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ThlS report presents the results of crack growth
-analyses performed on. the c- lBOA primary alrtrame Structure,
using baspllne representatlve average operatlonal 1oads
spectra, durrng the C~ 130 Durablllty And Damaga Toleranoe
Assessment (DADTA) Program. The major portlon of this
"report is dedrcated to the presentatlon of the results of
crack growth analy31s of lndlvrdual crltlcal areas of‘the

fl30A structural airframe. Thg results of these orack e

growth analyses are then used to make‘recommendatlons“for—*
the safe operation of the C~l30A force. The resultanx
recommendations are comblned 1nto ar’ Optlons matrlx‘Whlch
can be'used to’ ﬁormulate a Force sﬁr”qtnralfﬂaiﬁtenance ,
Plan, as reported 1n Lockheed-ﬁeorglaaééport, LG&IEROXSZ

Use and/or disciosure is governed by the state-
ment on the title page of this documant.
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LJ?OREWORD;

The crack growth analyses, psesented 1n thls report, -

were performed during the Durahllity And Damage Tolerance !
Assessment (DADTA) of the C-130 axrframe S ALY the analyses, o
contalned in ‘this report, were conducted hy Lockheed«Georgla

cgmpany, under contract to Warner Roblns, Contract No.
F09603~78~G—0745 Order No. 0014.‘ The Warner Roblns .
Prq;eot Englneer lS Mx Jam&s A, Wagner. -

Other reports related to the C-l30 DADTA program are

as follows.

LG78ER0258%"
,‘"Lc7sznoz7a |
" LGBOER0030:
 LGBLER0146:"
”ﬁfLG81530147«

LGSlBROl49.

'Loalﬂanlso
_LGBlERﬂlSl.

LG81ERO152:

C-llﬂ DAQTA Plaanlng and Schedullng Report

) c-lsu DADTA Test Plan

viC—lBO ﬁaDTA-General Methodology

C—lBOA/B/E/H DADTA Interlm Report
C~130 DADTA Test Program

C~l3OB BADTA Crack Growth Analy51s
C—l}%E/E* DADTA’ “Crack Ge wth Analysis
—130H DADTA Crac"“rowth*Analy51s

C-l&OA/B/E/E*/H DADTA Summary Repor£
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GLOSSARY

Crack Length

Critical Crack Length

Alr Force Technical Order

Aircraf£ Structural Integrity Program
Material Thickness

Geometric Correction Factor

Geometric Correction Factor Referenced
to the Crack Length Scale a

Total Correction Factor

Forman Equation Material Constant
Center Wing

Rate of Crack Growth, Inches/Cycle
Rate of Crack Growth, Inches/Pass
Hole Diameter, Inches

Durability And Damage Tolerance Assessment
Damage Analysis in Rapid Time
Delta, Incremental

Stress

Function of K

Yield Stress

Fuselage

Hours

Horizontal Tail

Inches

Use and/or disciGsure i3 governead by the siate
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GLOSSARY (Continued)

Individual Aircraft Tracking

One Thousand Pounds

Kips Per Square Inch

Stress Intensity Factor, XKSI IN

Critical Stress Intensity Factor,
Plane Stress or Mixed Mode, KSI 4/ IN

Uncracked Stress Concentration ‘Factor

Critical Stress Intensity Factor,
Plane Strain, KSI./ IN

Stress Intensity Factor Range Parameter,

KS8I +/ IN

Téfal Crack Length

Bending Moment About X Axis, Inch-Pounds
Bending Moment About Y Axis, Inch-Pounds
Bending Moment About Z Axis, Inch-Pounds

Mean Bending Moment About X Axis

Mean Bending Moment About Y Axis
Model/Design/Series

Number

Acceleration, g's, at Center of Gravity
Acceleration, ¢'s, At Main Gear
Acceleration, g's, X Direction
Acceleration, g's, Y Direction
Acceleration, g's, Z Direction

Mean Acceleration, g's, Z Direction

Forman Equation Material Constant
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GLOSSARY (Continued)

