AD-A058 002 LOCKHEED=-CALIFORNIA CO BURBANK F/6 11/6 3

COMPARISON OF ENGINEERING PROPERTIES OF 7050-T7E73 AND 7075=T65==ETC(U)
FEB 78 R W BRODIE. L BAKOW N62269-7T-C-002‘
| UNCLASSIFIED LR=-28499 NADC-76269-30

ElEINENENNE
IIIIIIIIIII&IE
EE0E0EEdE222A8
E0EERE0EENEEEE
EESESEEaEan
5 5 ) o 5 | =
5o |58 o 2 = | o L

.




T

S “IH_

G

e
|

L8
23 e e

N TES! CHAR




N

ADAOS8002

DDC Fie copy

COMPARISON OF ENGINEERING
PROPERTIES OF 7050-T7E73

AND 7075-T6510 EXTRUSIONS
FOR POTENTIAL P-3 APPLICATIONS

Contract N62269-77-C-0024

Roy W. Brodie and Leon Bakow
Structures and Materials

February 1978 : /D D,-—-ac\ ‘

Final Report R ﬂf?ﬂ

AUG 22 1978 ﬂ&

Approved Relsase ‘ (311

Divtibation Unlimited CGLIT L
A

DEPARTMENT OF THE NAVY
NAVAL AIR SYSTEMS COMMAND

Washington, D. C. 20361

: — LOCKHEED-CALIFORNIA COMPANY *BURBANK
' ADIVISION OF LOCKHEED CORPORA‘l“’fg

gk vs 19 °

T




SFCURIY ! CLASLIHIC Y, rm OF THIS PAGE (Whea Dain I nterad)

RLAD INSTRUC CAU 9

T DOCU ‘F' TA!'O‘ PA(‘E & BEFORY, €C* | 1L ] (‘ (e i

2. GOVY ACCLSSION NO| 3. RECIPIENT'S CAT ALOO r-uum.n

4. TIVLE (end Subullt) $. TYPE OF RCPORY & PERIOD COVLRED

T NUMBER

Comparison of Engineering Properties of F INAL
75¢-T7E73 and 7;75-'1'651 Extrusions for
Potential P-3 Applications,

AUTHOR(2)

Roy W. Lﬁrodie -l Leon/Bakow ' GE‘ N62269-77-C-”214

ACY Ol GRANT NUMBZ

10. PROGRAM ELEMENT FROJECT, TASK

PERFORMING ORGANIZATION NAME AND ADDRESS Rl s L Bok Uit RGBS
Lockhced California CompanyV
Burbank, California 91503 AO3V-3200/00M8/6F54591000

1\, CONTROLLING OFFICE NAME AND ADDRCSS

Department of the Navy Feb 78
Naval Air Systems Command .
Washington, D. C. 2036]

AGES

T4. MONITORING AGENCY NAMEC & ADDRESS(IL dilterent trom Controlling Oltice) 1S. SECURITY CLASS. (et thie report)

Department of the Navy

Naval Air Deveclopment Center ‘ u»‘n ]
u‘rminster. PA. '897!. ‘. SSIFICATIDN: OOWNGRADING

1§. DISTRIBUTION STATEMENT (of this Report) ° ﬁ) lll
APPROVED FOR PUBLIC RELEASE  DISTRIBUTION UNLIHIQ7 F

{{erent (rom R

17. DISTRIBUTION STATE

Fi mw' PQP‘V\ 40 Nov =19 Feb 19,

1 \"7050 T7E73 extrusion material was procured in P-3 wing spar cap and

19. SUPPLEMENTARY NOTES

None

L d

19. KEY WORDS (Continue on reverae elde Il necessary and Identily by dlock number)

T050 Tensile Cruck Propagation
T075 Exfoliation Toughness
Aluminum Fatigue

Extruded Shapes Fracturc Toughness

20. ABSTRACT (Continue on reverse eide I necescary and Identily by block number)

plank shapes for direct comparative testing with current 7075- T6510
production extrusions. Three lots of 7050-T7E73 were produced and
processed in production facilities to be representative of actual part
fabrication. Comparable 7075-T6 tensile strengths and improved -, )

DD o'y 1473 A e€oimion oF 1 nov s 1s oesoLETE Unclascifiad

S/N 0102-014- 6601 )
SECURITY CLASSIFICATION OF THIS PAGE (Mhen Date Entered’

209 910 )

ad




-
(L5 TR SN

Q»’ I( f
)

Unclassified

SALUNITY CLASSISICATION OF THIS PAGE(WAen Date Entered)

b

AcenT)
P exfoliation, and fatigue properties were obtained with the 7050-T7E73

material. Significant improvements were obtained in crack propagation

_in 340X R.H. and §98% R.H. environments where the crack growth threshold

showed an »30% increase and the crack growth rate was=b7X slower for

the 7050-T7E?3 material. The 7050-T7E73 also had g 60 to 70X improvement
in fracture toughness, at room temperature and -65°F over the 7075-T6510
material and the -65‘; toughness of 7050-T7E73 was 30X higher than the
room temperature toughness of 7075-T6510.

A\

Unclassified

SECURITY CLASSIFICATION OF THIS PAQE(WNhen Date Entered)

-

-——— ——




PREFACE |
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Air Development Center under NADC Contract No. NO2269-T7-C-0024. Mr. E.
Balmuth was the Navy Program Manager and S. J. Barber was the Contracting
Officer.

This report covers work performed from 30 November 1976 to 2T February 1978.

The authors are grateful for the assistance provided by A. Chulick for tensile
and exfoliation testing, D. Black for spectra fatigue and fracture testing,

D. E. Pettit for assistance in fracture analysis and 8. T. Chiu, C. T. Clark,
S. T. Diggs, J. kkvall, W. E. Krupp, W. Leuders, L. Silvas, and J. H. Wooley
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I. INTRODUCTION

The high strength 7000 series aluminum alloys have been used extensively

in airframe construction due to their strength to weight ratios and low
fabrication costs. However, the 7000 series alloys in their high strength
T6 temper conditions are susceptible to stress corrosion cracking and
exfoliation. An improvement of the stress corrosion and exfoliation
resistance of the T6 conditions was obtained by reaging at higher (325 -
3500F) temperatures to produce T73 and TTo tempers. However, this improve-
ment was accompanied by a reduction in strength which prevents TOT7S-T173 or
T76 material from replacing 7075-76 parts unless lower strengths can

be accommodated.

Efforts to retain the static strength of 7075-T6¢, with an improvement in
corrosion resistance led to the development of the 7050 alloy. In

particular, 7050 extrusions have shown the potential for being a direct
substitute for TOT5-T6 extrusions on a strength basis while providing
a significant improvement in the resistance to stress corrosion and

exfoliation.

Lockheed has considered 7050-T76 extrusions as a potential replacement
for the extruded 7075-T6 P-3 wing spar caps and wing skins. This
potential caused consideradble in-house testing to be performed on
various extruded 7050-T76¢ shapes. The test results confirmed an

improved combination of strength, corrosion res: ance and toughness over
the 7075 material. However, additional data on spectra fatigue, crack

growth and fracture toughness properties were needed to provide
information for performing structural analyses. The need for these

data was the basis for this program.
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During the development of the 7050 alloy, the T76 temper extrusions I
had typical properties which generally exceeded TOT75-T6¢ minimums;

however, the established guaranteed tensile and yield strength
properties were 2 Ksi below the T7075-T6 minimums. Negotiations
between Lockheed and the Aluminum Company of America (Alcoa) were
conducted to obtain T0O50 extrusions with guaranteed TO75-76 minimum

tensile properties. This resulted in a new temper currently desi-
gnated as TTET3, which included the 510 stretcher level processing.
The extruded TOS50-TTET3 material was procured and tested in this

progranm.
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II. TEST MATERIALS

Testing was performed on TOT5-T0510 and TO50-TTET3 extruded shapes which are
currently used for P-3 structural wing components. A wing spar cap shape,
LS 9788, shown in Fig. 1 and a wing plank shape, LS 9782, shown in Fig. 2
were selected. The TO75-1T0510 shapes were obtained from stock and were
produced by Alcoa. The TOS50-TTET3 shapes were produced by Alcoa in accord-
ance with the provisions included in Appendix A. The TO50-TTET3 spar cap
material wvas originally produced by Alcoa as T050-TT0510 material for NADC.
However, the tensile properties were below the TOT5-T0 minimums and the
material was returned to the Alcoa's Lafayette, Indiana, Extrusion Plant for
reprocessing (heat treating, stretching and aging) to the TTE73 condition.
The T050 wing plank material was processed directly to the TTET3 condition
at the Lafayette Extrusion Plant. Two lots of TO50 wing plank material were

procured to provide information on material and processing variances.

Some information was supplied by Alcoa on the age stabilizing treatment for

7050 material. The spar cap shape received a final age of 18 hours at 315
v O : <y . B A%

to 325 F and the wing planks received a final age of 22 hours at 320 to

330°F.

The mechanical properties of TO50-TTET3 and TOT5-T©510 extrusions reported by
Alcoa are included with the Lockheed tensile results shown in Tables 4 through
6. The TOTS test report results are listed as Iypical Test Report data, since
stock is intermixed and the exact test report could not be matched with the
pieces used for this test program. In addition to the TO50 test report data,
pieces of the TOS50-TTET3 wing plank extrusions were sent to Alcoa's Technical
Center for additional testing. Data transmitted to Lockheed are contained in
Appendix A. These results are also included in the appropriate tables with

the Lockheed results and are identified as Alcoa Tech Center data.
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III. TEST SPECIMEN PREPARATION AND PROCESSING

The types and quantities of specimens tested for each material variable are
sunmarized in Table 1. The specimen configurations are shown in Figs. 3 1
through 8. The specimen shown in Fig. 3 was used for the longitudinal and ¢

long transverse tensile tests. The specimen shown in Fig. 4 was used for the

a—

7 short transverse tensile tests. The specimens shown in Fig. 5 were used for
: exfoliation testing. The specimens shown in Figs. 6 and T were used for

spectra fatigue testing at two stress concentrations of 2.7 and 4.0. The

p——

i specimen shown in Fig. 8 was used for the crack propagation and plane stress

fracture toughness testing. [

The typical locations of specimens taken from the spar cap shape are shown in

—

Fig. 9 and the typical locations of specimens taken from the wing plank shape
are shown in Fig. 10. With exception of the stepped exfoliation specimens,
q the specimens were taken at the mid plane of the thicknesses. The longi- l
tudinal specimens were taken parallel to the extrusions length. The long

transverse specimens were taken perpendicular to the extrusion direction and !

—

from the .630 inch thick spar cap leg and the .841 inch thick wing plank

base. The short transverse tensile specimens were taken perpendicular to the e

|
1

longitudinal and long transverse directions. The specimens were taken from .
the spar cap at the intersection of the .630 inch and .940 inch thick legs
and from the wing planks in the 1.90 inch high riser.

Q After machining, the tensile, exfoliation and fracture toughness specimens

k! received no further processing. Subsequent processing of the spectra fatigue
'; specimens included etching followed by chemical film treatment or saturation
shot peening plus etching and chemical film treatment. The fatigue stress
concentration notches were drilled and reamed after all processing was
completed. This processing was performed in Lockheed-California Company
production facilities with the same procedures as used to produce P-3 parts.
The chemical film treatment was in accordance with LAC C-0498D(2) which meets
MIL-C-5541A. The specimens were given an alkaline etch prior to the applica-

| tion of the chemical film. The saturation shot peening was in accordance with

LAC C-1476C(4) which meets MIL-S-13165C. SAE 230 size shot was used at an .
intensity of 0.003 to 0.008A. .
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IV. TEST PROCEDURES

Tensile Tests. Tensile tests were conducted in accordance with procedures

established in ASTM Specification E8, entitled "Standard Methods of Tension
Testing of Metallic Materials". Speed of testing was controlled by adjust-
ment to a machine cross head speed to produce a strain rate of .005 in. per
in. per minute through the proportional limit. This cross head speed was
maintained until after removal of the extensometer at which time the cross
head speed was approximately doubled until specimen failure. Determination
of yield strength was made from an autographic load vs. strain curve and
was specified as 0.2 percent offset. Elongation in a two-inch gauge length

and reduction of area were computed in accordance with the ASTM procedures.

EXCO Exfoliation Tests. The EXCO tests were conducted in accordance with

the procedures established in ASTM Specification G34, entitled "Standard
Method of Test for Exfoliation Corrosion Susceptibility in TXXX Series
Copper Containing Aluminum Alloys (EXCO Test)." The total surface areas

of the specimens were calculated to insure that the amount of solution
exceeded 50 milliliters per square inch. Specimens were inspected after 2

hours of exposure and after ramoval at 48 hours.

Salt Spray Exfoliation Tests. The seven-day salt spray test was conducted in

accordance with Lockheed Specification C-0521F. In this test, the specimens
were exposed to a cyclic spray consisting of a solution of five percent ;
sodium chloride adjusted with glacial acetic acid to a pH of 3.0 to 3.1 as

follows:

a) 45 minute spray
b) 2 hours of dry air purge
¢) 3 hours and 15 minute soak at 45-95% relative humidity

The six-hour cycle is repeated for a total period of T days (28 cycles).
The specimens were then rinsed in water and immersed in concentrated nitric

acid at room temperature followed by a water rinse.

