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AR FTOHAES AW T AR > F k7 B et FE(Edge
Margin, e) » & e deit 8 2 /D & LR g 2 B4
AT o i W IR o it B 4T e/D=2.0 0 7r i iE=2.0D +

Sk P R e ® F 0t elD

©
o
o1
=
o
=
D
w
e
F_*
_3‘,%
ik
\_.
i
—
=
\(: N
¥
J

§3 L7 EF P E R A @ @A I 2D 2 HIEN £

0.05inches it = iz & F 2 x4 o

¥ooh s fH et e (Grain) 2 2has fyof S owe bbbl R TR G AT
Pl GRS EHRBFTAL TGRS cE RS e L LD
w (Longitudinal Direction) » £ 2 i > m &8 2w fa LT 3
w (Long Transverse Direction) » #4431 & & e~ » RIF 5 ST 2 =

(Short Transverse Direction) » 4] 8 #71 o

F L need stveds ve {;L“j"
\ >4 )
SHEET, PLATE, EXTRUSION

RECTANGULAR BAR
& HAND FORGING

TUBING ROLLED FORGED RING

L = LONGITUDINAL (ALONG GRAIN)
LT = LONG TRANSVERSE (ACROSS GRAIN)
ST = SHORT TRANSVERSE (THICKNESS)

GRAIN DIRECTIONS OF PRODUCT FORMS

n

8 it

22



I BHBRT g
j i (Fasteners)if * v 3 & B S B
ﬁﬁﬁ%%@%ﬁ@f

=+

=g

RS EC A 3 i

£ >

Transfer) eHiz 4% » #-13 1@ R 2 5K

(=) 4o %% R A
Fo i T A A ERLE 2 W (W 9)
f7 3t 0 b|4c ¢ BACR15BB8DS8 & 4§ = &
B 10 # 7 o

£t 4o

¥ - 3 B A ot
R
L E BT AR

i § % (Load

MR 3 TR R — Ap 2

Y G o Bl 4o

NAS 523 FASTENER SYMBOL CODE

INSTALLATION: STD PER BAC 5004,

TAPER SHANK BOLT INFO

BASIC THREE-LETTER CODE;::::::: XX

-
N

DIMPLE/C SINK INFO
MPLE

DIAMETER DASH NO.

ENCLOSED = FLUID TIGHT MﬁNgF

OPEN = STANDARD F -
Contarsink,

—/ SPOT

FLUID TIGHT PER BAC 5047, TAPER SHANK PER BAC 5054

(1/32™ nch for
permanent fasteners)

EEAD LOCATION
( &Pv_qduﬂ. view 7«-:“{')

Q{nanithrAWHq v{

ew)

=

WELD OPTION

D =
(g QSHR$ER2§N§“%§T3736%¥bEE LENGTH DASH NO. (1/16™ inch)
B O EM L 4r otk 7
BOEING PART NUMBER PREFIXES FULL PART NUMBER FOR RIVETS
R=Pivet  BACR15S Rivet _ BACR15__*_**
B=PBolt BACB30 Bolt, Lockbolt or Hex—drive(?t*LDk> _DﬂeadtStyk$/32 ,
- = Diameter "
BACC30  Collar = Material (letter code)
BACN10  Nut or Nutplate k= Grip Length (1/16™)
BACW Washer
BACF Filler FULL PART NUMBER FOR BOLTS
BACS Shim or Screw o xk

Bl10 3 o fdott

S k% T R

23
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Head Style and Material
Diameter (1/32")

Finish (Letter code)

= Grip Length (1/16")



(2) Foi* s
Foi A B AR RIT N A LA A M e i (Permanent Fasteners)
% ¥ 4735 4o i2 (Removable Fasteners) e @ dei* 2 E3R ¥ iz 8§ 474
i & % Tension Head 2 ShearHead - ¥ # % £ =% Wl o i2

(Blind Fasteners) o 4 it e &

1. X A {4 4o i (Permanent Fasteners) 2 ¥ 4% ;% - ¢ (Removable
Fasteners) :
A A M Fe it AR B e 2 —‘F,b » &]4e : Rivets ~ Lockbolts
% Hex-Drive Bolts (4= : Hi-Lok) o @ # 373 40 & p] 2 %k 5 8 %

42 1 (Fatigue or Structural Bolts) » 4- ] 11 #7771 °

})-vn'{-huﬁ»\j ﬁ'\.l’,f(f{w |

1V ant
Wmvers ;,Q neacy |

\ ' 7.:
BACR15BA s
TRIVET BACB30DX
LOCKBOLT

BACB30FM
BACR15BB HEX=DRIVE Ms 90353
PULL RIVET

PERMANENT FASTENERS

gl |

_ BACN10HR

“ 12_PT. NUT

= BACN10JC

BACB30PC SELF LOCKING NUT

SHOULDER BOLT
\
BACS21AE
BACB30US QUICK-RELEASE SCREW

12 PT. TENSION BOLT
REMOVABLE FASTENERS

Bl 11 A A fdoi® 2 745 N o 2

24



2.

TENSION - PROTRUDING HEAD

[ !

Tension Head 4- i* 2 Shear Head 3= i+ :

Ao =B KL T B4 P RRE * Shear Head 4r % > Shear
Head -2 crdr ¢ 5 H A EEgRiE o § 4o it =% KL chphe
B+ P PEE * Tension Head 4e i2 » Tension Protruding Head
Foitegdd LEEIMEE P E SRS R EG S 2087
% ** Tension Flush Head 3 i+ » H jc g 34 /8 % - Tension Head

J-* 2 Shear Head - i » 4@ 12 #5F o

SHEAR JOINT

SHEAR = PROTRUDING HEAD

1T L
Lu_ﬁﬂgj TENSION — FLUSH AND PROTRUDING HEAD
i i

NSION — FLUSH HEAD

TE LN
I 1 it
™ L WA
[y S
SHEAR - FLUSH HEAD SHEAR - FLUSH AND PROTRUDING HEAD

HEX

3.

