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The SAE Cumulative Fatigue

FOREWORD

The current Fatigue Design & Evaluation Committee, Cumulative
Fatigue Damage Division, is a continuation of a group originally
organized in 1962 under ISTC Division 4. This group consisted mestly
of engineers from the ground vehicle industry involved in component
stress analysis and durability testing.

The original objective of the group was to exchange information
on methods of testing and life estimation, and to develop inter-industry
cooperation for further understanding of complex fatigue problems.

Since one of the major unknowns was the effect of occasional
overloads on life, early test programs were designed to provide insight
into this phenomena. While this insight was valuable, the data was not
generally applicable for fatigue life analysis and lacked “realness” for
many members of the committee. Also, during this same time,
additional methods of fatigue analysis and more complex lab
equipment became available such that actual service load histories could
be applied to laboratory specimens or components and life predictions
could be made using reological material models and digital computers.
From this capability, grew a plan to test a component under real load
histories and compare the test results to cumulative damag» fatigue life
estimates. The data base will also be useful in determining the
acceptability of testing techniques such as accelerating frequency or
eliminating “insignificant” cycles.

It is important to emphasize that there was no intention in this
plan to establish standard load histories or spectra for components,
specimen, or material lifc evaiuation. The load histories selected are
simply typica! of ground vehicle industry histories but are in no way all
inclusive. The testing program conducted was limited. The considerable
cost of this test program was bomne by the following companies or
universities who provided test time.

A. O. Smith Corporation

Results of the SAE Fatigue Design and Evaluation Committee,
Cumulative Damage Division test program are reported. This includes a
description of the test specimen geometry, variable amplitude load
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INTRODUCTION

In early 1970, a test program: was designed to provide a set of basic
data for determining the validity of various fatigue life prediction
methods. Three variable amplitude load histories were obtained from:
service strain-time histories submitted by committee members. Each
history was reduced to digital form and one pass through the digital
sequence was considered one block. A test program was conducted
using a notched member containing many of the complexities of actual
components and incorporating two steels commonly used in the ground
vehicle industry. Basic material properties data was generated for both
materials. In addition, constant amplitude tests were performed on the
“component like” specimen to provide basic load-iife data including
processing and manufacturing effects. The variable amplitude test
program consisted of 57 individual tests usiug the three histories at
several load levels. Test load levels were scaled to provide fatigue lives
ranging from less than 2 blocks to more than 100,000 blocks (2.6 x 108
reversals).

This report is a documentation of the test program. It includes an
analysis of the service load histories, a discussion of the specimen
design, a list of the basic material and component properties, and
analysis of the variable amplitude test results,

histories, material properties and fatigue data. The data set produced
can be used to generally evaluate methods of fatigue life prediction and
laboratory simulation.



LOAD HISTORIES

In selecting the load histories to be used for the test program, over
30 different analog records of load of strain measurements from
components operating under actual service conditions were examined.
Vehicles involved were tractors, farm implements, and automobiles.
From these 30 historizs, three were selected as being representative of a
wide variety of aciual operating conditions. (Fig. 1) Thez load histories
selected were:

1. A load history with primarily compressive mean load obtained
from the bending moment on a vehicle suspension compon at driven
over an accelerated durability course. This history provided . .ixture
of random excitation with superimposed maneuver forc “s.

2. A vibration with nearly constant mean load obtained on a
mounting bracket being excited by vehicle operation over a rough r ad.
This vibration represents an almost classical case of a narrow band
random vibration.

3. A load history with a drastic change of a mean load obtained
from transmission torque measured on a tractor engaged in front-end
loader work.
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Fig 1 - Amplitude-time delay of
service histories

While not all inclusive, these histories were felt to be representative
of the “typical” data designers and test engineers in the ground vehicle
industry must work with, and were sufficiently different from one
another to challenge people who would use the data to check
cumulative damage procedures and laboratory simulation methods.

The histories, recorded originally on magnetic tape, were each
converted to a digital series of peaks and valleys. While the original
sequence of events was preserved, no attempt was made to retain the
original frequency content (nominally 1 to 30 hertz). For scaling
purposes, the largest peak or valley, (positive or negative voltage) for
each history was normalized to 2 value of ¥ 999, Valleys and peaks
were then defined as being separated by a range of at least 200. In this

ay, small ranges (less than 20% of the maximum value) were filtered
out of the original analog data with resulting data then reduced to
sequences of values which could be applied to the tes’ pecimens in a
few minutes. The sequence of peaks and valleys, listed in Appendix A,
could be used for fatigue tests and life estimates. The character of the
three signals can be se:n in Figures 2 thru 6 which show the peak,
valley and range histograms and cumulative distribution functions. Note
that peak and valley plots ar= counting method independent while the
range data shown was obtained from application of a rain flow counting
alogarithm (1)*. A rain flow based range-mean matrix is presented in

*Numbers in parenthesis refer to references listed at the end of the text.

Appendix B.

In using these three histories and the corresponding fatigue test data,
one should keep in mind that these data came from specific short
histories and do not take into account the “run to run” variability
which is generally present in service usage. Variability of maximum
peak has been observed to be as large as 1.6:1 for multiple recordings
made over the same route, and should be taken into account in the
development of load histories for life estimation or laboratory tests. A
technique for estimating the variability of service histories which has
general validity involves the use of largest extreme value statistics (2).
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SPECIMEN AND MATERIALS

The specimen designed (Fig. 7) for this program was the result of six
months of discussion between various members of the committee. It
was strongly influenced by known shortcomings of previous designs. It
is a compromise design which has the advantages of: 1) being relatively
stiff (high strain for low machine deflection); 2) a stress concentration
factor and stress state typical of compezent design practice; 3) having a
minimum of critical dimensions znd all surfaces either as supplied or as
machined; and 4) permitting studies of both crack initiation and crack
propagation.