1k
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Flight-by-Flight Spectra Fatigue Tests. The flight-by-flight spectra fatigue

tests of 1.5 inch wide specimens were conducted on two ten thousand pound
closed loop electrohydraulic servo controlled test machines which were de-

signed and constructed by the Lockheed-California Company.

Figure 11 shows the installation of two specimens in the test machines,
which are numbered channels 3 and 4 and are side-by-side to facilitate
monitoring of incipient cracking and crack growth. Figure 12 schematically
illustrates the arrangement of a test machine and magnetic tape load pro-
grammer. In the installation used in this program, the two machines were
in parallel and were run by two independent programmers with only one tape
deck. In these machines, loads can be controlled within a scale accuracy

of * 2 percent at frequencies up to 45 Hz.

As indicated in Figure 12 the loading system employed the following safe-

guards against specimen overload.

1. A load limiter was included to protect the specimens from spurious
electrical signals as well as operator error by simply limiting the

maximum amplitude of the signals to the pre-selected value.

2. A high-speed dump valve, located across the hydraulic lines between
the servo valve and the servo jack protected the specimens from
overload in the event of internal valve leakage from the hydraulic

pressure reservoir to the high pressure side of the jack.

3. A high-speed relay was located within the servo valve amplifier. In
the event the rate of increase in the command signal would have
exceeded that which had been programmed, this relay would have locked

the servo valve and opened the high-speed dump valve.

Specimens were restrained from buckling under compression loadings by using
an anti-buckling bar support on the specimens. Figure 13 shows the bars
installed on a specimen. Contact between the specimen and bar support
assembly is through teflon and the assembly is installed by finger tightening

to preclude any load being carried by the anti-bucking assembly.
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Figure 12 Block Diagram of Test Setup for Flizht-by-Fligh

Svectra Fatigue Tests
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During the testing, the specimens were examined at least every 1000 flights
using a magnifying glass to detect incipient cracking. During the period
of crack growth, a finely graduated ruler was read by a magnifying glass

at intervals which were dependent upon the rate of crack growth.

The spectra of fatigue loadings used in this testing were derived from
operational service loading records for the P-3A Fleet as a part of

Contract NOOOLO-7G-A-001, Order No. K&3l, "Service Life Extension Program
(SLEP) Part 1", (Reference 1 ), which was performed at the Lockheed-California
Company. This spectra is appropriate for use in this program, as it is
basically the spectra to which the (050-17E73 material would be subjected

if used in the P-3 serlies aircraft. Table 2 1lists the gross area stress

loads of the P~3A test spectra taken from Reference 1,

To preclude the fatigue test specimens being subjected to very large

numbers of flights in the testing, the test spectra loadings were increased
in magnitude by 19 to 30 percent to shorten the flights to crack initiation.
In the tables and plots of the test data, this increase is noted as a stress
factor (S.F.), by which all loadings in the spectra have been multiplied.
For example, S5.F. = 1,30 means all loadings have been multiplied by 1.30

(increased by 30 percent).

Specimens were generally selected for testing in pairs, one each of

T075-16510 and TO050-TTES10 with the same stress concentration, processing,
product form and grain direction., This procedure was adopted to minimize
the effects of load variability. Additionally, each alloy pair was posi-
tioned in the test fixture to minimize any biasing effect due to position

in the fixture.

All of the flight-by-flight spectra fatigue tests were conducted in
laboratory ambient conditions at room temperature (R.T.) and L0 +10%

relative humidity (R.H.).
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% TABLE © FLIGHT-BY-FLIGHT FATIGUE TEST UPPER SURFACE STRESS SPECTRA
(P-3A OPERATIONAL MISSION MIX: SLEP, PART I)

: (GROSS AREA STRESSES)

: MEAT | + cYcLIC | maxmum | mrvimum | YORMALTZED STRESSES CYCLES* i
. STRESS | STRESS STRESS | STRESS | lEAN & CYCLIC | APPLIED IN !
i (£ST) (£ST) (XST) (¥s1) 21.2 21.2 000 FLTS.
% TAXI AND LANDING
; 3,8 L 7.8 - 0.2 0.179 0.189 17,500 f
: 5 8.8 - 1.2 ‘ 0.236 14,000
6 2.8 - 2.2 0.293 4,%00 :
7 10.9 < V.2 0,330 1,100 '
3 11.8 - k.2 03T 340
9 12.8 - 5.2 0.425 100 :
10 13.8 | -6.2 0.4T72 38 f
11 il v 0.519 13 4
! 12 15.6 - 8.2 0.566 5 :
; \ 4 .
| 3.8 13 16.8 - 9.2 0.179 0.613 .
; MANEUVERS AMD GUST
i -7.2 4 - 3.2 -11.2 -0. 340 0.139 17,509
: 5 - e ane 1 0.236 3,500
| 6 = 1 «13.8 0.283 330 ‘
3 T - 0.2 -1b4,2 0.330 330
? 3 +0.8 -15.2 0.377 130
] 9 1.8 -16.2 0.425 A3
f 10 2.8 «17.2 0.472 24
:i b 3.8 -18.2 0.519 10
f 12 4.8 -19.2 0.566 6
13 5.9 | -20.2 | 0,613 3
i 12 14 6.8 | -22.2 | -0.3W0 [ 0.660 A
‘ JOTE: * 10C0 flight random cycle tape made which is applied foux tinmes
! to get the specified number of cycles in this column in 4000
' flights containing an average of about 15 cycles per Slighs.
)
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constant Amplicude Crack Propagation Tests.

The crack propagation data

were generated on closed-loop electro-hydraulic test machines at a loading

frequency of 6 Hz. and a stress ratio of R = +0.10. Ambient air at =L0%
relative humidity (R.H.) and moist air at =98% R.H. environments were used
at room temperature (R.T.).

To prevent out-of-loading-plane distortion of the test specimen in the

vicinity of the crack, anti-bucklin

¥

g bars were attached approximately two

inches above and below the crack as shown in Figs.l4 and 15.

Crack length readings were taken using optical techniques. Fig. 15 shows

the 75 X10 micrometer microscope that was used.

Various gross stress levels were used to propagate cracking from the 2.0

inches iuvng manufacvured notch to crack lengths of 5.3 and 5.0 inches.

Fracture Toughness Tests.

All fracture toughness (R-Curve) test procedures

followed ASTM E 501-76T, entitled, "Tentative Recommended Practice for R-

Curve Determination.,"

The fatigue precracking was conducted at 6 Hz in closed-loop electrohydraulic
universal machines in laboratory air and at a stress ratio = +0.1. The maxi-

ss than 20 ksivin
was maintained for the last 0.5 inch of crack growth to a

mum load was decreased so that a final value of AK of le

ssure that a flat

initial crack was developed for the fracture test

e

All static fracture tests were conducted in laboratory air

.

at room temperature

or -05°F in a closed-loop electrohydraulic universal test machine. A loading

rate of approximately 50,000 pounds/minute was used. Antibuckling guides
were located approximately ane inch above and below the plane of the

all tests.

crack in
Two displacement gages were used to measure crack opening dis-

placement, one on each side of the specimen. The gages used were the clip-on

double cantilever type described in ASTM E 399, entitled "Standard Test Method

LOCKHEED
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i for Plane-Strain Fracture Toughness of Metallic Materials." These rages !

were placed at the center of the crack between two gage mount blocks which
i were bonded to the specimen. The gage length was 0.20 inch. The outputs
of the load transducer and the two compliance gages were fed directly into
the Rye Canyon computer facility and computer-plotted results of load versus
compliance were obtained. This test system has been described in detail in

Reference 2 .

Average displacement measurements obtained from these two gages were used to

§ determine the corresponding crack lengths. The translation from crack open-
1
{ ing displacement (COD) to crack lengths was accomplished using the Liebowitz
'
é width corrected Irwin-Westergaard expression:
g
i
& } Ty
H ! - e cosh — 1
¢ E (COD) _ |mc . [me v | aw 5 = 1 +u
 § a1 W—/s1n Tj-- w—- 7;-\_ cosh N 7’C
1 cos
; 81nh -
i |
g i
.
,
) Where:
A
i E = modulus of elasticity
! = Poisson's Ratio i
1 COD = 2v = crack opening displacement
8 ¢ = 1/2 total effective crack length {
) | S = gross stress

W = test panel width
Y = 1/2 span of COD gage

!
|

3
&
f
1
I

The equipment used for the room temperature tests was also used for the
tests conducted at ~65°F. The center crack area on the panel was enclosed
and nitrogen gas from a liquid nitrogen tank was metered into the enclosed

chamber under closely controlled and continuously monivored conditions,
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utilizing monitoring and controlling thermocouples attached to the panel,
and solenoid actuated valves. The temperature was stabilized at -65 * 5°F

across the panel width for 5 minutes prior to testing. Figure 16 shows a

-65°F test set-up.

Data reduction was conducted per ASTM ES561-76T.
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V. TEST RESULTS AND DISCUSSION

Chemical Analyses. The chemical analyses results, Table 3, show all

the test material was within the required chemical composition limits,
The analyses performed on the 7050-T7ET73 wing plank material at Lockheed

and Alcoa's Technical Center were in close agreement.

Tensile Properties. The tensile results, Tables 4 through 6, show the
TOSO-TTE73 and 7075-T6510 test material have comparable tensile properties.

All the 7050 test values show a 5 percent or greater margin over the

7075-T6 extrusion specification minimum properties. Specifically, the
longitudinal 7050-T7E73 properties exceed the 7075-T6 minimum requirements
by 4 to 11 Ksi in tensile strength, 5 to 11 Ksi in yield strength and

3 to 7 percent in elongation.

Associated with tensile properties, corresponding Rockwell B hardness
values were determined on the test material and reported in Tables L

through 6.

Exfoliation Behavior. The exfoliation test results, Tables 4 through 6,
show the T7050-T7E73 extrusions to have an acceptable level of exfoliation
corrosion resistance and the 7075-T6510 extrusion to be almost as good.
The behavior of the 7075 material in this test program is better than
expected for the T6 condition. The Lockheed results represent a composite

of the EXCO and 7 day salt spray test results. Some difficulty was
encountered with EXCO testing in that one set of results showed the
7050-T7TE73 wing planks to have an ED rating on the T/10 planes and upon
retesting adjacent specimens only pitting was observed. The 7 day salt
spray results were more consistent and less severe than the FEXCO tests
in that the 7050 wing planks had an EA rating on the T/10 plane. The
results from Alcoa's Technical Center are the result of EXCO testing and
are in agreement with the Lockheed composite rating.

a7

LOCKMNEED

CAL P ORNA (ou;u"




pe1y1oads sT 28ued ® SsaTUN S3TWIT wnwixeW (T)

©0°0 0 £2°0 T0°0 |OT°0 | LT°Of HE'T Sh'e E1°6 oVl | Mueld
70°0 0 61°0 20 {T10 | L1°0} 1 16°2 06°6 oyl | aedg
ozo | o |<€ro-grro | ogro [Gero | %0 |6°T-2 1 [6°212 | U9 TS | (Tyonag| TIV [SLOL
b ELLIET)
FAI(OM0) 0T°0 0 0 L0°0 | 60°0 | 60°¢ gh°e 'L9°9 *Yyoag,
BODTY
G0°0 01°0 0 0 L0°0 |Sgo‘0 | to°e gE’e 85°9 OVl | € 391
sueld
JI33ua)
2h0 0 01’0 10°0 0 G0'0 | g0°0 | goO°e gn'e GE'9 ‘Yo’
BOOTY
60°0 60°0 0 0 90°0 |2go'o | 102 ot°e 8h'9 oVl Y 301
Jueld
70°0 60°0 0 ©00°0 | L0°0 | OT°0 | 002 61°2 9L*§ oVl aedg
90°0 |61 -g0" w'o |otoleto| ¢1r0|9'z-0'z|9°2-6"1 | L 9-L"¢ mqumm 1v  |osol
1L a7 I0 Uy 1S ad no M uz Fd0¥NOS | dVHS |XOTTV]
VIva

STYIMALYA ISAL OTS9L-GLOL ANV £L3LI-050L 4O SNOILISOdWOD TVOIWIHO € FTAVL

28

CLLITONNIA COMBANY

LOCKHEED




7ed WIsy aad Burjey
suetd prm = 2/1 ‘auetd OT/T = O1/1 ‘®oejamg = g

Buijey 103X3

pajenteAg aueld (z)
PIepuUess x9ddo) paTeeUUy TBUOT3BUISZUI % (1)

n £9 £L -2 *& aod I1 (TT/002-¥-B®)
L 2L 18 - o -- 1 165-00-0V1
0°et n° Ll £°58 utm 1171
o°ct n°LL 0°98 xeuw 17T *aday 3897
0°2t 6°€8 1°16 -~ -- -- utw BOOTY
o0°et 6° 49 6°16 Xeuw TeoTdAL
o°2t 9°LL €°L8 ke 1S GlLoL
0°2T €°LL 9°98 2/l IS
0°0T g Sl 918 d 0°€€ 11
0°€T 6°9L g°68 G*06 ot/1 g°0€ 11 ov1
0°0T f°88 76 d T
0°0T €18 €26 S 1
0°tT £°08 £°98 L 9t upm T *qday 389L
S Ht L°Sg 16 -- -- xewm T YOOTY
0°#T S 6L 98 va IS
0°2T 6°6L 8°98 2/L IS
0°1T 6L 2°98 v G°LE I 0S0L
0°2t | 0°6L L°Sg 0°16 01/3 0°L€ I1 oVl
02t | 0°98 €26 d 1
0°2t #°$8 216 S 1
JIUT % 9 145’ €H (2)oNTIvd Aavmo<H % *LomId FOENOS K0TV
*ONOTE | TIEIX TIISNAL | SSANTIVH TOdXd *ANOD NIVED vIva
STTIYIJONd TTISNAL TIAMIO0Y *LOTTE

