method 2.

C11.14 NACA Method of Strength Analysis for Semi-Tension Field Beams with Flat Webs. Cl1.14
C11.15 Engineering Theory of Incomplete Diagonal Tension. Cl11.15
C11.16 Formulas for Stress Analysis. Cl11.15
C11.17 Ciritical Shear Stress. Cl1.16
C11.18 Loading Ratio. Cl1.16
C11.19 Diagonal Tension Factor k. Cl1.16
C11.20 Average and Maximum Stress in Upright or Web Stiffener. C11.17
C11.21 Angle of Diagonal Tension. Cl11.17
C11.22 Allowable Stresses in Uprights. Cl11.17
C11.23  Web Design. C11.18
C11.24 Rivet Design. C11.18
C11.25 Secondary Bending Moments in flanges. C11.19
C11.26 Shear Stiffness of Web. CI11.19
C11.27 Example Problem. Using NACA Method. (Method 2). CI11.19
C11.28 General Conclusion. Cl11.22
C11.29 End Bay Effects. C11.23
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Part 2.
C11.30
Cl11.31
C11.32
C11.33
Cl11.34

Curved Web Systems.

Diagonal Tension in Curved Web Systems — Introduction.

General Discussion.
Analysis of Stringer Systems in Diagonal Tension.
Allowable Stresses (and Interactions).

Example Problem.

Longeron Type System.

CI11.35
C11.36
C11.37
CI11.38

CI11.39
C11.40

(Introduction.)
(Analysis of Longeron Type System.)
Eample Problem.

Summary.

Problems for Part 2.
Problems for Part 1.

C12 Sandwich Construction and Design.

C12.1 Introduction.

C12.2 Basic Design Principles.

C12.3 Nomenclature.

C12.4 Basic Sandwich Structural Properties.

Cl24.1
Cl24.2
C1243
Cl244
Cl124.5
Cl124.6
Cl12.4.7
Cl124.38
C12.4.9

Sandwich Bending Stiffness.
Sandwich Shear Stiffness.

Core Properties.

Core Density.

Core Shear Properties.

Core Flatwise Compression Properties.
Core Flatwise Tension Properties.
Combined Load Strength.

Other Isotropic Cores.

C12.5 Honeycomb Flat Panel Failure Modes.

Cl125.1
Cl12.5.2
Cl12.5.2.1
Cl125.23
Cl2524
Cl2.53
C12.53.1
Cl1253.2
C12.53.3
Cl12534
Cl2.54
Cl12.5.5
Cl12.5.6
C12.5.7

General.
Intracell Buckling.

Compression (Ref. 1, 2).

Biaxial Loading.

Biaxial and Shear Loading.
Wrinkling.

Compression.

In-Plane Shear.

Biaxila Loading.

Biaxial and Shear Loading.
Shear Crimping.
General Instability — Uniaxial Compression.
General Shear Buckling Allowables.

Biaxial Compression.
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C11.29
C11.29
C11.29
C11.32
C11.36
C11.38

