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2010/Dec/06 ® Class Introduction

® Design Considerations

® Aerodynamic Forces

® External Loads and Structure

® Internal Loads and Load Paths
2010/Dec/07 ® Internal Loads and Load Paths

® Materials and Processes

® [asteners
2010/Dec/08 ® Shear Joints

® Class Problems — Joints
2010/Dec/09 ® Shear Joints

® Class Problems — Joints

® Shims, Plugs
2010/Dec/10 ® Field Trip (Boeing Everret Factory)
2010/Dec/13 ® Corrosion Protection

® Fatigue Design Requirements

® Class Problems — Fatigue

® Repair Design Concepts




2010/Dec/14

2010/Dec/15

2010/Dec/16

2010/Dec/17

Shear Beam Design
Chord Repair
Class Problem — Stringer Repair Review

Examination #1
Class Problems — Chord Repairs
Class Problems — Floor Beam

Class Problems — Floor Beam
Shear Web Repair
Class Problems — Shear Web

Examination #2
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(Chemical

(Pocket)

9~16

(Downtime)



(Lift) (Weight) (Thrust)
(Drag) (Aerodynamic

Efficiency)

TRUE AIRSPEED

SPEED OF SOUND
(AT ALTITUDE)

MACH NUMBER (M) =

AERODYMNAMIC EFFICIENCY = M X EEEI—

DRAG

AERODYNAMIC EFFICIENCY

L/D 13~18
0.7~0.85

(Patch)
(Internal Patch)

(External Patch)

( /Pitot Tube)



(Parasite Drag)

(Induced Drag) (Wave Drag)

757=200
s B & Bl

DRAG

TOTAL DRAG = PARASITE DRAG + INDUCED DRAG + WAVE DRAG
(CRUISE) 35% 40% 5%

/\\

SKIN FRICTION PRESSURE

DRAG DRAG
45% 10%

() (Parasite Drag)
(Boundary Layer)
(Skin Friction Drag)

(Pressure Drag)

(Form

Drag) (Pressure-Retarding Forces)

TURBULENT
LAMINAR

— —
=

SKIN FRICTION DRAG

TURBULENT
LAMINAR

PRESSURE DRAG
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(Induced Drag)
(Vortex) (Downwash)
- DOWNWASH
— .:_'— ; i _:_._ _ .
- J
INDUCED DRAG '
(DRAG DUE TO LIFT)
(Wave Drag)
(Shock Waves)
0.7~0.85
SHGEK WAVE
SUPERCRITICAL LA
WAVE DRAG
(Excrescence Drag)
(Excrescence Drag)
(Air Leak) (
) (
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(Gap)



3.5~10% 1

(Chamfer) (Sealing)
.10" POSITIVE STEP .10" POSITIVE STEP .10" POSITIVE STEP BUTT JOINT
45°CHAMFER 10:1 TAPER NO GAP
ATRFLOW AIRFLOW AIRFLOW AIRFLOW
I 1  — 1
1 ] L 1 1 ] 1 |
1 UNIT LI LI 0 UNIT
(BASELINE DRAG) 2 17
EXCRESCENCE DRAG PENALTY FOR STEPS
.04" INTO THE WIND 04" 04" OUT OF THE WIND .02" OUT OF THE WIND SEALED FLUSH
AIRFLON l_ AIRFLOW # r-U"" AIRFLOW » rOZ" AIRFLOH
- _T - e _f T iy — j
1 UNIT — UNIT — UNIT 0 UNIT
(BASELINE DRAG) 8 "
EXCRESCENCE DRAG PENALTY FOR GAPS WITH AERODYNAMIC SEALAN
.01" INTO THE WIND .01" OUT OF THE WIND
AIRFLOW r01 AIRFLOW e INSTALLED FLUSH
— AIRFLOW g
1 UNIT JZ— UNIT 0 UNIT

(BASELINE DRAG)
EXCRESCENCE DRAG PENALTY FOR FASTENERS
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(Factory of Safety)

. ’ .
Degian Cyitend

OPERATING LOADS
TYPICAL IN-SERVICE LOADS

I Dg‘mag{
FATIGUE LOADS [ -, .
~ Tolerance

LOAD FACTOR approx. 1.4g's

2=3 fps SINK SPEED ON
LANDING

Aﬁa;n8—9 psi

Design

(Operating Loads)

FAR 25.301

(Limit Loads)

FAR 25.303 1.5

T
»
73

LIMIT LOADS

MAXIMUM LOAD EXPECTED AS SPECIFIED .