Nacelle/Pylon

NASA Structural Analyses Program
QOuter Wing

Operating Weight Empty
Outer Wing Station

Pressure Load

Load in X Direction, Pounds
Load in Y Direction, Pounds
Lead in Z Direction, Pcunds
Power Spectral Density

Hole Radius

Range Ratio

Representative

Runway Roughness

Ratio of Local Average Stress to
Remote Stress

Stress

Mean Stress

Stress-To-Leoad Ratio

Instability Stress

TaxiﬂAir—Ground (Flight Test Program}
Take Off

Shear Stress

Utilization

Vertical
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GLOSSARY (Continued)

Velocity, Acceleration, Altitude
Vertical Tail
Wing

Wing Station

Constant

Secant Finite Width (Reference 29)

General Tabular

Robayashi's Backface (Reference 29)

Isida's Eccentric Crack (Reference 29)

Bowie Factor (Reference 29)

Filled/Loaded Hole (LOHL) (See Section 8.3.2)
Poe's Stiffened Sheet Analysis (Reference 28)

Eccentric Crack From HBole (Isida) (See Section 8.3.2)

Hole Edge Correction, Ligament Failed {QSLOT)
(See Sectiocn 8.3.2)

C~14]1 Center Wing Lower Panel 11
C-141 Access Hole in Wing Surface
Adjacent Hole

Overlap Plate Joint

C-141 Lower Rear Spar Cap at BL 59
C~141 Rear Spar Cap at IWBRS 86
CWSS-Center Wing Spanwise Splice

WS6lU~Upper Rear Beam Cap-Aft Horizontal
Cap Flange at WS 61.125

WS6lL-Lower Rear Beam Cap-Aft Edge of
Skin Panel at WS 59.99
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GLOSSARY (Continued)

WS79~Lower Rear Beam Cap—Cap Crack at
WS 79.83

LSsS-Lower Surface Spanwise Splice-~WSs 185

W5220L-Lower Surface Wing Splice-Panel
Crack at WS 212.69

OWS6-Lower Surface Wing Splice-Panel 2
Crack at WS 223.5%

OWS6~Lower Surface Wing Splice-~Panel 3
Crack at WS 223.5

OWS6-Lower Surface Wing Splice-Rainbow
Fitting Crack at WS 223.5

OWS35-Lower Surface Weephole at WS 255

OWS35-Lower Surface King Pin Fitting
Attachment at WS 255

OWS1l08~Lower Rear Beam Cap at WS 326.6
OWsSlé2-Lower Front Beam Cap at WS 372.87
OWsSlé2-Lower Front Beam Cap at WS 330.79

OWl62-Lower Surface Panel 1 Along Drag
Angle at WS 382.23

OWws287-Lower Surface Panel 4 Runout
at Ws 507

OWSS=-Outer Wing Spanwise Splice-Outer Tab
Cracking

OWsS-Quter Wing Spanwise Splice~-Inner Tab
Cracking

/

GENSPLC-General Splice~fFuselage Circumferential

Splice or Wing Chordwise Splice

Lse and/or disclosuse is governag by tne state-
ment on the title page ot this document.
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Center Wing Lower Surface,

Figure 4.1:

Summary of Critical Areas
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'FIGURE 8.5.1 : ANALYSIS POINT: CH-5C

CENTER WING LOWER SURFACE GENERAIL SPANWISE
SPLICE AT W.S. 185.5

, WS
£ — { 185.5
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Figure 2.1:

Oate CHhi
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Operational Limits: Center Wing Lower Surface

