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INTRODUCTION

This is the final in a series of reports on Near Threshold Fatigue
Crack Propagation in Pipeline Steels in High Pressure Environments.

OBJECTIVES

The objective of the program was to determine the level of threshold

stress intensity for fatigue crack growth rate behavior in a high strength low
alloy (HSLA) X60 pipeline-type steel. Complete results have been generated
for gaseous hydrogen at ambient pressure, laboratory air at ambient pressure
and approximately 60% relative humidity as well as vacuum of 6.7 x 10-5 Pa

(~5 x 10-7 torr) at R-ratios = Kmin/Kmax of 0.1, 0.5 and 0.8. A concurrent

part of the program was to determine fatigue crack growth rate behavior in
gaseous hydrogen, methane, and methane plus 10 percent hydrogen at 6.89 MPa

(1000 psi).

APPROACH

Material and Specimen Design

Material for use in the program was procurred from Kaiser Steel

Corporation in the form of aIm x 1 m x 2 em (-3 ft x 3 ft x 0.75 inch) thick
plate. The steel conformed to the requirements of API-5LX-60 high strength
low alloy steel (HSLA) and had the composition given in Table 1. Fatigue
crack growth specimens of the design shown in Fig. 1 were machined from the

plate in the IT direction. Monotonic tension and low cycle fatigue specimens

of the design shown in Fig. 2 were also machined from the plate in both the
longitudinal and transverse directions. Metallography of samples of the plate
revealed a fine, equiaxed grain structure -10 urn in diameter with "banded"
ferrite.
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Experimental Procedure

In order to monitor crack growth rates at near threshold stress

intensity levels (operationally defined as the stress intensity level at a

growth rate of 10-6 mm/cycle (4 x 10-7 in/cycle), a D.C. electrical potential

system was constructed. Such a crack monitoring system involves a very stable

D. C. power supp1y, current 1eads mounted to the front face of the fat igue

crack propagation (FCP) samples, a set of voltage probes matching the test
material composition and a high gain amplifier/digital nanovoltmeter. With
such a crack monitoring technique, accuracies of at least 0.1 mm (0.004 inches
on absolute crack length are attainable.

To perform the threshold stress intensity level tests, the fatigue

crack propagation (FCP) specimens were electrically insulated from the clevis­
type gripping system with a set of 6-6 nylon washers and the current leads

were securely screwed in place. Voltage leads were secured a priori to the
front face of the FCP specimens by spot welding. All testing, including

monotonic tension and .strain-controlled fatigue tests, was performed in a
140 MPa (20 kip) electrohydraulic closed .loop test machine. The test
procedure for determining the t~reshold stress intensity levels was in
conformance with ASTM E647-78T.

Special precautions were taken to establish the environments in the

case of the vacuum and hydrogen FCP-thresho1d tests. In the case of the

vacuum tests, the test chamber, shown in Fig. 3, was first evacuated with a
mechanical roughing pump and back-flushed with ultra-pure argon gas. This

procedure was repeated three times. The chamber was then mechanically pumped
and diffusion pumped for at least twenty four hours to establish the test

vacuum of 1.33 x 10-4 Pa «10-6 torr), typically 4 x 10-5 Pa (3 x 10-7 torr)
as well as equilibration of the electrical potential crack monitoring system.

In the case of the hydrogen environment, he same pump/purge with
ultra-pure argon procedure was performed. The test chamber, while being
pumped with the mechanical pump, was filled with ultrapure gaseous hydrogen
that was first filtered through an oil/water filter, an oxygen filter and an

2
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LNZ cold trap. This procedure was repeated at least three times to establish
the tes~ environment for all hy~rogen tests.

RESULTS

Ambient Pressure Tests

Monotonic Tension and Low Cycle Fatigue

The monotonic and cyclic stress/strain curves for this steel are
shown in Fig. 4. Note that the curves are presented for the longitudinal
specimens because no significant difference was apparent from the transverse

specimen monotonic results. The cyclic stress/strain curve shown in Fig. 4

was obtained· from companion specimen, constant strain amplitude fatigue tests,

the results of which are given in Table 2. All monotonic tension and fatigue

tests were conducted ina 1aboratory air envi ronment. It is apparent that
cyclic strain softening* occurs at strains less than approximately 0.0045

while cyclic strain hardening occurs at greater strains.

The strain-life fat.igue curves obtained from the companion specimen

tests are shown in Figs. 5 and 6, respectively, for the longitudinal and

transverse rolling directions. Table 3 gives both the monotonic material
property data as well as the fatigue property data obtained from these

tests.

For comparison to the present results, Table 4 and Fig. 7 show
similar data as well as cyclic and strain-life curves for another high
strength low alloy (HSLA) steel of approximately comparable hardness. For all
practical purposes, the X60 pipeline steel behaves as anticipated and is not

unlike similar HSLA steels of comparable hardness.

*the stress requlred to enforce the strain is 1ess compared to the monotoni c
response.

3
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Threshold Stress Intensity Levels

Table 5 gives the results of threshold stress intensity ranges, 6.Kth,
for X60 pipeline-type steel in vacuum 4 x 10-5 Pa (3 x 10-7 torr), ai r
(1 x 10-5 Pal and gaseous hydrogen (1 x 10- 5 Pa) for R-ratios of 0.1, 0.5 and

0.8. Complete plots of da/dN vs 6.K are shown 1n the ~ppendix as are complete
tabular results of each test. For convenience, tabs with test environment and

R-ratio are provided.

Figure 8 shows a plot of threshold stress intensity range, 6.Kth, vs

R-ratio = Kmin/Kmax of all test results, including three generated at M.I.T.

as companion tests.* Note that at low R-ratios there is an obvious decrease
in 6.Kth from vacuum to air to hydrogen. At intermediate R-ratios (approxi­

mately 0.5) there is. a decrease 1n 6.Kt h from vacuum to ai r and hydrogen. For
practical purposes, the hydrogen and air results are the same. Finally note,
at hi gh R-rati os (0.8) that there is agai n a decrease in 6.Kt h in ai rand
hydrogen as compared with vacuum but as at R = 0.5 the air and hydrogen
threshold stress intensity range are essentially the same.

6.Kt hA replot of these data as Kth,max =~ vs R-ratio is shown in
Fi g. 9. Tabl e 6 gi ves the val ues of Kth,max at the var; ous R-rati os in the
three envi ronments. Note that Kth,max remai ns constant as the R-rati 0

increases to approximately 0.5. Above R = 0.5, Kth,max increases abruptly

approach; ng ; n the 1i mit Kmax = Kcriti cal. These trends for th; s moderatel y
low strength steel are consistent with previously published results and are
explai ned in the Di scussi on secti on as follows.

*Prof. R. o. Ritchle, Mass. lnst. Tech., Dept. of Material Science. acted as
consultant on this project. S. Suresh supplied the test results. Both are
presently with University of California. Dept. of Material Science. Berkeley,
Ca 1; f.

4
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High Pressure Tests

Three threshold tests were performed by Rocketdyne Division at the
Santa Susana Fi el d Laboratory. The fi rst test was performed to check test
equipment. Both the potential drop measurement system and the high pressure

chamber performed with no apparent problems. The second test was performed at
R = 0.1 in 6.89 MPa (1000 psi) hydrogen. . Ana 1ysi s of resul ts from thi s test

gave an unexpectedly high threshold value approximately 1.3 times greater than
the value in an ai r environment. Close examination of the system revealed

that the high pressure, teflon sliding seals on the hydraulic actuator pro­
duced a frictional force in excess of 140 kg (3000 lbs). As a result, fric­

ti onal forces were greater than speci men loads parti cul arl y near threshol d
levels. Further examination showed that the frictional loads also varied with
ti me as well as ina non-repeatabl e fashi on from seal' to seal. Several
different seal materials were installed in order to rectify the problem of

seal extrusion at the relatively high test frequencies (i .e ,; 30 Hz). Even
seals made of Vespel, a graphite impregnated polyimide that exhibited plastic

set, exerted an unpredictable frictional load that varied with tf ma, A final
attempt was made to replace sliding pressure seals with high pressure

bellows. Many manufacturers were contacted and bellows were ordered with
Corporate funds. A third tests was performed in the interim period to ascer­

tain if the test results could be adjusted as a function ot time varying
fr; ct t onal forces. Loads were adjusted as a functi on of ti me on a test at
R = 0.1 in 6.89 MPa (1000 psi) hydrogen. As the test progressed, the friction
loads decreased in addi ti on to the intent; onal decrease in machi ne loads. The
decrease in frictional loads (i.e., an increase in specimen loads) offset the
decrease in machine loads and the crack growth rate remained steady. A plot
of crack growth rate versus stress intensity range is shown in Fig. 10. At
low values of ~K, the growth rate in hydrogen deviates from expected threshold
type behavior due to the decreased frictional loads. If, however, the curve
is extrapolated (dashed line in figure) to lower growth rates the hypothetical

threshold stress intensity range is 2 MPa 1m (5.5 ksi 1m). This value is
approximately that expected in a valid high pressure hydrogen test. Although

5
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this procedure allows one to surmise a ~reasonable~ threshold stress intensity

range, it is not the recommended procedure because of the potenti a1 for 1arge

errors.

All hi gh pressure sl i di ng seal s were eventuall y repl aced wi th bell ows
and the test system was checked. This, however, occurred long after contract
funds were exhausted~ The system has been employed sUbsequently with success

for threshold testing of turbine material used in the Space Shuttle Main
Engi ne,

DISCUSSION

From the results presented, Fig. 8, it is apparent that at mid and
hi gh R-rati as (i .e., 0.5 and 0.8), where pl asti ci ty-i nduced crack cl osure and
fretting oxidation mechanisms are essentially absent, there is little differ­
ences between the values of threshold stress intensity range. ~Kth' for X60
pipeline steel determined in ambient air and gaseous hydrogen. Conversely. at

low R-ratios (i.e •• R = 0.1), where closure and fretting oxidation are preva­
lent, the threshold stress intensity range in ambient humidity air is greater
than that for, gaseous hydrogen. At all R-rati as, both the ai r and hydrogen

threshold stress intensity ranges are less than those gathered in the vacuum

envi ronment •

The present results are compatible with results of Suresh , et al (1).
for an ASTM A542 ~ass 2 and 3 (2-1/4 Cr-1 Mo) ste~ of similar cyclic yield
strength to the X60. For a bai ni ti c mi crostructure. they observed at R = 0.05

that the value of ~Kth in dry HZ was 5.2 MPa 1m (4.7 ksi lin) compared with
7.7 MPa 1m (7.0 ksi lin) in moist air. an increase of 32%. Also similar to

the present resul t s , Suresh, et al , found that at R = 0.75 the val ue of ~Kth

in moist air was 3.2 MPa 1m (Z.9 ksi lin) and 3.3 MPa 1m (30 ksi lin) in dry

HZ. Thus. there is a marked acceleration of near-threshold growth rates in HZ

environments at low R-ratios while at high R-ratios HZ appears to have little
infl uence on crack growth rates in comparison with air envi ronment results.

6
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Figure 11 shows results of yet additional tests on SA516 70 pipeline steel

(2). Note in this figure that at low R-ratios and ~gh R-ratios, the behavior

of this high strength low alloy steel is exactly the same as the present X60
pi pel i ne steel resul ts.

In the study by Suresh, et al ., resul ts were al so shown for a norma­
lized bainitic/ferMtic, 2-1/4Cr-lMo ste~ with a yield strength of 769 MPa

(112 ksi) fati gued ina dry hel i um atmosphere. Threshol d stress i ntensi ty

ranges at R = 0.05 were 7.1 MPa 1m (6.5 ksi 1m) for the moist air environment

and 4.9 MPa 1m (4.5 ksi 1m) in the dry helium environment, a decrease of

31%. However, at an R-ratio of 0.75, the threshold stress intensity range was

2.8 MPa 1m (2.5 ksi I",) and 2.7 MPa 1m (2.5 kst I",) in moist air and dry
helium, respectively. This is precisely the same trend in behavior exhibited

in 1aboratory ai r and dry hydrogen. Con venti anal hydrogen embri ttl ement

effects would therefore appear minimal in comparison to other controlling

mechanisms in lower strength steels. Such behavior appears explainable in

terms of oxide induced crack closure, a model proposed by Ritchie, et al , (3)

and Stewart (R4). In "pl asti ci ty induced closure," the crack ti p of the

materi al bei ng fati gued is pl asti call y deformed. Because of the constrai nt of

the surroundi ng el asti c materi al, some c1 osure of crack surfaces can occur at

positive R-ratios. If the crack remains partially closed the effective stress

intensity range, ~Keff' is reduced by the amount of the closure stress

intensity, KCl (Le., ~Keff = Kmax-KC1). But, as the R-ratio is increased,
the crack wi 11 remai n open for a 1arger porti on of the cycl e and the effect of

plasticity induced closure diminishes. Similarly, in an oxidizing atmosphere,

such closure at low R-rati as can provt de a mecnant sm for enhancement of corro­

si on devi ces wi thi n the crack due to repeated breaki ngjcompacti on of the

oxide. At high R-ratios such fretting/oxidation mechanisms are absent. As a

consequence, at the low R-rati os the excess debri s formed wi 11 further reduce

the threshol d stress i nt enst ty range because of an "earl i er'l contact between

the cracked surfaces (i .e., KCl increases thereby reduci ng ~Keff).

7
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Although each vacuum threshold stress intensity level is greater than

that of air at all R-ratios, the vacuum test results of X60 pipeline steel

indicate a pronounced R-ratio effect (i .e., toKth decreases monotonically with

increase R}. Thi s behavi or in toKth decreasi ng wi th R-rati 0 is in contrast to

results observed by Cooke, et al. (RS) for a medium strength, Sy = 1275 MPa

(185 ksi), En 24 steel for whi en ~Kth remai ned independent of R-rati o , In the

test by Cooke, et al , , fatigue precracking was done in air and tests were

performed "i n vacuo" at a frequency of 100 Hz. There is menti on in thei r test

techni que that a canventi onal ·rotary backi ng pump, an all di ffusi on pump and

an LN 2 col d trap were employed to produce a vacuum of better -than 1.33 x 10- 3 Pa

(10- 5 torr). Thi s , they consi dered , adequate "for removal of agressi ve envi­

ronmental constituents." Perhaps the ~fference in the two results lies prin­

cipally in the establishment of "a vacuum." As may be recalled, the present

resul ts for X60 pi pel i ne steel were generated "i n vacuo" by backfl ushi ng wi th

ultrapure argon. According to Ritchie (6), the typical impurity content of

argon is approximately 20-50 ppm water vapor with oxygen, nitrogen and hydro­

gen being of lesser quantity. This could result in a partial pressure of

water vapor consti tuti ng a poor vacuum, thus contri buti ng to possi bl e oxi de

formati on.
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Table 1

Composition of Plate, Weight Percent

C = 0.147 Va = 0.006

Mn = 1.400 Cu = 0.049

p = 0.008 Nb = 0.047

S = 0.012 Al = 0.029

Si = 0.255 Co = 0.014

Cr = 0.008 Mg = 0.003

Mo = 0.240 Ca = 0.010

10
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Table 2

Strain-Life Results for X60 Steel
Transverse and Longitudinal Specimens

SC5230.17FR

Transverse Specimens

Strain Steady-State El ast i c Plastic
Spec. No. Amplitude, 'Reversa1s to Stress, a Strain Stra in

6. .. /2 Fa i1 ura , 2Nf MPa (ksi) €e=a/E "p=e:-a/E

X60- T1 0.010 1,484 465.4 (67.5) 0.00225 0.00775

X60-T2 0.005 8.760 396.5 (57.5) 0.00192 0.00308

X60-T3 0.003 34,750 344.7 (50.0) 0.00167 0.00133

X60-T4 0.002 174,160 310.3 (45.0) 0.00150 0.00050

Longitudi nal Specimens

X60-Ll 0.010 2,126 473.7 (68.7) 0.00229 0.00771

X60-L2 0.005 12,048 405.4 (58.8) 0.00196 0.00304

X60-L3 0.003 67,340 351.6 (51.0) 0.00170 0.00130

X60-L4 0.002 299,460 317.2 (46.0) 0.00150 0.00050

11
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Table 3

Monotonic and Cyclic Material Property Data
For X60 Pipeline Steel

Monotonic Properties

Brinell Hardness
Mod. of Elast., E

Yield Str-ength, 0.2% S
Ultimate Strength, Su
Red. in Area, % RA

True Fract. Duct., €f

True Fract. Strength, af
(corrected for necking)
Strain Hardening Exp. n

Strength Coeff., K

= 190 HB

= 206.8 x 103 MPa (30 x 103 ksi)

= 386.1 MPa (56 ksi )

= 551.6 MPa (80 ksi)
= 65.9

= 1.08

= 973.5 MPa (141.2 ksi)

= 0.15

= 896.3 MPa (130 ksi)

Cyclic Properties (Long./Trans.)