A finite element analysis (7) has been made and results agree with
measured strains at the notzh root very closely (:ig. 8) thus providing
the necessary informnation for calculation of both crack initiation and

Table 1:

Property

Modulus of Elasticity, E

Cyclic Strain Hardening Exponent, n'
Cyclic Strength Coefficient, k'
Fatigue Strength Coefficient, 0 p'
Fatigue Strength Exponent, b

Fatigue Ductility Coefficient, "
Fatigue Ductility Exponent, ¢

crack propagation behavior.

For each alloy, specimens were cut from a single heat of 3/8” Yot
rolled plate. As indicated in Fig. 7, the rolling direction was parallel to
the direction of ciack growth (perpendicular to the applied load). The
hole was drilled and reamed with no edge preparation and was then saw
cut from one side to provide the notch. This left the specimen with a
notched condition similar to many production parts.

The materials selected were U.S. Steel’s Mau-Ten and Bethlehem’s
RQC-100. A summary of the basic smooth specimen miate-ial properties
from Appendix C is given in Table 1.

For all notched specimen tests, loads were applied to the
“component” thru a close tolerance monobal! fixture which allowed
both tensile and compressive loading. Figure 9 is a photograph
illustrating the loading fixtures.
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Smooth Specimen Stress-Strain and Fatigue Properties

Man-Ten RQC-100
29,500 ksi ( 293 KN/mm?2) 29,500 ksi ( 203 KN/mm2)
0.193 0.100
160 ksi (1186 N/mm?2) 167 ksi (1151 N/mm?2)
133 ksi ( 930 N/rm2) 168 ksi (1165 N/mm2)
~0.095 —0.075
0.26 1.06
-0.47 -0.75



load-cycles plot for the “component.” Completely reversed loads were
applied in 15 tests and zero to maximum in three tests. Lifs to crack
initiation, crack propagation and final fracture are recorded in Tables 2
and 3. Crack initiation was arbitrarily defined as an average crack of
0.1”” (2.54 mm). This definition of crack initiation is arbitrary.
However, it does result in a measurable value which is approximately
the same size as the defined failure of the smooth polished material
specimen. A plot of loac range vs. cycles to initiation is shown in Fig.
10. Crack iength vs. cycles data were also taken on each specimen. This
data is recorded in tabular form in Appendix D.
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Constant amplitude fatigue tests were performed to obtain a
Fig 10 - Constant amplitude load-
life plot

Table 2:  Constant Amplitude Fatigue Test Results - Man-Ten Steel

Fatigue Life
Identi- Load Crack, Crack Total
fication Maximum Minimum Initiation Propagation Life*
Number Ibs. (KN) Ibs. (KN) Reversals Reversals Reversals
8FS 14000 (62.3) —14000 (—62.3) 144 4 148
9FS 7000 (31.1) — 7000 (=31.1) 3580 1160 4740
10FS 5050 22.2) — 5000 (-22.2) 14400 - -
5R 6030 (27.0) 995 ( 449 79000 45000 124000
6R 5030 123.4) 995 ( 449 203000 101100 304100
11FS 2000 ( 89) — 2000 (- 8.9) - - 2428000

*Total Life = Crack Initiation + Crack Propagation

Table 3:  Constant Amplitude Fatigue Test Results - RQC-100 Steel

Fatigue Life

Identi- Load Crack Crack Total

fication Maximum Minimum Initiation Propagation Life*
Number Ibs. (KN) 1bs. (KN) Reversals Reversals Reversals

18FS 20000 (88.9) —20002 (-88.9) 120 - -
12FS 15000 (66.7) —15000 (—66. 388 6 394
4CT 14000 (62.3) —14000 (-62.3) 580 70 650

17FS 12000 (53.4) ~ 12000 (—53.4) 1300 - -

13FS 800C (35.6) - 8000 (=35.6) 7200 - -
14FS 4000 (17.8) — 4000 (-17.8) 110000 61200 (71200
3CT 4000 (17.8) — 4900 (-17.8) 215000 93800 308800
2CT 4000 (17.8) — 4000 (-17.8) 280000 59000 339000
15FS 3500 (15.6) - 2500 (—15.6) 400000 101800 501800
7R 7020 (31.2) 995 ( 44 472000 160000 632000
ICT 3000 (13.3) — 3000 (—13.3) 1210000 171000 1381000
16FS 3000 (13.3) — 3000 (-13.3) - - 2233120

*Total Life = Crack Initiation + Crack Propagation
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VARIABLE AMPLITUDE TEST PROGRAM RESULTS

As previously stated, the three variable amplitude histories were
linearly scaled to produce frilure from short to long fatigue life.
Originally each history was scaled to three levels with three replications
of each level for each material (54 test total). For three material-load
history combinations, one or two levels were added to give longer life
data than obtained with the original test plan resulting in a total of 57
tests. The fatigue life in blocks to crack initiation, blocks of crack

propagation and total life are recorded for each t¢ in Tables 4 and 5.
Plots of maximum ioad range®* vs. blocks to crack initiation for all tests
are presented in Figs. 11 thru 13. Again, crack initiation was arbitrarily
defined as an average crack length of 0.1” (2.54 mm). Each specimen

*Maximum load range is defined as the most positive tensile load in
the history minus the most negative compressive load in the history.
Note these values are not adjacent peak and valley points in the
histories but are the largest range as defined by rainflow counting.