=DRIVE OR HI-LOK LOCKBOLTS
B 12 Tension Head 1 i 2 Shear Head - i*
7 4v i* (Blind Fastener) :

AArRFV R KEFEFE R TV R R F RS DE
¥ pdicit e 35 14(Blind Bolts) 2 7 #n4(Blind Rivets) -

d R e RS A Pl B F R R
R S RBARRE BT o TR EIN T eIt S E R
chje it 4 45 B & (Grip Length) 2 4o 2 & j& » & 0 it fgehd & 2

25



HHEF Rt RITE « I ae g RKRA > TR
B RAR R B S 2 R S Fg et > 2l N ee R R 2
BRI H o R e A TR IR RS VR OBIEER S
VLR AETELS 0 T 44 k5 SRM R * 2T 2 IR B
WO 4 PR 12 (Time-Limited Repair) » 18 5 7 113 12 % 382
7 £ 4f 124k % (Repetitive Inspection) » 1 4 &t &4 £ F £
o 7 4342 (Blind Bolts) 2 7 494+ (Blind Rivets) > 4 B] 13 #77% -

L

BLIND BOLT INSTALLATION BLIND RIVETS

) —)ii ]

MNOTES: SELECT CORRECT GRIP LENGTH
INSPECTION OF FORMED HEAD REQUIRED

REMOVAL REGUIRES DRILLING OUT
CENTER STEM (DRILL GUIDES AVAILABLE)

®l 13 7 47 2(Blind Bolts) 2 7 447 (Blind Rivets)
4, ici g1k 35 =2 fe & (Hole Fit)
Fit) ~ i & fiz & (Transition Fit) 2 ?ﬁﬁia & (Interference Fit) -

414 fie & (Clearance Fit) @ % %3¢ 5 + » Jr i 2_ 4% j& (Shank
Diameter)  fi & 4 Fifie £ o 4R A | 1 < x & % Class |, Il
Il = fE4MpAe & > Class | 4B M e & i * *0 7 47 5% Jo &
(Removable Fastener) > Class | 48[4 fie & #7% %2 4o it iv ¥ @i
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T4 ;5 Class Il 414 e & P ig * > Nutplate % % 5 I »% Class

NI & Hife &8 5t BB~ o RIA % 50 BRI

yk
—

?ji?ﬁffa Z (Interference Fit) : % 534 j3 0] >t de i 245 5 P
L
v

o

* A& 8 A M 4e i (Permanent Fasteners) o

)

W@ fe & (Transition Fit) » % Kt mode 2 SR PHLA
%wg’ﬁ%kﬁiﬁﬁ’vﬁ?Tﬁ€ﬁ%%ﬁ€°*i

* At A M 4 1 (Permanent Fasteners) o

# 3¢ (Oversize)
FEARPRELEPF > SRAF LB R 2B AR
RAWEN G R PRI A TE 0 LB o
WL o, R Y A - B2 feit s Hpchh v
FFIL 2 @A pe & (Transition Fit) > 14 4% & 47 chpu & i 4
(Fatigue Resistance) - §] 14 #7-1 % 447 2 Hex-Drive Bolt i 52
RELIEEEE EREAVSE: Redl !

_overSize Hhe shank diametLi

PART NUMBER  DESCRIPTION A D H TD
BACB30MY6K 3/16 HEX DRIVE  .295-.315 = .1885-.1895  .045-.055  .181-.184

BACB3OMY6K*X ~ 1/64 OVERSIZE .295-.315 | .2016-.2026  .045-.055  .181-.184 | [¢t (wrdizC
BACB3OMY6K*Y ~ 1/32 OVERSIZE .295-.315  .2172-.2182  .045-.055  .181-.184 | 0,/ Dyersiz€
FACTORY FASTENER REPAIR FASTENER TYPE | TYPICAL REPAIR FASTENER SIZE

RIVET RIVET SAME DIAMETER

RIVET HEX-DRIVE OR LOCKBOLT | 1/32 OVERSIZE

HEX-DRIVE OR LOCKBOLT HEX-DRIVE OR LOCKBOLT | 1/64 OVERSIZE.

B 14 #n4v/Hex-Drive Bolt 3§73 & B
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(2) dc2E* Rp:
@l 15,16, 17 7 11 3 B Rivet &2 Lockbolt/Hex Drive Bolt +- 2 ~ %
Fe Rivet fFF z_ vt $#% » 11 2 Lockbolt ¥2 Hex Drive Bolt z_ +* iz » 12

Eie g Rl %3 o

%

Rivet vs. Hex-Drive/Lockbolt

Rivet Advantages Hex=Drive/Lockbolt Advantages

- Lower cost - Easier to install
- Suitable for automation - Much higher bolt shear and bolt tensile strength
- No foreign object damage (FOD) - Higher Joint static strength
- Wet installation not required - Greater clamp-up

for AL rivets in AL structure - Greater non-structural shim allowances
- Slightly longer joint fatigue Life - Greater fixity for compression applications
- Better hole fill (fluid tight)
- Lightweight

B 15 Rivet ¥2 Lockbolt/Hex Drive Bolt +* #iz

Rivet

2000 Rivet Advantages 7000 Rivet Advantages

- Softer rivet
— Easier to install

— Higher shear strength

|
| |

Flush Head Advantages Universal Head Advantages
- Head clearance . . .
_ . - Longer joint fatigue Llife
Aerodynamics - Better hole fill
- Higher static joint strength
- Easier to install
100 Flush Head Advantages Briles Head Advantages