Yield Strength, 0.2% Sy'
Fatigue Strength Coeff., af'

Fatigue Ductility Coeff., €f'
Fatigue Strength Exp., b
Fatigue Ductility Exp., c
Transition Fatigue Life, 2Nt
Strain Hardening Exp. n l

Strength Coeff., af'

12
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= 368.9/368.9 MPa (53.5/53.5 ksi)

= 868.7/806.7 MPa (126/117 ksi)
= 0.54/0.49

= -0.085/-0.080

= 0.55/-0.57
= 3.4 x 104/2.0 x 104 rev's
= 0.146

= 903.2 MPa (131 ksi)
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Tab le 4

Material Property Data Sheet

Materia1:

Condition:
Test Cond.:

Gai nex*

Hot rolled, 3.56 nm (0.140") sheet (I50 HB)
Room Temp.

Monotonic Properties

Mod. of 8ast., E

Yield Strength, 0.2% Sy
Ultimate Strength, Su
Red. in Area, % RA

True Frac. Strength, a

True Frac. Ducti1i ty, E:f
Strain Hard, Exp. n

(Long./Trans.)

201.3 x 103 MPa (29.2 x 103 ksi)
393.0/399.9 MPa (57/58 ksi)

510.2/530.9 MPa (74/77 ksi)
64/58

813.6/806.7 MPa (118/117 ksi)
1.02/0.86
0.20

Cyclic Properties (Long./Trans.)

Yield Strength, 0.2% Sy'
Strain Hard. Exp., n'

Strength Coeff., K'

Fatigue Strength Coeff., af
Fatigue Ductility Coeff., E:f'
Fatigue Strength Exp., b

Fatigue Ductility Exp., c

Transiti on Fat. Li fe, 2Nt

376.5 MPa (54.58 ksi)
0.11

786.0 MPa (114 ksi)
806.7 MPa (117 ksi)
0.86
-0.071

-0.65
1. 3 x 104 rev.

Composition (w/o)

C Mn P S Si Cu Ni Cr Me N-0.16 0.90 0.038 0.027 0.04 0.10 0.01 0.01 0.01 0.017

*Trade Name of Armco Steel

13
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Tab 1e 5

Threshold Stress Intensity Range, ~Kth of
X60 Pipeline type Steel (LT Orientation)

SCS230.17FR

\ Env. Vacuum Air Hydrogen
6.7 x 10-5 Pa 1 x lOs Pa 1 x lOs Pa

10.2 MPa 1m 7.9 MPa 1m 5.6 MPa 1m
0.1 (9•3 ks i Ifil) (7.2 ksi 1m) (5.2 ks i 11'n)

Spec. No. X60-13 Spec. No. X60-0S Spec. No. X60-24

6.1 3.1 3.7
0.5 (5.6) (2.8) (3.4)

X60-14 X60-04 X60-26

6.6 2.5 3.3
0.8 (6.1) (2.3) (3.0)

X60-22 X60-06 X60-23

14
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Table 6

Kth,max Values for X60 Pipeline Type Steel

SC5230.17FR

R\ Env. Vacuum Ai r Hydrogen
6.7 x 10-5 1 x 105 Pa 1 x 105 Pa

0.1 11.3 MPa Irii 8.8 MPa 1m 6.2 MPa 1m
(10.3 ks i /Tn) (8.0 ksi lin) (5.7 ksi lrri")

0.5 12.2 6.2 7.4
(11.2) (5.6) (6.8)

0.8 33.0 12.5 16.5
(30.5) (11.5) (15.0)

15
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Fig. 1 Fatigue crack growth specimen.

17



SC5230.17FR

SC81-15135

t-----------115-----------l

3/4 INCH x 16NF THREADS

1.3 x 45°

6.35 ± 0.01 I
~~---L

19.05
-+f-

REF

16.7

Fig. 2 Tension and fatigue specimen design.
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Fig. 5 Strain-life curve for X60 pipeline steel (longitudinal).
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Fig. 7 Monotonic, cyclic and strain-life curves for Galnex* steel.
*Trade name of Armco steel.
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Fig. 10 dajdN vs AK at high pressure for X60 pipeline steel.
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Vac; R = 0.1
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SPECIMEN HO. : >(60-13
DI~1EUSION (INCH); B :: .5 14 = 2

2H =2.4 A(N) = 7R-RATIO = . 1 @ 35 H::'....
TEST E~R.IIROHNEUT: lJACUUti

'DATA FILE : ~'6013 G.O. HUt-IBER; 523018-JUHE-1980

aBc HO. DELTA-~4 CRACK LEHGTH P--I1A>< DElTA-~l
.;;1.

e: INCH) (KlpC' '. ( INCH). ". .J}

1 1.00000E...e6 ,175 1.2 .055';. 1.00000E+06 .181 1 6 .a000f1E-(f3'-
3 1 . (10000£ "'07 .19 ,9 9.0f:JeeOE-034 ~,e0ee0E+e6 .225 1 ,£115
5 1.90009E+06 ...·92 I 867N

, ".\.0 6 500800 .334 1 .042.... 25geoe . .36 J .026r
8 159009 .375 1 .0159 150000 .393 t ,01810 150090 .413 j .0211 150000 .435 I .02212 ,100000 .451 I .016
13 75000 .466 1 .01514 75000 .496 1 .81915 50000 .5 1 .91416 50000 .515 1 .01517 59000 .532 1 .91818 S0000 .556 1 .92419 25880 .:571 1 .91520 25089 .588 1 .817 1.1')

C)
Ul
N
W
a._.
--.J...,
"0



21 20e00 .604 1 .015
22 15009 .619 1 .015
'~3 15000 .635 1 .017c:,.

24 15000 .655 1 .02
'-'5 15(100 .678 1 .023c:.
26 laae0 .695 1 .817
.')., 10000 7'j . 1 .025t-t • i&e.

'':)8 5000 .733 1 .013c:
29 5000 .75 1 017
30 5000 "6~ 1 .018., (

Vl
n
U1
N
W
a.
-'
'-l

";:0



*** SECAUT METHOD **'*
SPECI MEN UJJ~lBER i X60-13
01f1EHS I Ot-4 (It~CH): 8 :;: .5 ~J :: 2

2H :; 2.4 A( U) :: .7
R-RATIO ;: . 1 @ 35 HZ.
TEST EHl..lIROUMEUT; OACIJUt1
DATA FILE : X6013 G.O. UUt·1BER: 5230

08S. OELTA-N DELTA-A A DELTA-K (J~;v[JU

t-IUNBER ( U~CH) (INCH) J::'SI*SQRT( INCH) lUCH-,CVCLE

1 1.0000BE+06 .055 .847 11.844 . 5. 54450E-08.... 1.0eee0E+B6 6.aae00E-03 .878 10.294 6.037iJHE-09c
3 1.00000E+07 9.eeee0E-0.J .985 9.361 8.80800£:-10
4 2. 00£i00E+96 .035 qer' 10.725 1 .7488(1E-·08.- (

5 1.90fJ00E+96 067 QC::8 11.546 -; 5":tQF.3E-fjP.LN .... "U -zs , c_• .J _'

l-' 6 500000 .042 1.013 12.543 a.41360E-f:l8., 259000 .926 1 .aeti' 13.235 1.022a50E-07I

8 150000 .015 1.067 13.687 1.03267E-07
9 150000 .018 1.084 14.073 1.18514E-fJi'
10 150000 .02 1.103 14.534 1.3.3373E-07
11 150000 .022 1.124 15.081 1.47SB7E-07
12 100000 .016 j .143 15.614 t.6494aE-€l7
13 75000 .015 1.159 16.069 1.97680£-07
14 75000 .019 1.176 16.~9J 2.58400£-67
15 50000 .014 1".193 17.131 2. 77420E-97
16 59000 .015 1.207 17.627 3.95579E-07
17 58000 .018 1.224 19.217 3. 52440E-07
IS 50000 .024 1.244 19.005 4. 70949E-07
19 25009 .813 1.264 19.799 6.85240£-07
20 25000 .917 1.29 28.51 6.94282£-07 VI

n
0'1
~
W
0
.......

'"";;c



1

·.... 1 2aeeo .015 1.296 21.27 7. 66000E-07c
-..~ lseee .015 1.311 22.012 9. 85730E-07c"-
';'3 15000 .e17 1.327 22.832 t . 10220E-06....
24 15000 .02 1.345 23.841 1.30260E-96
'-'5 15000 .023 1.366 25.14 1.55447E-06.:.
i~6 10000 .a17 1.387 26.483 1.733tf:lE-06
27 100ee .025 1.408 28.01 2. 49431E-06
28 59(tO .013 1.427 29.504 2. 57879E-C6
29 5000 .017 1.442 30.767 .3. 34840E-05
30 5000 .eis 1.459 32.344 3. 51640E-'.16

Ul
n
U1
N
W
a
......
'-l
.."
;0



E-f:J5~------------------------......
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SPECI HEU UO.: >~60-13*** SECANT NETHOD ***R =.1 @ 35 HZ
tlACUUM

*
*

*

E 01
DELTA-K - KSI*SQRT(INCH)

E 02
Vl
n
Ul
N
W
a



SPECI MEN ~jO.' X60-13
DII1ENSIOH (METER); B ;; .e127 ~J = .0508

2H ;: .06096 AO·D::· .0 j 778
R-~~HTIO ;: .1 Ij 35 HZ.
TEST Et·ltlIRONf1ENT: I..JACUUN
DATA FILE: X6013 G.O. NUMBER: 5230
1B--Jllt~E -198£1

088. 1-10. OELTA-N CRACK LENGTH P-t1AX DELT(.f-A
( Mf1 ) ( HEW Tot·IS ) (l1t1 )

1 1.ee00fJE+06 4.445 5328 1.408
.::> 1 . 0f'00fJE+06 4.599 4440 .153...
3 1 .000f10E+07 4.822 3996 .224
4 2.000flOE+06 5.711 4448 .888

VI 5 1 . :I0000E+06 7.414 4440 1 70.3
.p. 6 500000 t'". 4·] 444€1 1 369d. 8.

7 230000 '3 1")'';' 4440 .64:~_. .;u••

H 15000a 9.526 44413 ~-3.~~.

9 150000 9.977 4'J40 41;,;;-.._.....
113 150000 ta. atB5 4440 .sea
11 150000 11.049 4440 .563
12 1900£10 1L4f.8 4440 .419
13 75001; 11844 4440 .377
14 75000 12.336 4449 .492
15 50000 12.689 4440 .352
16 50000 13.077 4440 .388
17 50000 13.524 4440 .448
18 50900 14.123 4440 .598
19 . 25000 14.~e7 4440 .384
20 25000 14.948 4440 .441 VI

("')
01
N
W
0

-'
......

";;:0



21 200[10 15.337 4440 .389'"::o? 15000 15 712 4449 .376'-lo.

23 15009 16.132 4440 .4~24 15000 16.629 4440 .49625 15000 17.221 4440 .592.';) ..-
10~3ea 17.661 444& .44.:..0

'J7 1e8e0 18.295 4440 .634.:..
28 setta 18.622 4440 .32829 5000 19 047 4440 .42538 500a 19.494 4440 .447

VI
n
01
N
W
a
.....
......
";:0



E-Cl3~---.--.,..------------------------.

SPEC I NEU NO.: ~-(6e-13

1:*;. SECAHT t1ElHOO l**
R =.1 @ 35 HZ
UACUUN

j.
LI

:i
E-f15

D
14

l

E-06
.t

'1 *VI
C]\ H

*C..
t.i

C
L
E
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E 00



*** SEcAt·n METHOD ***
SPEC H1Et~ t~U~1BER: ~(6e-13
OI~1EHSIOt,t (t1ETER): B = .0127 ~, = .0508

2H = .06096 A(H) = 01778
R-RAT10 ;:; ,1 @ 35 HZ .
TEST EHtll RONMEHT: UACUUl1
DATA FILE : X6013 G. o. t·4UNBER: 5230

OB'-' DELTA-H DELTA-A A OELTA-k OfvON.:- .
HUMBER (111) (r1M ) MPAlSQRT( t1ETER) ( t1t-1,~Cl(;LE )

1 1 . 00lj}00E+06 1.408 21.521 12.9gel 1 . 40830E·-0f.
'j 1.00080E+06 .153 22 392 11 ':.'Qe~ J 5:l-J 4nE"- 07'- . '-J I . . ~._. ,
3 1.000f10E+87 .224 22.4$-1 1(1.2669 .':') 'j]-")'E ... ;}I';

._ . ",'. I 0-'•.1 . l Q
4 2,00000E+06 .8S8 23,(147 11.7635 4 .4419~)E-'O?
5 l,90000E+06 1.703 24.342 1....' 6 -78 8 q6~~hE··elc., f.:j.,;;, ..... .-. .....
6 500900 1.069 25.728 1-~ "?It:''' 1 2 1''17- '-E i" f.'.~ .• ,J • •• '.1 ""~i :-\L,
7 250£100 .649 26,587 14.5161 2 .~;9(~40E-06
8 150000 .393 27,103 1~ 01'-:- 2 6"'r '9 7£-0F..J. ~ . ~~_. -'
9 150000 .452 27.531 15.4354 3.0t024E:-06
Ie 1501300 .soa 28 011 15.9415 3 JS'"' -.-1E ,- -.' " .oH -db
11 150009 .563 aa C:4? 16.5409 3 "?1:'6]--E • .-c: ."J , •. I .,J'J' ..i -Ue
12 100000 .419 29.038 17.1252 4 . 13947E--f)6
13 75000 .377 29.436 17.6246 5.02107E-€16
14 75000 .492 29.87 18.1992 6.56336E-06
15 50009 .352 39.233 18.7891 7. 94647E-0f
16 50000 .388 30.663 19.3335 7. 76171E-96
17 50000 .448 31.081 19.9911 a.95197E-06
18 50000 .598 31.683 20.9448 1.19619E-05
19 25800 .384 32.095 21.7156 1.5J731E-95
20 25000 .441 32.597 22.4955 1.76348E-B5 (/)

n
U1
N
W
a.
-'



. .

.... 1 2BOee .389 32.922 23.3287 1.94564E-05t:.