Table 4:  Variable Amplitude Fatigue Test Results - Man-Ten Steel
Fatigue Life
Identi- () Minimum Load Crack Crack Total
fication (+) Maximum Load Load Range Initiation Propagation Life**
Number Ibs. (KN) 1bs. (KN) Blocks Blocks Blocks
SM1-1-FM —-16,000 (-71.2) 21,500 (95.7) 7.7 2.8 10.5
SM1-2-1D —16,000 (=71.2) 21,500 (95.7) - - (Specimen
Buckled)
SM1-3-A0S —16,000 (=71.2) 21,500 (95.7) 28 20 48
SM2-1-B - 9,000 (-40.0) 12,100 ( 53.8) 430* 1,790 2,200
SM2-2-GM - 9,000 (--40.0) 12,100 ( 53.8) 208* 357 565
SM2-3-GM - 9,000 (—40.0) 12,100 ( 53.8) 162 605 767
SM3-1-FS - 6,000 (-26.7) 8,060 ( 35.9) 1,750* 22,858 24,608
SM3-2-FS — 6,000 (-26.7) 8,060 ( 35.9) 2,240% 29,644 31,884
SM3-3-W — 6,000 (-26.7) 8,060 (359) 1410 - Suspended
@ 25,353
SM4-2-MTS — 4,500 (-20.0) 6,050 ( 26.9) 4,700 19,966 24,666
SM4-3-MTS — 4,500 (-20.0) 6,050 (26.9) - - Suspended
@ 6,742
SMS-1-FS - 3,000 (-13.3) 4,030 (179) - .- Suspended
@ 85,370
BM1-1-MTS -16,000 (-71.2) 27,800 (123.6) 1.5% 0.7 22
BM1-2-B —16,000 (-71.2) 27,800 (123.6) 2.6* 0.3 29
BM1!1-3-A0S  -16,000 (-71.2) 27,800 (123.6) 2 1.0 3
BM2-1-MTS - 8,000 (-35.6) 13,900 ( 61.8) 20.8* 11.0 31.8
BM2-2-FM — 8,000 (—35.6) 13,900 (61.8) 11.5 8.0 19.5
BM2-35-JD — 8,000 (—35.6) 13,900 (61.8) 23 21.0 44
BM3-1-MTS - 3,500 (—15.6) 6,080 ( 27.0) 1,588 3,356 4924
BM3-2-MTS - 3,50¢ (—15.6) 6,080 (27.0) 270 784 1,054
BM3-3-FS - 3,500 (~15.6) 6,080 ( 27.0) 510 2,116 2,626
BM4-2-FS — 3,000 (—13.3) 5,210 (232 - - Suspended
@9910
BM4-3-MTS - 3,000 (—13.3) 5,210 (232 2,666 1,410 4,076
BMS-1-FS - 2,500 (-11.1) 4,340 (19.3) - - Suspended
@ 20,630
T™M1-1-FM +16,000 (71.2) 23,900 (106.3) 8.4 0.5 8.9
T™1-2-iD +16,000 (712 23,900 (106 2) 12.8 3.2 16
T™™1-3-W 416,000 ( 71.2) 23,900 (106.3) 12.5 1.5 14.0
TM2-1-B + 8,000 ( 35.6) 11,950 (532 420 117 537
T™M2-2-GM + 8,000 ( 35.6) 11,950 (532 154 39 193
TM2-3-A0S  + 8,000 ( 35.6) 11,950 ( 53.2) 74 12 86
TM3-1-FS + 3,500 ( 15.6) 5,230 (23.2) 5,800 1,157 6,957
TM3-2-FS + 3,500 { 15.6) 5,230 ( 23.2) 4,270* 1,510 5,780
TM3-3-MTS  + 3,500 ( 15.6) 5,230 ( 23.2) 3,755 2,165 5,220

*Estimated from crack propagation data of other repititions of the same test.
**Total Life = Crack Initiation + Crack Propagation



Table 5:  Variable Amplitude Fatigue Tes: Results - RQC-100 Steel

Identi- (-) Minimum Load Crack
fication (+) Maximum Load Load Range snitiation
Number Ibs. (KN) Ibs. (KN) Blocks
SR-1-FM — 16,000 (-71.2) 21,500 ( 95.7) 199
SRi-2-JD —16,000 (-712) 21,500 ( 95.7) 244
SR1-3-A0S —16,000 (-712) 21,500 ( 95.7) o4
SR-1-B — 9,000 (—40.0) 12,100 ( 53.8) —
SR2-2-GM — 9,000 (—40.0) 12,100 ( 53.8) 1,710
SR3-2-FS — 7,000 (-3L.1) 9,400 ( 41.8) 11,200
SR4-1-FS - 6,000 (-26.7) 8,060 ( 359) 48,000
BRI1-1-FS --16,600 (-71.2) 27,800 (123.6) 3.3*
BRI1-2-B ~16,000 (-712) 27,800 (123.6) S5.0%
BRI-3-MTS —16,000 (-71.2) 27,800 (123.6) 4.2
BR2-1-FS — 8,000 (—35.6) 13,900 ( 61.8) 87.5%
BR2-2-FM — 8,000 (-35.6) 13,900 ( 61.8) 47.0
BR2-3-JD — 8,000 (—35.6) 13,900 ( 61.8) 113
BR3-1-MTS - 3,500 (-15.6) 6,080 ( 27.0) 2,673
BR3-3-FS - 3,500 (—15.6) 6,080 ( 27.0) 5,020
TRI1-1-B +16,000 (71.2) 23,900 (106.3) 29.9
TR1-2-A0S +16,000 (71.2) 23,900 (106.3) 23.5
TR1-3-W +16,000 (712 23,900 (106.3) 22.2
TR2-1-FM + 8,000 ( 35.6) 11,950 ( 53.2) 269
TR2-2-1D + 8,000 ( 35.6) 11,950 ( 53.2) 460*
TR2-3-GM + 8,000 ( 35.6) 11,950 (53.2) 374
TR3-1-FS + 3,500 ( 15.6) 5,230 ( 23.2) =
TR3-2-MTS + 3,500 ( 15.6) 5,230 ( 23.2) -
TR3-3-MTS + 3,500 ( 15.6) 5,230 (232 -

*Estimated from crack propagation data of other repititions of the same test.