BY THE FAR

NO PERMANENT DETRIMENTAL DEFORMATION .
(FAR 25.305) ‘——“"‘_"_‘—"_“”"__;ﬁﬁ:{

LOAD FACTOR 2.5g's (FAR 25.337) .
10 fps SINK SPEED ON LANDING .

(FAR 25.473)

AP = 1.33 X AP (FAR 25.365) e AP

Limit
Load

essure
Relief
Valve

LOAD CATEGORIES AND CHARACTERISTICS

12

(Ultimate Loads)

FAR

ULTIMATE LOADS

LIMIT LOAD x Factor of Safety
(FAR 25.301)

NO CATASTROPHIC FAILURE (FAR 25.305)

LOAD FACTOR APPROX. 3.75g's
HOLD LOAD FOR 3 SECONDS (FAR 25.305)

APPROX. 12 fps SINK SPEED ON LANDING

= 1.5 x 1.33 x AP

Ultimate Pressure
Load Relief
Valve

(h§~&h$ﬁg, +a.¢hpﬁ4 ;)



() (Wing Loads)

(Wing Box)
( /Stiffener)

(Compression) (Tension)

UPPER SKIN

FRONT SPAR /

REAR SPAR

~

STRINGER

11 1 1 1 1
H.I.NL&QX.._EN.L\LLEH\
LOWER SKIN

() (Fuselage Loads)

(Pitching Moment)

(Payloads)

TAIL  LOAD
Iy Ly
-— —— DRAG
THRUST l f i
LIFT Rspar Rspar LIFT
FUSELAGE LOADS

13



(Fuselage

Skin) (Stringer)/ (Longeron) (Frame)
(Bulkhead)
1. (Fuselage Skin)
2. (Stringer)/ (Longeron)
3. (Frame)
4. (Bulkhead)
(Payloads) (Floor Beam)
Shear Tie
3
4 B747

Stringer  Skin (Load Chart)

14



BULKHEAD ERAME
/ SKIN N \

STRINGER
(LONGERON)

DETAIL I

TYPICAL FUSELAGE CROSS SECTION
FRAME NOT SHOWN)

///FLODR BEAM

W LB I TTTTITTTTITITITTIITTETION

STRINGER
TIE CLIP

STRINGER

G ESATE DETAIL I
R LOBE CONSTRUCTION TYPICAL BODY FRAME
DETAIL I
LOADS — FUSELAGE — INTERNAL
3
() (Empennage Loads)
(Tension) (Compression)

15
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(

)

80%
2XXX ( 2024)

(Fracture Toughness)

TXXX

(Anodizing)

(Chemical Conversion Coating)

(Solution Heat Treatment)

(Age Hardening) “T”
5

(Static Strength) (Yield Strength)/Fty

(Ultimate Strength)/Fu
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(Limit Loads)
FAR 25.303 1.5
(Factory of Safety)(=1.5Fty) (Ultimate
Loads) (Ultimate Strength)/Fu
(Design

Ultimate Stress)/Fdu

6
(Statistical Basis) A, B, S A-Basis
95% 99%( )
B-Basis 95%
90%( ) S-Basis

( ) FAR 25.613

( )
B-Basis A-Basis
A-Basis
B-Basis 7 A B

(Statistical Basis)

19
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Margin, e) e/D
e/D=2.0
0.05 inches
1.7
0.05 inches
(Grain)

(Longitudinal Direction)
(Long Transverse Direction)

(Short Transverse Direction) 8

o need stress velief

(e>hy

\

SHEET, PLATE,
RECTANGULAR BAR
& HAND FORGING

2D

EXTRUSION

BAR, ROD & WIRE TUBING

N

LT

L = LONGITUDINAL (ALONG GRAIN)