Cl1.41
Cl1.41
Cl11.42
Cl1.44
Cl11.47

C11.48
C11.48

Cl2.1
Cl2.1
Cl2.1
Cl123
Cl24
Cl24
Cl24
Cl24
Cl24
Cl12.5
Cl12.6
Cl12.7
C12.7
C12.8
Cl12.8
Cl12.8
C12.8
Cl12.8
C12.10
C12.10
Cl2.11
Cl2.11
C12.12
Cl12.12
C12.13
Cl12.14
Cl12.14
Cl12.15
C12.17
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C12.5.8 Biaxial Compression and Shear. C12.19
C12.6 Failure Modes in Curved Honeycomb Panels. C12.20
C12.6.1 General C12.20
C12.6.2 Uniaxial Compression — Curved Panel (Ref. 6). C12.20
General Instabilty — Cylinder C12.21
C12.6.3 Uniaxial Compression. C12.21
C12.6.4 Torsion (ref. D12). Cl12.22
C12.6.5 Uniform External Lateral Pressure (Ref. 7). C12.22
C12.6.6 Bending Moment. C12.23
C12.6.7 Lateral Load and Axial Compression. C12.23
C12.6.8 Axial Compression, Lateral Load and Torsion. Cl12.24
C12.7 Buckling of Flat Panels with Dissimilar Faces. C12.25
C12.7.1 General. C12.25
C12.7.2  Uniaxial Compression. C12.25
C12.8 Core Shear Induced by Loads Applied at Insert. C12.26
C12.8.1 General. C12.26
C12.8.2 Shear Stress Distribution. C12.26
C12.9 Corrgated Core Sandwich Failure Modes — Ref. 10. C12.27
C12.9.1 General. C12.27
C12.9.2 Corrugated Sandwich Panel General Buckling Coefficients. C12.28
C12.10 Design of Sandwich Structures. C12.33
C12.10.1 Ggeneral. C12.33
C12.10.2 Dimpling of Sandwich Facings. C12.33
C12.10.3 Wrinkling of Sandwich Facings. C12.34
C12.10.4 Shear Crimping of Sandwich Panels. C12.35
C12.10.5 General Buckling of Sandwich Panels. C12.35
C12.10.5 Design of Flat Sandwich Panels. C12.36
C12.10.5.1 Determining Facing Thicknesses and Panel Parameters. C12.36
C12.10.5.2 Determining Facing Thickness and Panel Parameters for Honeycomb Panels in Shear. C12.36
C12.10.5.3 Determining Facing Thickness and Panel Parameters for Corrugated Panels in Compression. C12.37
C12.10.5.4 Determining Facing Thickness and Panel Parameters for Corrugated Panels inShear. C12.37
C12.10.6 Design of Sandwich Cylinders. C12.37
C12.10.6.1 Determining Facing Thicknesses and Panel Parameters for Cylinder in Axial Compression. C12.38
C12.10.6.2 Determining Facing Thickness and Panel Parameters for Cylinders in Torsion. C12.39
C12.10.6.3 Determining Facing Thickness and Panel Parameters for Cylinders Under Lateral Pressure. C12.39
C12.11.1 Example Problem. C12.40
C12.11.2 Example Problem. Cl12.41
C12.11.3 Example Problem. C12.43
C12.11.4 Example Problem. C12.45
C12.11.5 Example Problem. Cl2.46
C12.11.6 Example Problem. C12.48
C12.11.7 Example Problem. C12.49
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C13 Fatigue.

C13.1 Introduction.

C13.2 Stress Concentrations.

C13.3 Fatigue Data.

C13.3.1 Unnotched Data.

C13.3.2 Notched Data.

C13.3.3 Endurance Limit.

C13.3.4 Fatigue Testing Machines.

C13.3.5 Test Scatter.

C13.3.6 Load-N Curves.

C13.3.7 Elevated Temperature.

C13.5 Increasing Fatigue Resistance.

C13.5.1 Introduction.

C13.5.2 Stress, Strain & Plastic Deformation.
C13.5.3 Effect of Residual Stress on Fatigue.
C13.5.4 Mechanically Introduced Residual Stresses.
C13.5.5 Residual Stresses by Diffusion Hardening.
C13.5.6 Increasing Rigidity.

C13.5.7 Combined Rigidity and Residual Stress.
C13.5.8 Load Relief at Fasteners.

C13.6 Cumulative Fatigue Damage.

C13.6.1 Introduction.

C13.6.2 Loads.

C13.6.3 Predicting Life.

C13.6.4 Stress Interaction.

C13.6.5 Fatigue Strength Index — An Easy Out.
C13.6.6 Summary on Life Prediction.

C13.7 Safe Life, Fail Slow and Fail Safe.
C13.7.1 Safe Life and Crack Propagation.
C13.7.2 Fail Safe

C13.8 Frequently Overlooked Problem Areas.
C13.8.1 Fatigue Failure of Compressive Surfaces.

C13.8.2 Heavy Forging Attachments on Stressed Parts.

C13.8.3 Single Shear Flush Joints.
C13.8.4 Fastener Sizes.

C13.8.5 Acoustic Fatigue.

C13.9 Check List.

C13.10 Concluding Remarks.

CONNECTIONS AND DESIGN DETAILS

D1 Fittings and Connections. Bolted and Riveted.
D1.1 Introduction.

D1.2 Economy in Fitting Design.

D1.3 Fitting Design Loads. Minimum Margins of Safety.