- Easier to install - Longer joint fatigue life

- Better hole Fill

- Higher static joint strength

B] 16 Rivet +* #iz
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Ao HPFREELSH
RPHERSEE LR  BRAYPLS RS PR LR
A b LB E RS G2 N Fe ks Ao b

ﬁ%ﬁﬁﬁéﬁﬂﬁi@me,nﬁﬁﬁ% L R

(<) ¥ LRSS

AESPERHEWENSRE N BEAPIHRSE A
e &

1 8 24 — 9 5 4 % #4(Skin Longitudinal Lap Joint) :
RREFESFZFAHFERT AR RIS AT o S o
# L 4% Finger Doubler » 12 > % — i E 4 B¢ > ¥
BBEETRRAE > ENFAERL)FF T 0 kA
(Non-Eccentric Load Transfer) » $3&2 4o & rf] 5 B3 & 4

(Double Shear)% 4 #£5¢ » 42 BER| A M4 F 24 ® 2 Wi 7 P&

AL
o

Ak S FREY FRPIE S NEFFAER Y
RFEERY>22F T 6 2 &4 @25 # 7% (Eccentric Load
Transfer) » Ads4kz 4o A&p| 5 H 7 & 4 (Single Shear) % 4 #=
R - et b Y 0 4 LRI B2 R B
ERRE BRI FTERE S FEAE o RI8RFE S
o224 5 4 8 (Skin Lap Joint) v #i B o

30



HAT SECTION

OUTER SKIN STRINGER A\
EXTERNAL SPLICE |
STRAP

i

UPPER ROW o
- ity

MIDDLE RO

LOWER ROW

FINGER DOUBLER INNER SKIN

v
BOEING

I-BEAM LONGERON i;CC@“4¢]d iﬁam ]j?nﬁ
DOUGLAS

“
\ ; Lo .
Nim- eccentyy Butt Jewl “?JF ] f L
| -

JOINTS — FUSELAGE SKIN LONGITUDINAL JOINTS

B 18 1% £ 5 & $#(Skin Lap Joint)>+ %, &

F}'i op 517

2. ¥ B - # 2 5 4 Tk $ 3% (Skin Circumferential Joint) :
HERS NI B ey - g P 5 4 4435 (Skin Butt
Joint) = VBT dE 0 T % K4 Ad ¥ (Internal Splice Plate) »
o3 5 4o %5 1% (Stringer)+ ™ Splice Fitting 4% & - 4% & 5 4 %
v AR Al f R AR D] 5 18 2§ 2(Bending Moment)
B4 o Tt s £ TR R (Crown) X 3] chE 5k 4 (Tension) »
&4 F S (Keel Beam)R| A< & i # (Compression) - ¢
F WA R 4 0 Tt % & ¥ Lockbolt 2 Hi-Lok 4 i o [
19 5 # £ % & %+ #5 £ (Skin Circumferential Joint) -+ & B °
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Pax + Ppr

Splice Plate

s e i Pax + Ppr
5 Doub Ler
skin Joint| CL ~l Skin
Splice Rt/ el
) X . < Plate
Stringer Stringer Splice B SECTION B-B

SECTION A-A

Pax = skin stringer segment load due to body bending, lb.
Por = skin stringer segment load due to body internal pressure, lb.
q = shear loading, lb./in.

B 19 # £ 5 & %% » $ 4 (Skin Circumferential Joint)7 &, [l

3. ¥ g4k — ¥ £ =28 3% 45 (Fuselage Frame Joint)

# £ 4= 2¢ (Fuselage Frame) . & ¥ 3 Shear Tie 2248 £ 5 4 2 4«
% 1 (Stringen)# 4 - 8 4= 2% #7% k4 .56 Shear Tie i :f
TR WL FA > s ShearTie- B 20 2 = #% L4 &
$=2¢ »2 Shear Tie i& (735452 7 X B o Shear Tie ¥ 12 & & ;4 %
%, 7 H % % Structural Clip» & 5 % @& * Clip 4 3% 2. Shear
Tie> W= THBZ2BEe I W iiel aTHLRL B F
F1* Integral Shear Tie » 4+ Fail-Safe Angle » 123 4o & ¢ %%
A& ~ 43R Ji 4 (Hoop Stress) o & ¢t > Gi Shear Tie > 7= % & 4] *
Fuselage Stringer Clip #3148 ¥ 4228 > 135 4 % P2 438
B+ @i i b oo
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FRAME WITH

e oo e raws cos ey “__\\‘“SKIN
INTEGRAL — !— z i i j

SHEAR TIE

FAIL-SAFE
ANGLE

SKIN

\
T

CLIP

A R TR

AREA BELOW WINDOW AREA ABOVE WINDOW

INTEGRAL SHEAR TIE NO_SHEAR TIE ("FLOATING FRAME'")

Bl 20 5 ¥ =2 2 Shear Tie i& 745427 2. B

4, ¥ 5 B - # £ 4= 28 27 1o 45 R4 % (Fuselage Frame to Floor

Beam Joint) :

Y £ 2 28 g1 30 4x g2 8 3% 4 Support Post ~ Shear Tie 2 Doubler
FREHR HFRIPS GLHERTEGEI B
2 TS R PR K p AN R R 2 R4 2 TR

42,84 B 21 58422 1 Shear Tie :& (745 4%+ L B °
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Seat Track Load
.
e Frame Floor Beam
2 rd %G .
Support Post Vi Frame

T

Outhd,

TYPICAL FRAME AND FLOOR BEAM LOADS

b+ & k(]

| ‘_&+++ 31
(\ \Luwer(:ap

T47 FRAME TO FLOOR BEAM JOINT

Fuselage skin

B 21 64422 210 g e T L

5. 1 ¥ & 4% £ 453 54 (Wing to Body Joint)
PR S B X4 R RS HRP T E
% »2% 2 (Fail-Safe)srfe g o B X 3lenf 40 Bk f X #2(Wing
Spar) 5.9 ¥ £ g =453 2 2 (Fuselage Bulkhead Forgings)# i#

Wend k4 > 2 kp ¥ 5 A 0 Spanwise Loads - B 22 5 %

£0

¥ & 48 ¥ 4532 % 1 (Wing to Body Joint) 7w &, B e

6. WX FE > v b ihfFit g H(Wing Skin Spanwise Joint)
WEFE > w P REHLRD 5 - SEP 12

.