(Edge

=2.0D *
e/D

LT
ST

ROLLED FORGED RING

GRAIN DIRECTIONS OF PRODUCT FORMS

LT LONG TRANSVERSE (ACROSS GRAIN)
ST = SHORT TRANSVERSE (THICKNESS)

22



(Fasteners)

Transfer)

()

BACR15BB8D8
10

(Load

ew)

NAS 523 FASTENER SYMBOL CODE
INSTALLATION: STD PER BAC 5004, FLUID TIGHT PER BAC 5047, TAPER SHANK PER BAC 5054
TAPER SHANK BOLT INFO DIAMETER DASH NO. (1/32" inch for
__\\\\\ permanent fasteners)
BASIC THREE-LETTER CODE
ENCLOSED = FLUID TIGHT ‘“_\\\\\ XX ’///"MQNQFQEK RED HEAD LOCATION
OPEN = STANDARD xx F = FAR SIDE ( Aependon wem:PHnt)
i ; C{nmihuhanq Vi
DéMPLE{ﬁ;EéNK INFO \\\\\\h__SPOT WELD OPTION
X = NUMBER OF SHEETS DIMPLED th
C = COUNTERSINK IN STRUCTURE LENGTH DASH NO. (1/16™ inch)
9
BOEING PART NUMBER PREFIXES FULL PART NUMBER FOR RIVETS
RQ=Fivet  BACRI5  Rivet _ BACR15__* %%
B=Bol: BACB30 Bolt, Lockbolt or Hex—drive(%k*Lﬁk> = Head Style
B pPelt BACC30  Coll = Diameter (1/32")
ottar = Material (letter code)
BACN10  Nut or Nutplate % = Grip Length (1/16™)
BACW Washer
BACF Filler FULL PART NUMBER FOR BOLTS
BACS Shim or Screw

10

23

***

BACB30__
Head Style and Material
Diameter (1/32")

Finish (letter code)

= Grip Length (1/16™)



()

(Permanent Fasteners)

(Removable Fasteners)
Tension Head  Shear Head

(Blind Fasteners)

1. (Permanent Fasteners) (Removable

Fasteners)

Rivets Lockbolts
Hex-Drive Bolts ( Hi-Lok)

(Fatigue or Structural Bolts) 11

P.ym'{'hu‘h"\j ]LJ:((L I

Ynivers wé }ﬂﬂ“é‘\‘ |
\ l
‘\ |

BACR15BA =
RHEL BACB30DX
BACB30FM LOCKBOLT
BACR15BB ke
RIVET

PERMANENT FASTENERS

=/
_ BACN10HR
— 12 PT. NUT
= BACN10JC
BACB30PC SELF_LOCKING NUT
SHOULDER BOLT
\
BACS21AE
BACB30US QUICK-RELEASE SCREW
12 PT. TENSION BOLT e

REMOVABLE FASTENERS

11



2. Tension Head Shear Head

Shear Head Shear
Head
Tension Head Tension Protruding Head
Tension Flush Head Tension Head
Shear Head 12
-t

SHEAR JOINT

TENSION - PROTRUDING HEAD [:

SHEAR = PROTRUDING HEAD

t | —
m(_ﬁ@J TENSION — FLUSH AND PROTRUDING HEAD
TN (IR

y AR
L} — ;“:u
[ SA—
: HEAR - FLUSH HEAD SHEAR - FLUSH AND PROTRUDING HEAD

TENSION — FLUSH HEAD
S

HEX=DRIVE OR HI-LOK LOCKBOLTS
12 Tension Head Shear Head
3. (Blind Fastener)
(Blind Bolts) (Blind Rivets)

(Grip Length)

25



SRM
(Time-Limited Repair)
(Repetitive Inspection)

(Blind Bolts) (Blind Rivets) 13

FIIL IS

P SRS SRS

! . ﬂ
S \m\\\: <N S
| .
| =
. W i
| |
BLIND BOLT INSTALLATION ND RIVET
NOTES: SELECT CORRECT GRIP LENGTH
INSPECTION OF FORMED HEAD REQUIRED
REMOVAL REQUIRES DRILLING OUT
CENTER STEM (DRILL GUIDES AVAILABLE)
13 (Blind Bolts) (Blind Rivets)
4. (Hole Fit)
(Clearance
Fit) (Transition Fit) (Interference Fit)
(Clearance Fit) (Shank
Diameter) Class I, 11,
i Class |