SNOISNEIXE A¥D ¥¥dS ONIM £-d 0T69L-6L0L ANV €LILI~-0S0L A0 STII¥IJONL f FIEVL

T B O P e e e e b

LOCKHEED
CALIPORNIA COMBANY




ELONG,

4 in 1"

I~

oo
OOOooo

ﬁmampm

\D ")\D\O t‘\r-l

m.: (ﬂ(‘"\.ﬁ
L B B B B |

N~
(‘](‘\

OOOOOO
mm('_\JNt\—t

\0 \0 l'\ (“Ll) —1

(‘)(‘)-d .-3 (:i H

Ksi

\OO\JOU\H

NRFR

H-i.: (‘)Hl”\

Q‘ RQ)\O\D "

SR SO S S

OO O N H

CRE

m04 O(I')(\I

EEEeLE

TENSILE PROPERTIES
TENSILE| YIELD
Ksi

N © N\o o™

TN
8®$mg

HN(\I\O\O

U\O‘)(‘\(V‘\
O O O O ©

HU\H U\(V\O\
~

mgmmmw

HO\NH_‘JJ

mé&?% \V)(')

ROCKWELL
HARDNESS
HRB

-

WING PLANK EXTRUSIONS

|
-

EXFOL

RaTING(2)

Q
v P Qlﬁ glm
(]
Hl

(@]
m R~ m
' \Ig,qlm
= 3]

o

g UM
€9}

Hl K

ELECT,
c
4 1acs(l)

U
(s 9
[\R]
%
&
e ™Mo ~ ake Y
Fre Sm—p— oy ®  mm——— — b e | —— % " c— — 0N —
© m?m\ ccgwrn ‘;9,9} %?\qo%
()
E
o E s . el
B | B - 8866 dd|00a888]0.8866{dd haa98s
- fa) I S|
A
ﬁ:‘ B, ~ B 9
P! g o o g 0 ¢ Q d
g Q o m O . w (&) o m O .a e
5 0 SRR 5 3] 00
A <h| <88 h s
w Q 4
(3 e
~ —
3 g
S 8
< « 3 m 3
O \Y] O 3\
< 0w oem mg@
o Q = (@]
™~ -~ t~ N
LOCKHEED 30

mid plane

Rating per ASTM G3k

(3) 4 Elongation in .5 inch

Plane Evaluated S = Surface, T/10 = 1/10 plane, T/2
Exfol Rating

\
/

(1) % International Annealed Copper Standard

(

\




WP e i o e e " . -

d

= v

e e

your §° ul uotzeduory % (&)

7eD WISy 22d Buljey Butyey 10JXH
auetd piuw = g/1 ‘suerd OT/1 = OT/1 ‘99ejang = g  pajenieAy aueld (2)

paepue3g g3ddo) psfesuuy TBuOTI3BUIBIUL % (1)

J e

(TT/002-¥-Bd)
L 2L 18 -- -- -- 1 229-10-0v'1
da
02t g-og | €88 - e A e 1 g mowm“y
g2t 0°28 8°68 xew T TeoTdAL =
(€)o°s 0°hl 0°48 04 IS
ﬁAmvo.m 9°€L £°€Q 2/ m_.am 1S
0°0T ®°9L €°.8 . vd ; I1
02t 6°9L | %°g8 068 o1/1 3 I s SLol
0°6 nog | 106 d _ 1
0°6 0°LL G- Lg S a2
WTUT % e | T H (Z)ONIIVY ()SOVI % IOMIC FO¥NOS x0TIV
*HONOTE QTIELX | TTISNAL SSANTIVH TOIXH aNod NIVED VIva
SATIYAIONd T SMAL TTAMI 004 *LOoT1d

SNOISNYIXE ANVId ONIM £-d O0TS9L-6L0L J0 SIILYIJOMd 9 TIEVL

CALIFONNIA COMBANY

LOCKHEED




T

L

f

o U B

et R 5

R r— DRl

S s _ .=

In addition to exfoliation testing, the electrical conductivities of the
test materials were measured, since conductivity is used to confirm proper
age stabilization for acceptable corrosion resistance. The values, shown
as percent International Annealed Copper Standard (% IACS) are presented in
Tables 4 through ©. The T050-TTE73 material had electrical conductivity

values of 37.0 to 39.1% IACS and the 7075-T6510 material had values of
30.8 to 34.3% IACS.

Stress Corrosion Resistance. Although stress corrosion testing was not

included as part of the Lockheed testing, stress corrosion testing was
performed at Alcoa's Technical Center in accordance with ASTM Gl -75
entitled "Standard Recommended Practice for Alternate Immersion Stress
Corrosion Testing in 3.5% Sodium Chloride Solution." The results, in
Appendix A, showed 0.75 inch "C" rings taken in the short transverse
grain direction of 7050-T7E73 wing planks and stressed to 10, 15, 20, and
25 Ksi had no failure after 47 days of testing. Tensile specimens, 0.125
inch diameter, taken in the longitudinal grain direction and stress to

20 and 35 Ksi had no failure after 47 days of testing.

Flight-by-Flight Spectra Fatigue. Cross references of test specimen identifi-

cations, conditions and test data for the spectra fatigue specimens are shown

in Table 7. The flight-by-flight spectra fatigue test results are shown in
Figs. 17 through 26. In these figures, cracking which occurs on both sides
of the stress concentration is added to the hole diameters (.250 inch for
Kt = 2,7 and .300 inch for Kt = 4,0, Ref. Figs. 6 and T) and the total
lengths are plotted vs. flight bours. The average number of flight hours

per flight for this service mission mix is five.

Basically, the flight-by-flight fatigue test data show that fatigue
lives of T050-TTET3 are as good or better than TO75-T6510 for small crack
lengths of approximately .15 inches, for the products and conditions tested

in this program. This is shown in Figs. 17 through 26, and compared in
Table 8.
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TABLE 8 COMPARISON OF FATIGUE TEST RESULTS

GRAIN
FIGURE K¢ DIRECTION PRODUCT FORM & PROCESSING COMPARISON
l 1T 2.7 Long. Spar Cap, Machine, Etch, 7050-TTETR significantly
and Chemical Film better
W 18 BT Long. Plank, Machine, Etch, 7050-T7E73 significantly
and Chemical Film better
19 a.T Long. Spar Cap, Machine, Shot TO50-TTET7? equivalent
Peen, Etch, and Chemical
Film
20 2T Long. Plank, Machine, Shot 7050-T7E73 significantly
Peen, Etch, and Chemical better
Film
21 L.,0 Long. Spar Cap, Machine, Etch TOS50-T7E73 better
and Chemical Film
22 4.0 Long. Plank, Machine, Etch, TOS0-TTET73 significantly
and Chemical Film better
23 4.0 Long Plank, Machine, Etch, 7050-T7E7R significantly
7 Trans. and Chemical Film better
1
b L.o Long. Spar Cap, Machine, Shot 7050-T7ET73 better
Peen, Etch, and Chemical
Film
29 k.0 Long. Plank, Machine, Shot TO50-TTE73 equivalent
i Peen, Etch, and Chemical
: Film
) 26 k.0 Long Plank, Machine, Shot Peen,| 7050-T7ET3 equivalent
1 Trans. Etch and Chemical Film
i
i
4
|
s.gs:s.vzs.-g.e 5




For spectra fatigue, magnitudes of all gross area stress levels in the

loading spectra listed in Table 2 were increased by a fixed percentage to

increase the severity of the spectra. This increase was effected to produce
realistic test durations for the stress concentrations which were tested.
The fixed percentage increases used in each test are expressed as a stress

factor (S.F.) and are given in Figs. 17 through 26.

In examining Table 8, it is apparent that the fatigue improvement of
7050-T7E73 over the T075-T6510 is more pronounced for the machine, etch and
chemical film processing comdination than for the processing combination

which includes shot peening.

The flight-by-flight spectra fatigue test results are presented in tabular

form in Appendix B.

Crack Propagation. The test specimen identification and test conditions

are shown in Table 9. The constant amplitude crack propagation data
generated in this program were reduced to crack growth rate (da/dN) using
a Lockheed computer program and plotted in Figures 27 and 28 as a function
of AK. The selection of AK was made to facilitate the comparison with

other similarly derived data. The expression for AK is:

Ak =(1-R"s vm a SEC (15 ), where
max w

oK is in units of ksivin.
R = Stress Ratio (S_, /S )
min’ “max

= .1 for this program

m= .5
S = Maximum gross area stress in ksi
a = 1/2 of the total crack length = 1/2 of the
starter notch plus cracking on each side of notch

w = Width of panel.
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TABLE 9 LIST OF CRACK PROPAGATION

SPECIMENS(1) AND TEST CONDITIONS

PANEL 4 CRACK LENGTH, IN.

MATERIAL(?) | NUMBER | FREQUENCY | ENvIRONMENT(3) [T INTTIAL | FINAL
T7050-T7E73 1] 6 Hz. Lab Air 2.0 5.6
Lot A 2 6 Hz. Humid Air 2.0 5.3
TO50-TTET?R Y 6 Hz. Lab Air 2.0 5.3
Lot B 5 6 Hz. Humid Air 2.0 5.3
7075-T6510 7 6 Hz. Lab Air 2.0 5.3
8 6 Hz. Lab Air 2.0 5.3
9 6 Hz. Humid Air 2.0 5.3
10 6 Hz. Humid Air 2.0 5.3

(1) Panel width = 16.1 inches; Panel thickness

- .09 inches

(2) Longitudinal grain direction, wing plank extrusion

(3) Room Temperature

Lab air =h40% relative humidity
Humid air =98% relative humidity
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Figure 27 compares the crack growth rates for TO050-TTET3 and TOT5-1T6510

tested in a laboratory air environment. It shows that the crack propaga-
tion properties of the TO50-TTET3 are significantly better than those of
the T075-T6510, i.e., the indicated threshold AK is approximately 30%
higher for TOS0-TTE73 and da/dN of TOS0-1TET3 is approximately 33% of the
7075=10510 values. Figure 28 discloses somewhat the same results, showing
the TOS0-TTET3 again significantly better in crack propagation properties

in a 98% relative humidity environment.
The crack propagation data are presented in tabular form in Appendix C.

Fracture Toughness. The resistance-to-fracture curves (R - curves) are

presented in Figs. 29 and 30 for room temperature and —GDOF respectively.

In Fig. 29, for the room temperature testing, an envelope has been drawn for
each material to show the scatter bands. This illustrates that TO50-TTET3
has significantly higher fracture resistance than the T075-16510, with an
increase of approximately 60 to TO percent above the TO75-T6510 values.
Similarly, the increase in fracture resistance for the TO50-TTET3 over the
T075-T6510 is of the order of 60 to 70 percent for a test temperature of
-65°F, as shown in Figure 30.

Table 10 lists the test conditions and calculated values of K and
apparent

K . The formulations used were:
M

/ c
lSm)aren‘t‘, = Spax V¢ SEC('_}.)

w

and

e
K. = Spaxd "Cer SEC - where,

L9
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Figure 29 R-Curve Data For 7075-T6510 and T7050-T7E73 Wing Plank

at Room Temperature
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30  R-Curve Data For TO75-T6510 and 7050-T7E73 Wing Plank
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TABLE 10 FRACTURE TOUGHNESS SPECIMEN TEST CONDIleWS(l) AND RESULTS

o | panen | Twrroan crack [ mest(3) | K apparen "
MATERTAL(?) | No. LENGTH, IN, TEMPERATURE | KS1 A/IN. KSI WIN,
T7050-T7ET3 i 5.601 Room Temp. 86.3 a8.9
(Lot A) 2 5.297 Room Temp. 87.8 a7.0
y 3 5.301 -650F 67.5 76.1
TO50-TTET3 b 5,304 Room Temp. 81.8 Q9,2
(Lot B) 5 5.292 Room Temp. 83.9 97.7
6 5.298 -650R 62.5 73.4
T7075-T6510 7 e Room Temp. 52.1 58.8
8 5.297 Room Temp. 46,2 52.6
Q 5.302 Room Temp. 50.2 ST
10 5.295 Room Temp. 51.1 56.0
11 5.30 -65°F 38,9 41.9
12 5.303 -659F 8.5 L3.9
(1) Panel width = 16.1 inches; Fanel thickness = .09 inches
2
g (?) Longitudinal grain direction, wing plank extrusion

(3) Laboratory air =hL0% relative humidity
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max = MBximum gross area stress

e¢{ = 1/2 initial crack length
w = Width of panel
cer = 1/2 critical effective crack length

The Kc values listed in Table 10 show a very significant improvement in
the fracture toughness values of the 7050-T7E73 alloy over those of the
7075-T6510, in the order of 75% at room temperature and at -65°F. It may
be noted, also, that the fracture toughness of 7050-T7E73 at -65CF is
significantly higher than the value of 7075-T6510 at room temperature.
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VI. CONCLUSIONS

The T7050-TT7ET73 extruded P-3 wing spar cap and plank shapes, produced and
processed in production facilities have equivalent tensile and improved
exfoliation resistance, stress corrosion resistance, and fatigue properties
compared to identical 7075-T6510 extruded shapes.