D1.4 Special or Higher Factors of Safety.
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C13.1
C13.1
C13.2
Cl134
C134
C13.6
C13.7
C13.7
C13.8
C13.9
C13.10
C13.10
C13.10
C13.12
C13.13
Cl13.13
C13.16
C13.18
C13.20
C13.23
C13.26
C13.26
C13.26
C13.28
C13.29
C13.31
C13.34
C13.35
C13.35
C13.36
C13.37
C13.37
C13.37
C13.38
C13.38
C13.38
C13.39
C13.39

D1.1
DI.1
D1.1
DI.1
DI.1



D1.5

Dl1.6

D1.7

D1.8

Dl1.8a
D1.9

D1.10
DI1.11
D1.12
D1.13
D1.14
D1.15
D1.16
D1.17
D1.18
D1.19
D1.20
D1.21
D1.22
D1.23
D1.24
D1.25
D1.26
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Aircraft Bolts.

Aircraft Nuts.

Bolt Shear, Tension & Bending Strength.

Bolts in Combined Shear and Tension.
Bushings.

Single Bolt Fitting.
Methods of Failure of Single Bolt Fitting and the Allowable Failing Loads.
Method 2. Lug Strength Analysis Under Axial Loading.
Lug Strength Analysis Under Transverse Loading.
Lug Strength Analysis Under Oblique Loads.
Bolt Bending Strength.

Illustrative Problems.

Bolt Loads for Multiple Bolt Fitting. Bolt Sizes Different. Concentric Loading.

Multiple Riveted or Bolted Joints Subjected to Eccentric Loads.
Types of Rivets.

Rivet Material.

Strength of Rivets. Protruding Head Type.

Strength of Rivets. Flush Type.

Blind Rivets.

Riveted Sheet Splice Information.

Ilustrative Problems Involving Use of Rivets.

Rivets in Tension.

Rivet Tension Strength.

D2 Welded Connections.

D2.1
D2.2
D2.3
D2.4
D2.5
D2.6
D2.6
D2.7
D2.8
D2.9
D2.10
D2.11
D2.12
D2.13
D2.14

Introduction.
Gas Welding.
General Notes on the Practical Design of Welded Joints.
General Types of Welded Steel Fitting Units.
Electric Arc Welding.
Effect of Welding on Base Metal.
Weld-Metal Allowable Stress.
Allowable Load for Welded Seams.
Brazing.
Welding of Aluminum Alloys.
Ilustrative Problems Involving Welding.
Spot Welding.
Spot Welding of Aluminum Alloys.
Spot Strengths.
Reduction of Tensile Strength of Parent Metal Due to Spot Welding.

D3 Some Important Details in Structural Design.

D3.1
D3.2
D3.3

Introduction.
Shear Clips.

Tension Clips.
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D1.2
D1.2
D13
D1.3
D13
D14
D1.4
Dl1.6
DI1.8
D1.8
D1.9
D1.9
D1.13
DI1.13
Dl1.14
Dl1.16
DI1.16
DI1.16
D1.17
D1.17
DI.18
D1.25
D1.28

D2.1
D2.1
D2.1
D2.1
D2.2
D2.2
D2.2
D2.4
D2.4
D2.4
D2.5
D2.5
D2.7
D2.7
D2.7
D2.8

D3.1
D3.1
D3.1
D3.2
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D3.4 Joggled Members. D34
D3.5 Fillers. D3.5
D3.6 Cut-outs in Webs or Skin Panels. D3.7
D3.7 Special Cases of Beam Design. D3.10
D3.8 Structural Skin Panel Details. D3.12
D3.9 Additional Important Structural Details. D3.14
APPENDIX A

I — Elementary Arithmetical Rules of Matrices. AP.1

II — Application of Matrix Notation. AP.5
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“Analysis and Design of Flight Vehicle Structures” by E. F. Bruhn

#5| (www.aerotraining.com D& H Z#FREEIE)

Accelerated Motion of Rigid Airplane
Aircraft Bolts

Aircraft Nuts

Aircraft Wing Sections — Types

Aircraft Wing Structure: Truss Type

Air Forces on Wing

Allowable Stresses (and Interactions)
Analysis of Frame with Pinned Supports
Angle Method