(Removable Fastener) Class |

26



Class Il Nutplate Class

(Interference Fit)

(Permanent Fasteners)

(Transition Fit)

(Permanent Fasteners)

5. (Oversize)
(Transition Fit)
(Fatigue Resistance) 14 Hex-Drive Bolt
L oversize Hhe Sgl-mﬂk dimmetly
/
L.‘.i

PART NUMBER DESCRIPTION A D H D
BACB30MY6K 3/16 HEX DRIVE  .295-.315 = .1885-.1895  .045-.055  .181-.184
BACB3OMYEK*X  1/64 OVERSIZE .295-.315  .2016-.2026  .045-.055  .181-.184 ,iGt Owersize
BACB3OMY6K*Y  1/32 OVERSIZE .295-.315  .2172-.2182  .045-.055  .181-.184 | 94 Dywersize
FACTORY FASTENER REPAIR FASTENER TYPE TYPICAL REPAIR FASTENER SIZE
RIVET RIVET SAME DIAMETER
RIVET HEX-DRIVE OR LOCKBOLT 7} 1/32 OVERSIZE
HEX-DRIVE OR LOCKBOLT HEX-DRIVE OR LOCKBOLT 1/64 OVERSIZE.

14 /Hex-Drive Bolt

27



()
15, 16, 17

Rivet

Rivet Lockbolt/Hex Drive Bolt

Lockbolt Hex Drive Bolt

Rivet vs.

Hex-Drive/Lockbolt

Rivet Advantages

- Lower cost

- Suitable for automation

- No foreign object damage (FOD)

- Wet installation not required
for AL rivets in AL structure

- Better hole fill (fluid tight)
- Lightweight

Hex=Drive/Lockbolt Advantages

- Slightly longer joint fatigue Llife -

Easier to install

Much higher bolt shear and bolt tensile strength
Higher Joint static strength

Greater clamp-up

Greater non-structural shim allowances

Greater fixity for compression applications

15 Rivet

Lockbolt/Hex Drive Bolt

2000 Rivet Advantages

- Softer rivet
— Easier to install

7000 Rivet Advantages

— Higher shear strength

|

Flush Head Advantages

- Head clearance
- Aerodynamics

|

Universal Head Advantages

- Longer joint fatigue Llife
Better hole fill

Higher static joint strength
- Easier to install

100 Flush Head Advantages

Briles Head Advantages

— Easier to install

- Longer joint fatigue
- Better hole Fill

- Higher static joint strength

life

16 Rivet

28
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(

)

- (Skin Longitudinal Lap Joint)
15

Finger Doubler

(Non-Eccentric Load Transfer)

(Double Shear)

(Eccentric Load

Transfer) (Single Shear)

18
(Skin Lap Joint)

30



HAT SECTION
/ OUTER SKIN STRINGER

EXTERNAL SPLICE

STRAP :
UPPER ROW
MIDDLE RO
LOWER ROW
"-\\\\\ \\INNER SKIN .
v

FINGER DOUBLER

BOEING ¢

}'wn?
I-BEAM LONGERON Eccentric Lﬁ\r JuTnt
DOUGLAS

Non- eccentnie Butt Joint | ﬂ“

JOINTS — FUSELAGE SKIN LONGITUDINAL JOINTS

18 (Skin Lap Joint)

2. - (Skin Circumferential Joint)

(Skin Butt
Joint) (Internal Splice Plate)
(Stringer) Splice Fitting

(Bending Moment)

(Crown) (Tension)

(Keel Beam) (Compression)

Lockbolt  Hi-Lok

19 (Skin Circumferential Joint)
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Splice Plate

Skin

P.

ax + P

pr

Pax + ppr

5 Doub Ler
‘1 Skin

skin Joint| CL

Splice Rt/ el

Plate
Stringer Stringer Splice Bl 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.