**Small non-propagating crack present.
***Total Life = Crack Initiation + Crack Propagation

Fatigue Life
Crack
Propagation
Blocks

76
756
154

39,924
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103 Table 6:  Specimen Code Number
RQC-100 o Ist (letter) S — Suspension History
02 LOAD RANGE = 240 (B) "“istory Identification B — Bracket History
"‘L‘g:‘;"‘ _—/ M — Transmission History
RANGE — KN MAN-TEN —~0.245 Ll id
if  OAD RANGE =187.0.(8) 2nd (letter) M Man-Ten Steel
Material Identification R RQC-100 Steel
(B) = BLOZKS
0 i 1 i " 1
1005 P s =5 e = 3rd (number 1 Highest Load
FATIGUE LIFE TO CRACK INITIATION, BLOCKS 2 -
3 .
: : s 4 -
Fig 13 - Fatigue life plot for 5 — Lowest Load
transmission history
4th (number) -1 — st replication
-2 — 2nd replication
-3 — 3rd replication

was coded with a test number which identified the service history,

material, load level, replication number, and testing laboratory. This Sth (initials) AOS — A.O.Smith
code is explained in Table 6. B — Battelle

Crack length vs. block data was also taken for each specimen. This FM - Ford Materials
data is recorded in tabular form in Appendix E. Crack length is given as FS - Ford Scientific
recorded by the testing laboratory. From the crack length data, the GM  — General Motors
cracked area was calculated assuming a straight crack front from side to JD  — John Deere
side. Additionally, a dimensionless a/W ratio is calculated where a is the MTS — MTS Corporation
distance from the load line to the tip of the crack and W is the distance W — University of Waterloo
from the load line to the back edge of the specimen. Fig. 7 illustrates
these dimensions on the specimen. REFERENCES

1. N. E. Dowling, “Fatigue Failure Predictions for Complicated
Stress Strain Histories.” ASTM Jrl. of Materials, March 1972.
(See also, “Fatigue Failure Predictions for Complicated Stress-

SUMMARY

Although not exhaustive, this test program has produced a set of
fatigue data of sufficient generality that methods of fatigue life Strain Histories.” TAM Report No. 337, Dept. of Theoretical
prediction (both crack initiation and propagation) and laboratory and Applied Mechanics, University of Illinois, Urbana, 1970.)
simulation can be reasonably evaluated. The test data also provides 2. N.J. Sheth, S. L. Bussa and N. M. Mercer, “Determination of
other insights: Accumulated Structural Loads from S/N Gage Resistance
. Generally, the stronger steel had the longer crack initiation life Measurements”, SAE Paper 730139, presented at the Int. Auto.
and crack propagation life at all load levels for all histories. Engrg. Congress, January 8, 1973.

. The inverse slope of the variable amplitude life lines varied from 3. G. E. Barron, “The Use of Elastic-Plastic Finite Element Analysis
—3.8 to —7.25. Compressive mean loads resulted in less steep in the Calculation of Cumulative Fatigue Damage,” International
slopes. Conference on Vehicle Structural Mechanics SAE P-52, p.81.



APPENDIX A

SEQUENCE OF PEAKS AND VALLEYS FOR THE TEST LOADS
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=349 ~112 -324 -60 -318 -84 -331 -82 -367 -4S 24 Syse
=353 -7% ~-378 -104 -332 -49 =352 -40 =304 ~-10 25 SusP

=359 -82 =359 -84 ~-305 -47 -272 -5% -311 -90 121 SuUSP
=337 63 =397 -68 -342 -81 =330 ~60 ~298 -l 122 suse
=343 75 -3l6 42 -187 31 -684 -135 -405 -106 123 suss
=395 ~94 409 -137 -359 -133 -336 -119 -386 ~100 124 suse
=359 =75 <316 -75 ~330 -126 -350 -103 =230 =40 125 susP

mEMmMmMM O mMmmMM O mMMEMm o mMMmmmM mmm;mm

=333 -66 -~296 -¥2 299 -81L -39 =9 =343 45 26 Suse
=327 -99 <-320 -6t -358 ~-34 -296 =43 =316 -31 27 Suse

=386 ~-94 ~-365 -93 -344 73 -323 -83 -350 -400 126 suse
=369 ~60 =340 =129 =355 -8l -442 -89 -296¢ -93 127 suse

E ~248 ~-1& ~710 54 -353 81 -299 61 234 107 28 Suse =-326 -100 ~-340 ~-87 -326 -89 =-353 -83 -306 -50 128 Suse
€ =340 ~61 ~-346 -1} -288 =-86 -345 -97 -386 <-63 29 suse =321 =91 =312 -79 -304 -15 =297 ~-i/ -29:¢ -&3 129 suse
: =353 -49 -280 -I1 -359 -68 -316 -47 =312 =37 30 suse =352 =91 =344 -123 -332 -58 =313 -64 -364 -125 130 suse
3 =325 -66 =305 -28 ~-343 -79 =333 -49 409 -68 31 suse =349 -80 ~345 -66 <~37T1 ~-14 -364 -38 384 ~-95 131 suse