Application of Matrix Methods to Various Structures
Applied Load

Axis of Symmetry

Beaded Webs

Beam Column

Beam Design - Special Cases

Beam Fixed End Moments by Method of Area Moments
Beam Rivet Design

Beam Shear and Bending Moment

Beam Forces at a Section

Beams - Moment Diagrams

Beams with Non-Parallel Flanges

Beam Shear and Moment Diagrams
Beams - Statically Determinate & Indeterminate
Bending and Compression of columns
Bending Moments - Elastic Center Method
Bending of Rectangular Plates

Bending Strength - Basic Approach
Bending Strength - Example Problems
Bending Strength of Round Tubes
Bending Strength - Solid Round Bar
Bending Stresses

Bending Stresses - Curved Beams
Bending Stresses - Elastic Range

Bending Stresses - Non-homogeneous Sections
Bending Stresses About Principal Axes
Bending of Thin Plates

Bolt Bendng Strength

Bolt & Lug Strength Analysis Method
Bolt Shear, Tension & Bending Strengths
Boundary Conditions

Box Beams Analysis

Brazing
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A4.8
D1.2
D1.2
A19.1
A2.14
A4.4
C11.36
A9.16
C7.1
A7.23
A4.1
A9.4
C10.16
A5.21
D3.10
A7.32
C10.8
A5.1
AS5.7
A5.6
CI11.9
A52
As5.1
Al8.1
A9.1
Al18.13
C3.1
C3.4
C4.15
C3.1
Al3.1
Al13.15
Al13.13
Al13.11
Al3.2
Al18.10
DIL.9
D1.5
D1.3
A24.8
A22.5
D2.4
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Buckling Coefficient C5.1
Buckling of Flat Panels with Dissimilar Faces C12.25
Buckling of Flat Sheets under Combined Load C5.6
Buckling of Rectangular Plates A18.20
Buckling of Stiffened Flat Sheets under Longitudinal Compression C6.4
Buckling under Bending Loads Cs.6
Buckling under Shear Loads C5.6
Buckling under Transverse Shear C8.14
Carry Over Factor All.4
Castigliano's Theorem A7.5
Centroids: Center of Gravity A3.1
Cladding Reduction Factors C5.5
Column Analogy Method A10.1
Column Curves - Non-Dimensional C2.2
Column Curves — Solution C2.13
Column End Restraint C2.1
Column Formulas C4.2
Column Strength C7.21
Column Strength with Known End Restraining Moment C2.16
Combined Axial and Transverse Loads - General Action A5.21
Combined Bending and Compression C4.22
Combined Bending and Flexural Shear C3.10
Combined Bending and Tension C4.23
Combined Bending and Tension or Compression of Thin Plates Al18.17
Combined Bending & Torsion C4.23
Combined Stress Equations Cl.2
Compatibility Equations A24.7
Complex Bending - Symmetrical Section C3.9
Compressive Buckling Stress for Flanged Elements C6.1
Conical Shells - Buckling Strength C8.22
Constant Shear Flow Webs Al14.10
Constant Shear now Webs - Single Cell - 2 Flange Beam Al5.3
Constant Shear flow Webs - Single Cell - 3 Flange Beam Al5.5
Continuous Structures Curved Members All.31
Continuous Structures - Variable Moment of Inertia All.15
Core Shear C12.26
Correction for Cladding C7.4
Corrugated Core Sandwich Failure Modes C12.27
Cozzone Procedure C3.2
Creep of Materials B1.8
Creep Pattern B1.12
Crippling Stresses Calculations C7.7
Critical Shear Stress Cl1.16
Crystallization Theory C13.1
Cumulative Damage Theory C133
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Curved Beams

Curved Sheet Panels Buckling Stress

Curved Web Systems

Cut-outs in Webs or Skin Panels

Deflection Limitations in Plate Analyses
Deflections by Elastic Weights

Deflections by Moment Areas

Deflections for Thermal Strains

Deflections by Virtual Work

Delta Wing Example Problem

Design for Compression

Design Conditions and Design Weights
Design Flight Requirements for Airplane
Design Loads

Design for Tension

Differential Equation of Deflection Surface
Discontinuities

Distribution of Loads to Sheet Panels
Ductility

Dummy Unit Loads

Dynamic Effect of Air Forces

Effect of Axial Load on Moment Distribution
Effective Sheet Widths

Elastic Buckling Strength of Flat Sheet in Compression
Elastic / Inelastic Action