% A0 *4Z 4o ag g (Stringer) fest o
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BODY PIN JOINT LOAD

SKIN DISTRIBUTION
(Obsolete Design)

BODY

BULKHEAD

FITTING

WING SPAR
TERMINAL

FITTING
TOP OF

WING T
BULKHEAD WING
FRONT % }I} F v
SPAR
I

M

CONTINUOUS JOINT
LOAD DISTRIBUTION
(Current Design)

LOWER LOBE
BODY SKIN

BOTTLE PIN
RETAINING BOLT

OBSOLETE DESIGN CURRENT DESIGN

(707 & 727) (737 and on)

FUSELAGE BULKHEAD TO WING SPAR JOINT

Rl 22 % & 2148 £ $3% % £(Wing to Body Joint) 77 &, ]

(=) #FH2HpR 0 (Joint Failure Mode) :
R E IS L & U F w48 Net Tension Failure ~ Tear
Out Failure ~ Bearing Failure 2 Fastener Shear Failure > s w &
‘el B0 0 AL 5 Transitional Failure » F]H gz % jpjedse v B
RITER TR NWAE A P - BORES o A&
R BB 2 e SRR F A FL B4 0 X
B Mg 5 RS2 K 4 (Load Capability) » @ 3% # i &
40 B o5 2 U O T A R 42 Bl 3k 110 5% (Critical Failure
Mode) » 7 5 KB I3 F 2 3 B £ 8k o T A BIRE L ARl

Befsi g4 A2 3 a5l
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1. 4 % Net Tension Failure :
Net Tension Failure 7 g2 4= 2% 4 5k & # (Tension Stress)
B B ANEE S i P ER TG P o33Nz pt

AT & B4R 23 Ao o

Net Tension Stress = f, = P/L(W-D)t]
Note: Use average hole diameter for
Hostener ¢ Nnu{.,r flush head fasteners.

I . T -
~—>Net lengipn

Pnet

Pm:'t = TT;,-,ELL X “‘\ he

Pret = Lesser of (Fyy X Apet) or (1.5 x Fyy X Apet)

NET TENSION FAILURE

B 23 Net Tension Failure/4x = 2L 3 7+ &, B

2. = 5 Tear Out Failure (Shear Out Failure)
d ¥ de it % EEEgs B 580 (blde t o) 2t LTD) R - € 4F 7
WHEHE S T e b A4 P4 Bk (Shear Failure) -

[ hY
(SA%arput/
IEAR OUT FAILURE L
{uﬁ fd >
ﬂv‘t L\'L\.'wrh T ) N
e =edql margin
i ¥l on 4 n i J
B 407 s |
by tesg & "L L
4 < T L | le—s3| D(hﬂml
e 4o Sl Ot ; ke — 7T
Piearout = Fsy X t x 2(e = 8) N \ w
1
Piearout = Fsu X t X (28 — .766D) (ng‘,)
s ~ i M
(L = EFFECTIVE DISTANCE TO EDGE OF STRUCTURE V) vernne Unluoe may be dwamd
J OR TO NEXT HoLE ¥ Ubverage Unlues may be ;
t = THICKNESS OF SHEET ih-the V};vmm X pe 1< 29, 30 3(
L S = (DIA/2) x COS 40° = D x .383 , !
Note: Use average hole diameter for flush head fasteners. | f% 5@,@1{:{)\( wW- “"’:} }

Bl 24 = 5 Net Tension Failure -+ &, B
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3. 4 % Bearing Failure :
Bearing Failure 5 # & g2 402 % Kt > FIX PR g4 1*F
* o 33t 235 % (Hole Deformation)m # 4 X 4 2w F 2 %
% (Hole Elongation)® 4 2 = & gt3% » 3- 5% 2 Bearing
Failure 2 &« f §YP¥ > Jf I PR3 4 5 900 R 2 134 f
P
e 17D 2. ot :# 5T 2 45 % Bearing Failure » rigF . — 4&

N

Z 4R ;\. » B2 3V 2 7 L BlArE 250 A

SRM & $.2_ 2D J-it #gE2 £ 0.05inches> & 35 5 & % %~ %

it o

UPPER )
LOADING
FRAME

FROM MMPDS:

Forg = Bearing Stress = Pp,, / (D x ©)

BEARING *

PIN Porg = The Llesser of (Fp,, x D x t)
SPECIMEN or (1.5 X Fppy x D x t)
O ol X Tnmost coces, tha abive valme s 4 e _[% o,

....... LOADING

actnad %GMMJ !om’n render it e be ‘(;46

™ LO'.-.'EP; " cmserVative, see +he Bk o manmal o Yeasenadld valig
LOADING
BAR BEARING FAILURE
ULTIMATE BEARING FAILURE TEST SETUP P . E_

JOINTS - FAILURE MODES - BEARING, SHEAR

Bl 25 4 5 Bearing Failure 7+ % Bl
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4. Fastener Shear Failure(d- ¢ 3 4 BL3k)
RPFREEY 2F T BREL R4 W2 PR T
4 sé{é}@j’pfi j&_E’/_Lt"'-i’E;A’;\i_L&J\EIGJ Bih;,j’\j’f;l‘v}:g:j’/);?i