22 lS0aa .376 33.3fJS 24.1432 2 .5037SE:--05':03 iseee 4? 33.702 25.0423 2. 79959E-05(.. . ...
'~4 15000 .496 34.16 26.14'91 3.3e060E-05c;

'::-5 15(100 .592 34.7e5 27.5734 3. 94835E-BS'-,

""6 10000 .44 35.221 29.9469 4 .40207E -e~~c.:.
27 10000 .634 35.758 30.7221 6. 33554E-0S28 5000 .328 36.238 32.3603 6 55014E-0529 ·5000 .425 36.615 .33.7457 8.5£1491£-£157£1 5000 .44? 37.051 35.4751 8.93166£-05'-'

l/)

n
<.n
N
w
o
.......



Vac; R = 0.5
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SPEC IME~4 ~40. : X60-14
DINEU:3IOH (IUCH): B ::; .5 W=2

2H :: 23 A<N) =: .7
R-RATIO = .5 Ii 35 H-'"'.
TEST E~RJIROH'1EUT' l,Jt:tCIJUN
DATA FILE ; )'~6e14 G.O. HUNBER· 5230
7-JUL'l-1980

08S. NO. OELTA-N CRACK LENGTH P-t1Aj!' DELTA-A
(INCH) (KIP:: ) (IHCH)

1 3SaeaO .179 1.9 .029
2 500000 .219 1.8 .04
3 1.00000E+G6 .254 1.5 1'3 -or;

. :'f.j:.J

4 1 .02eeK,E+(16 27 1:. 1 :7, .021I .:)

""'"
5 2. 00000E+136 .306 1 16 .031

0 (; 1.00000E+06 .314 t 8 .OaeeeaE-·03
7 2.0eee0E+06 .32 .9 6.~00eeE-01

8 5 . fj00&OE+£f6 .321 .8 1 . 00000£··01
C4 5.0ea00E+06 .331 .85 .01-'

10 3 8S0e0E+06 .351 .9 . (t21
11 2.00000E+e6 .37 .9 .0J9
12 1.000eBE+0G -r5 1 .014.~.~,

13 350009 .393 1.1 9.90000E-03
14 350000 .405 1.1 .011
15 300001.3 .42 1.2 .015
16 200000 .431 1.2 .£112
17 100000 .441 1.3 9.e0000E-83
18 100000 .452 1.3 .1311
19 75000 .464 1.4 .912
20 75000 .477 1.4 .013 Vl

n
01
N
W
a
......
'-I

";;0



21 75000 .492 1 4 .01522 50300 . 50S 1.5 .01323 50000 .523 1.5 .01824 50000 .55 1.6 .e2725 25000 .565 1.6 015
26 20000 .579 1.6 .01427 . 20000 .596 1.6 .016'·'8 2000£1 .615 1.6 .019c;

29 20000 .636 i.e .£J2130 1500e .656 1.6 .019
31 15000 .68 1.6 0')5. ".32 10000 .699 1.6 91933 10000 .723 1.6 .924

VI
n
Ul
N
W
o
.....
'-oJ

";;0



*** SECJ~t·tT METHOD ***
SPEC1MEN NU~1BER; ~'!'6a-14
OINEH:;IOH (tt~CH); e ::: .5 ~J ::: 2

, 2H ;;: 2. 3 AO·J) :; . 7
R-RATIO :;.5 @ 35 HZ.
TEST EU1J IROHMEHT; UACUUt1
DATA FILE; X6014 G.O, NUMBER: 5230

350000 ,029 .865
S00fJ00 .04 .899
1.00000E+e6 .035 .936
1.02eeOE+e6 .921 .964
2. 00000E+06 .3J1 .99
1 OOljf10E+f.J6 $3 . eOe00E-03 1. (:11
2 . eOO00Ei'06 6 .00000E-03 1 .a17
5.eeaOOE+06 1.060eeE-03 1.021
5.ee000E~e6 .01 1.026
3e50~0E+06 .021 1.041
2.e0e00E+06 .019 1.061
1.00000E+06 .014 1.077
3Se000 9.000e0E-03 1.089
350009 .011 1.099
300000 .015 1.112
200000 .012 1.125
1000&0 9.00000E-03 1.136
100000 ,011 1.146
75000 .012 1.158
75090 .913 1.171

08:-'- ;:).

HlINBER

1
2
3
4
5
6
7
8
9
1~

11
12
13
14
15
16
17
18
19
20

OELTA-t-j DELTA-A
( INCH)

A
( INCH)

DELTA-V
«s I tf;(IRT< I t~CH :;.

10.673
le.601
9.318
8.413
7.8£16
6.938
6.314
5.642
6.045
6.558
6.77
7.732
8.674
8.823
9.846
10.081
11.13
11.336
12.472
12.773

D~k'Ot-I

1" I( :H/ c 'Jf 't r:1- ..,I.~ ..~

8. t 58B6E -[18
7 . 915t;0E--liB
3.5B73CE-08
2 ,~'2539E-08
1 ~;66f1eE--08
G 36·";:·rtlAE--'1·:',; ~ L __,:r ...
'j \'=11'1.(1'r..E-['::'""... _ ..,. u ~ ..~
1.t:6404E-10
1 .9B?4eE-{(;
5 3...·':1"7&:'[ rv:., t:..:7"'~ • --(.1:;
9 .1340(\E-fJ'~

1 . 447f:aE-08
2 I:: l''jco7E n~.. "_, t_~) -~.

3.181;;IE-08
5 .~'0533E-08
5 .896S0E-(i8
9. 37900E-eS
1.08950E-07
1.65240E-07
1.74680E-07 l./)

n
01
N
W
o



1
I

·.... 1 750m3 .015 1.184 13.113 1.94280E-H?Co
?";. 50000 .013 1.198 14.43 2.595.39£-07.~

·:'3 soeoa .018 1.214 14.882 3.64660£-07~.

'?4 50000 0-j" 1.236 16.623 5. 43780E-97.:.. . .:.(

25 25000 .015 1.258 17.375 6 01518£-07
26 20000 .014 1.272 17.93 7 . 12S02E'-(17
27 20000 .016 1.288 18.546 a.23349E-e,'
28 29009 .B19 1.306 19.312 9.714I3JE~'37

29 200(10 .021 1.326 29.238 1 .0451 OE'-06
30 15000 .019 1.346 21.24 I .2~414E-f16
71 150(10 .025 1.368 22.434 t.64446E-e€'-'
32 10eea .019 1.39 21.721 1.87310E-·fJ('
33 10000 .024 1 .411 25.113 2.40S80E-06

(/)

n
U1
N
W
o
-'
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SPECIMEN NO. i X60-14*** SECANT METHOO ***R =.5 @ 35 HZ
UACUUM

*
E 01

DELTA-K - KSI*SQRT(IHCH)
E 02

Ul
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N
w
a



SPECIMEN NO.: X60-14
OINEUSIot~ (METER): B :: .0127 ~~ :; .0508

2H :: .05842 A<t~)::. 01778
R-RAlIO =.5 @ 35 HZ.
TEST Et~l.JtRONt1EHT: l,IACllUt1
DATA FILE : )<6014 G.0 NUt1BE~:: 5230
7-JULV-1980

08S. NO. OELTA-U CRAC.~ LEUGTH P-'1A}~ OELTH-(~

(""1 ) (HE~nOHS) ( t1",:;
. 1 350000 4.555 8436 ,,:.c;

.• l-.o:.J

2 500009 5.56 -J9q-:. 1 .eas( •. L_

3 1.e000fJE+06 6.451 6660 .891
4 1.02a~1e(i 06 6 n"'- 57""-:' .525.~(f:, . (,-

~
5 2.000e0E+06 7.771 5150.4 . 'l96

V1 6 1.00000E+e6 7.984 4440 ""1 '-.,: t:.
7 2, 00(1B0E+06 a 1~.o:. 3996 .148~ .• '-

8 5. 9000fJE+e6 8.153 3552 .021
9 5.00000E+06 8.405 3774 2c ....., ..Jc..
10 J. 85eeaE....(tE. a 0":;'- .3996 .521, ...c.;.O
11 2.8e0&0E+06 9.401 35'96 .474
12 1.00000E+06 9.7t:S 444~ .3E.8
13 .350000 9.992 4884 .223
14 350000 10.2'75 4884 .283
15 300000 10.656 5)2S .381
16 200000 19.955 5328 .299
17 109900 11.193 5772 .238
18 1900£10 11.47 5772 .277
19 75090 11.785 6216 .315
20 75080 12.118 6216 .333 VI

n
U1
N
w
0

-'
'-J

";;0



21 75000 12.488 6216 .37
~.'j seaoo 12.817 6660 .33L.'-'

':'] 50000 13.281 6660 .463&...

24 50000 13.971 7104 .691
"'5 25000 14.353 7104 .382&:,.

26 20000 14.715 7104 .362
27 2(1000 15.133 7104 .418
."....... 20099 15.627 7104 .493~o

2:3 zeeoe 16.150 7194 .531
30 lsaee 16.651 7104 .493
31 15000 17.2?7 7104 6'"j-,. '--l
3';) 10000 17 -.r.1 7104 ,476. ... . (.J.
33 leeao 18.364 7104 6il

Ul
n
01
N
W
a



*** SECAUT t'1ETHOD **:t.
SPECI MEU HUt1BER; X60- i.4
DI~1EHSIOU <. HETER); 8 = .0127 t·. ::. .0508

2H = .05842 A(H) = .01778
R-RATIO =.5 @ 35 HZ.
TEST EHIJIROHNEHT I l'ACUU~1
DATA FILE: X6014 G.O. NUt~ER: 5230

(ISS DELTA-tj DElTA'-A A OELTA-t:.: DA/Dtj
HliNBER (felM) (t1l1 ) HPA*SORT( 11ETER ) ( t1M/(.'iClE J

1 35000£1 7':'5 21.972 11 .706? 2.07235£"';06. I '-

2 500000 1.005 22.838 11 6"'-"8 2. 01056E-06'l.. I

3 1 .eeOe0E..·06 .891 ')-) 786 10.22 8 90854E_·O?~..... J

4 1.02000E+96 5")C': 24.4'94 9.22'1 5.14449E-·e7.' ~V

5 2. 00000E+96 .796 "jV' 11::'4 8. ~;617 3 97?64E-'0?;,..\J. .J

6 1 .eeOfJeE+€)6 .212 25.6~,8 7.60969 2.12~4E-0?

7 2.000GOF.+06 .146 2~ ""-'B 6.92497 7.399(11E·-08o . 6~,
8 5 .000(10E+06 .021 25.922 6.18'178 4.22668£-'09
9 5.eeOO0E+96 .252 26.€t59 6.636357 S.04799E-08
10 3. 85000E+06 CI'\ 1 26.446 7.19314 1 . 35.J66E_. B7••-:JI:-
11 2.00000E+06 .474 26.344 7.42591 2.37004E-07
12 1.00000E+06 .368 27."365 8.48.106 3. 67741E:-8~?
13 350£100 .223 27.66 9.5141 6.3819.3E-07
14 359000 .283 27.913 9.6775 8. 08157E-07
15 300009 .381 28.245 10.7992 1.27135E-86
16 200000 .299 28.586 11.0572 1.49619E-86
17 100009 .238 28.854 12.2074 2.38227E-e6
18 180008 .277 29.112 12.4337 2. 76732E-06
19 75090 .315 29.408 13.6798 4. 19711E-86
20 75000 .333 29.731 14.8093 4. 43696E-06 Vl

n
01
N
W
a



'-'1 75000 .37 30.083 14.3827 4. 93472E-06,:
22 seooe .33 3e.433 15.8266 6. 59229E-06
'-'3 50000 .463 30.829 16.3224 9 .26237E--(36z
'~4 50eea .691 31.406 18.2321 1 .381i=ffE-05z
'-'5 25000 .382 31.942 19.0566 1 . 52785E···0~i1:..-

26 20000 .362 32.314 19 6663 1 . a09?5E--05.... .., 20000 .418 32.704 29.3419 2.€I9131E-051:..'
"\8 2aeOe .493 33.16 21. 1821 2.46736E-05c:
29 20£100 .531 33.672 22.1976 2.65455£-05
30 15000 .493 34.184 ':)] ...·9~·.., 3.28710£-05~. . t::: '.J(

31 15000 6";)'" 34.744 24.6055 4 . 17694E-05. "'I

32 100(10 .476 35.295 26.e1?3 4 71:.., --"E '11:". ·Jt b( _....,..i
33 leeee .611 35.839 27.5448 6. 11014E··e~i

Ul
(")
Ul
N
w
o



E-03~--------------------------,

E-04

0
.~

H
E-05- -

0
t·4

H E-06
.p.. H\D

ro-
'--
'•. f

I

C E-B7
L
E

SPECINEU NO; X60-14
**-* SEC~~HT ~1ETHOO ***
R =.5 @ 35 HZ
lJACUUM

/
'. ' ..

. .
. . '

I:*.-J
.k
:t:'it.:.

:t:
:t.

*

*
E 01

DELTA-K - MPA*SQRT(METER)
E 02

Vl
n
U1
N
W
o



Vac; R = 0.8

so



SPECIt1EH NO.: X6022
DU1EUSIOH (INCH): B == .5 ~J = 2

2H = 2.4 A<N) = .7
R-RATIO·~.8 @ 30 HZ.
TEST EUUIJ;~OUNEHT: I.JACUUt·1
DATA FILE : ~~6f~22 G.0. HUt'1BEFi:: 5230
4-'0ECEHBER-19E:0

1 210013.-. 85000(1.-'-3 450£':lf)('/
4 2€tOOOO
5 11500G0

." 15f100t:,fJ _ .. .J

7 c:'5fJOOO
8 300000
9 6150013
hJ 3~eOOO

11 300000
12 3i300€1e
13 7135000
14 40000")
15 815000
16 310000
17 270000
18 730000
19 670000
20 250500

OSS NO. DELTf~-t-I Cft~ACt-: LEt IGTH
( It·ICH;.

.036

.066

.078

. (oJ91

.10~·

.118

.13

.143

.161

.1l7

.193
·;.n.,.

. ""It'Jl

zze."L
.251
';17-._ ;;J

"'19".i::. I

.312

.333

.35

.36

6
5.5
f;t e­
'J ....)

5
~.

._\

ti
," 1':.''Y .. '! ••

4 ~
....1

4.5
4
4
4
3.6
3.6
3.4
3.4
3.1
3.1
2.8
2.8

OELT(l-f~
(IHCH ')

.036

.03
£113
"1 7.U ..1
€I1'.3

.01·.
01-;'., ...
IAil ~1

~ fJ ....

018
.01.;.
.&16
.014
.021
.023
.923
.022
.014
.021
.017
.011 VI

n
U1
N
W
o



21 300000 .371 2.8 .011
.")~, 1.025S0E+fl6 .386 2.52 .014'-C
'?3 3~5ee0 .397 2.52 .eu~.

")4 400(100 .409 2.52 0121_

'-'5 7505ea .423 2.27 .013C'.

26 355000 .435 2.27 e12
'J"? 555000 .448 2.27 .013'-I

28 8550aa .461 2.045 813
29 3008013 .472 2.e45 ·£It1
30 4aeea0 .486 2 045 .014
31 2. 83S0eE+06 .527 1 845 .041
32 1.500£10E+06 .567 t .75 .04
-33 490000 .588 165 .021
34 410fJ00 .598 1.65 e1
35 1.0eeaOE+06 6';:";' 1.5 e'-'j

. M~.. · 1.:'"
36 56;'000 ,654 1.5 (..... ..-:,,~.z

37 31a000 .666 1 7~ (-tl-:"}....1:) · ., ol..