Also, it was found that:
o0 Crack propagation properties at room temperature of the 7050-TTET3

material were significantly improved over the 7075-T6510 material

in lab air ( =40% R.H.) and humid air ( =98% R.H.) environments,

with an increase of approximately 30% in the crack growth threshold

and a decrease of approximately 67% in the crack growth rate.

Fracture toughness properties at room temperature and -65°F of the
TO50-TTE73 material were 60 to 70% greater than those of the
7075-T6510 material. Fracture toughness of T7050-T7E73 at -65°F is
approximately 30% higher than T7075-T6510 at room temperature.

Based upon a comparison of the above engineering properties, a substitution
of the 7050-T7E73 for the 7075-T6510 extrusions would enhance the structural
maintainability and durability of the P-3 series aircraft.

LOCKHEED

L OMNA COMEANY

%




VII. RECOMMENDATIONS

Based upon the results of this program, it is recommended that appropriate
material specifications and design allowables be established to permit the
substitution of 7050-TT7E73 extrusions for 7075-T6510 extrusions in the P-3
production aircraft.
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APPENDIX A
Alcoa Information

Information and test data supplied by Aluminum Company of America are
included in this Appendix.

ALUMIAUM TOMRBANY OF 4 2A12) v
a3 WRE= 1S 3LV, W08 AJILEE SALFIR et S
A S A
1213 932-3377 A
BAV. L RBERNTT. Segllae etagen 1
July 9, 1976
Lockheed California Company &
P. 0. Box 5351
Surbank, California 91520 i
Attention: Mr, George ilald

Gentlemen:

Curing a recent neeting you asked Alcoa's intanticns to provide
7050 extrusions at the same strength level as 7073-T6, 3elow
are listed the fracture toughness, stress-corrosicn crack:
exfoliation characteristics Alcoa would agree tc for the °-3

fanmily of integrally sziffened panels with the same 7inirum tensile
properties of the T075-TG511 extrusion. This natesial would le
dasigned as a 70S50-T7EXX with the exyerimenczal temrer les:gnaticn
to be selected if and when Lockheed agrees to this ctroorosal. %

The follcwing propertias would apply o the 705J3-T7IXX temper:

D Mininunm tensile =echanicel properties idenuvical 3
with thcse of the current 7075-T6511, integrally
stiffaned P-1 panels.

’ e

L

Minimum fractura toughness (L-T direct
23.0 Rsi SQ. RT. IN.: (T/L dirzection)
Kel Q. RT. XU, °

- 8 Sxfoliation corrosion less than or egual =0
that pictured in Photogzaph B Figurs 2 of
ASTM G34-72 a% the T/10 nlane was %ested in
accordance with AST™ G4, ]

4. Stress corrosion cracking cesiatance, C-Ring
specimens shall be capablas of passing a
20-day alternate iTnersion test per ASTM
G47-46 when stressed in the short transvarse
direction at 20t of the guaranteed leongitudinal
yield streng=h.

This information has been passed on to Mr. Ed Balmuth, Naval Air
Systems Command, for his analysis. It is my understanding %hat
he feels thesa characteristics are satisfactory for P-3 applica-
tions. Regardless, we lcok forward to Lockheed's response to
this proposal.

Very truly yours,
A S Kiks
A. §. Kuhns

mal 5/2
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ALUMINUM COMPANY OF AMERICA
1145 WILS4'2Z 3IULDVARD. L0S ANGEL_ES, CALITIINA $S0017
213 482-2€30

SAJL L AREINETHN L3

1977 December 16

Mr. Roy Brodie
Lockheed~California Company
P. O. Box 551

Burbank, California 91520

Dear Roy:

ALCOA

Attached is a summary of the mechanical property,
toughness, exfoliation and stress corrosion cracking tests
conducted by the Alcoa Technical Center on the two lots of
7050-T7E73 wing planks, die no. 213562. I understand that
you are interes'~d in possibly attaching this data tc your
upcoming summa: report. Please let me know if we can pro-

ride any addisional information.

Very truly yours, ,—
\\fj.‘ﬁ \)l<’:—§;\
R. B. SHEPARD

mj 5/6
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TABLA I. j

PROPERTIES OF TOSO-TTETD EXTRUDLD SHAPE * 2135

TELSILE PROPERTIES T/2
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LONGI\TUD InAaL
ABEDIST7  TRITED AT LAFANGNE 856 XS 1S BVo
Ba.l 2 132 33 9
AVG. 633 T A O
HAZ482AL 488009 wi4 B TB 136 3 oo 594 S38 1722 330
w(2 8%2 Tre @3 3 S87 S¥ 22
wig 022 B Ao i e XL Seq 11,3 37 ) w7
Ave 85.7 180 iA® A3 0w S8 Sip .o Sim :
A3IBIME  TEITAD AT (AFAYCTE Che 18O 140 B e 1
Baga Jezs DO B>
857 1L A8 X
? H3483A1 488010 WAt 851 M3 136 37 94 537 s33 12 323 3
wiz Ce9 11O Ae 37 YK $3I1 1?2 a9 8o
a4 5.8 0% (a3 37 2% 47 §34 03 320
. aG 831 M Ww@a ST T/ He 53 12T 31T
LONG - TRAVIVES Y&
| HIWBTAL  Q88CO9 W/ 837 Y3 1Ne 36 $11 S (T2
= ¥ Risge g8 B o8
. By = G Ll
- AVG 3‘; 9 2 5le ST (T 5
HIZ48%A1 488010 w/a B83.\ 760 (4> 134 s80 St4 128
wi2 3& 138 (28 21 SIS 33 W
! £V k 3S.3 QuLe > S8 T
| AVe. %7 T8 3 e Sz [
. ACCALATRATED COTLRDOBLION TED1S - SPECIMELS FRAM W4 3 IWi4 LocaTiows
ETTLL9440 SPELIMC-S EXPEsaD 1D 3.5 ali AT (ASTH G2a-Ts)
EXFOLIATION WDLGITuUtIuAL T & SHITT TTALFVETIE C- - Rives
BXCD Ta s Y —
A M2 (3arn 172 NP 133 M2y 1Dy CENSER
. TA nuk, EELLS (35«31 . (SRITP) L1 %) (20K QT <) Goas)
(aT NO s wo Tio Tiz Tho Tiz FIN‘ tavs £ N oavs  FN) Davs  F/NY) baes BN pavs 6N by 3
H3:1ABZA1 488009 EA E€B kA €EB O3 OK41 S o4l ©d4 ©OK41 0Ol4 OX4d1 Ol4 ox3T1 o4 oxa
i H324834 Aa®’oIo eA EB ea €S O/ oOKAa? O3 0xar 0OlA OK47 O/[4 OkaY O 0ox4? Q4 ok
COMPOSITION: WEILHT PRRCgLT
LoT nOo ) NG Cu Fs LY My (=3 e T
A3B3INT 635 243 2.0 008 ©0OS OO0 OOl OO0 o002
; A%8 338 .67 248 .09 009 007 ©0O0O 00O O©IO0 ©040

! NOTES
i Q) FIN Delbomes LUMBER OF SPECIMENS FAILED OUIR NUMMBLRE OF SPECIMEUS TesTID
TELSILE TESTS ! 0.3971" ¢ LOVGITUDIVAL £ LOLG- TRAUSUERSE TARERLD SLAT TENSKE SPECS
FRACTURE TOUGHLESS TESTS : OIS THICK LT COMPACT TELSICHL FRACTORE TOUGHNESS SLCIMERS
! CORROMUOU TISTS & O.125"$ LOLGITUDINAL THREQDED EUD TELULS IPECINELY § 015" SHORT-TRAMSWRTE O R
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APPENDIX B
Spectra Fatigue Tabular Data

Tabular test data for flight-by-flight spectra fatigue tests are included
in this Appendix.

The test data locations for the spectra fatigue specimens are shown in the

e eems Sl B O G W e

1 following table:
Specime;(l) Location, Spocimen(l) Location,
No. Page No. Page '
SM21 B=2 L3S B-18
M2 B=2 LBO B=10
LAL R-3 LTRL B-20
LA2 B=h LTB2 B-21
LB B=5 Sahl B=22
LB2 B-0 ouho R-13
5521 B-17 LA R=20
5822 B-8 LAS B=23
LA3 ) R-0 LTA3 B=2k
LAk B-10 LTAN B=27
LB3 B=11 LT3 B=18
: LBh B=11 LT B=19
™21 R=5 LTB3 B2
| ™22 B=O LTBY B-21
Ll B-3 ‘™Mh 1 B=12
; L2 B-h ™2 B=20
Ts21 R=7 174, R=2%
7822 R=8 LO B=23
L3 B=0 LT1 R=2h
Lh B=10 LT2 R=17
| SMh 1 R=12 8h B=20
i sMh2 B-13 sk B=20
p LAS B=14 L7 B=1h
4 LAG B=1%H L4 B=1%
' LTAl h-l.(‘ Ill‘“ "‘](V
i LTA2 B=177 LBYT Overloaded
i
: (1) For test specimen deseription, see Table 7.
4
4
\
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FATIaLE Test DATA Fowr SPeciMEn No. SN2\
Ke=277 SF =130 FLGWTSs [HMours [CrackinG
J0SO-TIET12 SPAR CAP BS,000 | 175,000 (.04 [ 00
Lona. GralN 26,000 | IR0, 000 |.08 |.03
MACHIME , ESTCH AND 27,000 | 1I85,000(.10 {.0S
CheMicaAL Fiuna 28,000 | 190,000 /(.14 |.06
339,000 | 195,000 | .1S |.08
40,000 | 200000 (.18 .12
4) 000 20S 000 }.2) |.1&
42,000 | 210,000 [.24-| .\8
43 000 |2\S,000 .27 /.28
44 000 | 220,000(.33 | .30
4< 000 | 225,000 |.37 | .3S
4S ,8co | 229,000 |[FAILURE
FATIGUE TeEsT DaTA For SpPecMEN No. SNM22
Ke=277 SE=L320 FLIGHTS | Hours |Crack
TF0S0-T7E73 Sepam Cap 24,0600 | 120,000 Q0 (.02
Lonag. GranN 25,000 | 125,000| 00 |.0S
MACHINE | ETCH  AND 26,000 | \30,000| co |.\|
CheEnaca L Fiuwa 27,000 | \35,000 |00 |.\3
28,000 | \&4O000Q (oo |.)8
29,000 | \4S,000 | 00 |.\8
20,000 | 150,000 | 00 |.20
3\,000 | \55,000| 00 |.24
22,000 | \60,000 | ©0 |.2S
33,000 | 165000 | 00 |.27
34,000 | \70,00Q | 00 | .30
35,000 | 17S,000 [.08 |.42
| 36,0006 [180,000 |.\& [.48
%{ 37,109 [185,54S [FawprE
| !
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Fatiave Test DarA vor  Seec\MEN No. LA
Ky=2.7 S.F.=\30 FLIGHTS [MOURS [CRACKI\NG
70SO-T7E73 PLANK \LOT A 8000 [|40,000 |.0\ |.0\
LONG . GRr AN 9,000 45,000 [.o0\ |.O\
NACHINE ETCH AND 10,000 50,000 |.02 |.03
CHEMICAL VLM nooo |SS.000 [.04 .06
12,000 |]60,006 [|,0Q].\\
13,000 [&S5©00 (.10 [.IS
* 14 000 | 70,000 | .13 |.\9
15,000 7S,000 | .16 |.23
| 16000 | Bo,000[.21 .30
17,000 8S o000 .29 | 40
H: 17,108 | 85,545 [FAWLWRE
FAT\GLE TEsST DaTA Fo SerecavNMeEN No. L)
| Ky =27 S.F. = |0 FLIGHTS [HOURS |[CRACKING
7075 -TGS\O  PLANK 8,000 40,000 |.04 | .02
LoNG. GRAIN 9,000 4S O00 |06 | .06
NMACHINE. | ETCH AND 10,000 SO,000 .09 |.\0
ChHENMICAL FiLn |, 000 5S,000(.12 | .13}
\2,000 0,000(.19 | .13
13,000 6S,0Q00 (.25 | .”6
\&- 000 | 70,000,306 | .3\
\& 404 | 72,020 (FAWRE

LOCKHEED
CALPFORN & ( ‘B any

B-3




o o DM S 2 S A I e gl s

T

FATIGLE Test DATA Faw <SPeEciMEN Nlo. L2

Key=2"7 SF = 130 FLGHTS [Hours |CRACKING
707S-16S\0 PLanK 10,000 So.,000 |[.Q4
LonGg. GrAN 1,000 SS ,000 | .06 |.04
MACHINE | ETCW AND 12,000 | 6o .©c00 |.10 |.08
CHEMICAL FiLM \3 000 | 65,0060 [.10 | .09
\4 O60Q | 70,000 .14 | .12
'S 000 | 75,600 .18 | .16
| & ,000 80,000 | .22 | .2\
\7,000 | 85,000 [-26].2S
1,000 | 30,000 |.36 |.34
'8 ,109 30, S4S |Fal\JuRE