19 (Skin Circumferential Joint)
3. - (Fuselage Frame Joint)
(Fuselage Frame) Shear Tie
(Stringer) Shear Tie

Shear Tie 20

Shear Tie Shear Tie
Structural Clip Clip Shear
Tie
Integral Shear Tie Fail-Safe Angle
(Hoop Stress) Shear Tie

Fuselage Stringer Clip

32



FRAME WITH TR E%’H SKIN
INTEGRAL *—-—-_.________________-
SHEAR TIE ==
EATL-SAFE STRINGER
ANGLE \ cLe
SKIN\ - n T FRAME
AREA BELOW WINDOW AREA ABOVE WINDOW
INTEGRAL SHEAR TIE NO SHEAR TIE ("FLOATING FRAME")

20 Shear Tie

4. - (Fuselage Frame to Floor
Beam Joint)

Support Post Shear Tie  Doubler

21 Shear Tie
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Seat Track Load
.
e Frame Floor Beam
- i) }‘P
V/ M Frame

Support Post

Outhd,

TYPICAL FRAME AND FLOOR BEAM LOADS

b+ T e
|

| +' Py :
L 3 \r - \ Lower Cap
747 FRAME TO FLOOR BEAM JOINT

21
5. (Wing to Body Joint)
(Fail-Safe) (Wing
Spar) (Fuselage Bulkhead Forgings)
Spanwise Loads 22
(Wing to Body Joint)
6. (Wing Skin Spanwise Joint)

(Stringer)
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BULKHEAD

BOTTLE PIN
RETAINING BOLT

OBSOLETE DESIGN

(707 & 727)

WING SPAR
TERMINAL
FITTING

LOWER LOBE
BODY SKIN

m

5\ | LY
1l
% 15"’ i
1]
L ]
AL
UPPER
BODY PIN JOINT LOAD
SKIN DISTRIBUTION

(Obsolete Design)
BODY
BULKHEAD
FITTING

TOP OF
WING

__/_/\-r

=
=

e

CONTINUQUS JOINT
LOAD DISTRIBUTION
(Current Design)

CURRENT DESIGN
(737 and on)

FUSELAGE BULKHEAD TO WING SPAR JOINT

22

(Wing to Body Joint)

() (Joint Failure Mode)

Out Failure Bearing Failure

Net Tension Failure Tear

Fastener Shear Failure

Transitional Failure

Mode)

35

(Load Capability)

(Critical Failure



1. Net Tension Failure

Net Tension Failure

(Tension Stress)

23
f P o Net Tension Stress = f, = P/L(W-D)t]
W i DT Note: Use average hole diameter for
+ —fc\gtmz,—d.mu_h,_ flush head fasteners.
—>Net Tension
Pnet

NET TENSION FAILURE

P-ne:{ =F da X A net

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

23 Net Tension Failure/

2. Tear Out Failure (Shear Out Failure)

(

\ A
{ SAEar put)/

TEAR OUT FAILURE .
dueto > |
not enuw}h T ) B
,_1 W “-L"'ﬂ e :@ﬂ[ak mkl’:].jr\,
gdre Wardin,
‘ j ‘J 40 S l
by —‘&est( T
J s S N e o o1 [.»?j
Ptearout = Fsy X t x 2(e = 8)
Ptearout = Fsy X t x (2e = .766D)

{L = EFFECTIVE DISTANCE TO EDGE OF STRUCTURE
OR TO NEXT HOLE
t = THICKNESS OF SHEET
S = (DIA/2) x COS 40° = D x .383
Note: Use average hole diameter for flush head fasteners.

24 Net Tension Failure

36

1.7D)

(Shear Failure)

vaj_ L_, / -.-—j

[ le—s3| Dshmng;\

| PE—
(D )
# D[xw,mga 'u'f,xiuQS mé-/u‘ be Jfl‘ﬂ*‘“"é(

inAhe ,Awem{f;{j i?c'g.:{ zq; 303 (
* Aotz £ (W- Davy)



3. Bearing Failure

Bearing Failure

(Hole Deformation)