38 430000 682 1 ""l a:- .OJ?V1 ......~
N 39 1.00000E+06 ~07 1 "'. .021. t '..l C'

40 500009 .72? 1 ,. £124.~

V1
n
U1
N
W
o



41 1.aeOeeE+06 .1'44 1 .017
42 1.89100E+06 .765. .9 .021
43 6.aeeeeE+06 .79 .8 .025
44 40€10e0 .8(19 .9 .019
45 285000 ,o\?1 .9 . .912.01•

46 250000 .831 .9 .at
47 670000 .849 .9 .{H7
48 265000 .861 .9 .013
49 150000 8"'''' .9 .f.H5• (i

50 150000 .891 .9 .015
51 15000£1 .904 .9 .Ot3
52 125000 .919 .9 .&,315
53 11500(1 .934 .9 .(1J5
54 1150013 .949 .9 .1~t5

55 800 .987 9 .038

Vl
n
01
N
W
o



**.~ SECANT l'1ETHOD l*~:

SPECIt1EH t~IJMBER : X6022
DIMEUSIOU ( INCH): 8 ::: .5 t·, :::: -:.

'-
2H ::: .... 4 A(H:> ;; .7L:..

~:-RHTIO ;::;; .8 ~ 30 H-'(...

TEST EUl,.IIRONf1EUT; UACUUH
Di~TH FILE : >(6022 G.O. HUNBER: ti230

OBS OELTA-N DELTA-A A DELTA-k D~vnt-l

nUNBER (INCH) ( INCH:J K~;1tSIJRf< INCH "> IfKH/CYCLE

1 23000 .036 718 11 laq~ 1 .5t: 1a?E--06· I • . _...'
2 sseoee .133 '~~1 10.613 ..., e.-.,t:'·lE -r-f;:) , :) ...-. ·-Pr: =..' ..._...." ....} --_.... 4500(;(1 .OJ3 · 77;~ 10.9J2 ,.. ?HiT eF (~.-:a .•f •.• •••••1;-:L•. _.4 .• _

4 2(1(1000 .~t3 '?B5 10.0::;:9 - ,- ....(.1;..£ -r·t. . tI' ~J.••• ··-l:l,·~

5 .t5f10ee .013 ....c,~ 10 2156 e- •.,., .... '·· ....E ....
U1 · (.·0 ci. ,. • i:. ).:. -·-t1:j
.p. 6 150000 .tH4 81- 10 452 C} ,..~. er ~ r r" r. :. . t:: ,J8 :.fU ....~:.1d

7 25000e .012 .824 9 571 '-l. 01 j r;l;i( -(if'::
8 30tl000 .013 E:37 9 731 4 -:>r:' -""f. .-. j4t· .. ·"-:t,-;.L.~ J •• • _

9 €15fJ0f1 .019 c·l:'2 q 9:--4 .... 3'':'1t;54F -.(:.r:·_0·•.1 _. .J ll.. • I '. ,. ..'

10 30(1000 .~16 .869 9.6:34 ~ ·')t.:;834E· -,:''if'
'_ I w.... .. l

11 300000 .al6 .C:85 9,;0:33 1:" 4 "-:-~r1E (i E'.J. be".·,J.- 1 ,

12 300000 .014 .9 34'35 4 j'=JC:i00E--IiI;:::. ~ ,,-,. -..
13 705000 . 021 911 a -:13-:-' '=' ')~234E --I;;P'. I ,. ~.. - - . ..-
14 4£10000 .023 .~39 -~ 90- S"'i"--E --- ~UU -.,1;-(D _ .;J • ..... ~ __9

lS 815060 .025 0-3 8.78-3 :3 .04t 84E·-eE~· .,t;:..

16 310000 .022 o:.g'• 9.09i' 7 1'~"i":\"\E-0':'. M b . ........... .c. Q

17 27e000 .014 1.003 9.529 5.30110E-OE:
18 730000 .021 1.022 8.767 2. 85768E-08
19 670000 .017 1.041 9.16 2.52850E-8S
20 250500 .011 1·055 8:346 4.37485t::-e8 Ul

n
lJ1
~
W
0

-..
'-J

";a



21 300000 .011 1.066 8.498 J.631eOE-~8
::0 .':) 1.02550E+B6 .('14 1.079 7.811 1.40673£-13::~-'-

23 325000 .011 1.092 7.9:;:'4 J 5'~7~ ~E--13::'• .. '- :"t.. CJ

24 400000 .012 1.103 8.147. "2 8"-·~'·'C::E a"".J. C.D.r..·:}.- .:.

':'5 750500 .013 1.116 7.5e4 1 ·'9~J21E a~'0:...' .' ·.01 -. c·
26 355000 .012 1.129 7.675 .3.3735jE-~j?
':)":J 55~,O(te .013 1.141 7.851 2.3994t3E-fj~.'-1

28 855£100 .01:? 1.154 7.242 1 . 46354E-O~3
..).~ 30£1009 .011 1.166 7.4£13 3.706£11E-'38.... _.
30 400000 .014 1.179 7 ~8 3 4 -A~C- E "r·'- · 6 ... .;.~·--J:'k~
'''1 2 .8350~jE+06 .041 1 .206 ?214 1 4c:~r1A'E-0~,~ • .J .... .J. _

32 1.50000E+96 .04 1 ':14 ., ~ .429 2. .64134E'-(1t:." . I

33 499000 .0i~1 1 'j7"" 7.476 4.31449E-Or:-;s, I

-J4 410000 .01 1 ·:·t'Jl
..,.

'''4 ..., 4q~,l ';IE -- f1'::
'-' .~...... r · , t'. . _'0 ,:.... - ' ...:

3S 1 .0S000Ei·06 O'~15 1 31
.., 7':' ? 4~ f.:?f1E--f'l~;. . t-_ I · 'J'-. _. .J_ J_.. ._

36 5t3700e e""-' 1 778
..., 8-' 5.56ft31E··[1f. :>t:.. · ~~.".J . r · t~

37 31(10(10 .012 1 .., ... ...
4;:-~1 7 ~)~'P 1C 1r ~'"· _.t) i .:J . .. ;' • .~I .• - .:}t:.,

U1 38 49£0.300 .€H7 1.374 7 .6:~ 3 3fP~{16E~'Of::
U1 39 1.0ea00E+06 .021 1 ::'~C:f]

..., !,?l: ;:. f1~r~ ?f1E·· f.1~:,• .. _ o. f · !.J ...... . ,..... ... -
40 50e000 .024 1. 415 -. tlta 4 7~'9t.::;';;'E --nf;( · .... - .. . '''-

(.I)

n
lJl
N
W
a



41 1.S0000E+06 .017 1.435 6.719 9 . 40S89E··094-' 1 .891£18E+06 13'-·1 1.454 6.383 1.09138E-ff8'c:. .. ~
43 6.000aeE+e6 .025 1..477 6.078 4. 19799E·-f1944 4000£uj .019 1.499 ., 3~6 4 -'''7]t::HE f.c rr. .... .( •.;.1 ~_ -.,i:'4t:;;· 285000 .tH2 1.515 7.7139 4.38245E-e::;._1

4'::- 250000 .01 1.526 8.098 4.14240E-(IB-'
47 67008" .017 1.54 8 ..395 2 S6040E--0':;;, .._ • .. '...I4'-' 26500a .013 1.555 8,85 4.H3169E-eJ8o
49 150000 .015 1.569 9.314 1 .01J33£-Or
58 150000 .015 1.584 51 8e' 9. 72398£-0B. '-'C":"t 150000 ,013 1 ~9A 1~1. 2=97 8 , 78266E-·88._1 .- ~
IC"',"\ 125000 .015 1.612 11 1 . 15'0ft0E-0?,-Ie

53 115e00 015 1.627 11.7aa 1 .3I2t?HSE--'0?S4 11500f1 .015 1.642 1"j c:: 1 ......J·'9E··?.1•. • ,_, ,,_,e. ':". -t)1:'5 Sf)1) .038 1.668 i4.1f,4 4 "c,a""r'E 01
-

._~ fo. I ,.~o _.. :1...I., .. _ ....

V)
n
U1
N
W
o



. 'j.t

t:~·
,*t*

:t:

SF'ECI NEU HO,: >~6022

**l SECAt-iT t'1ETHOD *:t::t
R =.8 @ 30 HZ
UACUUM *

E-06

E-09

E-05r-----------------------------.

D
A

D

H E-07

- E-08

I
l-I
C
H

1-·-'
.....

C
L
E

Vl
n
Ul
N
W
a

E 02E 01
DELTA-K - KSI*SQRT(IHCH)

E-t0a------.....----~--...-..--.----------+--.a.--l~-&-.I

E 00



SPECIMEN NO.; H6022
DIf1Et·jStou (METER): B = .0127 ~J:: 9508

2H :::: .06096 AO-~) = .01778
R-RATIO =.8 @ 30 HZ.
TEST Et·R.I IROUMEt·n: tlAClIUN
Df~T~ FILE : i'~6a22 G. O. UUt1BER; 5230
4-0ECENBER-1980

DBC' NO. DELTA-N CRACt-;: LENGTI-t F'-M(~;< DELTA-A._' .
("1t1 ) ( t·tEWTOH3 ) (tiN)

1 23000 .902 2664lI1 .912
2 850000 1.6t';5 24420 .763
3 45(1000 1.984 ;:'44 -:.r.. Jl'~'.... "'-- · -. 0
4 2eeaOf} 2.322 22.2Ut1 · .33E~r.; t ~;;f'000 ~ 6sr -j->'JI;O .334U1 '- _. • t) Iao".,- ..

00 6 15000e :3. 0e:~ 2220f:i 3C:"• -.J._'
7 25f.'00e -3.314 1f)t' ~,~ .30;;.· :J.~~.
8 300000 :3 6-'-' 19980 .324~r3

9 615B00 4.ee7 19988 .449
10 300e0G 4.487 1":'-'':;A .401• r ..._
11 300000 4.904 1~''')6e .417( t ~.

12 3flO000 c:: '~54 1'":1"·'60 .35::J _..... ·.-13 . 705000 5.783 ,15984 .529
J4 400000 6.363 15994 .S8
15 e15900 6.993 1509t: .63
16 319000 7.555 15096 .562
17 27e800 7.918 13764 .364
18 730000 8.448 13764 .53
19 670000 8.879 12432 .43
20 250500 9.157 12432 .278 Vl

n
U1
N
W
a.
-..I

'-J
"TI
;;0



·... 1 300000 9.433 12432 .277~

22 1.0255eE...a6 9.8 111S8.8 .366
':\3 325000 10.091 1118S.8 .291,-.

24 400000 10.399 11188.8 .308
"='5 750500 10.741 10B78.a .342L;..

26 355£190 11.045 10078.8 .304
27 555000 11.383 10978.8 .338
28 855000 11 .702 9079.8 .319
29 3013000 11.984 9079.8 .282
30 400900 12.336 9079.8 "~2· w ...'
31 2. 83500E+B6 13.'384 8191.8 1.048
32 1.S9000E+e6 14.39 7770 1.906
33 490aaO 14.927 7326 537
34 410£100 15. Ie? 7326 -'f~."-;j
""5 1.ee000E+e6 15.811 6660 .624._t.
36 ~i6700l) 1€,.612 666ft ·B(11
37 310ea£1e 16.9tt9 ~j994 .297
1'-' 4300eo 17.3.3 cer4 .421CJ1 '....1.:; .,.' oJ ';J

\D 39 1 .OCieiOOE'''06 17.86 532& ~:'9· --'4-
40 50aeaa 18.464 .5328 .604

Vl
n
01
N
W
o,



41 1.800aeE+06 18.894 4440 .43
42 1.89100E"'06 19.418 3996 .524
43 6.e8eaeE+06 20.'058 3552 .64
44 400000 20.539 79r~ .481.....' ~~
45 285000 20.856 3996 .317
46 250000 21 . 119 3996 .263
47 670009 21.555 3996 436
48 265000 21.88 3996 .325
49 150G00 22.266 3996 .386
50 150000 22.637 3996 .37
51 15e009 22.972 3996 .335
5'J 12500a 23.349 3996 .378....
53 115000 23.731 3996 .382
54 115800 24 ..117 3996 .38611:'5 80a -c:. 0~ 39" - .953.-oJ. Z::J. ( .• r:..

Vl
('")

01
N
W
o



*** SECJ~UT t1ETHOD ***
SPEC:I MEU UU~1BER: xseze,\ .e.-
oI t1E~~S I OU (NETEr-:): B - .0127 ~J ::: .0508-

2H - .06096 A(U) :; .01778-
R-R(~TIO

.'~ fi 30 H-'- .~ ,.
TEST' fl.'.) [ROUMEUT I l,IACUUN
DATA rILE I >~6a22 G.O. HU~1BER; 5230 .

OB'-' [tELTA-t-j DELTA-A A DELTfi-J( DA./Dt·~J.:' .
t~UNBER (t1t1 :> ('~M :) HPA*SQRT( t1ETER » ( f11·/CYCLE )

1 23000 .912 18226 12. lE·91 ·3. 96l14E-O~.~
2 850000 ~-3 19.064 J1 6407 8 9;3g4~f -or, rO· .. - ., ..
3 450000 ,318 19.6a5 11 ~·.t=n 7.e7644E-01_".:1_.,J

4 200080 33S:' 19.933 l1e656 1 .68873E-'Of, .!;J

S 150008 .334 20.269 11.2601 2 ?--IR':i?E-O-:
'"

.....e: ::Jt..I._ t

6 t 50fj0~' ""~? ...·0 fl"=' 11 4617 ';) 35153E-06f-' .•j __l;J t::. . _. t:;. '-

7 2500e0 .396 20. ~(41 10.4972 1 2221 5F-·f:l€:
8 3000(-\0 .324 21.256 10.6735 1 .e8OC9[-OE·
:3 615000 .449 21.643 It) 89!36 7 ":'Q]7~;f -Cl7• Co.... ,"".,t

10 3aOO0(1 .401 22.067 3.90899 1 A':'l56:F.'-9 ::• .;.J .... _ ~.,

J1 300000 .417 22.476 10.131$- 1 .3E:8~'01::~tJf.
1'-' 300e00 .35 22.859 10.3431 1. 16713E-0€c:
13 705009 .529 23.299 9.54434 7 . 49894£-·07
14 400000 .58 23.853 9.84899 1.4seeSE-OC
15 815000 .63 24.458 ~.6329 7. 72628E-07
16 31£1000 .562 25.054 9.97802 1 .8t IB4E-'06
17 270000 364 25.~16 9.35502 1.34648E--86
18 730000 .53 25.963 9.6153 7. 25858E-97
19 67000& .43 26.443 8.94993 6.42240£-07
20 250500 .278 26.798 9.1345 1.11121E-06 (/)

n
01
N
W
0.
--'-....
";0



'-'1 300000 .277 27.075 9.32032 9. 22273E-07.....
",)") 1.025S0E+06 .366 27.397 8.56703 3.57309E~a?c:....
'::>3 3250e0 .291 2?725 8.75662 8. 96034E-97...
24 4000(10 .308 ?8 e...·e: 8.93557 7,69174E'-07I. • -::.;:,1

25 75050e .342 28.3'5 a 23033 4.55475£-07'
'")6 3sseae .304 28.673 8.41774 8.568?2E-07s; ,

27 555009 .338 28.994 8.6114 6 _09463E-fti7

,..,.\ 855000 .319 29.322 7.94352 3 73008£-07ao
29 300000 ':\a'~ 29.623 a 12017 9.4J32;'£-07.~ ...
30 490009 3~":I ?Cj 94 8.31381 8. 78966E-fJ7. -'- '-- .
31 2.83set.3E+06 1.048 30.64 7.91253 3 ,6::'S76E-·07
32 1.50000£+e6 1.006 31 .667 B.14867 6 .7090eE-f,lii
33 49000e .537 32.438 819945 1 .B958f3E·-(16
34 410000 .26 32.8T? 8.48944 • '3-"-' -7£ n-;f;; ., ..:1(b.J .-:.. (

35 1.aoeeOE+e6 .624 '.r) -:"'9 8 02905 6 ::i44[P'E -·f·'7'4' . &. I . .... , ."
36 567000 .801 "3 qqr-. .-. r::-r''''''] 1 41?::1":"''E···nl=-:'.J' , ••. ~. o. ~ t '-- • . '-.J(.. ••,.,..,

310009 .,::97 .34.541 & 1791':; .... J·~-r --E a-·
'411 . :.I. c- 9 . .j~, 2b .-. , t

38 49000e .421 34.9 8.4345 r ~':i- ," <"IE Y'
0\

o . ',,'; ~::J. "'1£,.
N 39 1.00e00E+06 5-:'9 "3~ '37~

..,
a""~- s ·:j9~f';;lE···f,(. ' c- • ."., ;,J • o: " .•. to. . _ ....