AR o Himip 2382 5 R Bl4CR) 26 AT o

Pes

Pis = Fou X T x D2 / 4

Note: Use fastener shank diameter for all fastener types

f 1 ~
¢ couse Shear happens in The Shank area. v b bvpes )
(Because shear happens in the Shank area o o~ ypes )
EASTENER SHEAR

8] 26 Fastener Shear Failure(3- £ 3 4 B3%) 7T £ B

SRR B R L EYY SR FY SRS IR

—

20
2 A ) “ﬁ% 7 4 % Net Tension Failure b3k g2 3+ 5 » in v @
oo ek H g4 22 8 Tear Out Failure~Bearing Failure 2 Fastener
Shear Failure % = sE B3 4 P > s % 1% #45 h W RS8R
WEREATE N2 iRk 4 4 (Joint Allowable Table) » &5 3=

BERARR 2 BREY RARE FTL oAt

B HER L R BB 2 o 1907 -
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B] 27 #7-1 % Joint Allowable Table g%f;vxj )

ET

¥ Aot g 4

R

Failure i

£ f 4

A2k, v o ke id B R

Y

o 3 %% Oversize Fastener > o

4 YRS 2 ¥ 4 2 Bearing Failure «opF

3 4 gk (Shear Failure) - #] % Bearing Failure

FREIVEHERAPEIR I P2 - & Bearing

f§i#-¢ £374 # (Load Re-Distribution) » i 4 i

WHEH A FAY T L

% B Bearing Strength T+ -

+yver ]ng’uﬂ’ modlss ik mults j?ie fagtensr

BACB30DX  BACB3ONE  BACB30PU NAS1303-1320 et s
BACB30LJ BACngNF BAgggg:W% NAS1465-1472 T J
BACB30LK ~ BACB3ONM — MS20004- NAS6965-6972 {1 o=
FASTENER PART BACB30LM  BACB3ONR  NAS623 (5) ’
NUMBERS BACBSOLN  BACB3ONT  NAS673-678 O}fi | — F
BACB30MB  BACB3ONX  NAS1218 - /
BACB30MR BACB30PF  NAS1223-1235 l O _’+_i [
\ : ,1_. ~L q\
FASTENER DIAMETER 3/16 | 1/4 | 5/16 v carng
S o oelies heg +engn be "M f’p v aut
SINGLE SHEAR (LB) | 2690 ;4;55{110::?;259; )
i  Shear Ju"/]
0.063 | 1390 | 1830 | 2280 | NO VAUES GIVEN
0.071 | 1560 | 2060 | 2570 (NOT ALLOWED,
= 0.080 | 1760 | 2320 | 2900 TRANSIONAL FAILURE
5 0.090 | 1980 | 2610 | 3260 MAY OCCUR)
z 0.100 | 2200 | 2900 | 3620
& 0.112 3250 | 4060
«@ & [0.125 3620 | 4530
g 3 |0.140 4060 | 5050 7 . .
= o | 0.160 4640 | 5800 | 6950 | 8100 | 9300 ( keep i hearine, area
ZlA = . ‘j -/
&)@ = [0-180 850
i~ w | 0.200 MATERIAL BEARING
& = [0.224 FAILURE AREA
z 3.?:2) ( optimized design +o allew bear A
g 0:3?5 """ before. fastener sfﬁjff, 3}1{;{1‘:_2—2{_
2 0.500 e
o 0.562 TSUFASTENER SHEAR T /rpeetion
0.625 FAILURE AREA o oo
19\\&

TENSION PROTRUDING HEAD BOLTS, LOCKBOLTS AND HEX-DRIVE BOLTS IN; =——— FASTENER TYPE
7075-T6 CLAD OR BARE, SHEET OR PLATE
-16510,

7075-Té6,

(=) #

# % 4 7 (Joint Analysis) 3 & 4 47 #05

[

re- “Aistrbating

«———— " JOINT MATERIALS
(TABLE VALUES ARE FOR
=T6511 EXTRUSION (LESS THAN 0.185 THICK) FIRST ONE LISTED)
95 KSI SHEAR STRENGTH

FSU OF FASTENER MATERIAL

JOINTS - FASTENER ALLOWABLE TABLES (in SKM )

®] 27 Joint Allowable Table # i)

% 5% 4 17 (Joint Analysis)

AN

P

Fofhi- P E T
V- B BT 4 B 0 A 45 SV 4o 28,29 4T
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0 H T 4 4545 B 4(Single Shear Joint) - # 45 & 542 Bearing
Load Capability > ¥ ¢ SRM z_ Joint Allowable Tables ¥ % ¥ » %
d b TR P 2 & 3o i Bearing Capability 4p 5 1t gt o 00 i

Wz H ¥ 4 k%42 97 Bearing Load Capability -

3T 4 4% 21 (Double Shear Joint) - # 45 % 512 Bearing
Load Capability » #xd F ~ T4 3 ¢ 2 % foi2 Bearing Capability
2 4kt o B2 @ 4R B e it 2. Bearing Capability 4p 3 vt #ifs > 12K

¥ s BT 4 2 * Bearing Load Capability -

% Joint Allowable Tables # & it # & 74 $74 5 41412 Bearing
Strength p= > # d Joint Allowable Tables # #77|] fe 44342 (e & 5
F e F I R (40 ¢ -T6 &-T651 %) 7 e 2 i §E(e/D) iE %) 2
Bearing Strength » £ 482 & ¢ A @00 A JA R B N2
% k352 & (Yield Strength) &t 4% *2 53 & (Ultimate Strength){s » =+ 12
*h 3% ;% (Extrapolation):* & & 44 4L 2_ 45 % % 4 Bearing Failure 2
Bearing Strength & » * ;2 £ % Ratioing - &) 30 7 % Ratioing 3+ ¥