(Hole Elongation) Bearing
Failure
25
1.7D Bearing Failure
SRM 2D 0.05 inches

PLUNGER
PLUNGER:
GUIDE
p P Ay
UPPER - ©f":’
LOADING
FRAME
FROM MMPDS:
Forg = Bearing Stress = Pp,, / (D x ©)
BEﬁE;;;j *
PIN Porg = The Llesser of (Fy,, x D x t)

or (1.5 X Fppy x D x t)

SPECIMEN
O

4 lanﬁimxgtﬂtm@dgvuMaﬁsQMh&VF%mn

_______ LOADING actnad %Gh?%j!aai, render it e be ksﬁ )
------- ™ PIN enseyVAtive  See 4he Whk o manual foe yeasinablg UA"' L
LOWER
LOADING
BAR

BEARING FAILURE
ULTIMATE BEARING FAILURE TEST SETUP

P’T

JOINTS — FAILURE MODES - BEARING, SHEAR r“‘}j Ehw

25 Bearing Failure

37



4. Fastener Shear Failure( )

26

Pes

Pig = Fou x ® x D2 / &4

Note: Use fastener shank diameter for all fastener types

I -

Be cau shear happens In the Shank are o far b bvpes )

L0 fause Sndea l};}e 5 Shank. area. ftar | "'—/\;}?C.‘J_J‘
FASTENER SHEAR

26 Fastener Shear Failure( )

Net Tension Failure
Tear Out Failure Bearing Failure  Fastener
Shear Failure

(Joint Allowable Table)
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27 Joint Allowable Table
Bearing Failure
(Shear Failure) Bearing Failure
Bearing
Failure (Load Re-Distribution)
Oversize Fastener

Bearing Strength

Hhver Foi lure moslos Tn multople fagtensr

SINGLE SHEAR _BEARING STRENGTH

BACB30DX  BACB3ONE  BACB30PU NAS1303-1320 St s
BACB30LJ  BACB3ONF  BACB3OPW NAS1465-1472 J
BACB30LK  BACB30ONM  MS20004-24 NASE965-6972 ) Ee)
FASTENER PART BACB30LM BACB30NR NAS623 o
NUMBERS BACB30OLN  BACB3ONT  NAS673-678 1 Oy | — F
BACB3OMB  BACB3ONX  NAS1218 . /
BACESOMR  BACB30PF  NAS1223-1235 . ) Q%A.
FASTENER DIAMETER 3/16 5/16 \ v AN '
i e . ney. tengion bmh\"[\ Jenr out
SINGLE SHEAR (LB) - D,
¢ thear avt
0.063 NO VAUES GIVEN
0.07 (NOT ALLOWED,
0.080 TRANSTIONAL FAILURE
0.090 MAY OCCUR)
0.100
0.112
& [0.125
S |0.140 , X .
~ 2 0.160 ( kep,]) v héé\.rmj a‘réq_)
a = [0.180 .
2 £ |o0.200 MATERIAL BEARING
E o224 FAILURE AREA )
= 0.2501 { optimizesd gicfg,'z}n 2o allew lil"d}'?\ri?
0.312 | : - . )
0.375 | before. fastener Smj.!g, sheat fﬂ_
0.500 | 7 it
0.562 TUFASTENER SHEAR fﬁiifﬂfffﬁf“;
0.625 FAILURE AREA v [aodl,

re—d R T
TENSION PROTRUDING HEAD BOLTS, LOCKBOLTS AND HEX-DRIVE BOLTS IN; =——— FASTENER TYPE ve-aistribas

7075-T6 CLAD OR BARE, SHEET OR PLATE «———_ JOINT MATERIALS
(TABLE VALUES ARE FOR
7075-T6, -T6510, -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

() (Joint Analysis)
(Joint Analysis)
28, 29
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(

)

(Single Shear Joint) Bearing
Load Capability SRM  Joint Allowable Tables
Bearing Capability

Bearing Load Capability

(Double Shear Joint) Bearing
Load Capability Bearing Capability
Bearing Capability
Bearing Load Capability

Joint Allowable Tables Bearing
Strength Joint Allowable Tables (
( -T6  -T651 ) (e/D) )

Bearing Strength

(Yield Strength) (Ultimate Strength)
(Extrapolation) Bearing Failure
Bearing Strength Ratioing 30 Ratioing

(Running Loads)
Web

(Running Loads) 31
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() (Edge Margin) (Row Spacing/Pitch)
(Edge Margin)
Shear Out Failure (Row Spacing/Pitch)

Shear Out Failure/Tear Out Failure

(Inter-Fastener Shearout)

2D £ 0.05inch SRM
(Note)
(2D)

(Average Diameter)(Davg)

2D + 0.05inch

(Short Edge Margin, SEM)
SEM 32

SEM

(Net Tension or Shearout Check)

Edge margins (EM) normal to the primary load path. Edge margins parallel to the primary load path.