40 50008£1 .604 .~~\ r;'"#42 r\ 75t"~3 12")(~94E--06" - . .. I.) ...... ;._.

Vl
n
U1
!'.l
W
o.



41
42
43
44
45
46
47
4 ·~·o
49
50
"~1.)
c.-.~
._1,",

53
54
55

1.a0000E+06 .43
1 89100E+06 .524
6.ee000E+06 .64
4t'eu300 . 481
285000 .317
aseeeo "'='b3~.J__ _ .'-."
67(1000 .436
265aOe .325
1500(1) . 38G
15000(l .37
15£1090 .335
125900 .378
115000 .3a~
115000 .3:3f;
80C' 951

36.459
36.936
37.518
38.079
38.478
38.768
39.117
39.4~B
39.853
40.232
40.584
40.94
41.32
41.704
42 374

7.3691
7.90146
6.66532
8.03492
~ 4S1::3~J-:;. '. ',,1. .::J

8.78374
9.207.38
9.70734
10.2153
19.8fJ41
11 .40:35
12.0651
1"\ 841".!;I.
13.7098
15.469('

2 . 38985E-·07
2. 7721 lE-07
1.06629E-07
1.20231E-fJ6
1. 11314E-06
1.u5217E-96
6.59468E-07
1 ':'2"·"t'jC'E_n r:

• '-- (t-;;) cO
..... r:::~''''1r: "':'IE- ~...,.Co .._&, .,.:(j. -atj

2 . 46990E-·06
2 . 23080E ··e6
:2 .022E-fJE-·ftf)
:3 . J.l 39f.tE-Ot':;
'7 .•.• c;-.- ....·-·E· fj­._' ..~ .:lb.:: t:.. - f:~

1 1~ 1,1"-E .._.,. . :J ...,e:.·'11..:·

Vl
n
U1
N
W
o.



· .

*

SPEC I MEU HO.: X6022*** SECHHT METHOD ***
R =.8 @ 30 HZ
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SPECIMEN HO. & X60-005
DIMEt~SiIOU (INCH)& B = .5 ~. =2

2H ;;: 2.4 A(~4) ;;; .7
R-RATIO ;;: .1 I! 20 HZ.
TEST ENUIROHMEUT: AIR
DATA FILE & H6B005 G.O. NUMBER· 5232
20-JAH-S0

08S. NO. DELTA-N CRACK LENGTH P-MAX DELTA-A
, (INCH) (KIPS) ( INCH)

l 1 2.62564E+06 .217 .721375 .031
2 4.78035E+06 .25 .651206 .033
3 1.08283E+07 .272 .577915 .022
4 ,686763 .293 .685748 .02

Q\ S 483188 .313 .688528 .02Q\

6 397479 .333 .693272 .02
7 292732 .353 .698202 .02
a 300380 .382 .704111 .029

i'~ 9 145574 .403 .782515 .021
10 127702 .423 .681001" .02
11 207809 .466 .665663 .042
12 170362 .507 .672452 .042
13 ,

120829 .548 .668343 .041
14 89057 .59 .650897 .042
15 57356 .63 .633151 .04
16 31838 .672 .648422 .042
17 27453 .712 .694899 .04
18 16225· .755 .608444 .043
19 7424 .788 .616746 .032 (/)

20 4221 .823 .. 637387 .035 ,',' n
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SPECIMEN HUMBER· )(69-005
DIMEHSI0U (INCH)· B - .5 ~J ;: 2-2H =2.4 A<H) ;;; .7
R-RATIO = .1 l! 29 HZ.
TEST EHUIRONMENT= AIR
DATA FILE I X60aeS G.O. NUMBER: 5232

085. DELTA-N DELTA-A A DELTA-K DA/Df~

NUMBER (INCH) ( INCH) KSI*SQRT(INCH) INCH/CVCLE

1 2.62564£+96 .031 .902 7.675 1. 19220£-as
2 4. 78035E+06 .033 .934 7.252 6. 84615E-09
3 1.08283E+97 .922 .961 6.7 2.04557£-09
4 686763 .02 .982 8.207. 2. 96944E-08

0\ 5 483188 .92 1.003 8.5 4.19175£-0800

6 397479 .02 1.023 8.833 5. 08026E-08
7 292732 .02 1.943 9.185 6. 84756E-08
8 300380 .029 1.068 9.644 9.72767£-08
9 145574 .921 1.093 10.938 1.45369E-97
10 127702 .92 1.113 19.082 1.56200£-97
11 207899 .042 1.144 10.417 2.93185£-97
12 170362 .042 1.186 11.382 2. 44433E-07
13 120829 .041 1.228 12.275 3.37973£-97
14 89057 .042 1.269 13.043 4. 73270E-07
15 57356 .94 1.31 13.908 7.08171£-97
16 31838 .042 1.351 15.701 1.31938E-06 :
17 27453 .94 1.392 16.25 1.45751E-96
19 16225 .943 1.434 18.31 2. 66700E-06
19 7424 .032 1.472 20.733 4.36019E-06 : ',; (/)

20 4221 .035 1.505 23.802 8.24875£-96 7
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SPECIMEN NO. I X60-005
,DIMEHSIot~ (METER) I B ;; .0127 W= .0508

2H = .06096 A<N) = .01778
R-RATIO:;: .1 I! 20 HZ.
TEST Et~l)IROHt1EHT: AIR
DATA FILE : X60005 G.O. NUMBER; 5232
2B-JAH-80

08S. NO. DELTA-H CRACK LENGTH P-MAX DELTA-A
(14M) <NEWTONS) (MM)

1 2. 62564E+06 5.519 3202.91 .795
2 4. 78035E+06 6.351 2891.35 .831
3 1.08283£+07 6.913 2565.94 .563
4 686763 7.431 3944.72 .518

---.l 5 483188 7.946 3057.06 .514
t-'

6 397479 8.459 3978.13 .513
7 292732 8.968 3100.02 .509
8 300389 9.71 3126.25 .742
9 145574 10.248 3119.17 .538
10 127702 10.754 3023.64 .507
11 207809 11.826 2955.54 1.872
12 170362 12.984 2985.69 1.058
13 . 120829 13.921 2967.44 I.B37
14 89057 14.992 2889.98 1.071
15 57356 16.812 2811.19 1.02
16 31838 17.072 2878.99 1.06
17 27453 18.888 2685.75 1.816
19 16225 ' 19.197 2701.49 1.099
19 7424 20.009 2739.35 .822
20 4221 29.894 2830 .884
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SPECIMEN HO. I ~60-006
DIMENSION (lHCH)1 B ;; .5 W ;; 2

I 2H ;; 2.4 A(H) ;; .7I

R-RATIO = .8 (i 30 HZ.
TEST EHUIROUMENT: AIR
DATA FILE : X60006 G.O. HUMBER; 5232
26-JAH-80

OBS. NO. DELTA-N CRACK LENGTH P-MAX DELTA-A
( INCH) (KIPS) ( INCH)

1 304532 .24 2.24306 .046
2 312014 .276 2.e0317 .036
3 408764 .313 1.75678 .037
4 572658 .352 1.4986 .038

-..J 5 695190 .386 1.26879 .035Q\

6 9744130 .423 1.0688 .036
7 2.34265E+06 .452 .8S1771 .029
8 1.17559E+06 .464 .739267 .013

J;' 9 3. 15967£+06 .483 .664241 .019
10 " 1.00000E+07 .493 .580776 .01
11 81791 .503 1.46646 .01

", .. 12 106524 .522 1.56737 .02
13 . 103252 .544, 1.64918 .022
14 56715 .562 1.81078 .018
15 37948 .579 1.86868 .017
16 30405 .597 1.9824 .018
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Air; R = 0.5
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SPECIMEN HO.: X60-eS4
DIMENSION (INCH); B = .5 W=2

2H == 2.4 A(N) = .7
R-RATIO =5 m 30 HZ.. ,

TEST ENUIROHMENT; AIR
DATA FILE I X60004 G.O. HUMBER' 5232
6-JAN-8e

OBS. NO. DELTA-N CRACt< LENGTH P-MAX DELTA-A
(INcH) (KIPS) ( I~tCH)

1 222706 .207 .903734 .02
2 188930 .228 .903908 .02
3 316694 .248 .781342 .021
4 '·273143 .268 .794195 .02

........ 5 446405 .289 .673235 .92100

6 379322 .399 .675088 .02
7 580359 .33 .579425 .021
8 535650 .349 .57884 .02

I· 9 869591 .37 .479059 .921
10. 737598 .39 .479272 .02

" 11 1.40224E+06 .411 .387721 .021
', ... 12 1.33359E+06 .431 .386ses .02

13 4.60064£+06 .455 .31717 .024
14 3. 66291E+06 .478 .306667 .023
15 6.72723£+06 .502 .288409 .024 ... I·· t •

t-" .

16 2. 37521E+06 .525 .293692 .023 ,·.1

17 2. 33132E+06 .548 .299772 .023
d' :

;j' :'

18 1.81132£+06 .57 .289104 .022
19 276729 .587 .435459 .017 VI

20 192164 .608 .507267 .021 n
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22 77059 ' .648 .615275 .92
23 69209 .667 .657797 .019
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25 19580 .707 .851569 .018
.;

26 21949 .725 .850932 .018
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SPECIMEN HUMBER' X60-004
DIMENSION (INCH)I B ~ .5 W=2

2H ~ 2.4 A(H) sa .7
R-RATIO =.5 ~ 30 HZ.
TEST EHUIROHMEHT; AIR
DATA FILE : X60004 G.O. HUMBER; 5232

08S. DELTA-N DELTA-A A OELTA-K DA/OH
HUMBER (INCH) ( INCH) KSI*SQRT( INCH) It-4CH/CYCLE

1 222706 .02 .897 5.309 9. 20047E-08
2 188930 .02 .918 5.464 1.06362E-97
3 316694 .021 .938 4.864 6. 49018E-08
4 273143 .02 .958 5.029 7. 33242E-08

00 5 446405 .921 .978 4.45 4. 5933E)E-080

6 378322 .02 .999 4.603 . 5. 38748E-08
7 580359 \ .021 1.019 4.B79 3. 55849E-0a
a 535650 .02 1.04 4.207 3. 68953E-08
s 869591 .021 1.06 3.598 2. 37457E-08

'--, 10 ,'" ". 737598 .02 1.0a 3.723 2 .688.'32E-0B
11 1.40224E+06 .921 1.101 3.119 1.51238E-08

'''12 1.33359E+06 .02 1.121 3.225 1.48426E-08
13 4. 60964E+96 .024 1.143 2.75 5. 29232E-09
14 3.66291£+96 .023 1.166 2.777 6.33977£-99
15 6.72723£+96 .024 1.19 2.731 3. 54588E-09
16 2. 37521E+96 .023 1.213 2.912 9.69853E-09
17 2. 33132E+06 .023 1.236 3.021 9.81030E-89
18 1.81132E+06 .922 1.259 3.148 1.22104E-08
19 276729 .017 1.279 4.949 6. 25882E-08 V')

20 192164 .021 1.298 6.816 1 .09482E-87 . n
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SPECIME.' NO. J )(60-004
DIMEHSIOt~ (METl::R) I a :;; .0127 ~J I: .0508

2H :;; .96096 A(N):;; .01778
R-RATIO 1:.5 @ 30 HZ.
TEST EHUIROHMEHTa AIR

. DATA FILE ; X6BSS4 G•o. ~fUMBER I 5232
6-JAN-Se

OBS. NO. DELTA-N CRACK LENGTH P-MAX DELTA-A
(MM) <NEWTONS) <MM)

1 222706 5.27 4012.58 .52
2 188930 5.781 4013.35 .51
3 316694 6.303 3469.16 .522
4 273143 6.811 3491.83 .509

00 5 446405 7.332 2989.16 .521
lA

6 378322 7.85 2997.39 .518
7 580359 8.375 2572.65 .525
8 535650 9.877 .2579.05 .502
9 869591 9.401 2127.92 .524
10 737598 9.905 2127.97 .504-
11 1.40224E+06 10.443 1721.48 .539
12 1.33359E+86 10.946 1717.43 .593
13 . 4. 60064E+06 11.554 1408.23 .608
14 3.66291E+06 12.144 1361.6 .59
15 6.72723£+06 12.75 1280.54 .606
16 2. 37521E+96 13.334 1303.99 .583
17 2.33132£+06 13.915 1291.03 .581 . ~

18 1.81132E+06 14.477 1283.62 .562 ~:'.! .
19 276729 14.917 1933.44 .44 ....-,,',.

20 192164 15.451 2252.27 .534 l:~t .-~ Ul., ..... n
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..
SPECIMEN HUMBER. XS9-004
DIMENSION <METER)· B = .0127 ~j :: .050S

2H :: .06096 A(~4) :: .e1778
R-RATIO ;; .5 (! 39 HZ.
TEST EHUIRot~MENT : AI R
DATA FILE : X6B004 G.O. NUMBER: 5232

085. DELTA-H DELTA-A A DELTA-K DA/Dt~

HU~1BER (frIM) (111) MPA*SQRT<METER) <11M/CVCLE)

1 222706 .52 22.79 5.82265 2. 33692E-86
2 188930 .51 23.305 5.99342 2. 70160E-06
3 316694 .522 23.822 5.33447 1.64851E-96
4 273143 .509 24.337 5.51541 1.86243E-06

00 5 446405 .521 24.852 4.8a935 1.16671£-06U1

6 378322 .518 25.371 5.0484 1.36842E-06
7 580359 .525 25.892 4.47335 9.03855£-07
8 535650 .592 26.406 4.61451 9.37141£-07
9 869591 .524 26.919 3.94638 6. 03141E-97
10 737598 .594 27.433 4.08312 6. 82832E-97
11 1.49224E+06 .539 27.954 3.4205 3. 84123E-97
12 1.33359E+06 .503 28.473 3.53669 3. 77892E-07
13 4. 60064E+86 .608 29.03 3.8158 1.32139E-87
14 3. 66291E+06 .59 29.629 3.04555 ·1.61830E-07
15 6. 72723E+86 .696 38.227 2.99544 9. 00655E-98
16 2.37521£+86 .585 38.822 3.19407 2.46139E-07 .
17 2.33132E+96 .581 31.49S 3.31307 2.49182E-87
18 1.91132£+06 .562 31.976 3.45317 3. 10145£-B7
19 276729 .44 32.477 5.42791 1.58974E-06 Ul

29 192164 .534 32.964 6.59876 2.77880E-06 . n
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1.S0216E-BS
2.34281£-05
2. 12662E-05

Ul
n
tJ1

'"Wo......
~

";0



n
A

o
t~

N
M

c
y
C
L
E

SPECIMEN HO.I X60-0S4
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Air; R = 0.8
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SPECIMEN NO.; X60-006
R :: .8 (! 30 HZ
AIR
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SPECIMEN NO.: X60-006
DIMENstOH (METER), B ;; .0127 W;; .13508

2H = .86096 A(N) = .01778
R-RATIO =.8 m 30 HZ.
TEST EHUI ROHME~fT : AIR
DATA FILE I ~6e006 G.O. HUMBER~ 5232
26-JAN-80

OBS. HO. DELTA-t~ CRACK LENGTH P-MAX DELTA-A
(MM) ( t~ajTCI.S ) (11M)

1 304532 6.099 9959.19 1.172
2 312014 7.012 8894.07 .913'
3 408764 7.958 7800.1 .946
4 572658 8.931 6653.78 .973

to 5 695199 9.812 5633.43 .sa0

6 974400 10.733 4745.47 .922
7 2. 34265E+06 11.47 3781.86 .737
8 1.17550E+06 11.791 3282.35 .321
9 3. 15967E+06 12.261 2949.23 .47
10 1.00000E+07 12.515 2578.65 .254
11 81791 12.769 . 6511.08 .253
12 106524 13.27 6959.12 .591
13 . 103252 13.826 7322.36 .556
14 56715 14.272 8039.86 .447
15 37948 14.714 8296.94 .441
16 30405 15.168 8801.86 .454
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SPECIMEN NUMBER: XSB-006
DIMENSION (METER): B = .0127 W= .0ses

2H = .06096 A( ~4) =.01778
R-RATIO = .8 (! 30 HZ.
TEST ENIJIRONMENT: AIR
DATA ~ILE : X6e0S6 G.O. NUHBERI 5232

OBS. DELTA-H DELTA-A A DELTA-K DA/Df~
NUMBER (MM) (HM) MPA*SQRT<METER) (MM/C'iCLE)

1 394532 1.172 23.293 5.94507 3. 84705E-06
2 312014 .913 24.336 5.63501 2.92609E-06
3 408764 .946 25.265 5.22148 . 2. 31491E-06
4 572658 .973 26.225 4.72471 1.69914E-06

to
5 695190 .88 27.152 4.24452 1.26625E-06.......