FATIGLE “TeEsT DATA FoR <SePeEcIMEN No. LA

1 Ky, =277 <S.F.=\A0 FLGHTS |[Hours [CrACKING
’ T70S50 -TT7E72 PLank ‘\-OT A \\,©00 .0\ | oo
: LonG. GRrAIN 12 000 .o | oo
1 NMACHINE | ETCH AND 13,000 .02 | 66
i CHEMICAL FiLM 19000 .04 | .04
'S, 0600 .0S].06
16,000 07 (.09
\"7,000 - N
! 18,000 J2 |4
| \g3,000 A4 |8
{ 20,000 A8 | .22
' 2.\ ,000 22 |.28
22,000 .24 | .28
23,000 .26 |.28
24 000 .30 |.28
24 /7 FAalLYR E

LOCKHEED B-k
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FATIGLE TEST DatAaA For Seecaimen No.

e\
Ke=277 S.F.=130 |[FuanTs [Hours [Cracking
70S6T7€72 PLank , \oT R || 8000 40, 000 oo | .ol
LonGg . GQranN 3,000 4S, 0o 00 |.0O\
MACHINE. |, EETCH  AND 10,000 So0,000 00 |.OS
CREMICAL Filn 1,000 55,000 |00 |.\0
12,000 60,000 N (P Ve
\3 0oo 6Sovw |.03] .12
\4&-000 | 70 000 |.06 | .4
'S 000 s 000 |.\V0 | .18
16,000 | 8o 0oco |.14 |.20
|7,000 8S ocoo [-18 | .26
18,000 [ 90,000 [.26 | .34
18380 | 94360 |[FAWWRE
Fax\Gue TesTt DAartA For SPeEcimMeN No. 7\Az2)
< g=2. SF=130 [IFL@EWNTS [Hours |CrackiNG
707S-TLS\O Sear CAP 16,000 So,000 |.04 | oo
Lona. GranN \\ Q00 SS,000 | .\0 |.02
MACHINE , ETCH AND \2 ,000 0,000 | .10 | .\0
Crhnenmica. FiLwm \%, 000 S, 000 | .| 51
|4 Ooo 70,000 | .2 |[.\3
\'S 000 75,000 | .14 | 4
\G,000 80,000 | \8 | .\
17,000 as ooo | ,22|.20
18,000 20,000 | 26| .27
\9,000 9S 000 (,.28|.28
20,000 | 00,000 | .24 .34
21,000 | 105,000 .36 |.34
22473 | 112,36S [FainLiRE
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FATGUE “tlestT DATA For SPECMEN No. LBZ
W g=2.‘7 =F=\130 Fuauts |[Houes CRACKING
T70SO~=TI7ET3 PLANK, \oTB || v, 000 8S,000 | .04 | co
Lone . Grawn \8,000 | 20,000 | .08 | ©O
NMACHINE. , ETCW  AND 18 oo 9S,000 .10 | .03
CheEmnmecan Fiuna 20,000 | 100,000 .14 | .06
2\,000 oS o000 | .16 | .lo
22,000 no,coo | .20 .\S
273,000 W\WS,000 | .22 (.20
24,000 \20,000 | .24 |.20
25,000 \2S,000(.28 |. 24
26,000 | \30,000 (.34 (.27
27,000 V3S,000 | .46 .28
ﬁ 28,1093 \40,S4S |FAILWURE
FarritUE Test DATA For. <SSPEAMEN No. 7N\M22
Ke=27 SF. = |\ R0 [[Fuaents [Hours [CrRacing
7075-T6S\10 Sear. CAP \\,®00 $S,000 | 00 |.0\
LonGg. Geann \4-0cc | 70,000 [.0\ |.03
 Mecnine | Eton Al \S,008 | 75,000 |.0) [.04
CneEnena Fiun 16,000 | Booco |.06 |.08
\7,000 | 85,000 |,08 |.12
\8,000 30,000 |(,\o |.\4
19,000 39S ,000 | .\2 |.\6
20,000 \0o,000 | \& | .\8
2\, 000 105,000 |,20 |.2%
22,000 1O, 000 | .22 {.24
23,000 \\S 000 |, 27 |.29
24 000 | 20,000 | 29}.29
26,000 \30,0c0e | 34| 32 |
27,800 \35,000 | 3¢ |.4-
e Z8321| 144,608 FALLRE

LOCKHEED
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FATIGLE fest DATA Fowr SereanvmeEn No. 7821
Ke=27 S .F=\120 |[[Fuauts |Hours |Crackng
T707S-TeS\O Seage Cap 19,000 9s 000 [ 00 |.0S
LonGg. GrAaN 20,000 | \6o oo | 00 |.&7
MacHINE ,SHot Een  Etcn || 21,000 | oS 000] 0o |. 1|
AND CuemicaL Fium 22,000 110,000 0o |.18
23,000 \\S 0oo| co |,22
24,000 | \2O,000| 00O |.2S
2S 000| 12S,000|.07 | .32
Test Storren @ | 26,000]| 130,000 |.)12 | 3
FaAT\GLE Test DATA For SeeameEn No . SS2)
K= 2.? S V=130 [[FLauts |Houms [CrAackinG
J0S50<Y7E73 S<Spawr Cae 2\,000 | \|0S,000| 00 |.04
LoNna. GQrAIN 22,000 | 10,000 | 0o |.10
NAACHINE. , SHoT Peen EU] 23,000 | I\S 000 |00 |.\4
ane  Chemcan Fiuw 24 000 | \20,000(.12 |.16
e Coo | \eS00] .16 ].20
TesT StofPEL @ 26,000 | V30,000| .22|.27
LOCKHEED e




FATIGLUE st DATA For SPeaNeEN No. Ss22

Ke=2.7 S.F.=\123 [[Fuanuts [Hours [CrRAackING
70S0-TI7E73 SPar. CAP 30,000 |\So,co0 |.O4 | oo
Long . GraAa\N 31,000 |\SS,000]|.08 | so
MACHINE , SHAST PeEeN ,ETCH || 32 000 | 1@0,000 (.14 |00
AND CreENMICAL FILN 33,000 |16S,000(.18 |.0!)
34,000 | '\ 70 ,000(.20 |,10
R, 000 | /7S 000 | — =
36,000 | \80,000(.29|.\8
27,000 | 185,000 .34 |. 24
28,000 | 130,000 .38 |[.26
=29 ,000 | 195,000 (.48 |.28
29,109 [19S S4S [FallyrE
FATIGLUE T&EsST DARTA For SeeEcinmeN No. 7s22
Wy =27 SF.=1.23 [[Fuants [Hours [CRACKING
707S—TEeS\O SeAR Cae 33,000 |\6S 000 oo |.O)\
LonGg., SRAN 34,000 |\70,000 | 00 [.006
MACHINE , SHotT Peen),ETCH || 3,000 | 180,000 | 00 |.1S
AND Chemnmicar Fium 7,000 | 185,000 | ©0|.l6
38,000 | 190,000 | 00 |.\b
339,000 | |95 000 | OO0 |.26
40,000 | 200,000 |04 |.26
4,000 |20S,000/.06 |.32
42,000 |210,000 |:\12 |.36
43,000 |2\S 000 |.\8 |.42
473,109 |2\15,54S |[FawJure
B-8
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FATIGLE TeEsT DATA Fom SeeciMeEnN Na.

=

W,3 27 SF =130 FLeHTS [Hours [Crackina
07S-TeS\O PLANK 9,000 4S5 060 (oY)
Lona. GrAaN 0,000 | SO,000 .03
MACHINE. , ShoT Peen , ETeH \, 000 SS,000 12
AND CheEMmicAL Fiumm 12,000 60,000 NG
13,000 eS,000 .26
14,000 | 70,000 -1
\S 000 75,000 .28
'S, 3\ 26,S9S HRE
FATIGUE ~TEsT DATAl For SPEAMEN No. UAD
Ky=27 FLawnts [Hours [CrackinG
70S0-TT7E73 PLank ,\lotv A [\2,000 | &o,000 .06
Long, GRAVN 13,000 6S,600 .09
MACHINE ,Snot Reen , ETcH || 14,000 | —0,000 g2
ANnD CHENMICAL FiLMM 'S,000 | 75,000 -\e
16,000 | 80,000 .24
\"7,000 8S,000 e ?
\8,000 | 30,000 .23
3,000 9,000 « 32
20,000 oo, 000 37
20,42%| 02,140 LRE
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FATIGUE. TeEsST DatA FoR SPECMEN No. L4

Ke=277 =F. = 130 FLGHTS | HourRs [CRACKING
7O07S =TSO PLANK 9,000 4S coo |.08 |.o4
LONG . GRAIN | \0,000 | S0,006 .12 |.08
MACHMINE , SHOT PEEN ETCH || hooo | SS000 [.\8 [.\6
AND ChenMicAL FILM 12,000 | 0,000 |.24 |.22
ﬂl 13,000 | 65,000 (.30 |.29
A 000 | 70,000 [.91 |.40
14-,0S0 | 76.2S0 [FAWLYRE
FATI\GUE TTEsT DATA FoR SPEQAMEN No. LAA-
Ky=27 SF =120 FLGHTS [Houwrs [(RACKING
70So-TI7E73 PLank, Lot A [[io,000 0,000 | oo |.03
LoNG., &RAN ’ \\ Q00 S S,090 | OO |.0b
MACHINE SHOT REeN, ETCH [[12,000 [©9,000 | .04 .10
AND CHEMICAL FiLM 12,000 |6S,000 |6 [.\9
\4 Q0Q | 70,000 (.26 |.\9
18,000 | 75,000 (.21 |.20
16,000 | 80,000(.22 |.26
\77,000 |5,000 (.26 |.30
18,000 | 90,000 (.32 [.34
& 447 [ 92,235 (FAIJURE

B~10
LOCKMHEED
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FATIGUE “lesST DaTA Fowm. SPECcMEN No. LB

K, =27 SE =130 [[Fuants |[Hours [Cracking|
70S0-TT7E73 PLANK , Lov ® \'3, 000 eS,000 | 00 | .04
Lona. GeAw \4- ooo 20,600 |.04 |.08
MACHINE , SwHoT Peen €tcH \S,000 | 7S 000 [.10 |.\&
AN Chemica P le,000 8o,000 |.14 |.18
|7, 000 &sooco .2\ |,24
\8 000 90,000 | .30 | .3\
\8,357 94-,78S |[Fa\WWRE
Faticue Test DatA For Serecaiven No. W4
k., =2.7 =SF. = 130 [|[FuenTts |[Hours [(kacking
7050-TTE73 PLANK |, Lo ® || \&¢ 000 | 70,000 | 0o |.0\
LonGg. GrAN \S,000 7S 000 | .02 |.0S
NAACHINE , Suot PeEcn, Evcn 16,000 | &0,000/(.0S | .\0
ANnD CHEMICAL Fium \7,000 | 8S,000 |.08 | .\3
\8,000 | 20,000/ .4 | 20
19,000 AS 000 | .R0 | .22
Test Storreo @ 20,000 | 100,000| .26 .30

LOCKHEED
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FATIGLE T=sT DATA Forr SPECIMEN Nlo. 7NMa-\

,.=<44.0 SF. = .30 [[FuaHTs [HoURS [CRAWKING
707s =TS0 Sear. CaAP S . oes 0 o, .06 | .07
Lona. GrAlN <4 000 20,000 | .08 |.09
NMACHINE , ETCH  AND S,000 2s,000 | .14 |.12
CnenmeaL Fiuw 6,000 20,000 [.\7 [.16
7,000 RS 000 | -20 (.18
8, 000 240,000 | .23 |.23
9,000 A4S 000 | -24 [.28
10,000 S0,000 | -33 | .35
0,723 S3,6\S FAWURE

i

FATIGLE TEsT DATA For ISpreciMeEN Na. SNMa

Ke = 4.0 S.F. =130 [[FLuanTs [ Rouwrs [Crackiva
7os80-=T7E73 ear CaP 4,000 20000 |.05|.03
LonNG. GRrAIN Sooco | 2s0o0|.08!.06
MACHINE , ETTH AND 6,000 20,000 |.\2 | .10
CHEMICAL FiL\ 7 000 BS,000 | .\& | \S
8 000 | 40,000 (.18 |.\B
2,000 | A4S 000 |:.22].23
V0,000 =o0,000 |, 30 (.2

\\ 000 SS,000 (.38 |.R4
\W\S74 | 57,870 |FA\JURE

14 =

' ]
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FaTiaut Test ODATA Fowr SeeanmeNn No. ssaz

Ky=40 =F =1.\S FuaHrTs [Hours [(racking
70SO~T7E73 SePar Cae 7,000 35,000 |.0% |02
LonnGa. GraAaN 8,000 40,000 |[.07 | .06
MACRHINE |, SHoT Feen, ETCH 3,000 4SS ocoo |02 | I
A CHEmcaL Fiuw 10,000 S0 ,000 |.14 | .12
\\,000 sSs.o00|.2\ |.20
\2,000 ©0,000 | .26 |.26
13,000 &S 000 | .31 | .30
\4- 600 70,000 | .36 | . R0
14, \00 70,500 |FA\LLRE

FATIGLE " TesTt DATA For.