Elastic Lateral Support Columns

Elastic Stability of Column

Elastic Strain Energy

Elasticity and Thermo elasticity: One-Dimensional Problem
Elasticity and Thermo elasticity: Two-Dimensional Equations
Electric Arc Welding

End Day Effects

End Moments for Continuous Frameworks
Equations of Static Equilibrium

Equilibrium Equations

Failure of Columns by Compression

Failure Modes in Curved Honeycomb Panels
Failure of Structures

Fatigue Analysis - statistical Distribution
Fatigue and Fail-Safe Design

Fatigue of Materials

Fatigue S-N Curves

Fillers

Fitting Design

Fixed Fad Moments
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A5.6
Co.1
CI11.29
D3.7
Al74
A7.27
A7.30
A7.17
A7.9
A23.2
C4.2
A5.12
A4.6
A4.1
C4.1
Al8 12
A20.15
A21.2
B1.5
A8.6
A4.13
Al11.22
C7.20
Cs.1
B1.5
C2.17
Al17.2
Cl.6
A26.1
A25.1
D2.2
C11.23
All.10
A2.1
A24.2
Al84
C12.20

C134
C13.8
B1.14
C13.13
D3.5

All3
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Fixed End Moments Due to Support Deflections
Fixity Coefficients

Flange Design

Flange Design Stresses

Flange Discontinuities

Flange Loads

Flange Strength (Crippling)

Flat Sheet Web with Vertical Stiffeners

Flexural Shear Flow Distribution

Flexural Shear Flow Symmetrical Beam Section
Flexural Shear Stress

Flight Structures - Required Strength

Forces on Airplane in Flight

Formulation of Plane Stress Problem

Frames with Joint Displacements

Frames with One Axis of Symmetry

Frames with Unknown Joint Deflections
Frames with Unknown Joint Displacement
Fuselage - Balance Diagram

Fuselage - Basic Structure

Fuselage - Example Problem Solutions
Fuselage Frames

Fuselage Shears and Moments

Fuselage Shears and Moments for Landing Conditions
Fuselage Stress Methods

Fuselage - Ultimate Bending Strength

Gas Welding

General Organization of an Aircraft Company
General Types of Loading

Gerard Method

Gust Load Factors

Gust Loads

Honeycomb Flat Panel Failure Modes

Impact loading

Impact Testing Methods

Inelastic Buckling

Inelastic Buckling strength at Flat Sheet in Compression
Inelastic Buckling at Thin Sheets

Inertia Forces

Inertia Loads Due to Angular Acceleration
Inertia Loads Due to Unit 100,000 in.lbs Pitching Moment
Initial Stresses

Internal Shear Flaw Systems

Inter-Rivet Buckling Stress

Joggled Members
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Al1.9
C2.1
C10.1
C10.2
C10.7
CI1.8
C104
C10.1
Al5.24
Al4.5
Al4.1
Cl1.7
Ad4.4
A25.5
Al2.8
A10.2
All.17
Al2.6
A5.13
A20.1
A20.9
A21.17
A5.12
A5.18
A20.3
A20.6
D2.1
Al.l

C72
A4.6
C13.23
C12.8
B1.15
B1.15
Al8.6
C53
A18.23
A4.2
A5.18
A5.19
A8.13
A6.6
C7.12
D3.4
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Johnsm-Euler Equation C7.22

Joints - Method of A2.10

Landing Gear Units — Calculating Reactions & Loads on Members A2.23
Landing Impact Loads C13.32

Large Deflections in Plates Al17.6

Limit Loads A4.1

Load Factors A4.5

Loaded Continuous Beam with Yielding Supports Al12.5

Longeron Type System Cl1.41
Maneuver Loads C13.30

Mass: Moment of Inertia A3l

Maximum Shear Stresses for Simple Cross-Sections Al4.5
Membrane Action in Thin Plates Al7.5
Membrane Analogy A6.3