'%;TK‘L?:YL»PE 7%{}]]0

¥ =& & $he f $(Running Loads) :

$HB L F A & Web B8 7 f 4T T Rt B R
B i A E R R TR 2 e f S AR B L B
# f $*(Running Loads) » 4B 31 #7 7% -
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(F) vz x

% 14 jr(Edge Margin) 2 ¥ g=(Row Spacing/Pitch) 4 47 :

t % % s (Edge Margin)#-8 F9% P R SH LT ¢ 4

oo it
mEE g AL

(Inter-Fastener Shearout) -

Shear Out Failure >

& - Pl

- et e 2D £
B EBHE(Note) o #43¢ i 4o 12
FRP DRI R R A
® 4% (Average Diameter)(Davg)

B A RS 82 2D +

(Short Edge Margin, SEM) » #x7 2 ¢

F%ﬁia EI ﬁ"‘lﬁ‘
SEM 1

(Net Tension or Shearout Check) -

Edoge margins (EM) normal to the primary load path.

Joints that typically carry tension loads:
- EMz1.5D: Acceptable provided the part is shot
peened.
- EM=<1.5D: Not acceptable. The hole must be trimmed
out and a doubler installed.
- Perform net tension checks on all parts less than
4D in width.

Joints that do not typically carry tension loads:

- EM=1.5D: Acceptable.

- 1D<EM<1.5D: Acceptable when not more than two
fasteners are affected and two fasteners on each
side can be oversized. In all other instances, a
doubler must be added.

= EM<1D: Not acceptable. The hole must be trimmed
out and a doubler installed.

= Perform net tension checks on all parts less than
4D in width.

46

+ 0.05inch> e 5 f & B

1 8 E(2D) 0 T
SUCER e 2 2 iBEER B A -

0.05 inch p¥ »

N SER O B AR

7 #2(Row Spacing/Pitch) B] #-22 58

4 Shear Out Failure/Tear Out Failure

SRM % 4p B Jy
i NI B

R R

T A EEF AL
L S
B 32> 18 &P

T AE V&

CESEFTLE REEN F 8

Edge margins parallel to the primary load path.
ALL joints:

- EMz1.7D: Use joint allowable tables directly.

- 1.5D<EM<1.7D: Ratio joint allowable by
Fprgle/D=actual) / Fp.o(e/D=1.7D). For bolts in
double shear use Fy.q(e/D=actual) x D x t, where
Fprg = lesser of 1.5Fy., oF Fypy.

- 1.0D<EM<1.50 : Use tearout check.

- EM<1.0D: Not acceptable., The hole must be trimmed
out and a doubler added.
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2.5D MIN

IR T EFEE - a2 5 AD~6D > L A S BB
PR s Flie 2 RS A > KRB F (B R)X S
@A R S i < R B (Pull-Up Gap)a & 2 % > 2 i
iz 3@ % ¢ Buckling m < 4f > - 4@ 3 » ¥ o3¥ 1 0.01 inch 2 &
Moo iz IR A 49 > 2 & 2 Pull-Up Stress 4%+ 50%2. Stress

Corrosion Threshold » F+ L2525 B2 35 & o

RURSLECE S RN U RNV e 3 R R LS
PR v % 2455 % K 54 (Staggering) v BAE S 8 B4R
RECW 0 LR 2 Bk o B 33 9T R A 2 LA

% % ;% (Staggering)® R B2 # Firit2 F AFEE foo

Staggered Rivets: Liivers = 375 X Dgpank
Staggered Bolts: Lioiee <450 XD i
ALL Fastener Types: Ly oo oS 10Xt oo

Bl 33 W fa g ipde i 45 7% K2 5 (Staggering)
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1.

N

(%) e § 4 (Eccentric Load)4 47 :
¥R SHETR E A @4 2 ¥ e (Fastener Pattern) ¢ .o
(Centroid)p » i{ 422 e ? . & 4 4 s5(Moment) » ¥ (T% A e

MicE M AY - BEER A4 5 - FRI S AERE (B

._.\

1o D HAEwR e PR R (B 4 o F Rk §URE
Hb) 5 iR F 2 Shear Tier H x4 it @ik p v {ipp 3%
(4 Frame ¢ Floor Beam)z_ § i\ 2 NS A
#7% endg R R s 4 (Hoop Stress) » @ v % % ¥ =28 (Frame) t > [l

ML TRBE EBEP o

ECCENTRIC LOAD

MOMENT

REACTION
(TYP) \ £ \|\
A

CQ?I“{'&'U"J. :{: 1_
of @4 Fan +
" .
Fngtomel + x/\/{/
SHEAR 'k%gf :
Taécbe\rﬂr REACTION ’%\ J[ 25 oivd fond]
(TYP) ’ st
_{L\ﬁmf
Po=liv
.20 INCH 7075-T6é SKIN PANEL
/ 8070 LBS
B
[od 3 x 2?50 = 8070 LBS)
.15 INCH 7075-T6 el
FORMED ANGLE ~_ tha (BACB30GY6 ALLOWABLE)
SHEAR TIE 0
8070 LBS
-

BACB30GWS (4 PLACES) L?A CENTROID .15 INCH 7075-Té RIB CHORD

134 i< § §“(Eccentric Load)4 47 2 Shear Tie % b3 p
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vl
Yead =

(A)V

63-06=00-131.fm

END FASTENER LOAD (X OF \)