=345 -61 ~-287 =-53 -206 ~17 -409 ~-45 =356 =47 32 sLse =327 -110 =329 =93 =297 -53 -310 -84 -401 =-45 122 suse
E =310 48 =340 -96 =319 -103 -318 -38 -323 -27 33 suse =345 -120 =373 ~103 =389 -31 -402 -135 -410 =45 133 suse
E ~359 -82 ~320 -58 -334 -84 -309 -51 34 SusP =360 ~81 ~-367 -101 ~-332 -9 =301 ~-58 -353 -e8 134 suse
: ~280 56 =298 -71 -281 -41 -311 -8 =326 -110 35 Suse =319 =73 -332 -69 -356 -96 =332 -97 =336 -90 435 suse
E =334 =30 =259 ~54 <~373 <-48 ~-337 -100 -307 -S54 36 Suse =351 ~93 =383 -159 -384 -79 =352 -107 ~325 =-6o 136 suse

-318 ~-55 <~310 =23 =297 -86 -307 -84 =-2971 ~56 37 suse -299 —48 =271 -51 -132 4 =261 -0 =318 =23 137 suse
E =413 =55 =338 -66 -304 -47 -319 -81 -338 -22 38 suse =310 =83 <~309 ~-30 ~-364 -21 -342 -55 -3 ~-86 138 suse
E ~402 -70 =314 25 =324 =55 =294 -36 -312 -713 39 5use =297 -83 ~-360 =371 =321 82 =310 ~100 =393 =49 139 suse
: ~338 -73 =273 -36 -339 -84 -"11 =28 -2%9 73 40 suse =319 =68 -336 -22 -309 -45 -309 -83 -3 -70 140 suse
E -229 L =776 -419 -631 =575 ~174 -386 34 41 susep =331 =45 <~2719 =29 -34C -10y =338 -35 -248 -33 141 Suse

=313 -82 -422 -106 -397 =350 122 -3%8 -83 42 Susp
=332 ~109 =339 58 =-339 -91 -377 -10) =345 15 43 Suse
=312 =36 =356 ~45 -347 -119 -338 -86 ~-337 ~-T7 44 Suse
=342 -113 -326 -94 -355 =27 -320 -i8 =340 -2 45 Suse

-320

o ———

=362 ~132 ~349 -48 -336
=294 -49 -305 -87 -39
=367 =53 -380 -96 =309
=291 -6
~388 53

=30 =313 =29 46 SuSP
=94 -3 -1 47 SuLSe
~45 -3l -H2 48 Suse
-89 ~338 ~74 49 SusP
-51 -385 -150

-93
~366 ~-80 =337 -T7L <~367 =-81 -310 -63 =294 -73 52 susp
=327 =100 =370 =167 -401 =-42 =345 -82 =359 -94 53 suse
=334 =36 -384 -109 =323 -410 -326 -64 -281 -53 54 suse
=217 =10 =750 27 =324 ~-4% =313 =36 -321 -Al 35 Suse

=321 ~-88 347 -82 =391 =-22 -386 -38 -384 -9 36 sSuse
=306 =82 -310 ~33 ~-312 =-27 =290 -eb& ~-285 -Al 57 suse
=275 =54 -3535 -94 -362 -b66 -285 -31 =203 -38 S8 Suse
~396 ~-719% -1 34 =432 =37 =344 -50 -268 -7 59 suse
=307 0 =323 -10z -382 -38 -274 -36 -321 -93 60 suse

=310 =69 ~-337 -47 -294 ~47 -291 -83 -286 -o0 61 suse
5 =358 <48 -303 -73 ~340 =71 =304 ~77 =29 ~-40 »2 SUSP

-431 4 =391 -48 277 ~-51 -304 -~91 -3l6 =3¢ 63 SUsP
: =304 =86 =359 48 353 -64 ~34e 22 =320 49 &4 SUSP
E =344 =30 =317 ~-T70 -312 ~-87 -314 -45 -261 -57 65 SuSP
E

=314 =93 -314 -107 -432 ~-74 ~294 -9 -408 -42 66 SUSP
=382 -91 ~321 -95 =304 ~51 ~-294 9 =392 W2 AT SUsP
4 =137 100 ~763 -327 ~-535 -294 ~535 -292 ~-536 -323 68 SusP
=563 -215 =438 60 -334 -1l -3i85 -94 -37% -34 69 SuUSP
=337 -88 ~464 ~T7 -3il -109 -342 -80 -292 -9l 70 suse

=411 -83 =323 -5 -3l -20 =351 -120 -358 -9i 71 suse
=383 ~47 -326 ~-94 338 ~-E3 =429 -il0)L -321 -100 12 Suse
" =337 -103 =345 ~-91 =326 =-61 =292 -55 ~-309% -9 73 suse
=291 =86 ~290 =44 =320 ~-75 ~-331 -0 -360 -10 T4 Suse
=388 -103 ~317 -b6 -340 ~-70 -306 ~-87 -350 -9l 75 susep

=324 ~08 ~340 94 -359 -89 -31l4 ~-50 ~31&6 -60 16 Susp
=303 <~98 =371 =64 =350 =51 =323 ~49 -4l8 -LIO 17 suse
~402 -34 =313 —87 -305 ~-715 ~373 =113 -3'3 -i26 78 SusP
=340 ~64 ~-300 68 ~-329 -86 =360 -38 -3% =30 79 suse
=329 =94 =336 -119 =330 ~-101 =327 -9 -3&9 -29 80 suse

~401 97 =395 —lal ~342 -68 -299 -56 -2M -57 81 suse
~7719 =4 =3L9 =24 -217 20 =347 -35 -329 -7 82 suse
=344 ~1086 ~306 <~73 -377 -36 ~-287 -84 -364 -50 83 suse
=316 =50 ~-312 44 -337 =95 =297 ~-87 -380 ~-43 84 SUsP
=304 <40 =298 ~-£ =337 =-48 -314 -68 -292 -50 85 sSusP