Joints that typically carry tension loads: ALL joints:

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

- EMz1.5D: Acceptable provided the part is shot
- 1.5D<EM<1.7D: Ratio joint allowable by

peened.
- EM<1.5D: Not acceptable. The hole must be trimmed Fprgle/D=actual) / Fp.o(e/D=1.7D). For bolts in
out and a doubler installed. doJLLe shear use Fy.g(e/D=actual) x D x t, where
- Perform net tension checks on all parts less than Fhrg = lesser of 1.5Fpy or Fypy.

= 1.0D<EM<1.5D: Use tearout check.
- EM<1.0D: Not acceptable., The hole must be trimmed
out and a doubler added.

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.
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4D ~ 6D

(Pull-Up Gap)
Buckling 0.01 inch
Pull-Up Stress 50%  Stress

Corrosion Threshold

(Staggering)
33

(Staggering)

2.5D MIN

Staggered Rivets: Liivers = 375 X Dgpank
Staggered Bolts: Lioies 450 X Do
ALL Fastener Types: Ly oo oS 10Xt oo
33 (Staggering)
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() (Eccentric Load)

(Fastener Pattern)

(Centroid) (Moment)

Shear Tie
( Frame  Floor Beam)

(Hoop Stress) (Frame)

34

ECCENTRIC LOAD

MOMENT
“REACTTON
i aw T~} £ Ny
.CQ.H fvi /l/
of Jl@* fm
w M mmw«i
ot or
SHEAR +\i\ K.‘
HmH:emr REACTION J, % Y oind /ﬂ%
(TYP) ‘ st
St
A
.20 INCH 7075-Té SKIN PANEL
/ 8070 LBS
B

{aﬂ‘i"

(3 x 2?50 = 8070 LBS)
pronfel

.15 INCH 7O75-T6

FORMED ANGLE
SHEAR TIE T~

(BACB30GY6 ALLOWABLE)
2.0

8070 LBS
-

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

34 (Eccentric Load) Shear Tie
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34 35

(Eccentric Load Chart)

270 5
260 n=
250 /% n=3
240 /I
in) A/ =
Voad = 230 L n=4
- 220 7A/ e
' y U 210 LA yd
( g 200 / v n=5
190 4 2
S g0 & A n=6
= 170 A'r/ // /, -
¥ 160 yy4vd A A An =7
o 150 }/// ,// /,/ T T s
S 10 oL // // P ]
) -]
g A A A
g 2 A AP AV AV
= 100 /:;/; '// = // :
2 90 //,/)/// ,// L]
20 /'/,/,/,{,;/ v
60 - Vala Ea WHERE :
50 -’//‘ O Z V= A|;pl.'ied shear load
40 — /,/:52‘,4/ a = Distance between end
30 - = ’/,'; fasteners
20 ':.::4’/__/_ b = Distance between shear
H 10 = load and fastener lines
z 1 n = Number of fasteners
g .10 .50 1.0 1.5 2.0 2.5
5 b/a
JOINTS — ECCENTRIC LOAD CHART
35 (Eccentric Load Chart)
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() (Freeze Plug)

(Freeze Plug) 36

(Freeze Plug)

(Freeze Plug)

FREEZE PLUG
MATING SURFACE

SEPARATE
NON-MATING SURFACE FREEZE
OF FREEZE PLUG PLUGS

[& ///SEE DETAIL I
N

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

0.05 MINIMUM WALL THICKNESS

FREEZE PLUGS IN MORE THAN
T

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-T6.

— 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.