Membrane Equations of Equilibrium Ale6.1

Metallic Materials B2.1

Method of Displacements A23.1

Method of Joints — Trusses A2.10

Method of Moments — Trusses A2.11

Method of Shears — Trusses A2.12

Methods of Column Failure C2.1

Modulus of Rupture C33

Modulus Rupture Stress C4.15

Modulus Theory Al18.6

Mohr's Circle Cl13

Moment Distribution Method All.l

Moment of Inertia - Strength of Columns C2.8

Moments for Combinations of Various Load Systems A5.22

Moments of Inertia — Airplane A3.8

Moments of Inertia — Centroids A3.1
Monocoque Circular Cylinders: Buckling under External Pressure C8.11
Monocoque Circular Cylinders: Buckling under Pure Bending C8.7
Monocoque Circular Cylinders: Problems for Finding Buckling Strength ~ C8.17
Monocoque Cylinders: Buckling under Axial Compression C8.1
Monocoque Cylinders Budding under Axial Load and Internal Pressure C8.3
NACA method Cl11.24
Needham Method C7.1

Neutral Axis Location Al3.1

Neutral Axis Method Al33
Octahedral Shear Stress Theory Cl1.8

Parallel Axis Theorem A3.1,A3.9
Physical Action of Wing Section Al19.11

Plane Strain A25.7

Plane Stress A25.1

Plate Beading Analysis Al7.3
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Plate Beading Equations

Poisson's Ratio

Practical Wing Section Application
Pressure Vessels Applications
Pressurized Cabin Stress Analysis
Principal Axes

Principal Strains

Principle of Superposition

Product of Inertia

Radius of Gyration

Redundant Reactions by Least Work
Redundant Stress Calculations

Redundant Stresses by Least Work

Redundant Structures with Members Subjected to Loadings

Relation - Shear and Bending Moment
Restraint Produced by Lips and Bulbs

Rib Loads from Discontinuities

Rib - Multiple-Stringer Beam

Rib - Single Cell Beam

Rib - Three Stringer Beam

Rivet Design

Rivet Loads

Riveted Connections

Rivets in Tension

Sandwich Construction and Design

Sandwich Structural Properties

Sandwich Structures Design

Secant Modulus

Secondary Bending moments in Trusses
Section of Maximum Bending Moment
Section Properties

Shear Center

Shear Center Location - Neutral Axis Method
Shear Center of Single Cell - Three Flange Beam
Shear Center of Single Cell - Two Flange Beam
Shear Clips

Shear Flow Cellular Beams

Shear Flow - Multiple Cells

Shear Flow in Tapered Sheet Panel

Shear Lag Influences

Shear Loads

Shear Stresses & Shear Center - Beam Sections
Shear Stresses Unsymmetrical Beam Sections
Shearing Stresses from Principal Stresses

Sheet-Stiffener Panels - Failing Strength
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Al7.1
B1.7
Al19.24
Al6.2
Al16.6
A3.10
ClL5
A5.1
A3.9
A3.1
A5.2
A5.27
A83
A8.11
A5.4
C7.6
A21.11
A21.9
A21.6
A21.7
CI1.15
Cl11.7
DI1.14
D1.25
Cl2.1
Cl24
C12.33
B1.5
All1.29
A5.4
A32
Al4.1
Al4.15
Al5.6
Al5.4
D3.1
Al5.24
Al5.16
A15.27
A19.24
CI1.5
Al4.6
Al4.8
Cl.1
C7.15
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Sheet Wrinkling Failure

Single Bolt Fitting

Single Cell Beam Symmetrical about One Axis
Single Cell - Multiple Flange One Axis of Symmetry
Single Cell - Unsymmetrical Multiple Flange

Single Spar - Cantilever Wing - Metal Covered
Slope Deflection - Hinged End

Static Tension Stress-Strain Diagram

Statically Determinate Coplanar Structures and Loadings
Statically Determinate and Indeterminate Structures
Statically Indeterminate Frames - Joint Rotation
Statically Indeterminate Problem

Stepped Column — Strength

Stiffened Cylindrical Structures - Ultimate Strength
Stiffness & Carry-over, Factors for Curved Members
Stiffness Factor

Strain - Displacement Relations

Strain Energy

Strain Energy of Plates Due to Edge Compression and Bending

Strain Energy in Pure Bending of Plates

Streamline Tubing — Strength

Strength Checking and Design — Problems

Strength of Round Tubes under Combined Loadings

Stress Analysis Formulas

Stress Analysis of Thin Skin - Multiple Stringer Cantilever Wing

Stress Concentration Factors
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C7.15
D1.4
Al5.1
Al15.7
Al15.8
A19.10
Al12-3
B1.2
A2.17
A2.4
Al12.7
A8.1
C2.14
C9.8
A11.30
All4
A24.5
A7.1
Al18.19
All.12
C4.12
C4.5
C4.22
CI1.15
A19.20