6 974400 .922 28.052 3.79695 9. 45852E-07
7 2.34265E+06 .737 28.882 3.20556 3. 14528E-07
8 1. 17550E+06 .321 2.9.411 2.89005 2. 72928E-07
9 3. 15967E+06 .47 29.806 2.67355 1.48887E-07
10 1.00000E+97 .254 30.168 2.40212 2. 54001E-08
11 81791 .253 30.422 6.18405 3. 09709E-96

"12 106524 .501 30.799 6.80627 4. 70522E-96
13 ·103252 ..556 31.328 7.46955 5. 38174E-96
14 56715 .447 31.829 8.54564 7. 87370E-96
15 37948 .441 32.273 9.15518 1. 16337E-95
16 30405 .454 32.721 10.0961 1.49451E-05
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EFFECT OF R-RATIO OH.FCP IUAIR

* X600e4 R-.5 AIR 30 HZ
o ~6eee5 R-.1 AIR 29 HZ
+ ~~0006 R= .8 AIR 30 HZ
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N

C
l'
C E-07
L
E

+

E-e8

E 01
DELTA-K - MPA*SQRT(METER)

I

E 02

(.I)
n,
01
I\J •
W
o.

t';" 1

.r.,
:\:.', ;' L~ : ' '. '.



HZ; R = 0.1

9S



SPECIMEN NO, : ;·(60-24
01MEtt:i1OH ( INCH); B :;; .5 t·J = 2

2H ::; 2.4 A( t-4) = 7
R-RATIO ::; . 1 @ 30 HZ.
rEST Et jl.)IROUNEt·jT : r-H'-'~ c.:.

DATA I="ILE : ~·(6024 G.O, t·jUNBER ; 5230
':-_':r~-81I- c..._

oas NO. DELTA-N CRACK LENGTH P-t1A}~ DElTA-A- :::>.
(INCH) (r If'~') (INCH)., .'J .

1 1200")0 (122 1.5 .022
2 ...C?.... :=te '~4·';t 1.3 e~:"c!.:.J, " t. . " ....
3 5909,)0 .06 1.15 .818
4 750000 .086 1.05 .026
5 1.5S0aOE+06 11'3 5'5 J,3T'2

co • '.J',J

o- 6 63C10B@ .141 P5 ta ~,.· .} · c.,~

7 Sf1eeJ)O .165 .?5 0-'4· ':.:

8 1.eeaeOE+86 . i95 C;~5 (':1
• c;•. · '_t

9 652e~o ")1~ ';?5 .023,,- ., · _.....
10 1.t'380etE+06 '":/C"4 C:5 :1-)1:::

. ,--oJ · \.-'. · a. ••;t.:J

11 2.e0000E..-e6 28:3 .5 .ezs
12 2.68ti00E+fJ6 .31 .45 3~'"· ... 1
13 2 .,30000E+B6 .342 .425 033
14 1.92000E+86 .367 .4 " ...,c-• L. ..J

15 2.25000E+06 .389 .375 .822
16 3 .9E:000E..·06 .409 .35 .92
17 2.66000£+06 .432 .35 .023
18 2.50000£+06 .461 .33 .029
19 4.92709E+06 .482 .31 .02
2et 3. 03098E+06 .583 .31 .021 Vl

C')
01
N
W
0.
-4

.......

";;0



"

VI
n
01
N
W
a,
-'



*** SECAUT t1ETHOD ***

G.O. t-4JJNBER ~ 5230

R-RATIO =.1 ~

TEST EUl"'JRONf1E~4T:
DATA FILE ; ~~6024

SPECI HE~' HUMBER; H60-24
DIt1ENSIOU (INCH): 8 = .5

2H ;; 2.4
3E1 HZ.

GH2

~J = 2
A( t·,) = .7

A DEL.TA-.~.
( It~CH) t(SJ~·SORT( lUCH ')

OBS. DELTA-t-f OELTA-A
UUNSER ( rt"CH)

1 120000 022
2 ·':t~"7aA 0--;'".... - . k

'7 590000 018••f

4 750080 e'jF. c....'
\.0 5 1 .55fJaOEH~6 .e33
00 6 63000a 022

7 BOO000 024
8 1 .0(1000E+06 (1-'. .~.

9 65200u .023
IB 1.0300aE+06 .035
11 2.aeee8E+06 .029
12 2.68090£+06 .€127
13 2 . 36£109£+~t5 .033
14 1.92000E+e6 .025
15 2.25000E+06 .022

.16 3. 98000E+06 .02
17 2.66000E+06 .023
18 2. 50009E+06 .029
19 4.92700£+06 .02
213 3. 03000E+06 .021

"7 1 1· ....
.732
.751
""77

• I I '.61

8G'::· ~.~

.83
· 8~1.'3
.ee
.967
.936
.968
.996
1.826
1,055
1.078
1.099
1.121
1.147
1.172
1.192

1'=, '1':14
Co. ·.If

II .015
9.9H?
9.385
6.828
O. J96
7.463
- 4 L- .'b. ;J~

6.698
6.148
5.85;
5.5
5.443
5.365
5.227
5.054
5.247
5.185
5.181
5.306

1.BOH00E-O?
7 ..., '::V) 1 6£ t1/"'

# ( '-~.. .& ..... t".: ~t

'3 .(184~"J5£·"OH
.. 4 "'-f" ...,[, - r." p- )~. . • --1'1-:~ _ ...... '.11 " _ L

., i 4 )" ':)4£:-1:'1:::

.... a J .• ... t:J •.

~.1 ~':r "~H 1r:·· C'1!=-;:.:l'._L:.. •.••• _._

f n~t:tl~J' t:'lI[~-r-IFv .., •. ~.~ U _ _.1

~ qCClIHr"E'- :;:1;:~c.. . h ..... ::J_u ....

3 .~8a96E-'Oe
:3 .44~)6aE-Of
1 ...3t:100E-'Of::
1.(~1492E-Ot:~

1.42174E-&8
1 .29688E··08
9 .60000E-·l39
5. 02512E-09
8.64662E-09
1 . t 760BE-06
5.06581E-09
6. 83169E-09 Vl

n
01
N
W
o.



'''1 2.500a0E+06 .025 1.215 5.369 9 . 87999E-·[19c:
22 8300G0 .021 1.237 5.434 2. 46988E-08
'-3 50eOe~3 .021 1.258 5.673 4 . 10afJ0E-08t::
':'4 850000 .02 1.278 5.93 2.4J176E-C184.

~::5 7aaOt10 ez3 13 6.221 :]. 21429E ~'fJ8· ,-
.-,"" 270000 02'~ 1.322 6,547 a.137407E-08ct· • L..,:..,. '3(tOO00 .024 1.345 6.916 8 . 00000E ··08,-a
J-."". 350000 0'')~ 1.369 7.348 7 . 11429E-£18co · L. ....

29 250000 .033 1.398 7.922 1.J2400E-07
30 150000 .024 1.427 8.563 1 .6ee01jE-Or
31 100000 .03 1.454 9.258 J .050efJE",07
32 50000 .021 1.48 9.995 4.1'3eOfJE-O?
33 60eeo 0'';17 1.501 1~.695 7 "6 -~'7E r'"

• "-oJ o.J ' t· 6:). ~. II
74 ?COoa- 0~2 1.524 11 .511 f~ .8S:JOO{~E-c!-?.,;) ~ ....I &3 · ,-
35 20(1fn, e'" t ,545 1':' '7':) 1 . 0 1~)('OE-'{)6

/ · '- '- . ,••t:.!

36 20000 022 1 .56.5 1"J .,-:-r; 1 . 1Ei800E -H~';.~, ..J.J.J

ID
ID

Vl
n
01
N
W
o



E-e5~-----------------------------.

l-'
o
o

[-06
[I
A

0
H

E-07'

I
t·~
r:'oJ

H
- E-ea
c,.
r
C
l
E

E-99

SPECIMEN NO.: X60-24*** SECANT METHOD ***R = . 1 .j . 30 HZ
GH~::

:t*
** *:t

:t.*:t *
t*,:t." *\ **
f:
*

Vl
n
01
N
W
o

E 02E 01
OELTA-K - KSI*SQRT(INCH)

E-10 ---a---~-.......o4o--&-~L-L..a----...a-----6--~--a... ............I_I1_I

E 00



G.O. t·IU~1BER· 5230 .

SPECI MEU NO.: H60-24
oI NEBS ION (" METE"~ ) : E: ;; .0127

2H = .06096
R-RATIO = .1 r] 3{3 HZ.
TEST Et·R·IIRONMEt·4T: GH2
DATA FILE ; X6024
2'-23-81

~J = .B5ea
AO·4) = .91778

OB8. HO. DELTA-t-j CRACl( LENGTH P·"MA~~ OELTA-A
<' fiN:> (t'~E~1TO~~S ) (NN)

1 120000 .549 6660 .549... 257700 1 B54 5"':'~f) .505c: , I I ,.

3 590000 1 '516 51(Hi .462
4 (500(10 2.177 41:.~·',) 66....t '.Je-

....... r.: 1 .5~300ijE+06 3.02 4218 °4:10 u , -::J ._

....... 6 6300£10 s ';"'-14 37'74 r::"~4
•.oJ .....10 . • r ..10

7 800fJ(tf} 4,2ft4 777'} ·6~~'''·.··Jt
8 1 t;a0aOE"'06 4.956 ?'7~15 "';-2I.' i· · ( ~)

Q 6520€tO 5.55 '~"""'5 .594001' ~; I' .

10 1 e:?£.eOE+(16 6 4~"''' 244,~ .9~j2• .:.1,-

11 2 .e0000E+fj6 7.178 2220 .726
12 2 6S00BE+a6 7.869 1998 ·c.:.H
13 2.3et000E+06 8.699 lee? .B31
14 1 . 92090E·..e6 9 "'3-', 17;"6 -32..,). a .b·
15 2.25000E·+06 9.8&1 1665 .549
16 3.98000E+06 10.389 1554 .5(18
17 2. 66000E+06 10.973 1554 .584
18 2. 50000E+06 11.72 1465.2 .747
19 4. 02700E+06 12.238 1376.4 .518
29 3. 03000E+06 12.763 1376.4 .526 U)

n
U1
N
W
a
---..
.......

";0



Vl
n
01
I'\J
W
o



tit SECAUT t1ETBOO ***
SPECIMEU NUMBER; ),(60-24
DIMENSION (METER): B : .0127 W= 0508

2H = .06096 A(H): ,01778
R-RATIO =.1 @ 30 HZ.
TEST ENOIROt~t1ENr: GH2
DATA FILE : H6024 G.O. UUMBER: 5239

OB8. DELTA-U DELTA-A A DELTA-I< OA/DU
UIJHBER (t1M ) (Mt1 ) HPA:t.SORT( t1ETER) ('1t1/CYCLE)

1 12£1£'10£1 549 18.054 11.5718 4 .57200E--06
2 257700 .505 18S81 12,081 1 .96143E-06
3 59000€t .462 1~~. e65 If.} 95313 --r a-JC:: ';,cE-fi'"7t. ...!,;,Jt.J _ _ (

4 750000 .66 19.627 10 "'9]"" 8 BnS~l,~~E-er.t:.•. ~ _ .• __ ._ I

...... r 1.550€f0E+06 843 2(1.378 9 68256 5.44£151E-0?0 .J
It-l 6 630eO(1 .564 21 .082 ,.., 1::2'H6 a . ~j~3e47E-(37i;: ';;",:, J.. 800000 6'';: 21 .674 e.18541 .., 74-")f.jE· fj"'t

. '"' e , It .,_. f

8 1.eee00E+06 -;0=-;, ?') 3- ., 078~-:' 7.51B40E-f;7• ,.J~ ,.~ .' f:. I . .'~

Q 652000 .594 2'3.033 7.34649 9. 11595£-or.'
10 1.03OCt0E+06 .902 23.781 6.74325 a.754J6E:·-O?
11 2.00000£+06 .726 ~4.595 6.42597' 3.6J220E-07
12 2. 68000E+06 .€91 25.393 6.93258 2 .57791E-·97
13 2 ..30000E+06 .831 26.964 5.9694 3.6tl~2E-07
14 1.920eeE+06 632 26.796 5.88436 3. 29407E-07
15 ~.2500eE+06 .549 27.386 5.73295 2. 43840E-97
16 3. 98000E+06 ,5e8 27.91!5 5.5431 1.27638E-07
17 2. 66000E+96 ,584 28.461 5.75466 2 . 19624E-{17
18 2.59000E+06 .747 29.126 ~.6a?1 2.98794£-97
19 4. 92708E+06 .518 29.739 5.59503 1.28672E-07
20 3. 03000E+96 .526 39.281 5.81928 1.73525E-87 Vl

("")
Ul
N
W
0.
---........
'T1
;0



'~3I.·
..... 4
.:::.'t
25
26
2."
·-.n
CoO

29
30
31
3·:)
.~

33
34
35
36

2.50000E+06 .627
830(JOe .521
500£100 . 521
850000 .521
70(1000 .572
2700eo .554
300000 .61
350000 .632
2500013 .841
159009 .61
109000 . 775
50000 .521
60000 .574
25009 .564
2eeee .513
zeaea .559

30.857
31.431
31.952
32.473
33.019
33.581
34.163
34.7'84
35.521
~~6 .246
.,... Ct78
.~t:•. woJ

37.586
38.133
........ "')~':t

·:10. (~c.o.