=323 -100 =334 ~60 =327 =97 =340 ~86 -300 -49 86 Suse
~273 -64 =333 -8 -309 -21 -325 -3 -3 a &7 suse
~3l8 <-4 ~205 -64 -35%0 -93 ~-305 ~71 -324 -7
297 ~16 <312 -30 ~300 -42 ~278 34 -3 -e7 89 suse
=350 ~40 =294 -62 -362 ~80 -294 -64 -273 -58 90 Susp

=312 -3 -205 -Te -~A7& -MS5 187 USP
=281 64 <-304 ~45 -257 -43 168 SUSP
~283 ~-76 -997 -31 -286 ~-18 189 WP
=367 ~104 =343 -61 -307 -~%4 190 SUSP

=482 -273 -567 -299 -5 -251 191 S
=582 =291 -493 -180 -320 =271 192 SusP
=518 150 <193 45 -27¢ 15 193 SUSP
-246 122 -2 2 =230 36 194 suse
=390 ~-97 -3%6 ~-51 -428 -82 195 SuSP

=356 140 -450 -12¢ -372 10 1% suse
~205 -84 =373 ~97 -3353 ~47 197 SuSP
=316 -89 -339 -03 -3 ~77 198 SUSP
=320 =312 =313 -M1 =331 -S54 199 SuSP
=515 ~263 ~-572 -350 -357% ~26¢ 200 SUSP

~3800 ~-56 ~318 ~-75 -334 ~-93 -336 -Te6 -329 -a2 91 Suse
=334 -6C ~349 ~73 ~351 ~81 -29% -79 -29) ~73 92 susep
=352 =66 ~331 -84 -350 =-68 3535 -121 -1 -3! 93 susp
~267 =33 ~351 -&43 -326 ~-83 -309 -68 ~312 -M04 9% SusP
=331 ~102 =307 -8 -331 ~-70 ~-3%0 1 -2 29 L L]

-291 99 ~-132 185 -le0 76 -806 -396 -607 -383 36 Suse
~600 ~326 <~4)8 -_ 91 =502 ~47 =294 -47 -373 -M3 AT Sus*
=356 ~63 =389 ~137 -397 ~94 377 -133 -353 -47 we suse
-389 51 ~345 ~123 -350 ~il2 245 -6)1 ~-39C -109 99 W
=378 ~L06 ~370 ~75 ~240 ~74 ~346 -5 -291 -84 100 Suae
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-333
-139

-110

-291
~720

~283
115

-137

-49

-503
=258
-330
~38%

-358

-206

e
76

-103
L 23

14
-2

-226
-259

9
-31

-87
250



=241 305 344 =137 -437 123 -211 0 -457 29 1 BRACKEY =521 265 -511 326 -511 369 -290 123 ~-326 132 101 BRACKEY
=354 265 ~-526 -270 -595 246 -423 54 -s2: 211 2 BRACKET =290 216 =73 182 -413 1334 ~44 206 -403 54 102 BRACKEY
-157 T8 =364 -44 -344 216 -497 34 -447 172 3 BRACKET =398 285 ~-177 300 -216 113 -629 19 =433 3244 103 BRACKEY
-9 248 =531 =4 =374 123 -433 467 -654 -93 4 BRACKEY =344 172 -457 -127 -506 ~88 -30% 310 -344 162 104 BRACKEY
~442 241 ~44 250 -329 241 -374 -4 ~-684 102 S BRACKEY =393 103 -437 250 -246 68 -359 433 -428 1% 105 BRACKET
~T48 44 -585 16 -329 88 -359 206 -359 14 & BRACKETY 393 -265 =34 -418 236 -275 108 -314 2369 106 BRACKEY
=378 -19 467 44 -334 73 =226 54 -403 147 7 BRACKFT 433 -595 147 =221 364 -236 68 -423 344 107 BRACKET
-142 196 -492 -73 -329 305 -246 201 -536 59 8 BRACKEY 113 =772 556 -615 -152 -%85 172 -270 246 108 MMACKET
=359 157 -93 152 -556 211 -290 0 =433 157 9 BRACKET =344 200 -2%0 0 =-797 285 -26% -19 -383 182 109 BRACKEY
~-383 -29 -38)3 14 -624 68 -398 236 -285% 54 10 BRACKET =442 319 374 354 -310 403 -728 433 -27% 308 110 BRACKETY

~403 =9 -718 423 -4 255 24 246 531 162 111 BRACKET
=506 324 -482 196 -467 211 -428 93 -285 26% 112 BRACKET
~497 246 -275 211 -196 93 226 206 ~-359 147 113 BRACKEY
=374 187 -275 -68 -531 152 -329 221 ~303 -14 114 BRACKEY
=457 246 -516 142 -285 206 -492 374 -280 196 115 BRACKET

=152 98 =536 177 -388 118 -57% 88 -5l -93 11 BRACKEY
=501 270 -162 113 =-610 103 -310 -%9 -285 255 12 BRACKET
~442 142 -230 24 -383 T4 -226 157 -59% %9 13 BRACKEY
=290 =34 457 44 -23¢ 29 =590 177 -26% 118 14 ARACKET
~-388 88 -487 88 -447 9 -255 9 =290 9 15 BRACKETY

~457 127 -487 -98 -831 162 -423 -162 ~452 T 116 BRACKEY
=300 369 -452 36 -428 <132 -615 172 -319 319 117 BRACKEY
=349 447 -290 565 -349 295 -152 201 -497 ~44 118 BRACKEY
=344 201 ~132 472 -167 206 -216 305 -354 354 119 CKET
=19 236 -615 211 -374 -g8e8 -283 108 -570 157 120 BRACKET

-265 0 =250 44 -260 -4 =339 9 =260 73 16 BRACKET
=403 -56 -344 162 -324 403 -329 -83 -329 226 17 BRACKET
=447 182 -191 24 <487 162 -418 -177 -437 ” 18 ARACKET
-142 132 -69% 285 -132 137 -423 -172 -570 44 19 BRACKETY
=403 236 -123 226 -477 -142 -50¢& 108 <-546 59 20 ARACKET