A PRI 342505
(Eccentric Load Chart) » iz dei® < iEg» A T it 3 2 Jo

270
260
250
240
230

210
200
190
180
170
160
150
140
130
120
110
100
%0
80
70
60
50
40
30
20
10

;\1?} s ,—é"?‘ffe"ﬂ-.gp}g]35

oo R ERE 2 Bt N e P E B AL
P RESARRICEANE S B RARE AR - E
LB R R
n
yal
//
V.
714"
2 A
& 7] n
w4 P
rA/ ) ,// n
AN 7 A
A/ // e // An
y/AV.ADARZardl
VAV.AP AP D=
A A A =
4f” 1 - .—”’
AT
’f/:;;,'; it’:: = ."/’
’//,1’ ‘/’, L~ =
L7 pd /;/
VPP
- e = W
// . //4 v
A N A a
I :;:t;’v""
— b
="
| n
.10 .50 1.0 1.5 2.0 2.5
b/a

JOINTS — ECCENTRIC LOAD CHART

B 35 i< f 4 & (Eccentric Load Chart)
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-

Applied shear load
Distance between end
fasteners

Distance between shear
Lload and fastener Llines
Number of fasteners
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SEPARATE
NON-MATING SURFACE FREEZE
OF FREEZE PLUG PLUGS

(=) ® =z % (Freeze Plug) :

FAR G AT G BRI AT A A KR -

@ pE s B ¥ & 2 F 2 % (Freeze Plug) » 4] 36 17 o 12 #F f3%3¢

PR RES S ek
¥ 8

G FE SRR
;E_!‘

iR A T ORE T

oI EE T ORIARSRE R £ AR Net Tension Failure %

B 0 rLE AR R R R L T R

FREEZE PLUG
MATING SURFACE

/\ ///SEE DETAIL I
y R4

ON WASHER/STRAP SIDE OF
THE FREEZE PLUG
NO CHAMFER IS REQUIRED

—

0.05 MINIMUM WALL THICKNESS

FREEZE PLUGS IN MORE THAN
ST

The following guidelines apply to the installation of
aluminum freeze plugs in aluminum.

The repaired material must be a minimum of 0.063
inch thick.

Make freeze plugs in aluminum parts from 7075-Té.
Make the shank diameter 1.0035 to 1.0040 times
larger than the diameter of the hole.

The freeze plug diameter must be less than or equal
to 10 times the plate thickness.

Maintain a minimum wall thickness of 0.05 inch
between the freeze plug and the fastener hole.

If a freeze plug is used to transfer load keep the
plug concentric with the fastener going through
plug.

0.006

CHAMFER 45°x 0.003

(TYPLCAL)

I STRUCTURE
MATING

SURFACE

0.003/0.006

DETAIL I

Maintain an edge margin of (1.7 x D ) for freeze
plugs.

Maintain a spacing of (2 x Dplug? between freeze
plugs and adjacent fasteners for a single freeze
plug. Maintain a spacing of (2.5 x Dy} for up to
5 freeze plugs in a part.

Make separate freeze plugs for each material in a
stack up.

Retain freeze plug with a countersink, washer, or
strap.

Make the countersink freeze plug so it and the
fastener have a 100 degree countersink.

Make the countersink depth of the freeze plug less
than or equal to 50% of the material thickness.
Maintain 0.05 inch minimum measurable material
between the fastener countersink and the freeze
plug countersink.

plug

Bl 36 F =_% (Freeze Plug)
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P

(~) % % (Shim) :

__\
N

—

C

T

iﬁJ, e VOLIFIZ IRt g d

ik

7 7. 0.005 ~ 0.01

3

lia
i&—@ F'RFAEFE’:\A}E% f/ﬂ%%l°ﬂ;ﬂ%%

2R
e

inch z_

-

& & A% (Structural Shim) 2 2t g 45 %1 % (Non-Structural

Shim) » # ¢ s dn % #4752 § Uik /7 (Load Path) » #]pt 3~ ¥ 2

ZC NS EMERY R UL S AL S8 MELEE S MU RS
SRR AR SRR RN B3 BRE e Y o
M o3 A ¢ A5 0w 4 5 Laminated & Solid Shim > — £& Laminated

Shim &4 #£4F £ 0.05 inches z_ & [4. » 421F 0.05 inches z_ & 14, »
P % ke pFig * Solid Shim » % if 4 <> Laminated Shim -

ON= CTURAL SHIM

ASSUME NO LOADS IN SHIM

SOLID OR LAMINATED
TAKE UP GAP

STRUCTURAL SHIM

LOADS CARRIED IN SHIM
SOLID

TAKE UP GAP

— PREVENT FASTENER BENDING

Bl 37 3 @& 3 (Shim)
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= ~ 3323 k2 @t (£ (Durability)
Bk wr T h R BT EF & RS R R ASEUR $ A
#; (Fatigue Resistance): ii » ¥ 2 7 4% (Corrosion Resistance)sz % o
v T W RAE ST F RIRCH IR BN AT S N ¥ £
Foh BT~ B 4TS A 20 B R 2 (Wet Installation)de i 5 11 2 %

P45 AL & 2 5N o @ d Uk 4 4 3% (Fatigue Resistance) » B 2% i /4 17
1N REERBRERES 45 AR B 20

(-) P4 77
Wi e RS R KR SRR LRH o £k

FiEr R EH > TR AR S FEN > XA DY
i 20 R 5 (Wet Installation)de i > i 4574 a0 - B 39 A
FRHUIE A > T AR Y R I 2 Bk

1. BMS5-45:
BB - F 42 21 ks H 7 3 Microballoon =

> '% i< £ (Specific Gravity) = # & * »t54pd fa 232 > ®
ot ;8 BMS 5-26 %L & 8 20%2. £ £ -