SPECMEN No. S\a2

Ky =<4.0 S F. =118 Fuauts [ Houws [CrACk NG

70S0-TT7E73 SPar. AP ~7,000 35,000 |.07 |.08

MACHINE  ETCH  AND 8,000 40,000 |,08 |.08

CTHEMICAL FiLMm 3,000 4S,000 (. 10 |.1\|
\0, 000 S0 ,000 |+12 |.\S
\Wooo | SS,000 (.13 |.16
12,000 | @O,000 {.!3 |.20
13,000 | 65,000 |.26 |.30
14,000 70,000 | .34 |.42
\4, 109 0,545 [FAILURE

B-13
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FATIGUE “TesT DATA For SesacnneEN No. WLAS

K= 4.0 sSE = 1.\5 FueanTs |Houms |[CRACKING :
706S0-T7E73 PLANK ,lav A [[eooo 30,000 |.0S|.04 :
LoNG . GRAaN 7,000 35,000 |[.06 | .0%
MACHINE | ETCH AND 8,000 40,000 | .08 | .08 !
CREMICAL Fium 3,000 45,000 |.09 | .08

10,000 SO ., 000 (.12 .09 ;
\\,000 SS000 |.1k |.12

\2,000 &0 ,00Q | .20 | .14

13,000 | ©S.000|.24/ .lb

)@ 000 | 70,000 |.26 |.20

1S 000 75,000 |.32 | .22

\&,000 80,000 |[.38 | .26

16,238 | 81,430 |FAWPRE

FaTiGLE TTEST DATA For. SeeEcmeEN No. U7

Ky=4.0 sS.F. =\.\S FLIGHTS |[Hours |CrACKING

707S-T6S'0O PLANK 6,000 30,000 |.08 [.\O

LonGg . GraN 7,000 35,000 [.08|.l12

MACHINE , SHoT PEEN ,ETCH || 8,000 40,000 |.18 [.\8

AND ChemicaL Fium 9,000 4S,000 [+2)\ |.20

10,000 50,000 [:26 |.24
|\, 000 55,000 |(.32 (.27
|, 304 56,520 [FAWLRE

B-1k
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FATIGLE. TEST LATA Tove SPECIMEND No. W8
Ki=4.0 sF. =)\ FLiGHTS  |Houms  [CRACK\NG
707S =TS0 PuLAankw S0 | 25,000 |.C3|.07
Lonag . GraAan 6,000 | B30,000 [.03 |.\10
MACHINE |, SHoT PCeN, €TCH || 7,000 | 3s 000 [.\0 [.\2
AND  CHEMCAL Fiuna 8,000 | 40,000 |.\2 | .\7
3000 | AS O | AS | .22
10,000 S0,000 (.23 (.27
a4y W,000 | S9,000 .29 |.33
\, 470 | S7,350Q [Fawpre
FATGLE ot LATA For TPecwmeNn No. WLAG
Ke=4.0 S.F=US fIFuenTts (Hours [CRAacKIN
70S0-TI7E73 PLawk  Lor A 1S 000 25 000 |[.04].02
LoNG . GGeAN 6,000 30,000 [.04 [.O}
NACHINE, | ETCH  AND ~7,000 35S ,000 |.04 .04
CHENMICAL Fiuna 8,000 40 000 |[.Ob6 [-O04
2,000 “4S ooo | .l [.l0
10,000 So,000 |[.% | .|\
\\, 000 SS,000 [, \&4 | .\
12,000 | 0,000 | .23 ] .12
\3 000 6S 000 |.23]. 16
\4 O00 70,000 |.27 | .23
1S,000 | 75,000 |.30 | .23
1o ,000 80,000 |.38 ] .30
TeatT Stofren @ \"7, Q00 8BS 000 40 .30
!
! -

R-1%
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FATI\GULE TEST DATA Forl SeecinmenNn No. YA\

'_ K= <40 S =\ FLIGHTS | Roumrs [Crack NG

; 70S0-V7E73 PLanwk,\oTA | 0o | 20000 | oo |.03

: LoNng . TRANS . (ArAN 7,000 35,000 | .06 |.08

‘ NACHINE |, ETCH  AND 8 000 | 40,000 |.06 [.09

i CHMEMICAL FiLnA 2,000 | 45,000 .0 |02

| 10,000 Sooco |,10 | .S

j 1\,000 SS,000|.\4 | .\6
12000 | @o,000|(.\8 |.20

13 oo S, 000 |.24 |.26

\& 000 | 70,000 |, 28 [.3)\
\S 000 | 75,000 |.34 | .36
\S\0% | 75 S4S [FanwWwRre

FATIQLE. TEsT Data Fom Spec\mMeEN No., a8

K o= 4.0 S.E = \\S FLIGHTS |[Houms [Ceadx\N
7020 -V7E7Y PLank, L\ oTR || 5 coo

Lonag. GRAN

. e e v

25 000 QO | .0\

©,000 20,000 02 ]|.07

NACKINE  SWeT PEEN (EXCH || 7000 | 35,000 [.10 | .11
AND Chemiceal LW 8,000 | Acooo |.\¢ |.\8
9,000 | as oo0 [, 18 |.2]

“Test StorPen @ 9,356 | 46,780 | — | —

B=10
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FATIGLE "TeEST DaTA For SereciMEN No. T2

Ky=4.0 SFE = 1.8 Fuants |Houms |[CrRackING
078 -TeS\Q PLank 4 000 20,000 | .0oS |.06
LoNG . TRANSs. GRANN S . 000 2s 000 | .07 .10
NMACHINE , ETCH AND 6,000 20,000 .10 | .\
CHEMICAL FiLM 7,000 asooo |.\'S |.\3
8,060 40,000 | .\8 | .7

TeatT STorPED g 9,000 | 4SS 000| .22|.22
FATIGLE Tast DATA For SereEcivEN No  LTAR

Ky =4-.0 S.F=\\S [[FuanTS [Hours [CRACKING
7080-T7E73 PLANK , oT A Il S 000 25,000 [.04 | .02
LoNG. RANS:. GRAW 0,000 |.0S | .02

MALHINE , ETCH AND _’S,000 |06 | .OR
CHEMICAL Fiuna 4-0,000 | .06 |.06
4S 000 |.10 | .10

So,000| .13 | . \&

SS 000 | .16 |.\7

60,000 (.21 | .\9

Test SrorreEn @ ©S,000 | .24 | .23

Lo

CKHEED

B=17
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FATIGLE (est DatAa For SeeciMeN No., WBES

™= 40 <SFE.=\\S FL\@WTS [Houws

CRACKI\NG

70S0~TI7E7R Puank ,\oTR || 5 0006

2SS ,000 <O | .03

Long., Grain

QVERI\OCADEDS

NACHINE ETCH  AND

Crerxmcar Foumm

FATIGQUE Te =T DATA Fo. SPeEcMEN No. U T

KL= 40 <. F.=10S  [[FuanTts | Hous=s [CrAackN

F07S-—ToS10 PLANK. 4 000

20,000 L.03]|.03%

LONG. SranS . GrAaN 5,000

2S 000 | .05 |.0S

NMACHINE. | SHOT FeEen, ETTH

OVERLOADED

AND CHENMICAL. TIum

LOCKHEED

AFORN A COMBANY




S S G SR e s e e e s e e e B R B B s s

FaxiauE "TeEst DatA For <SeEciMEN No. LU T4
K.y =40 SF.=1\.\S FLiaHTS [Hourses CrackiNng
707S-T6S\0 PLan 4, 000 20,000 |.02 |00
Lonag.  trans. Gwrann &,000 30,000 | .08 |.04
MNACHINE , Shat Peen, Excd || 2,000 35,000 [.0% |12
AND CaemcAL Fiow 8,000 | 40,000 |.16 | .\
9,000 4S ooco |(.20 |.\8
Test StePPeo @ 10,000 | S50,000(.27 (.26
FATIGLE “Test DATA For. SSPecmeEN No. LB G
K= 4.0 SF.= \\S FLaWTS | Houwrs [CRACK NG
70S50-T7€73 PLANK ,\oTt® [|a cco 20,000 |.04 |.o\
Lona. GrAIN S 000 2S,000 | .94 (.03
MACHIVE |, ETCRH AND &,000 30,000 | .04 |.0S
CHeEMIcAL FiLm 7,000 3S,000 | .07 .08
[ ,000 40,000 |.08]| .10
9,000 4S5 Oco | .10 [.\2
10,000 £9,00Q 1 .\2 (.\S
11,000 | S5000|,14].\7
\2,000 | ©0,000 | .\6 |.20
TestT_StoreeEs @ \R 000 &S,000(.21].23

B-19
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SPEANMEN No. \Te\

K'h= 4.0 == 1S

FLIGHTS

1 FAT\GLE “lest DXTAl For
:
|

& Houmrs [KCrRACKING
| 70S0=-"T7€73 Puank, ot B [[s 000 2S 000 | ©© |02
‘ LonG. TTRANS. GRAIN 6,000 20,000 | .06 [.06
} AMACHINE , ETCH AND 2,000 | 35,000 |.08 [.08
i Cuemicar Fium [ 8,000 |4c000 |12 |.10
| 3,000 45 000 [ .\ | .\
l \0,000 | So,000 [.1S |06
: looo | SS,000].\& .18
\2,000 | 0,000 | .22 .2\
" 13, Q00 S,000 | .30 ] .28
14-000 | 70,000 .2S|.33
J 'S 000 | 7S,000| 40 |37
§ 1S,\09 | 75, S4S|Faihre
i
FATIGLE “TEST OATA For “SPEc\nmuN No, WAD
{ Ky =<0 SFE =LS FLIGHTS | Hours |Crac\ G
{ 70S6-T7€E73 PLANK ,\oT A || <000 | 306,000 |.02].06
11_ LonNG. Grainy 7,000 35,000 (.10 | \\O
NMACHINE , SHoT PeeEN | &vcn 8 000 40,000 |.\2 | \X
H AND CHEMICAL FiLM 9, 000 asooo | .20 | .2
1 10,000 | S©,000]|.24 | .24
4 I\, 000 SS,000 | 27 .3
\\, QO 58,000 |[Fa\LP=E
| .
{
|
| B-20
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FATIGLE T TEsT DATA Fomr <SpeEcINEM No. UTRA

Ky= 4.0 S.F.=\1.8 FuLiaHTs [Houmrsa [Cracxking
70S0-T7&€73 PLaNk, LoTR || 5,000 2S,000 |.04 |.02
Long . " TRaNns. GrAaN ©.000 30,000 |.07 |.08
MACMINE \Swot PeeN , ETcn || 7,000 35,000 [,08 |.\2
ANt Crhemmceas Fiuw 8,000 40,000 |,14 |.\4
9,000 4SS 000 |.\S | .\S

\0,000 So,000 (.22 (.8

Test StwePeEn @ \W,000 | 8s,000|.25]|.20
FATIGLE TeEsT DATA FoR., SPEAMEN No. TR
K= 40 S.F=L\8 [[FuaenTs [Hours [CRACKING
70S0-T7E72 PLANK. \\OTR [l 4 ccc [20.000 |.02 0o
oNnG.” TrRanSs. Grann S,000 25,000 | .04 | 00O
NAACHINE. , ESTCH AND 6,000 30,000 | .06 | .04
CrHEMICAL FiLNA 27,000 35,000 | .06 | .04
8,000 40 ,0Q0 | .08 | .06

9,000 4S Q00 |.\2 |.09

\0,000 | S0,000 (.12 |\

\,000 SS000 .16 | .\

12,000 | 60000 |.\8 |.\8

—VtEST StobPPED @ 3,000 S ,000| .22 .2\

B-21
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FATIGUE le<Tt DATA FOR SPECIMEN No. SS4-\

Kt= 4 .0 SIF. =130 FLGRTS |HourS RACKANG
70S60-T7€E73 Sear Cae 4 coo 206,000 |.04 | .06
LoaNG. GRr AN S, 000 2S,000 | .14 | .1
MACHINE |, SHoT FEEw | Excn 6,000 20,000 | .13 | .1S
AND  Cuhemicar Filnm 2,000 35,000 44 | .16

8 000 aoc,000 | .19 | .2\
3,000 45,000,266 |.32
,6\S 48,078 |(Fanwbwre

FATIGUE TEST DATA FoR. SPEANMEN No. 754\

Ky = 4.0 SF.= 130 FLGHTS [ HOoURS [CrAackING

7075 -TGS\0 Sea Cae 4 000 20,000 | 10 [.\0

Long . GrawN ' 5,0 80 25000 | .\& | . \&

MACHINE , SHeT Reen, ETeH || 6,000 Bs.600 | O] .2

CAND CHEMICAL Fiuna 2,000 35,000 |.26(.28

8,000 240,000 | .30 | .38
8,057 | 40,285 |FALURE

LOCKHEED

CALIFOMN A COMEAN
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FATIGLE TEST DATA Forr Seeamen No. &