C13.10

Stress Distribution & Angle of Twist for 2-Cell Thin-Wall Closed Section ~ A6.7

Stress-Strain Curve

Stress-Strain Relations

Stresses around Panel Cutout

Stresses in Uprights

Stringer Systems in Diagonal Tension
Structural Design Philosophy

Structural Fittings

Structural Skin Pawl Details

Structures with Cu ved Members
successive Method for Multiple Call Beams
Symbols for Reacting Fitting Units
Symmetrical Sections - External Shear Loads
Tangent Modulus

Tangent-Modulus Theory

Taxi Loads

Tension Clips

Tension-Field Beam Action

Tension-Field Beam Formulas
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B1.7
A24.6
A22.1
Cl1.17
CI11.32
Cl.6
A22
D3.12
All1.29
Al5.24
A23
Al4.2
B1.5
Al18.8
C13.33
D3.2
CIl.1
Cl1.2
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Theorem of Castigliono A7.5
Theorem of Complementary Energy A7.5
Theorem of Least Work A8.2
Theorems of Virtual Work and Minimum Potential Energy A7.5
Thermal Deflections by Matrix Methods A8.39
Thermal Stresses A8.14
Thermal Stresses A8.33
Thermoelasticity - Three-Dimensional Equations A24.1
Thin Walled Shells Al6.5
Three Cell - Multiple Flange Beam — Symmetrical about One Axis Al5.15
Three Flange - Single Cell Wing A29.5
Torsion - Circular Sections A6.1
Torsion - Effect of End Restraint A6.16
Torsion - Non-circular Sections A6.3
Torsion Open Sections A6.4
Torsion of Thin-Walled Cylinder having Closed Type Stiffeners A6.15
Torsion Thin-Walled Sections A6.5
Torsional Moments — Beams AS59
Torsional Modulus of Rupture C4.17

Torsional Shear Flow in Multiple Cell Beams by Method of Succesive Corrections A6.10
Torsional Shear Stresses to Multiple-Cell Thin-Wall Closed Section — Distribution A6.7

Torsional Strength of Round Tubes C4.17

Torsional Stresses in Multiple-Cell, Thin-Walled Tubes A6.8

Transmission of Power by Cylindrical Shaft A6.2

Triaxial Stresses Cl1.5

Truss Deflection by Method of Elastic Weights A7.33

Truss Structures A29

Trusses with Double Redundancy A8.10

Trusses with Multiple Redundancy A8.11

Trusses with Single Redundancy A8.7

Tubing Design Facts C4.5

Two-Dimensional Problems A26.5

Two-Cell Multiple Flange Beam - One Axis of Symmetry Al5.11

Type of Wing Ribs A21.1

Ultimate Strength of Tubing in Combined Bending & Flexural Shear C4.25

Ultimate Strength of Tubing in Combined Compression, Bending, Flexural Shear & Torsion C4.26
Ultimate Strength of Tubing in Combined Compression, Bending & Torsion C4.24
Ultimate Strength of Tubing in Combined Tension, Torsion and Internal Pressure C4.26
Uniform Stress Condition Cl.1

Unit Analysis for Fuselage Shears and Moments AS5.25

Unsymmetrical Frame A9.2

Unsymmetrical Frames or Rings Al10.4

Unsymmetrical Frames using Principal Axes A9.18

Unsymmetrical Structures A9.13

Velocity - Lead Factor Diagram A4.7
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Wagner Equations

Web Bending & Shear Stresses
Web Design

Web Splices

Web Strength Stable Webs
Webs with Round Lightening Holes
Welding

Wing Analysis Problems

Wing Arrangements

Wing Effective Section

Wing Internal, Stresses

Wing Shear and Bending Analysis
and Bending Moments

Wing - Shear Lag

Wing Shears and Moments
Wing Stiffness Matrix

Wing Strength Requirements
Wing Stress Analysis methods
Wing - Ultimate Strength
Work of Structures Group

Y Stiffened Sheet Panels

481

Cll4
C10.5
CI1.18
C10.10
C10.5
C10.17
D2.1
Al19 2
Al19.1
Al19.12
A23.25
Al19.14
A5.9
A19.25
A5.10
A23.11
A19.5
A19.5
A19.11
Al.2
C7.2
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XM TROTEHMRICE S EXBEEEEORBN /I LERBEALEEDITTHEL.