467 226 19 290 -462 413 -54 275 -g26 280 121 BRACKEY
=226 -19 -280 378 -354 354 -196 113 ~127 263 122 BRACZET
=231 206 -5%6 305 -19 383 -669 216 -349 201 123 BRACKEY
=305 216 -433 -1& -221 383 9 246 -402 4“4 124 BRACKEY
=383 152 -260 142 316 275 -452 216 ~-83 187 125 BRACKFTY

=21 34 -290 118 -290 o -290 =9 =278 98 21 BRACKET
-442 157 -521 83 ~157 142 -418 63 -290 142 22 BRACKETY
=201 93 -187 34 =393 408 -%561 -132 -383 167 23 BRACKEY
=123 127 -462 =103 -339 123 -310 103 -339 9 24 BRACKEY
=246 0 -402 152 -5%6 127 -275 68 418 334 25 BRACKET

~246 157 -620 118 -236 250 -S561 388 -290 24 26 BRACKET
-482 123 -356 231 -437 132 -329 108 -497 78 27 BRACKETY
-2l 201 =250 63 -644 68 -349 201 -364 o 28 BRACKET
=497 127 =369 329 -152 123 -428 -9 -30% 226 29 BRACKET
=467 113 -319 305 -246 49 -433 0 ~649 118 30 ARACKFT

=231 182 -369 314 =255 236 -472 413 -21& 290 126 BRACKETY
=201 157 -285 356 -103 118 -211 19 7 CKET
=275 167 =329 167 -1%2 78 -127 201 CKET
=236 408 -260 152 -349 172 -23s 34 1] 54 BRACKFT
=305 103 -300 206 -472 413 -221 393 -319 103 130 BRACKEY

=344 152 -290 -24 -260 300 -226 206 -388 29 131 BRACKETY
~645 290 -231 49 -526 73 -285 349 -856 393 132 BRACKEY
~659 0 -383 24 =541 4 -684 177 -Z36 308 133 BRACKETY
=34 231 482 147 -132 477 -187 526 -629 9 134 BRACKET

=418 182 -241 -14 =-344 206 -216 118 -30% 44 31 BRACKET

99 =196 157 -418 -152 ~-723 132 -374 172 32 BRACKET
=147 236 -656 -93 =319 157 -246 305 -442 -172 2 BRACKETY
=403 172 -314 113 314 265 -319 -108 -403 167 34 BRACKET

=231 275 -349 59 -418 241 -285 177 -314 118 35 BRACKET =236 388 639 -137 142 135 BRACKET
-457 88 -398 137 -762 68 -629 354 -354 172 36 BRACKET =442 241 300 -118 241 136 BRACKET
=191 103 447 275 -295 -19 -226 49 -408 9 57 BRACKEY ~428 423 132 =211 354 137 BRACKEY
=270 63 =221 9 =300 =9 =339 162 -~-5%6 68 38 BRACKEY ~187 29% 132 -226 2% 138 BRACKEY
=265 113 =310 93 -6% 319 -501 83 -344 24 39 BRACKET =316 132 172 -506 137 139 BRACKETY

=521 359 -201 2 =292 250 -4l@ 56 =590 -246 40 BRACKEY <103 37 =68 290 -551 152 -344 49 -275 248 140 BRACKETY
-467 398 -305 255 -374 -137 -679 98 -551 157 41 BRACKEY
=285 152 -216 29% -4T2 76 -260 88 =334 -2¢ 42 BRACKET
=393 19 -231 14 =575 241 -339 -29 -398 103 43 BRACKET
-423 226 =344 -108 -487 118 -226 187 -536 24 44 BRACKEY
~447 201 -659 265 -201 216 -629 221 -285 260 45 BRACKEY

=147 285 127 187 -244 383 -246 388 -696 14 145 BRACKEY
’ 270 -246 177 -S46 206 ~-118 226 142 BRACKETY
ACKEY

- ACKREY

=359 255 -300 255 -221 93 -211 280 -3s4 -19 145 BRACKEY

~634 369 -187 29 =329 236 -sl8 34 =300 77 46 BRACKET
-236 73 -639 177 -452 -39 -383 221 -285 2C1 47 BRACKEY
=349 %8 =221 39 -26% -9 =260 93 =236 -19 48 ARACKET
=314 68 ~-162 103 -487 73 F BRACKET
-250 78  -364 -152 -536 BRACKET

-408 231 -403 260 -356 2% -172 93 -413 201 146 BRACKFT
=295 182 -172 118 -408 324 -191 226 -108 216 147 BRACKEY
=172 359 -556 1305 19 314 -285 68 -211 319 148 BRACHEY
260 =68 137 -383 467 -19 38 149 BRACKEY
BRACKEY