X, = 4.0 S.E=1LS [[FuaHTSs [Hours  [Cracking
F707S =TS \O PLANK 4. 000 20,000 | .0S|.03
Lona. reAlnd S,600 2S,000 |,08 .08
MACKINE |, ETCH  AND &,000 20,000 | .01 .1
‘ CHEMICAL FiLM QUERLOABED

jn:

e e AR O S e

e S e PN

FariaueE TEst DATA For SPEANMEN No. LAS

H K4=4.0 S F.=118 [FLeHTS [Hours [CRACKING
| 76050~V 7E73 Puank ,LoT Al || 4000 20,000 | OO | .0\
! Lona . GRAIN S,000 2S.000 | 06 | .06
:  MACHINE , SHOT PEenN BT || 6,000 20,000 [.02 .09
i AND CHeEMiIcAL FiLMm OVERLDALED
|
4

|
.;.l B-23
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FATIGQUE TeEst DATTA For. SePeaMeEN Nlo. TTAD

= 4.0 =SE=0LS FLiGRTs | Hours |CRackING
70S0-T7E73 PLank, Lo A 5,000 25,000 | 0o | .02
LoNnGg .~ traNs. GrAIN 6,000 20,000 |65 .06
ANMACHKINE  SHot PEEN , ETCH 7,000 2S,000 {06 | .08
AND CHEMICAL FILN [ 8,000 40,000 |.12 | .10
9,000 A4S 000 |.\'8 | \G
\0, 000 S0,000 |.22 .20
I\, 000 SS,000 | . Ro | .24
\2,000 ©0,000 | .3 | .32
12,109 | 60,545 |[Falbre
FATIGLUE (EST DATA FoR SPEQIMEM No. LT
Ky = 4.0 SFE.=\S Fuawrts | Hours |[Crac NG
7075 -TESI10 PLANK 4 000 20,000 (.07|.0S
LonGg . trans. Gralny 5,000 25,000 |.09|.09
MACHING. , ETCH AND 6,000 =20,000/[.12 |.I3
CheMmicaL Fiim 7,000 35,000 |16 |.\6
8,000 40,000 | 21 LA
3,000 4S,000 | .294| .30
9,283 | 46,9'S |[FAWRE
B-24
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FATIGUE TTesTt DaATA FoR SPECMEN No. UTeS

Ky = 40 SF.=1.\S FL@aKYS | Mouwrs [CRACK\NG
70S0-T7E73 PLank,lor B  [|S.cc0 25,000 | 00 |.0\
LonG. Teans. Gralny @, 000 30,000 |.06 |[.O7
MACHINE , Shaot PeEen, etcen || 7,000 3S,000 |12 | .\
AND  Chemican Fiuna 8 000 40,000 |.\6 | .\3
9,000 4SS 000 |, \8 |.\7
10,000 SO 000 |.22 |.20
\\, 0o 5SS ., 000 | .24 | .23
I, 4\9 57,095 [FawwWlrRE
FATIGUE. " TE<ST DATA Fo SeeameEn No. |WS
Ke=4.0 S.F. =\\S FLueaRTs [Hours |CrAck\NG
T707S-T6S\0 PLaAnk 4 000 20,000 04 | .06
LonGg . GRAN S ,000 25,000 | .08 |.09
MACHINE | ESTCH  AND ©,000 To.0o0 | a2 .3
ChreEnMmicaL- Fumn 7,000 =2s, 000 |17 | . \6
8,000 A0 ,v00 | .20(.22
3,000 A4S o000 | .23 |.28
1,000 8,060 | 27|27
1\, 000 SS,000 | .29 (.30
W,\08 =S ,84S [Fawphre
B-25
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FAT\GLE lesT DATA FoRr SpecMEN No. 7542

K, = 4.0 S.F.=\.\S FLGHTS |Nours [CRACKI\NG
7078 -TeS\0 Sear CAap S, 000 2S5 ,000 .02 | oo
MACHINE ,SHeT PEeEn, ETcn || ¢ 000 20,000 |.07 [.02
AND  Cuemicac Fiunm 2,000 =25 ,000 |.lo |.0S
LonGg, . G alN &8 ooo 40,000 |[.18 |.09
qFa.OOO A4S ooo |.20 |.l0
10,000 So,000 | \20 | &
), 000 SS 000 | .24 | .20
\n 000 0,000 Gt b -es
\3 000 &S 000 | .30 |.27
14,0600 | 70,000 [.24 |30
'S ,000 25,000 |[.36 | R2
\S4&6e3| 77,31S. [FAWRE
FATTIGLE TTesT DATA For. SpeameEN No . 7Mmaz
K,=4.0 S.F.= 1.1 [[IFuaNTs | Hours |[CrACKING
7075 -TeS\10 Spa CAP 4 000 20,000 .04 |.03
LonGg. Gr.AN S,000 2S,000 | .05 | .06
NMACH IME  ETcH AND 6,000 3o ,000 |10 [.\O
Cremicar Tl -7, 000 3S,000 |\ |.\b
8,000 40,000 (.20 |.20
9,000 4SS 000 |24 | .24
10,000 Soo0o |.26 .26
\|,000 SS,000 | .30 | .34
11,109 585 ,S4S5 [FAawWwWRE
B-26
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FATIGLE TEsT DATA Fo Seeanmen No. L TAS

Ke= 4.0

SFE =\1.S FLuaWTs [Houms [CrackING
70S0-T7E73 PLank Lot A [[a oo [20000 | 0o | .o\
LoNG. " Trans, Grain ©,000 | 20,000 | ,02 /.04
MacHINE , Snet Feen, ETcl || 7,000 | 235,000 | ,02 |.04
AND CHENMICAL FILM 8,000 | 40,000 | .05 /.08

9,000 4,000 | \4 |10\
|0, 000 So,0c00 |.\8 |.\Q
Temetr Svoepen (@ 1\,000 | SS©00 |.23|.2¢
i
i
| 1
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APPENDIX C
Crack Propagation Tabular Data

Tabular test data for constant amplitude crack propagation tests are
included in this Appendix.

The test data locations for the crack propagation specimens are shown in
the following table:

Specimen(l) Location, Specimen(l) Location,
, No. Page No. Page

1 c-2 7 C-9 & 10
18 2 C-3 & U 8 C-11 & 12
S5
1
3 C-5&6 9 C-13 & 14
ei
i 5 C-7 & 8 10 C-15 & 16

(1) For test specimen description, see Table 9.
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" AD=-A058 002 LOCKHEED-CALIFORNIA CO BURBANK F/6 11/6
COMPARISON OF ENGINEERING PROPERTIES OF 7050=T7E73 AND 7075=T65==ETc(U)
FEB 78 R W BRODIEs L BAKOW N62269=77=C~0024
UNCLASSIFIED LR=28499 NADC=76269-30 NL
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ConsTtanTt Amrutune Crack Grow Tt Daxa Fom Panew No. |

7050-T7€73 ov A <\ CRACKING
TesTen \N AR Ale CYCLE.S) (e B NoTcH Qz
(=~ 4o "7 Reramve Wombrry ) (ncues) [(wenes) [Gneues)
R S 000 OBl | 2.0 | ozt
G H=Z& ’=\ \0,000 .oS! ! .0S|\
WIDTH = 16,10 INCHES \4 000 .07S | .084
THICKNESS = ,091S \NCHES 16,000 .087 : 033
Gross AREATTRESS =619 Ksi#]| 17,500 093 ! 107
19, 600 128 | 144
23,000 213 | .24
27,000 300 24|
3,000 .3387 - 446
35,000 .S21 .S8S
39,000 . eSS .723
42000 774 .83S
4S 000 . 890 . 962
Gross Area Sreess=10.18ks) —»{ | 48 000 |l.040 1.038
S0,000 \ 14| \,200
52 000 |[\.2S\ .3\2
S4- 000 | 1.370 . 438
SS 0o \ &6S 1.S43
s6 . Soc [ \1.s4al .52
58,000 \.634 \.77I
s8,700 | 1.764 | 2.00 | |.837
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ConaTtan T AMPLITUBE Crack. Grown T BATA Fove. Paner No.Z
70S0-"T7€73 ovr A = N\ CRaAack NG
Eorew N 38 To Reeamve  [(Tvcres) [ @, [Nowen| aap
ML MIBT Y (NcHeSYINeHE s) [ncues)
L~ ooy o 40,000 .oo\lz.oo . O\Z #
e W\ = .\ 473 000 . 026G l oS
’mmimu = 16.09 \MCRéS S3 000 +@NS | .OIR
Tk e Sn w0945 1INCUeS S8 .000 L0472 s 2 .0\8
Gross AREASTRESS =4 0K\ | 6B 00O 042 D .0z8
o o ¢ 73,000 |.053, | |.o%2
A8, 000 |, ogi & 03)-.
o g 2,000 | .0bB | E @40 ‘
iy 133, 000 | .o73 ~.oS2 |
\So,000 | . 084 oS
— e e ——— e —_——— —y
: & \70,000 | . 097 || oSz
" 190,000 107 .O‘E__J
210,000 | ,\27? 064
P =253j000| ., 1SS0 .0o8|
_* 270,000 | . 1S8 1 090 |
275,000 |, 1774 ol
285,000 | . 1994 o 129
k35! | 292,000 | . 23S A4S |
297,000 | .26S e
R R X 204 000 | .29\ _ \Q_?_J
2\, 000 | .320 1206 |
Gross ApeaSTRESS=S S0k ]| 318000 | 340 A ERY |
_25,000 | .33 247
132 000 | .889 ¥ 270
S A LR 233,000 | .42 .23\ |
B4, 000 | . 44S 3
BER,000 | 477 . 337
A0 ,000 | . Sol . 358
Q7,000 | .S29 L ] 38T
| z Conrt'o NEXT PAG.E\ R74 000 | .SSS | 2.00 | . 408
Cc-3
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ConsTANT AMPLITUDE Crack Growtd DaATA Fok Panel No.2

| (contwuves )

=N\ CrACKI\NG
(evcres) [ a, |Noven [ a,
(INCHES) (INCRES)[INCHES
3R),000 | =a4 |=2.00 |.430
» 283,000 |.\7 ! 4S3
Gross Area STress=5Soksr™ | 235,000 |.643 | 48|
402,000 | .677 | .SO7
. 706 | 2.00|.528

WQ,OOO
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CONSTANT AMPLTUDE CRACK GROWTH Data » PaneLNo%

70SQ-=TIET3 Lov B =N CRACKI\NG
Testen \N Laa Avw Cevcres)| & [woen]| a2
(=acT RELTIVE \-\\)M\D\'TY)i (ncues)(NeHE'S) (cuES)
. O \S 000 [|.00S | 2.00 [,009
© N\=, ==.\ 30,000 |.02S .O\7
WIDTH = \6.\O0 \NCHES So,00n |.042 L0332
THRICKNESS = 0954 \NCHES|| 80,000 |.0SD 0S3
QGross Area Sress=40ks)\|| 120 000 | .0c87 068
| 170,000 |.1'S 072
2\10,000(.145 .030 |
260 ,000| .172 « WD
210 ,000| .203 27
274,000 |.236 A\Sbe
424 000 | .26S - V70
470 ,000( .30\ 87
4-Ra0,000] 23S 2zl
490 ,000| .26 254
S 60,000 | 403 y 230‘
Gross Area Stees=5SS ks || S\0 000 ]| 44S 321
S2S 000 |.So0 377
S540,000|.S5% 43\
S60,000[.637 S
S72,000| .86 Se |
574 000 7709 . 588
579,000 .7%6 St
584000 | .80 0%
GRosS AREA TTreEss="20 KS) 589,000 | [ ]7H . 768
595,000 | .340 O Ert S
601,000 | \.022 947
606,000 | 1,097 Y 038
603,500 | \.ISO [ 2.00 098
(conT's NEXT PAGE )
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CONSTANT AMPLTUDE Crack Growth DATA , PaneL Na!
(ConTMULED ) =\ CRACKA\N Gy ¢
(cveres) | a, [Newwn [ az
(WouHes)finenes) (INcnes
ﬂ'*‘609,300 \\Se | 2.00 |1.109
Gross Area Stress=10.0 kS| [[ 609,600 | 1.7 V27
T ——w| 610,200 | \203 \.\66
M 6\0 800 | 1239 \.206 |
@\\,300 |[1.273 1243
!\, Boo | 1282 1.25S |
@\2,300 | 1297 11267
6\2,800 | 1,321 1.292
'3, 30 | \.2r0 \307
Gross Area STreES.=8.0 kS| || 613,800 | 1346 12|
T T el 614,800 | 1370 1349
6\Ss ,Boo | | 409 \. 380
6\b, 8OO | 1.433 1.409
617, 800 | \&LY | 440
FG\ 8,800 | \a9S \ .47_0_J
621,800 | 1S2) 1496
623,800 | 1.548 1.519
625,800 | ).S64 1.548
626,800 | 1587 1.5S8
GRrosS ARen STrRES=6.0 KS\ || 627,800 [1.53° LS|
T | 628,800/ 1,6\S 11.S86 |
629,800 | .28 \$99 |
630,800/ 1,650 _|le'8 |
cE 631,800 | 1.662]| ¢ [1.623 |
632,300 | 1.670 | 2.00 | .34
| o
' -
i i |
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ConsTANT AMPUTURE CrAcCKk GrowTh Dara vor Panel No.S
T0S0=-"T7ERI3 Lot B® =N\ CRACKING
TeEsSTED N 38 % ReLkTINE [evcLes) [ a.  |NOTCR | o,
HuMIbBTY (INCHES) (NCRES) (\NC\\ES)
n' I 20,000 |.0\7 200 | .026
v\ =» R=.\ 30,000 [.028 | 039
WIDTH = \6.08 \WCHES 45,000 |. 040 | .04
THICKNESS = 096 \NCHES ©0 , 000 | .052 090
Gross Arean Steess=4.0 ks|ll| 70,000 | .06l 107
—e=| 80,000 | .07, . 124
90,000 | .08 | 36
100,000 | .02 | - \Sb W
02,000 |.094 \G7
105,000 | .108 . 188
SR 114,000 |.142 _|.=20]
124,000 | .180 269
'\ 34 000 | .226 .32.‘1-+
Swrot Aen Seess=5S kS| \44 000 .267 1362 |
L 1S4 000 | .3\ 1.4\2 |
\ 9,000 (.33S 4973
184,000 | 476 | SIS
194% 000 |, 545 33
* 200,000 | . S88 ue_é_j
i 202 ,000].639 | wii-
zoa 000 688 | 1.737
200,290 7946 . 803 |
208 000| -8o% -85S |
| Qross AREASTRESS=70 ks [| 210000] .86+ | | |.912
T ]| =ae 00| Qe 967
o 2\4 ooo | .987 | Loz6
$ 216,000 ()\.08% l \.oeﬁiu
=V7,3500 | 14092 | 2.0C \.\22{
E (caryri. NEXT PAGE. ) =]
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CONSTANT AMPLITUDE CRACK. GrowTH Data For. Pane L No S|