:lG -'4'04 _ • Co

39.776

5.88909
5.96048
6.22231
6.59417
6.82364
7.18123
i'.58504
8.0595.3
8.68919
9.39212
19.1541
U3.9627
11.7309
1·-, ;-:"'"'56':'.oc 0

i3.578l
14 ".A"'I':. boo, I .J

2. 50952E-07
6.27349E-07
1.04140E-96
6.12S87E-07
8 . 16430E-€t7 .
2.95082£-06
2.0:J199E-06
1 .B0793E-06
3.36296E-96
4 .e640tlE--f}6... ..,A -'"""'E r. ..., .• ·"t·::!J:$ •-tJt:,
1 .€J4140E -'€I~;
9 .56736£-0E:
... ,. ~ c::c ,- r.·· ."le-e' t:·J·_'·.J:!.r:.. -'''.J -,'

2. 5654fJE-05
2 . 79"~f1fj[--05

V)

n
01
N
W
o.
-.I

..........,
;;u



. .

*~t.*

***
.~ **.

*** *
*~.. **
*. -* *. *

1*

SPECINE~j uo. I X60-24
1:** SECAUT METHOD ~:**
~: =.1 ~ 30 HZ
GH2'

E-08

E-e3~---------------------------.

E-04

o
H_ E-05
o
U

C
'i
C E-07
L
E

E 01
DELTA-K - MPA*SQRT(HETER)

E 02
(/)

n
01
N
W
a



HZ; R = 0.5

106



SPEC1MEU NO. : X60-26
[nHEHSIot~ (INCH): B == .5 ~J :: 2

2H : ..... 4 A( U) ::: .7c..
R-R~TIO = .5 I! 3(t H-''--.
lE'3T Ettl.J I RoHNEUT : H2
nATA FILE . H6026 G.O . t·.UNBER: 5230.
4-22-81

08S. HO. OELTA-H C~'RC.< LENGTH P-t1A~{; OELTA"~~
(INCH) (.~IPS ) ( INCH")

1 303000 .391 15 e">~· .'e- ..'
2 4et5000 .117 1 .3 .1326
3 560000 . 144 1.1 e~~7 ,
4 500000 .1 (' 1 026

..... 5 7e(fOeO .197 .9 £1"";'~
0 · 4.'
--.I 6 765~'O0 .215 .8 .019

7 865e0(. '~J? 725 O"'~'l.~. , · ,-..~. 1.22000E+B6 .26 .65 023.J

9 1.46000E+06 zea ". .922.~ e: .b
to 2 .E,f100eJE"'36 .305 .55 0?4
11 3. 60000E+e6 ..332 .5 0":'-· ;.-(
1~ 2.5£t000E+fJ6 .357 .475 .025'.
J :-~ 2. 70000E+06 "''''7 .45 0'';1• '.;1 ( · '-'
14 1.24000£"'06 .414 .8 .036
15 2.2000&E+06 .582 7 .169
16 160e09 .604 .55 .022
17 305000 .E;51 .55 ,047
18 200900 .1514 .45 .023
19 35egee .699 .35 .925
29 500000 .71 .3 .912 til

n
01
N
W
0.
--.I

""Tl
;;tl



.......
o
00

21
22
23

1.500a0E+06
598000
2.Seea0E+06

.793

.82G

.951

.25

.2

.15

.e83

.033

.125

l/)
n
lJ1
N
W
a



*** sEcAt·n t'1ETHOtl ***

G.O. UU~IBER' 5230

"~-Fe~AT10 = .5 I}
TEST Et·RJ I~:ot~t1E~.T :
DATA FILE ; }(E026

SPECIMEN UUf1BER: ;(60-26
OIt1EUSION (INCH): B ;: .5

2H ::: 2.4
30 HZ.

H2

t·. ;: ~::
A( t·.) ;: .7

or:;·-,
_O~.

HU~lBER

1
2...
~

4
5
6
7
8
9
113
11
12
13
14
15
16
17
18
19
20

DELT~-A
( n·4CH)

303000 .025
4058(10 . 026
560a00 .027
5ge000 .e26
?00~100 02?
765000 . (t 1';1
865800 .021
1.22e00E~O£ .023
1.469aOE+06 .022
2.00000E+0€ .~24
3.66e00E+~6 .027
2.S0000E+06 .a25
2.70000£+£16 .02
1.24090E+06 .a36
2.20000£+06 .169
169000 .022
305000 .047
209000 .023
350000 .025
seeeee .012

R
( INCH)

"'--;00:,. r I ..

.804

.83

.8S7

.883

.906

.92-'=.

.948

.971
394

1.019
! .04~
1.967
1.096
1.199
1.293
1.328
1.362
1.386
1.404

DELIA-V.
I(SI:tSORT( INCH)

7.565
6.l27
c: ~q6._1 Q •. .}
C t:C:7.J .•J.,J.;)

c· 1~4
~J. 0
4.758
4.436
4.109
"':I '~~'2oJ.:7'-

3 ..,» ,
. ..' i:.
3.516
3.481
3.422
6.382
6.735
6.459
6. :5188
6.22
5.142
4.627

a ~,?O It·fE--n'"· _ ... ..7 1.. ..0

6. 4~4??E·~t18
4 . 73t~68E·-f.1B
5. 194fJOE-08
3 .8'1fI0IlE·- ~1fi
2.42614E-f:tf:
..." 4r'1~""E n.r·, r. .. -l..'r''-. _ I _ U"

1 q"~"'Ac;'E - ( .· _ (;...~ I'.) • -l:.k
1 4·~ ·~ 1 ::.c 0'4'-'

• " f :iI'l:., • - ~..c.
1 . 1f·560E-·~:Jf.:

7 ,4644~jE-O~~
9 ·~~-':'''''9E-·~~:C· .., oJ.. ."J'. ::I~

.., !'=;'j37 t [-f)e,( • "'" to,' _ •.•

.:> G4clI"'3E L1-'••• ;, Ut· -tt.1f ,
. 7.66082E-00

1.36425E-07
1 .525801:-07
1 . 13645£-£t7
7 . 13839£-08
2. 37080E-08 Ul

n
Ul
N
W
a.
-0

".";0



21
...•.-.
;"-&:.

23

1.50e00E+06 .083
S98See .033
2. 50000E+06 .125

1.452
i .ses
1. .588

4.4
4.207
4.174

5 . 5130671:·'08
5.51304£-08
4. 99292E-08

l/)

n
U1
N
W
o



E-05 .......------------------"----------.

SPECI MEt4 t~O.: )(69-26
t::tl ~3ECAHT NETHOO ***
R ;.5 @ 30 HZ
H2 .

[-06

n

o
U E-07

I
U
C
H
- E-0S
r·
'-'
'i
C
L
E

E-09

E 01
DELTA-K - KSI*SQRT(INCH)

E 02
(/)

n
01
N
W
o,
--0

".";0



G.O HUMBER: 5230

:: .ases
= .01778

a ::: .0127
2H :: .06096

30 HZ.
H2

SPECIMEN t~o.; X60-26
[tlNEHSIOU (METER):

~:-RATIO = .5 l!
TEST EHl'IROUt1EUT:
DATA FILE : X6026
4·'22-81 .

OB5. NO. OELTA-ti CRACK LENGTH p-r1A;'~ OELT~~-f~
(t1t1 ) ( t·tEl·JTOUS :; ('111 )

1 3030f10 Z.311 666(1 .6.33
.', 405000 2.976 5772 .665.....
3 56ee0fj 3.649 4,-..-·4 .67.3'.:JO

4 seeeee 4.3€:9 444£1 66
...... 5 7ttOeee 4.997 3996 ·6E~~;......
N 6 7650013 r:t 46'·' 3552 .471__'. ..0

7 86seee 6.014 3(;:19 c: :t::-
.....1. '.J

8 J .22£100E+06 6.61 ...·8'-6 c;-,. ,-
t::.. d_ · ~Ij,..,

9 t.460eOE+0€ 7 C'.'~ 2t;64 54'~.1._,>;:$ • • .. .. t.

10 2. 00(:;JjOE+e6 .... .,r::-I: 2442 1:'97I • , __I.'; · v. f

11 3 .6a"'0~;E+06 8.438 ',)'")"'0 £/.....1.c:....., • -:'-.:J

12 2. 50oo0E+'36 9.072 210S- .635
13 2.70000E+06 9 &:8~ 1998 .516_ • \0..1 'C\

14 1.24000E+€J6 10.514 35C:·~ .926~ ._'t:.
15 2. 20000E+e6 14.795 3108 4.2fJi
16 1609eJa 15.3e1 2442 .554.
17 3050fJ0 16.532 244~ 1.182
18 200000 17.109 1998 .577
19 350000 17.743 1554 .634
20 seaaee 19.044 1332 .301 VI

n
01
N
W
0.
.......
'-J

"::0



21
22
23

1.500e0E+06
598000
2.50000E+06

20.14.
20.977
24.148

1110
8S8
666

';' Ctq6"- . u.
.837
3. t 71

(/)
("")
01
N
W
o.



~. :: .0508
A( t-4.> :: . 01778

*** SECHUT ~1ETHOD t**
SPECIMEN NUMBER: )<60-26
DIMEHSIOU (HETER); B = .0127

2H ;: .06096
R-RATIO = .5 @ 30 HZ.
TEST ENl.' I Ro~n1Et·jT : H2
DATA FILE : X6026 G.O.

OBS. OELTA-t-j DELTA-A A
~~UNBER (tiM) 'HM)(. .

1 303000 .633 19.774
.~ 405000 66e: 20.424,~ .. -..'
3 5600£-0 673 21093
4 500000 ,66 "1 "'~QC . (.J•.

t-' 5 7e000e .688 22.433t-'
+- 6 765000 471 23013

7 B6S000 .545 23.521
a 1.22000E-te6 ~<:J6 24.832...'-
9 1.46090£+£16 .548 24 664
10 2.09090£+06 ,597 25.236
Jl 3.6fieOOE+06 .683 25.876
12 2.50000£+06 .635 26.535
13 2. 70000E+06 .516 27.11
14 1.24090E+06 .926 27.831
15 2.20000£+06 4.281 30.435
16 160000 .554 32.85~
17 305000 1.182 33.721
18 200000 .577 34.6
19 350000 .'34 35.206
20 500000 .301 35.673

NUMBER; 5230

a.ZJ17
7.37833
6.46646
6.03109
e:: L'~C;:(J~
..., . t:.!9v{;.··,J

c:: .•) 1~,)"'7.J ~ ""'J

4. 86~.:c95
4.50711
4.30141
4.07967
3.8563'1
3.&1787
3.75336
b.:9Sl936
7.387
7.ea43
7.6649
6.82261
5.63933
5.97473

2 . 09020£-(:If.:
1 f-.4 MJ ('-4&:;E _.ter·· _t ~t:J~ _ tJ _"

J .20210E-06
1 '~1 q-::"p.E-·r,£.;· ..• • ........ .. u
'~ '-"-":':J80l:--°7_ . 0(;. oJ '- v .
6. 16:2·t0E-·O;'

. ti. ]f1419E-'0~'
A I "it"./'I;"t'lE r •.. }
..... ~"":'~•.J1j - "... f
"".J "7&::";J··)?E-.O··?
...1 • I ~._.,". t
') •.~c. "t:;-'7E- .-:,-.'
(';. . .7otr·Jw . '" I

1. 895;'7E-'O~1
2 ~·7.a4BE"-rA~· J._. . o.
1.91102E-(t?
7 . 46944E-Or"
I. .94SBSE-')6
3.46519E--06
3. 87554E-06
2.e8658E-e6
1.81110E-06
6.92189E-97 til

n
01
N
o.



21
.-."'-\
C.c:.
23

1.seeOOE+e6 2.096
598000 .837
2.50000E+06 3.171

3 ·.. 8""'-:'b. ra
38.338
49.342

4.82621
4.61374
4.57783

1.39717E-06
1.49031E-06
1 . 26820E-·06

Vl
n
01
N
W
o.
-'



SPEC1NEH NO.: H60-26
**t: SEcAtn METHOD :t:**
R ;.5 @ 30 HZ
H2E-04

E-1J3~----------------------------.

[I
A

D
H -/-*

:t" f. *_'f; .
f-' N E-Of. t~·
I-' N ,~. *0'0

*t.
C ..:t."

'l
C E-~37

L
E

E-0a

Vl
n
U1
N
W
o.
--0

".":;a

E 02E 01
DELTA-K - MPA*SQRT<METER)

E-091----...&.-----I--..a.---'---I---'-~1-I------L--..&-.~-..........L-~L_I_I
E 80



HZ; R = 0.8
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SPECINEU HO.: X60-23
DIMENSION (INCH): B = .5 W; 2

2H = 2.4 A(H) ; .7
R-RATIO ;.8 @ 30 HZ.
rEST EUl,'IRDUf1EHT: HVOROGEN
DATA FILE : ){6023 G. O. t·jUNBER ~ 5230
12-22-80

t-'
t-'
00

'

i C..···
_.~I.:> .

1
.-;.
c;

.J
4
5
6
."'/-

•
:3
9
10
11
12
11
14
15
16
17
18
19
20

NO. DELTA-N

900000
4750BO
42000(1
4650013
60a060
7000(10
950000
~liOOe~)

1 . 39£1(JOE '''06
2 .3E:0iJaE+06
800t3£iO
7ge000
2.e7500E+n6
1.3eeeOE+fJ6
"2 . i 2ae0E+£16
2.56500E+05
3. 87BeeE+06
4. 30090E+06
1.08430E+06
1.98269E+06

c~·~.rl· LENGTH P-NAX DELTA-AJ'. .... -.

( INCH) ( KIPS) I.: It~CU)

.086 4 1:' .B43...)
17 C. 4 1 049' ~.J

17~ ., c' .044•.:;1 • ','.... 1-;> 3.15 o'l~:'(.~ ( · '--.-'')5 2.825 (r~r:l·...... • ..... ~J

29 2 '"4 04.....'
.3]4 2 -. .044.:;.
375 2 ·fj41

.421 17 .(totE.

.441 1.45 (\"· .(;,.

.462 1 .3 0''>· ..
4P.·~ 1.17 .92· ....
1::0") 1.025 .021• oJ ~_

c::?- .975 .921• ;J....~

.552 .88 .029

.573 .82 .£121

.593 .74 .02

.62 .7 .027

.642 .665 .022

.658 ~62 .016 VI
n
Ul
N
W
0
.......
.......,

";;0



jl 2.90000E+06 .675 .58 .017~

22 1.79060E+e6 .694 .54 .919
23 3.0e000E+06 .718 .5 .024
24 2.a0200E+06 .739 .46 .021
'~5 6. 22000E+86 .76 .42 .021....
26 800800 778 .42 .(jI9
':;''jP 2.050eOE+06 .799 42 .02':"1

28 1.35000E+e6 ,8t6 .42 0?. ....
2~; t.OeeaeE+06 .8.38 .42 .(11·~

3tj 1.000001::+06 .8€-:3 4~ .025· &..

