
NOVEMBER 1981 

F~~78·G~Q745 

C-130 A 
Durability and. Darnarge Tole.ran:e~ Assessmen: 

(0Af:fPAJ: 
(lack Cro'Nth Analy.sis 

Pa&PARED ~(lif 

uttl1'el .S'\tAl!S AI'R FOG 
W~ltNIA RQ:tfl;NS ANI l.m;ISTIC!l JJ!NteR 
R<mittfS APJt EtOimtA 

-;, 

A~Ct~~c,..src 
~~31Xi$l 



ABSTRACT· 
. · .• 

LG81ER0148 
September 1981 
C-_130A. 

· This report presents the t:esul ts of crack growth 
analyses performed on the c:...l30A.'prtma:ry airf.t"amoe $truct\lre, 

' .- . ' -

using baselinerepresentative' average op~ratiortalloads . . - . . -- - _ __..,.. -· 
spectra, during· the C-130 Durabrlity Md Damage. Tolerarice 
Assessment (DAD'l'A) Program ... Tnk majorportion ~~f this 

. ·• 
. report is dediC!J.tE!d to the presentation of the resgl,ts: of . '• - . :. . ' ; - •' -
crack growth' an~lysis <;if individual cr'itical area$'· of" tb.e
C-,~30A structura:l airframe. '!'he .¥esuhs of these c;;ra'ck 1~
growth analyses are then used t6 :iti~e·'r.~O!runenqation~i'for · .· 
t~ .safe opera t.ton of tne. 'c-13oi\: force~ ~· ThE! :i:es\1-tt,~n:.'t 
~~~ommendations are combined int:~ an "aptian$ matri,jtc'wtrich 
can be used to· t:ormulate a Foi:.ce ·se'rtr~ttiru<~Mai:n:t~~~ .· 
Plan, as reporttk in Lockheed~_6ig.i~"~~eport, · r.d'a.JjE&{H~2 ; 

v 

'--";.··- .. · .. - . 
_- ::·-~- -:;-:·: 
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Crack Length 

Critical Crack Length 

Air Force Technical Order 
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Aircraft 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 
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Individual Aircraft Tracking 

One Thousand Pounds 

Kips Per Square Inch 
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Stress Intensity Factor, KSI IN 

Critical Stress Intensity Factor, 
Plane Stress or Mixed Mode, KSI~ 

Uncracked Stress Concentration ·Factor 

Critical Stress Intensity Factor, 
Plane Strain, KSI yfiN 
Stress Intensity Factor Range Parameter, 
KSiyrN 

Total 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, g'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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NASA Structural Analyses Program 

<Juter Wing 

Operating Weight Empty 

Outer Wing Station 

Pressure Load 

Load in X Direction, Pounds 

Load in y Direction, Pounds 

Load in z Direction, Pounds 

Power Spectral Density 

Hole Radius 

Range Ratio 

Representative 

Runway Roughness 

Ratio of Local Average Stress to 
Remote Stress 

Stress 
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Kol:>ayashi'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 Hole (Isida) (See section 8.3.2) 

Hole Edge Correction, Ligament Failed (QSLOT) 
(See Section 8.3.2) 

C-141 Center Wing Lower Panel ll 

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 

WS61L-Lower Rear Beam Cap-Aft Edge of 
Skin Panel at ws 59.99 
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WS79-tower Rear Beam Cap-cap Crack at 
ws 79.63 
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LSSS-Lower Surface Spanwise Splice-ws 185 ~ 

WS220L-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 

OWS108-Lower Rear Beam Cap at WS 326.6 

OWS162-Lower Front Beam Ca~ at ws 372.87 

OWS162-Lower Front Beam Cap at ws 380.79 

OW162-Lower Surface Panel 1 Along Drag 
Angle at WS 382.23 

OWS287-Lower Surface Panel 4 Runout 
at WS 507 

OWSS-OUter Wing Spanwise Splice-Outer Tab 
Cracking 

OWSS-Outer Wing Spanwise Splice-Inner Tab 
Cracking 

GENSPLC-General Splice-Fuselage Circumferential 
Splice or Wing Chordwise Splice 
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FIGURE 8. 5. 5 ANALYSIS POINT: CW-5C; OPERATIONAL LIMITS 

PHASE 

1 

II 

III 

IV 

CENTER WING LOWER SURFACE GENERAL SP&~ISE SPLICE AT W.S. 185.5 

SAFETY LIMIT 

CRACK FLIGHT 
LENGTH HOURS 

(IN) 

.050-.089 1470 

.089-.315 2085 

6a = .0011 
. 

.5111-.594 978 

.594-1.715 837 

L: = 5,370 

DURABILITY LIMIT 

CRACK FLIGHT 
LENGTH HOURS 

(IN) 

.010-.089 8477 

.089-.315 2085 

~a= 0.0 

.510-.594 1165 

.594-1.715 837 

L.:== 12,564 
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FIGURE 8. 5. 2 ANALYSIS POINT: CW-5C; BASIC DATA 

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

EFFECTIVE STRESS LOAD RATIO .001839 {AXIAL STRESS/UNIT MXl 

BEARING/BY-PASS RATIO . 650 

ASSUMED INITIAL FLAW SIZE, a. . 050 IN. l. 

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, aCRIT' 1. 715 IN. 
AT DESIGN LIMIT STRESS 
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