CRITICAL CRACK
LINGTE, aopow U0,
AT SMETY | o rrucTURE
ANALYS TS c.unu.g DESIGN LIMIT STREss LIMIT LINIT
poINT DESCRIPTION EnEMmy LT D.L.%.
INS. K.5.1. [Fi?. 6R4.|FLT. HES,
-1 Panel No. } at Rear Beam, WS 61.6 Banel 1.30 313,13 8,203 11,4488
CH~2B Pansl No. 2 Orain Holes, WS 109.%
" " e Fanel 4,00 36.23 | 19,308 | 12,945
Cu-s we"$s b3+ 3 Palcing Attach Eoles, Prnel 5. 48 36.25 | 13,57¢ | 20,681
Cw-18 Panel 1/1 Gensral Spanwise Splice Panel
w8 L151.0 ¢ ! ane 5.48 16,43 | 8,839 | 13,342
Ch=-3C Pansl L/2 General Spanwise Splice, Panel
W8 18%.5 1.72 31,87 S,370 | 12,564
CW~5L Panal 2/) Splice at Doubler Inatl., Tanel
WS §8.5 1.69 19,26 5,332 $,429
CH-7B Paceal Na. 1 at Englne Drag Piecin Panel
W8 174.9 v ¥ 9 * 2.88 10.87 3,749 | 7,173
CiW-2 Panel No. 1 atc Cormer Pitein
%8 314.0 v Fanel 2.04 LM 8,078 | 14,230
CW-3 Punal No. 2 at Reinbow Fitting, Panel 1.42 .74 3,128 4,422
W8 214.4
CW-10 Spilce Angle at Jainbow ritting, fplice
W§ 114,90 Angla 1.37 T | 48,483 | 74,344
W11 Rainbow Fitting, WS 214.0
¥ Picting 6.83 .74 | 8L.643 | 18,24
CH-12 Facward Cornar Ficting, WS 214.0
Fioeleg | .34 | 22,130 | 18,087
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FIGURE 8.5.4 ANALYSIS POINT CW-5C; BETA FORMULAS

CENTER WING LOWER SURFACE GENERAIL
SPANWISE SPLICE AT WS 185.5

e
£

PHASE FORMULA
2 . Brotar, = -712 B4 (a') By (ay)
11 Boorar = B, (@)
= III A = .712 8., (a') B, (a') B, (a/)
I TOTAL ~ 375 ' 10 17 4 b
m
v Brorar, = 1112 B3 (a) Bqiq (a)
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Use and/or disclosure is governedg gy the siale-



Sgriockieed

FIGURE

LG81ERO14¢
August 1981
C-130a

8.5.5 ANALYSIS POINT: CW-5C; OPERATIONAL LIMITS

CENTER WING LOWER SURFACE GENERAIL SPANWISE
SPLICE AT W.S. 185.5

SAFETY LIMIT DURABILITY LIMIT
PHASE CRACK FLIGHT CRACK FLIGHT
LENGTH HOURS LENGTH HOURS
(IN) (19)
1 .050-.089 | 1479 .010~-.089 8477
I1 .089-.315 | 2085 .089-,315 2085
Aa = ,0011 Aa = 0.0
IIT .5111~.594 | 97g .510-.594 1165
Iv .594-1.715 | 837 .594-1.715 837
2 = 5,370 D = 12,564

Use and/or disciosure is governad by the state-
MENT an Tha Tirle NANA nf thic dmm e
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ﬁ; FIGURE 8.5.2 ANALYSIS POINT: CW-5C; BASIC DATA

= CENTER WING LOWER SURFACE GENERAL SPANWISE

~

SPLICE AT W.S. 185.5

[amapt

EFFECTIVE STRESS LOAD RATIO .001839
(AXIAL STRESS/UNIT MX)

BEARING/BY-PASS RATIO ' .650
ASSUMED INITIAL FLAW SIZE, a; .050 IN.
NUMBER OF CYCLES PER PASS 229,460
MAXIMUM SPECTRUM TENSION STRESS 25.084 KSI

ONCE PER 10,000 HOUR TENSION STRESS

DESIGN LIMIT GROSS TENSION STRESS 35.671 KsI

CRITICAL CRACK LENGTH, AR’ 1.715 IN.
AT DESIGN LIMIT STRESS

Use and/oar disclosure is governed by the state-
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FIGURE g,5.3 ANALYSIS POINT:
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CW-5C; CRACK GROWTH SEQUENCE

CENTER WING LOWER SURFACE GENERAIL SPANWISE

SPLICE, WS 185.5

ARINEZ

89"

PANEL 2

I
18 Irr 1v

aCR = 1,72
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with adjacent stringer partialiy cracked)|;
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CRACK GROWTH CURVE

HRS. ||
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SAFETY LIMIT
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CENTER WING LOWER SURFACE SPANWISE SPLICE
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.| FIGURE 8.5.56
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