(continnEnd) =N CRAC K ING
Cveres) | a, [Novtew | a,
(IncHES)|(INCHES ) (INCHES)
2\7,800 |[\.\\9 | 2.00 \.\'S‘J
218,200 | \\42 | \\79
218,800 [ \.\82. 1,209
219,200 | 202 \.z';;
Gross AREASTRESS=8.0ksy| 219,800 | 23| 1.26S
T | 220,800/ 1288, 2 ng_—l !
221,800 352 | 11w
222,800 | \\\| ! 1460
223,800 | 1485 1.S33
[ zzsee0 [hso7] | [isSeo
226,800 | 1.530 1S89
Gross AREA STRESS=60KS\ || 227,800 [ 1sss | | Le\8 |
T L | 2288001584 —#N \GaSt
229,700 | \.6\4 [ 2.00 | 1.&678 1
A -
T, | SRS R 8 1
g 1
:r e
B e i - 1
4
¥ l |
e
NSNS BN
: -
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CoNSTANT AnPUTLLE. CRACK. GrouwTth DRTA , Pance Nol?

707S5- T6S\0O =N CrAC W ANG
TesTteED N Lam AR (cvcres ) | a, [Nnotan [ a,
(x40 %70 RELATIVE HuminiTy (Incres)|(ncMES) [incnes)
R \'2,S00 |.0S |2.00 O\
6 H=e. R=,\ 26,000 |.cs0 | | 032
WIDTH = \6.08 \NCRWES 40,000 [.037 . oS3
THICKNESS=.08S 2 \NCRES || ¢o,000 | . 169 o8
Gross AreaSSTrESs =40 K31 0,000 [.232 | 127
_‘:'—-*loo\ooo 257 87
105,000 | .33 237
109,000 [, 417 ! 280 |
N3, 000 |.403 S |
Gross Area =Teess =55 kS| "W7,000 | s2| 203 1
— | 12),000 [,s84 406
'2S 000 |.¢5S 4SS
129,000 | 730 .S03 |
129,S00 | .7S6 S2e
\2\ S60 | . a2 S5 |
23500 |82 | | |.el8 |
GRross AREA Stress=70 KS| \2S,500 | . 952 i 1. eAS
— Ll 137,500 |l.027 | | |.719
Y39,Soo | 1,127 f 271
14, Soo | I.213 | 2.00 834 |
(Cont'D NEXT PAGE) b
4
e — 1
el el
| |
N ; l
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ConsTanT AurutunE Crack Grow Tt DATA |, PanEL No.7
(ConTinuen) =N CrACKI\NG
(Cveres) | &, [Noten | a-
(INCHES) [INCHES YINCHES
a2z coo [\ zas|2.00 | .879
42 S00 |1.286 30
ES g 143,000 |\ =27, 929 |
43 .S00 | 1,426 .279
= 144 000 [\466! | [1.003
Grow. AREA STRESS = 8.0 KS! 144 Soo | 1.S18 1.032
T —=| 145,000 \.563 1.048
145,500 | 1.0\4 o7l
\4G 000 | 1,663 1.10S
ot 146, So00 | 1\, T73) \:_\}_z__{
47,000 | \.Bo2 \\Y0
149 000 | 1.877 T2 |
42 SOQ | 190> \2\S
1S0,000 | \ 930 1 \2S
Gross Aren Sress =6.0 ks \S0,S00 | 1.3S52 \2'_55_3__1
T el 151,000 (1977 1254
1S\,Soo | 2.001 \.2S8
\S2,000|2.004!2.00 | V273
i —~
— - — N SRS TSTSISGNUNINS S— 4
1
it
el —3 - 1 SIS S—
g w
- ‘
| -
c-10
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ConetanTt AMPLTUDE CrACK (GRrowTd DATA , Panel No8

LOCKHERD

CALSOAN 4 COmBANY

70715-Ta5 10 =\ CRrACWING
Testen W \_as Awe Cvcres ) a, [Notcn | a2
(= 40% ReLATWE Wuwe\ Ty ) (InchEs)[IncuEs ) INCHES)
R T 3o.000 | .07 |[2.00 | OO |
GH= R=.\ 40 000 | .034 .02\
WILTTH = 16 .02 \NOHES 50,000 0S| 034
THICKNEST =,0849 \NWES 60,000 | .08 048
75,000 |.094 073
Greze . ArEaSTtvas =30k || 90,000 |.120 .098
T | ‘o= ,000 | 1S3 AR
3 120,000 | .226 NGO |
130,000 | .246 178
40,000 286 2033
|42 060 | .297 .20S |
143 000 | .09 210
4SS Q00 | .26 N 4
148 Q00 | , 26l 250
1S),000 | ,393 R g o i
Grosc AvEn Stpeic=4S kS| 1S4,000 | 424 S
T I—e| 1S7000 | .4S6 343
160,000 | .49 .378 )
163,000 | .S23 A04
I&7.00¢ | .£60 | 200 |.43S
(ConTh. NEXT PAGE ) T
]
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ConsTaNT Ameutyoe Crack. Grousth DarA , Panel No. 8

(ConTimue o) =N CRACK NG
Cces) | &y [Noten| a,
(ncues) [(NCHES) [InenEs)
168,000 | .60l [2.00 | 427
70,000 | .37 So8
12,000 | .67 .s‘wq
s, 000 | . 726 Lo
Gross Area Stress=55ks) || 178,000 | .799 {6S3
), 000 . B6G 704
\84- 000 | 925 A IA
127,000 | . 99% 813 |
\20,000 | ).064 834
19\, 000 | 1.098 96
192,000 | ). 1S\ %Go
193 000 | 1,199 .‘3—87:
194- OO0 | \.232 o33
\9S S00 | \292 1102
Gwross Apea SrRess = 6.5 KS) \97,000 | \3S7 62
T —=| 138,500 | 147 1229
200,000 | \.S04 \.300
20\ ,000 | |.S52 \.248
202,000 | .0k 1.409
204,000 \.G\2 1427
265,000 1,632 | 14S) |
206,000 | 1,446 11466
207,000 1.670 14973
208,000 | .69 . _l.%\.é.d
209,000 | |\.710 1.542
210,000 | \.728 \ S
210,200 | \.7132 | 2.00 | \.S6S
LOCKMHERD C-12
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ConsTtAanT AMPLTILDE Crack. GrowTh DaTA |, PaneL No.9

707S =TS \O =N CRACKI\NG
Testeo \W I8 T ReLATNE [(cvcles) a, [wotern [ aq
Humis ity (MCHES) [INCHE S J(INCHES)
R Y. 10,000 OO0 | 2.00 .03
e = . r=.\ 206,000 A .06S
WIDTH = 6.0 \NCHES 23,000 A42 .08S
THICKNESS = .0B6S \NCHES 25,000 NS .0%8
Gross Aeea DTrRESS =40 ks\|| 20,000 | 187 109
35,000 . 200 AT
40,000 - B 134
a4s 000 | 244 1S3 |
GRross AREA STRESS=3.0KS\ || So,000 | 265 A
" L sSS5,000 |.2932 N8\
60,000 | .R\\ :Bgﬂ
65,000 | .330 .2\
70,000 | .367 240
# 72,000 AB2 . O
[ 7s.c00 | 419 282 |
78,000 | 452 EYRS j
Grzoss AREA STRESS= 4,0 KS| 8,000 | 490 343
T | g2000 |.S12 2066
85,000 | .S3& 1 :?,g_?q
87,000 |.S63 | 4\&
iy 88,000 | .S80 | 1" 423 ]
83,000 | .600 1 4406 |
20,000 | . 28 468
91,000 [,647 | a2 |
Gross AREa STRELS=50 K&\ || 92,000 |.0oS | | |.5 |
T—=]| 24000 |18 Z _Sw_éfi/_ﬂ
95,000 | .69 eV} |
97,600 80S | ¢ 4%
37,900 |.82x | 2,00 |.670 |
(Cont's NEXT PAGE) ' 1
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ConsSTANT AMPUTUDE CrACk. GrowTH DATA , PanEL No. D
(Continuen ) =\ CRACKING

(Crcles) | & [NoTCH | ap

(INCHES ) I(INCHES )[INCHES)

98 400 843 | 2.00 | .87
98,3900 . 863 .70S
39,400 |.88S . 730
29,366 905 L e
100 , 400 927 78\
100, A00 .9S0 . 800
\O, 400 972 %Lgl@"._«
Gross Area Stress 6.0 kS| 101,900 | .93S .839
V02 900 | 1.0\6 .86\
£ o (02 , 900 \.03S | .g__a}_{
103,400 | 1,069 0'S
\03%,200 | t.074 .926
104,900 | \.074 974
|0S 900 [ 1.074 B
106,000 [ 1.163 ¥ junoen
106,150 | 169 | 2.00 [ 1.030

]

C-1k
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ConsTAwT AmPutune Crack Growtw Dacra , PaneL No. \0

75-TeS\0 =N\ Crack\NG
Testeb W B 7 Rewaxtwve  [leveres) | a, [Novwew | az
Humioiey NCHES) INCHES)[(INCHES)
w.x, =.\ [| 20,000 009 [\.%68 | .02
WIDTH = \6.08 WCHES 30,000 |.0lb6 o5 _.LS}.\_.4
THICKNESS=.0856 \NCHES 40,000 |.,0\8 0S4
Gwos: Awren Stress=30ks| || S6,000 |, 020 069
~ —wi| 60,000 |.023 1 l.6979
70,000 O27 .032
80,000 | .027 110
90,000 | .028 124
100,000 |.028 Tg
\10,000 | .o32 | S
120,000 | . 0238 el |
16,000 | .04 135
160,000 | .0S6 233
TR e 101 293
200,000 | 086 372
2\S,000 | 097 ',44‘4'.4
218,500 | .\s2 .So3
220,000( 193 5_2;"7__*
222 ,000| , 20!\ ,SS3
_224.000] .22S | .SB8 |
Gross ARes STRES =4S KS) 226,000 | ,2S| 1604
| 228000|.26S | | A:@z.?j
|| 23000 |.290 | | .64
L e S ees NG | ¥ 480 |
233000|.334 | 138 | 709 |
(ConT'm NEXT PAGE ) %- ; :
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CONSTANT AMPLITUDE., Crack GrowTH Daa, , PaneL No. 1O

(ConTinuen ) =\ CRALANG
Cxa€s) | a |Nower | a,
(NCHES)|(INCHES JINCHES )
224000 | 3eo | 1368 | 742
® 235,000 | 287 | | 83 |
236,S00 | .47 .83
228 000 | 463 .893
Gross Aeea Stress=5.5 ks\ || 223 ,Soo | .So2 1 | +9S6 |
T | 241,000 |.S48 \.0la
242,500 |.S93 | | 1073
243,000 .63 1487
24S,000|.693 1.219 |
246,800 | . 743 FEEITS
2477, 300 « 17S 1,329
248,000 | .81\ | 1.376
243,000 | B&7 1,448
2S0,000 | ,9)6 sl .J,§l‘£1
Gross AREA Stress=6S ksl || 251,000 .97 | S74
T —ed| 252000 | 1.04S 1.64S
253,000 | 1.106 724
254 000 | |. 188 1797
| 2s4300 .21\ 1.82\
256,300| 1,238 1.8S6 |
2s7,300 | 1273 |.888
25S8,300| 298 \.32% )
258,800 | \2os 940 |
PR T s 253,300 [ \326 | | | .90 |
259,800 | \338 L 1,977
200,00 | \24S[13¢e | 1.982 ]
-
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