(1) Bruhn OHEE (CTH[1-4]) 5

T2)—HRT4 - FAVITSLOEEMREZRRTS.

EEZFE (D3YEOREDIER)

FHHMBESICETARVEELGERIL NONEVTHD. [HEIBEHIOITRTORKOHIOHNE
WERERE, FEAEDRYBEITHIENTESESS. BEICHITLREDMBEOKRIN L, HICFHHE
DFEMERKT CEICEYREL, COBRFDFEE LA SFNSHLERLEMRTEES. FEROPT—4
KICE>THIDOBRAZES ICEBRGRBEADETH S ILECHFZHNO TR L R VR B IXBERE
DIRTOAAICETHIORBEF >TLVEL. COL5GKRTIE, EE, BEHEILIOTXTOEROE
EOHAVEHRCEAR—DRELBETHS. ChERBEITIIE FEDLETHRENEDKSITERT S
NEEBTEDLIITND. FEAEFINLEERLHID, 5loKRYSHIH, TLEHHM, LWSEMED

HBERICETIHERDFHOKRELEBIFIZES. )

Probably the most single important item
regarding detall structural design is the
matter of equilibrium. If the designer
will show the load equilibrium for every
part of his assembly, most. errors will be
prevented. The majority of all structural
strength problems occur simply because the
laws of statics have not been observed,
and it 1s usually in the smaller detail
parts that the time 1s not taken to do

in all areas-of structural design. The only
safe course in such clircumstances is always

to show the member loads in static balance,

for every part of a structural assembly. When
this is done 1t will also give the designer a
better feel as to how the structure is actually
deflecting under load. This can be of sig-
nificant help in anticlpating problems where
members are joined together and therefore must
push, pull or pry.on each other when loaded.

this. It takes a conslderable amount of
experience to safely substitute the
Meyeball" for the slide rule and data
book. The beginning detail designer and
many others who have been at it for a
while -simply do not have this experience

(2) Joint Aviation Authorities (JAA) DXE (3CHK[2-74])

LUTOXEI, £ERICETHIEETHLA, HBEICHLTHLETEES. BITORRAZH > T, BEUIHET -
REATHENEEMZTHRATINS.

RO LM ERRIZDONT

MEE, EoTWARE, T—%, BFAENELVRYICEWTERTHS. LE=A>T, ERIZHT S
BEMETRTEOICE, EOVTWARE, T—4%, BNALREHAREICTI L L, BITORBENRLETHS
CEERIMYT HARENH D BITHEROLHIL, WRE—F, WIROFE, WIROME, WIROERSMEYK,
WIRRATE, MEQOMIYE, BITAEORR, FIR RELVS-ERICEREERTS. LEOEBICEL
TRELERENDELMZRT LN, BITOEEL—BTHETNELLAN. A—FLEBELDOVRATLE
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Any analysis 1s only as accurate as the assumptons, data, and
analybnecal techrugues 1t uses. Therefore, to show compliance
with the requirements, the underlying assumptions, data and
analytic techniques should be 1dentified and justified to
assure that the conclusions of the analysis were valid,
Variahility maybeinherent in elements such as failure modes,
farlure effects, failure rates, fallure probability distribubnon
functons, fallure exposure tmes, failure detecion methods,
fault independence, and limitation of analytical methods,
processes, and assumptions. The justficaton of the
assumptints made with respect o the above items should be
an integral part of the analysis. Assumptions can be validated
by using experience with identical or similar systems ar
components with due allowarnce made for differences of design,
duty ccle or envirorment. Where it is not possible o fully
justfy the adequacy of the safety analwis and where data or
dssumptions are critical o the accsptability of the Failure
Condition, extra conservatsm should be built into etther the
analysis or the design. Alternatvely any uncertainty in the
data and assumptions should beevaluated o the degres
hecessary to demonstrate that the analysis conclusions are
Insensitive to that Wnoer tEl ney.

(NPA 25F-281, 1998)
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