31 5f10t::,0(t .884 42 .621
3';- 46500~1 .:.305 4'"'\ 021.... · .c.
33 4S0e0f1 .926 .42 .021
34 345000 .947 4'-:' O~:"J· ... . .......
35 350£,aO 9'~ 4'"7/ r"3. I · t.. , 1t::.
-36 350000 998 4':' .028• L..
..,..,

3~~e~" 1 ,(fZ9 42 041'-" '. ,_'£1 _8
t-' '~n tzeeee 1. Ot'.! .42 .~22
t-'

.j,::,
lD 7··' 10000i21 1 n$;' 3 · 4",~' .022.....'=' ; _ ;.J .•

40 10000£t 1 tea 4... · .025· ~

VI
n
01
N
W
o.



t-'
N
o

41 70009 1.129 .42 .921
42 40000 1.152 .42 .02243 40000 1.176 .42 .02544 35~100 1.199 .42 .022
4~ 2500e 1.242 .42 .fJ44.J

VI
n
01
N
W
a



*** SECf'fNT t1ETHOO t:+:*·
SPECI ME~I NUMBER; H60-2~3
DINEt~SIOU (IUCH); 8 =.. 5 l,J =2

2H = 2.4 ACN) ; .7
R-RATIO =.8 @ 30 HZ.
TEST Et'II.,1I RoNt1Etn ; H'lOROGEN
DATA FILE ; >~6a23 G. O. NUMBER ~ 5230

OBS . DELTA-N
UUt-1BER

I

OELTA-A
( IUCH)

,:~ OELTA-J·;
( INCH) I(SItSnRT( INC~f)

1
'2
3
4
c;
·.1

6-,
"S
9
18
11
12
13
14
15
16
17
18
19
20

900000 . e4~:'
475(100 .e4';}
42£100fj . 04.:}
465£100 . 038
613£1000 .03.3
700006 .04
95~f000 .044
90009(i .041
1.39068E+06 .046
2. 3B0€J0Ei·06 .02
80000£' .02
79£1000 .02
2.a750~E+06 .021
1.39000E+06 .021
2.12000E~96 .029
2.5a500E+~6 .0~1
3. 87800E+06 .82
4.30090£+06 .027
1.08430E+0& .022
1.98260E+96 .816

.764

.81
·3C'··

.' "--.'
99f:..:1 r;J

.934

.97
1.012
1.055
1.098
1.131
1.152
1.172
1.192
1.213
1.237
1.262

.' 1.283
1.386
1.331
1.3~

0', ,

aB4
8 ~5B
.., .......(\
r .r " ()

·l.40?
t:. Cf9.... -'

6 631~
6.4134
5.96
t:: 44~JtJ. (

4.'923
4.58
''-28
3.838
3.862
3.664
3.598
],395
3.386
3.407
3.325

4 . 7651.4£-·BE:
1 .04208E-07
1 n.:~f·q~.IE-(J·-:'

° v., ~ .. oJ • I
I'. .~ r. 6 lJ::°E -_.,..r "".'1 .•, .i ..~.. to'•.. I ..... _ r _ ~.

5 _SJ6t)AE'-08
c: 7-:'~O("E- '7ofR_J . , ,. _ :J. t_
4 .6~j4J5E ·-(i'd
4 .54589E--OB
3 ')f:~4qE-r;.J=~.... ,- It.'_

a 57395£-09
2. 531J30E'-O~~
2, 545-32E-OB
9. 96963E'-eJ9
1 .58408£ -€t8
1.J5453E-l3S
a.16182£-(19
5.09953£-f19
6.34913£-89
2.92820E-0a
7. 96834E-09 Vl

n
U1
N
w
a.
-'
'-J
"Tl
;;0



-'1 2.90e00E+06 .017 1.366 3.24 5. 94345E-09~.

':',-, 1.790601::+06 .019 1.384 3.159 1.fJ4468E-f1B'- .. L..

23 3 .0f;jfjOOE+06 .024 1.406 3.096 8 . 14B35E-09
';'4 2 .802~]0E+06 .021 1.429 3.032 ., 5":1 -e-.IE fI'"
c, .' . '. ",~b '..1. - _ ::f
25 6.22000£+06 .021 145 2.939 3. 311~'6E-a9
26 800000 .019 1.469 3.114 2. 3300f1E··08
27 2.95000E+06 .02 1.489 3.306 Q -:'ge74E-t3;~- . {.... .,.,.-....... 1.3S0eOE+06 02 1.509 '3 C:>-'4 1 _46459E- Oi::'::'0 . ;:u;,
29 1.00000E+06 019 1.528 3.76 1.925eeE-08
30 1.0000eE+06 ,025 1.55 4.959 2 . 47a~30E--(I;:;
31 50£1000 .021 1.573 4.414 4 i!t:r. - - E f,i,.,..••~~~~ _-[1,j
.,.') 465000 .021 1.594 4.786 4.49097E-08•.;J~

33 450000 .021 1.615 5.2(38 4 70~j34E-·0f'i.. . ... .
34 345000 .822 1 f.-'" 5 7H2 • '')'T31 ':IE-flQ,.~, ( c .{_', .. '-... ,...',}
"'5 35£1000 e·-;," 1 6Cjr., •;.297 (.' 41": '"or f..- f'i .,.
-' .. ' H ·-1 ·it- .' i:J· ,---' . .--' _. VI- • • _ .•

36 35eaoe .a28 1 ~""14 .,~ 11-1 8. 023·;~t[-·08. :Ji'j i· ....'

37 350008 .041 J -'1"~ :3 524 1 . .1631 ;:-E·..tj/.. ( .
f-' 38 120£100 0'J2 1 7-- 10 ~~4 1 "'{3 9r ~..- 0"·
N • Co, I:) . >.;,., 1; .j_.~;:- . (

N 39 1£1013(10 .022 1 "7·~;J 11 .eez ~. 'J110flE..07.. t ... . - 1- _ • ,

40 10eO€10 f2t: 1 7':ICi t -,l '"r5 ,., :0::;' •• ....>ff;}c· ec" ..I:· .J ...•1
• 1 __ .1 . ;}~;. .:.~ . ....{~ (. ~ tJ..:_. • ..

Vl
n
01
N
w
o



41 700013 .021 1.819 1f· 8"J""1 ;J.01429E-O? l'J , ,_ ( ..4·..... 48000 .822 1.84 20.469 5.59998£-07 ;f:c
43 40000 .025 1.864 26.123 6. 18002E-07 J44 35000 .022 1.a87 34.856 6.36571 ('-Or 14c 25000 .044 1 (4-:' 58.943 1.74880E-06 t

,_I . oJ"

(/)

n
U1
N
w
o.
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H
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f-' HN
.p- c:

H

C
"OJ
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'-'

L
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SPECIMEU NO.; X60-23
t:l:t. SECAUT NETHOD *:t*
R =.8 @ 30 HZ
HVOROGEU *

E 81
DELTA-K - KSI*SQRT(It~)

E 02
(/)

n
01
N
W
o.



SPECIMEN NO.: X60-23
DIf1EUSIOU (NETE:R): B ~ .0127 ~J = .0598

2H ;; .06096 AO·4);:. 91778
R-RATIO =.8 @ 30 H2.
TEST EHl) IROUME~'T : HYDROGEN
OATH FILE : >1.6023 G. O. HUMBER: 523e
1·.... ?oj 8t:.1
,--.:..~- u

08S. NO. DELTA-N CRAC~~ LENGTH P-MHX DELTA-·n
(Mt1) ( ~IEl,jTOUS ) ( f1l'1 )

1 9130000 2 1"'- 19980 10El9,e
2 47500(i 3.434 18294 1 '..;.C-;·

....·;.)1
:3 420000 4.54 15540 1.106
4 46503&; 5.509 13986 969~ 5 600000 6.353 12543 .344N

l.Il 6 ?00000 - 3"1 11 ,:,,'';1'''' F. 1 . (:118,., .• ' f
'-' I .•f7 ':'=-(1080 8.494 1021.2 1 1..··'_" ,_I. • I.......)r.

900e~0@ 3 5"1 13880 1 a;7qt;,. . • ';I.~
. • \;J.

~ 1.39000E+06 10.694 7548 1.16J-
10 '2 .38e~30E+06 11 ?1'J 6'138 .518.......
11 f.;0ft000 11.727 5;172 .51412 790000 1'-' 278 5194.8 ,5J!L. -_;.
13 2.97509E+06 12.763 4551 sas.

.' ....-:J14 . 1.30000£+06 13.286 4329 .523
15 2 . l20€lfJE+96 14.016 3997.2 7""4. c::. ..16 2. 59300E+06 14.553 3640.8 .53717 3.87800£+06 15.055 3285.6 .50218 4.30090£+06 15.749 3108 .69419 1.08430£+06 16.305 2952.6 .55620 1.98260E+06 16.706 2752.8 .401 (.I)

n
01
N
W
0.
--0

........

";;0



·.... 1 2. 90eeOE+06 17.144 2575.2 .4.38c:
22 1.79060E+06 17.619 2397.6 .475
''''] 3 .00(100£+06 18.24 2220 .62c:
24 2 .8f~200E+06 18.776 2042.4 .536
':'5 6. 22000E+06 19.299 1864.8 .523'-'
26 800000 19.773 1864.B .473
27 2.eS000E+06 29.288 1864.8 .515
""S 1.350eOE+06 20.79 1864.8 .502Co

29 1.eee00E+96 21.279 1864.8 .489
30 1.0900GE+fJ6 21.908 1864.8 ,;····9

.':J~

31 500000 22.451 16648 .542
3~) 465000 22.981 1864.8 .53

I ' Co.

33 4Sete0e 23.S1:- 1864.8 C'"l81 · '-:)'.'

34 J45El0a ~4.@66 1864 a 547
*1r:. .350000 24.€42 1 r'~4 8 .5;'6-..'1_' L'~ ....• . •
~.- 350000 -:;c: ....56 1::'':'4 K .713·-,ta ","v . .j _.. .!,J

37 '35000&3 "'f;v 1864.8 1.014~ ) ..~..;}
f-' 7&~ 1;':000£1 26.941 1864.8 ·51.5~?N _,AU.}

(]\ '").:; 10e6aa ':/-' e-(i .~ 1864.B c:; ..-....
~..•.., 1,;;,( •.~l L · ..•I.::il.

41j. 1£'0000 28.143 1864 8 641

Vl
n
01
N
W
o



41 70000 ·-:aa 6-q 1064.8 .536"" . ( ..
42 4f~oee 29.248 1864.8 .56943 40000 29.876 1864.8 .62844 ·35800 30.442 1864.8 .56645 ::;50(10 31 .553 1864.8 1. 11

Ul
n
01
N
W
o.
--0

........

.";;0



*** SECAt·1T HETHOO i:*::t:

SPECIMEN t~lJMBER l X60-23
[II~1ENSIOU (NE:TER): B == . 0127 ~J = .050B

2H ;;;: .06e96 A(U) = .01778
R-RATIO =.8 @ 30 HZ.
TEST EHU IRot~MEUT: HYDROGEN
DATA FILE : }~6a23 G.O. NUMBEft:: 523121

08S. OELTA-U taELTA-A A DELTA-K ()A/DU
UUNBER (t1l1 ) ('11 ) MPA·.t.sr;~RT( t1ElE~:''' (t1M/CYCLE "J

1 900000 1 089 19.412 q 6'.:J54'-· 1 .210~5E--~6•. - i'j
-;. 475000 1 ':oS'? 20.585 9 38694 2 .646c:8E- (.6.... . '- I

3 4213000 1.106 21.76'7 853104 2 .633t:&E--06
4 465aete .969 22.865 8. L~455 l" {i'::444E~eJr-;.. ' .. - -_.

....... 5 600000 .844 ..,- ""711 ~, €hF.3'· J .46614E-'~6N L..:\ . r t : ',IJ t::
co 6 7013000 1.018 t::4 .642 "1 ':07 ~"':I" 1.45415£·-0:3I .~.I4.'--1

7 950030 1.123 ?5 '":112 .., ~244'- 1. t e~::]6E'- fitS...... , ( . - .j

:3 9"fJO€10 1.039 ..·..6 794 M 5T,,-r 1 1t:- 4~' "f fj r», .. _ '. I •1. . I c!tj . ,,1' .if,j _... !:It-•
9 1.3geeeE+06 1.161 "'~7 8(".'4 ~.97458 8 ....1::.- -, -E 0'"

'- • .1 ':'lJl~(b __ ...
10 2.3S0eetE+e6 .518 -:-f?, 7-;7. 5.4 2 17'~""8E t.:r·c..••r . , ~.:;J

. ,I,'f _.,(
11 8£100£'0 .514 29.25 5.02313 6.42.a~4E-O?

12 790000 .511 29.762 4.t.'3386 6.46639E-·fj"t1'
13 2 .. 07500E+06 .525 3Q.28 4.2'7575 2.53228E-07
14 1.300eeE+e6 .523 3fj.805 4.23569 4.02.J55E-87
15 2. 12000£+06 .729 31.431 4.01921 3. 44051E-0i'
16 2. 5850f.JE+e6 .537 32.064 3.94688 2.078JBE-&7
17 3. 87800E+06 .502 32.584 3.72394 t.29528E-97
18 4. 30090E+06 .694 33.182 3.71414 1. 61268E-07
19 1.08430E+06 .356 33.807 3.73698 5. 13130£-97 VI

n
20 1.98260E+06 .481 34.296 3.64639 2. 02396E-07 U'l

N
W
0

-'

'oJ

";;0



-'1 2.900e0E+06 .438 34.70S 3.55407 1.50963E-07.':'..., ..... 1.79060E+96 .475 35.162 3.46453 2.6SJ48E-07,:c..:.
'"j3 3.00000E+06 .62 - 35.709 3.39605 2.067651:-07L_'

24 2.802fJOE~06 .536 36.288 3.32596 1.91416£:-07
25 6.22000E+e6 .523 36.817 3.223e2 8. 41058E~0f:
26 800000 .473 37.316 3.41585 5.91819£-07
."'\.., 2.050eeE+06 .515 37.81 3.6263 2. 51225E-07z r
....t-• 1.35000E+06 .502 30.319 3.86568 3. 72ee€E-07.:.c"
29 1.00000E+06 .489 38.814 4.12453 4.89153E·-07
33 1.00000E+e6 .629 39.374 4.45178 6. 29490E--07
31 500000 .542 79 e:t~9 4.84169 1.ea432E-06,J ...,.-;}

....2 465000 .53 40.496 5.24909 t .14071£-06"~

33 45£1000 ,538 41.03 5.7126 t .1::'61 7E-£16
34 345009 ,547 41,573 6 ""1:'41 '2 1 C;P4 -.,4E:'--n€'. ~._I -.;) .... 'J' .,L .4

35 350000 5'''6 42.134 6. ~1B6'?4 1 .f5464:~E-06. (-

36 35(1000 .713 42.779 7 '-\e 1-a;:
.., 37.£0JE··nf·~. ,~~ 1 1;·...:,1 c~ ., &...... ••

37 350eao 1.1334 43 653 9 ''74!r~ 2 .9544t:E·-&:jE• -..J • (

t-' 78 120000 sC'? 44.445 112311 4 . 5;)738F"·0£
N \-' . ·::.Ie..
co 39 1000eo 56.2 45 002 12.9496 5 61 C;l'-i~E,-i'f'. ~...... ..1 .

48 100(100 641 45. f.;03 15.3385 6 40r.:,~·;,c _·o~~ t. \. ....... a.... _

V)

n
U1
N
W
o.
-..
'-l

":;0



..

41 70000 .536 46.191 18.4563 7. 656.32E-06 l42 40000 .569 46. ;'44 22.4Se2 1.42239E-05 :t
4'~ 400(10 ,628 47.342 28.6517 1 c -C4""?E ac:- t-- . -::;,(:0_ t ~ - ...J44 35000 .566 47.939 38.2306 1.61689E-05 ~t4t:" 25000 1 . 11 48.777 64.6496 4. 44195E-05 t,_I

VI
n
01
I\.)
W
o



......

E-{13t::-----------...-------------------.

E-04

D
A E-05_.
[I
U

~ t1 E-06
VI

Nf-'

C
Y
t:-'
L
E

E--aS

SPECI MEU UO,: X60-23
**i: SECAUT METHOD ***
R =.8 @. 30 HZ
U~I..[lROGEt·j

* *
* * *

't

Ul
n
01
N
W
o.

E 02E 01
DELTA-K - MPA*SQRT(METER)

E-09 --...-1--------.a.-...<....--Io-o---..III.....--..a.----&-.a..----.li-.&..~

E 00
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