2. BMS5-95:
ST T AGUEMRBLD 0 F AN 0 T iR
EiE -

3. BMS5-63:
» % 7 48 & = i &2 Silicone - ¥ @& ¥ 3P VGBI -

4. PR1826 2 PR1828 :
% BMS 5-45 2 BMS 5-26 2. &

\w—
Sy
oy

D=1

<O

o

N
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42 % o EJT §3%5 8 B & ¢ (Anodizing) &S2 » & 12 Alodine %
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i A AT

1. BMS10-11:
FRH T PR 2 Ay TR R B R R T
FEVET kG AR ERSE -

2. BMS 10-79 :
£ 3 udF sk 4 4 (filiform Corrosion) 2 # % -

3. BMS 10-20 :
P EFAEY 6 ARM AL B A R
ﬁﬂ o ¥ ¢ > BMS10-100 % * >+ ¥ + 3 £ - » BMS 10-60
RIF * S ETFR o

(Z) B - R FEHR
% 1% ek 4% %5k (Corrosion Inhibitor Compound, CIC)&_¥ - f&.5
T R ok L B R H G R AR R F
B0 FICIC £ i F 2 8 iBnf § 7% » BERL LA RF2

Bt o * 2 CIC4rT

1. BMS3-23:
27 BRAZRF 2 0 F * 3 R 4 A Mating Structures)

2. BMS 3-26:
¥t b R ge
3. BMS3-29:

Rt B AL 1 3 b BB K 2 4 5 A(High
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Moisture Surface) » |4 : Bilge Area o

4. BMS 3-35:
AR HEA G R e R EAF DT ES
# m (Tack Free Surface) » & % * »4F /% iT % (Touch-Up) » 2 -

LSS ITE -

(z) 4Rk 3 2 13 723K 3+ (Fatigue Resistant Repair) :
1. 41 * 3R ¥ (Shot Peening) £ /4 i¥+4c 1 (Cold Work) : #+3t 2024 4%
L& T RFERFEAHINTOIS4ELE £ PFT R Y L (T4 >
# H4k 4 & & 4 Compressive Layer » "% i< Peak Stress & »

HookSpd it T orRBRERF R A

Shot Peening
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Shot Peened Part x}\ l

|

Compressive
Residual Stresses

Shot Peened Surface
e Tl T T e W N R
o 0.005 to 0.030 inch
5 for most applications
g -~ -
o
o I
2.\ +g -0

Residual Stress

Relative Life Increase ~75%
for shot peened 7050-T7451 plate

B8] 40 Shot Peening ¥ *# i< Surface Peak Stress
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Cold Workin
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Mandrel \ ;

Compressive
Residual
Stresses

Q/ane Cap &{,Puller Housing

oo
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Retention Jaw

Work Piece

Peak Stress
+0 \Q‘:Resultant Stress
/
I

I ™
L

%~ Residual Stress
From Cold Working

Edge
Of Hole

Relative Life Increase ~280%
for cold working in 7050-T7451 plate

i) 41 Cold Work + it T S H 2 Peak Stress

2. it * Fatigue Resistance Fastener (4 : Rivet, Hex-Drive Bolt,
Lockbolt %) > & 12 i'f?ﬁ.’ra(lnterference Fit)en= ;b 55> pt = 2
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PLATE WITH UNSYMMETRICAL EDGE NOTCH -
INFLUENCE OF SHOULDER SLOPE DEG
4.0 0
90
100
110
120
3.0 / 130
v 72
140
- I(tn
l MODIFIED
f | 150
STRINGR FLANGE WITH BLENDED NOTCH / 50 //
f&-’:v{"&f-e-['t ’ V 160
store = . [FOR THE 1.0 wIDE ) |
h | STGR. FLANGE Kt /
RADIUS .25 | .50 | 1.0 o ey 170
5:1 SLOPE VPP
1gT;fg;E 1.42] 1.28]1.18 £ l,i,lt 1.0 180
: 1.0 2.0 3.0 4.0
oz 1680 |1-32]1.22]1.15 Ken
\/ 1 Gk i i MOD Ki, FOR NOTCH OF ANGLE 6, OTHER DIMENSIONS SAME
30:1 SLOPE : '
1.15|1.10| 1.04
)U Sub ftgnt J( L 6= 1760 Ei_}_ j ‘[ﬁ)srr\& 5“’{’(; {—ﬁ"[‘t’l"-‘_f”u\_m‘n %’L{:ff:m’s
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HEHERFTEELE TAERBPESHET KX FAR £ R2 W §
(Ultimate Load) - F] ¢ & 48 % 4 12 K 3> F 7 5 6 4 XA 7
(Patches/Doublers) ~ % % (Repair Angles) % £g ¢+ 12 32 F £ » 5 d o 5 4p
M3 & era f Ui 4 3-8 2 % (Load Capability Calculations) » 3=
WIS EVT URRABE R RKLETE 2 & 4 (Ultimate Load
Capability) » £ # 2 SRM # #73% &7 3 & 13 3 @t * |4 (Durability) 2.
PR R PUR SRR R SIS BT B A AR M 2 i SRk
& F(4r ¢ FAR 25.301 2 FAR 25.571 {;ﬁé’g FERE)

\

FRAR Y TR ARG AR A IR 4o

® R YRR

® LT FE RIS EERF ARG BREANHRERE -

[ ;ﬂéﬁ‘dﬁgaﬁﬁﬁﬁaﬁo

o BILEE R R AEIREY 2R T v R B IR RS ERITLY
2 s # (Ultimate Load Capability)

® FHFFPEINEL UEFEEE KT -

® FHFwhBILEG o

® ypH @ SRMBIEAEA(bl4r: BIEEZ ot X5 P4 IFLEE)

e BLIE .
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B747-8 2z L7188 ~ B L1522 B F W2 BENA, > E BT BT
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