Net Tension Failure

0.006
CHAMFER 459X
(TYPICAL) 0.003

STRUCTURE
MATING
SURFACE

0.003/0.006
DETAIL T

Maintain an edge margin of (1.7 x Dprug? 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.

36 (Freeze Plug)
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P

(

)

inch

Shim)

Shim

(Shim)

(Structural Shim)

0.005 ~ 0.01

(Non-Structural

(Load Path)

Laminated  Solid Shim Laminated
0.05 inches 0.05 inches
Solid Shim Laminated Shim

NON-STRUCTURAL SHIM

= ASSUME NO LOADS IN SHIM

= SOLID OR LAMINATED
- TAKE UP GAP

LOADS CARRIED IN SHIM
SOLID

TAKE UP GAP

PREVENT FASTEMER BENDING

37 (Shim)

52
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(

(Fatigue Resistance)

)

(Durability)

(Wet Installation)

(Fatigue Resistance)

(Wet Installation)

. BMS 5-45
(Specific Gravity)
BMS 5-26 20%
. BMS 5-95
. BMS 5-63

Silicone

. PR1826 PR1828

BMS 5-45 BMS 5-26
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(Corrosion Resistance)
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Microballoon
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(

(

)

)

1. BMS 10-11

2. BMS 10-79

3. BMS 10-20

CIC

1. BMS 3-23

2. BMS 3-26

3. BMS 3-29

(Anodizing) Alodine

(filiform Corrosion)

BMS 10-100 BMS 10-60

(Corrosion Inhibitor Compound, CIC)

CIC

(Mating Structures)

(High
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(

)

Moisture Surface) Bilge Area

4. BMS 3-35
(Tack Free Surface) (Touch-Up)
(Fatigue Resistant Repair)
1. (Shot Peening) (Cold Work) 2024

7075

Compressive Layer Peak Stress

Shot Peening

Compressive
Residual Stresses

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

Residual Stress

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

40 Shot Peening Surface Peak Stress
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(

)

Cold Workin

Split

Sleeve [

Mandrel

Cnmpmssiv/ =

Residual
Stresses

Work Piece

k/ane Cap

.Puller Housing

[

S

/

oo )

Retention Jaw

Sleeve

Peak Stress
+0 \Q;Resultant Stress
/
I

I ™

%~ Residual Stress
-0 From Cold Working

Edge
Of Hole

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

41 Cold Work

Fatigue Resistance Fastener (

Lockbolt

)

Peak Stress

Rivet, Hex-Drive Bolt,

(Interference Fit)

Compressive Layer

(Blendout Slope)

SRM

42
30:1

58



v

STRINGR FLANGE WITH BLENDED NOTCH

SLOPE = %? FOR THE 1.0 WIDE

STGR. FLANGE
RADIUS .25 .50 1.0
21 SLOPEL ., ol 1,28 1.18

1.22

8= 17

[

30:1 SLOPE

. . 1115
ﬁﬁ SMBStqnﬂ‘j/ 6= 176

1.10

redu ed
K

adeer

am out

bendit, Hhurehme MODIFIED NOTCH Kpy

we zox| 35 sefficent)
42

I(tn
MODIFIED

20:1

X i €the notdr ok .;> +o redice Sthregs
CoN Lt
PLATE WITH UNSYMMETRICAL EDGE NOTCH -
INFLUENCE OF SHOULDER SLOPE DEG
4.0 0
90
100
110

120

130

140

150

2.0
160

AN

V/
2

170

1.0 180
1.0 2.0 3.0 4.0
Ktn
MOD K FOR NOTCH OF ANGLE O, OTHER DIMENSIONS SAME

N ) " o
Ref 3+ Pearserts Stieey Concentrmtion Factors

DURABILITY - NOTCH REMOVALS
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FAR
(Ultimate Load)
(Patches/Doublers) (Repair Angles)
(Load Capability Calculations)

(Ultimate Load

Capability) SRM (Durability)
( FAR 25.301 FAR 25.571 )

[

®

[

[

(Ultimate Load Capability)

° SRM ( )
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Part |

Mr. Montgomery (Monty) H. Morgan

B777, B767, B747-400
B747-8
(GEMCOR )
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Everret

B787,



AMECO
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