1 BRACKEY

=182 231 -423 =9 =290 216 -319 o =201 54 51 ARACKET

=319 0 =231 132 -393 177 -393 167 -383 0o 52 BRACKEY BRACKFT
-30% 54 -462 -73 -300 -63 -305 39 =255 -1s 53 BRACKFY BRACKET
-280 -73 ~767 334 =54 482 -29% -29 -752 -3 54 BRACKEY BRACKET
546 393 73 501 -59) =324 -629 103 -497 167 55 BRACKET BRACKET
=152 98 -314 S -457 132 -236 152 -314 -103 56 BUACKETY BRACKET
=310 123 -Zse 14 -260 68 -2a0 36 ~-590 1%2 ST BRACKEY BRACKEY
=290 -3 =457 0 =324 167 -433 196 -433 98 58 BRACKETY BRACKEY
=236 319 -295 162 ~132 236 -497 221 -403 -152 59 BRACKEY BRACKEY
=535 206 -172 73 =290 187 -482 167 -477 -44 60 ARACKET BRACKEY
~497 68 -211 142 -329 93 ~le2 88 -246 -4 61 BRACKEY BRACKET
“369  -14 =428 -19 -260 216 -132 147 -a477 201 €2 BRACKET BRACKET
=477 344 =305 226° -782 2945 -324 191 -467 334 63 BRACKET BRACKET
=457 147 -452 132 -201 34 -2i5 46 -4l8 278 64 BRACKET BRACKET
=98 108 -305 54 -639 167 -585 187 =34 265 65 BRACKET BRACKET
~787 157 -408 81 -216 54 -270 359 -216 280 66 ARACKET BRACKET
=339 211 -457 265 -226 88 -310 172 -%46 201 67 BRACKEY BRACKET
-260 -19 =324 364 ~-191 108 -349 260 -3%4 127 68 BRACKET BRACKEY
=236 39 -388 118 -359 123 -447 103 -314 29 69 BRACKET BRACKEY
M 4 ~S01 142 -334 26 =472 2% =334 226 70 BRACKET BRACKET
=300 191 -305 118 -654 142 ~-196 477 -605 433 71 BRACKETY BRACKET
=692 113 -265 147 -482 280 ~467 103 -418 103 72 BrACxEY 172 SRACKET
=501 260 "3 196 -437 -103 -472 152 -437 265 73 BRACKEY ~& 393 <615 191 -211 457 -191 24 =211 389 173 BRACKFT
=231 123 -369 226 -S11 324 -733 339 -21¢ 54 T4 BRACKEY <35 196 -487 201 =54 172 -610 216 -14 206 174 BRACKEY
-772 388 =33 201 -462 241 -329 78 -546 393 75 BRACKET -58% 585 4% 157 =255 265 -447 344 -231 132 175 BRACKET
-285 34 -5l 241 =44 191 -615 -108 -319 329 T6 BRACKEY =369 462 =34 211 =423 1712 -334 S75 -78 280 176 BRACKEY
=290 142 -457 0 -649 246 -172 369 -26% -59 7T BRACKEY ~654 462 98 492 275 -344 127 -423 1% 177 BRACKETY
=334 157 -28%5 152 -201 98 -T713 413 -516 113 78 BRACKEY ~-378 29 =305 339 369 -59 344 585 344 178 BRACKETY
=127 531 -575 -113 -565 349 =73 265 -639 206 79 BRACKET 526 193 ~-78 191 310 -191 433 -44 231 179 BRACKET
~418 295 -216 68 -89 152 -157 54 -497 378 80 BRACKEY ~319 344 =14 314 319 -63 314 -398 187 180 BRACKET
~187 241 -393 54 =221 36 -241 369 -388 29% 81 BRACKEY ~265 241 -221 o4 191 =344 246 -~-137 s8% 181 BRACKEY
=575 226 %90 -49 -497 142 -39 142 -339 201 82 BRACKET =403 437 -265 344 =93 113 -132 25 -73 30% 182 BRACKEY
-580 255 =4 349 =526 -113 -329 236 -26% 172 83 BRACKEY =250 403 -39 14 =324 300 -s8 23 -3¢ 1712 183 BRACKEY

=374 113 -285 255 -497 -39 -319 250 -674 260 84 BRACKEY =329 34 206 300 -477 €9 -le7 25 -63 349 184 BRACKEY
=437 206 -285 196 =561 295 -310 ~-78 -521 es 85 BRACKEY =265 275 -167 241 -123 413 -285 462 -113 2% 183 BRACKEY

=425 =29 -59% 34 -S16 34 595 216 -34 201 86 BRACKET =354 383 -113 246 -IT2 49 =497 275 ~113 248 186 BRACKET
-624 IST -108 103 -329 127 =339 93 -241 59 87 BRACKEY =231 374 -191 329 =98 467 -472 344 -280 201 187 BRACKEY
=374 83 -191 78 -497 260 -221 -9 =324 208 88 BRACKEY <418 3506 -108 127 ~-S11 191 ~-182 137 -26% 344 188 BRACRET
-580 34 <364 344 ~147 172 -%61 241 -390 -162 89 BRACKEY =521 374 =49 516 -68 216 -364 3re 34 200 189 BRACKET
=544 152 -123 295 157 196 -482 142 ~196 324 90 BRACKET 26 226 -482 354 -le7 73 -172 19 -83 255 190 BRACKEY

=319 177 <255 378 ~-137 118 -590 290 -S11 59 91 BRACKEY =142 157 -118 142 191 ORACKET
~3986 157 =54 255 <344 255 -378 226 -182 10% 92 BRACKEY ~123 303 -3%36 511 192 BRATKET
~615 201 -S526 93 -305 0 =334 280 -236 29 93 BRACKTY =201 47T <147 497 193 BRACKS ¢
=310 T8 -255 265 -4 206 -501 31% ~-s511 9 94 BRACKET =275 388’ -344 127 194 oxACKET
=369 191 ~-280 -2 393 196 -~364 246 -334 221 95 BRACKETY =59 457 172 137 195 BRACKEY
=300 113 280 108 -30% 127 -S536 290 -187 103 96 BRACKEY ~108 310 -201 235 196 BRACKEY
~206 226 ~57% -63 -28% 39 -33 270 -28% - 97 BRACKEY ~162 354 113 29 197 on

-275 34 44T 221 123 241 )91 29 =324 102 90 BRACKEY =231 413 54 403 198 smaCKzY

T34 21 -182 191 -206 211 <336 305 <-1A3 329 99 BRACKE
T10% 344 477 152 -585 324 <49 196 -54 167 100 SRACKET T231 472 -295 200 -187 39 -187 364 -113 196 200 SRACKET
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~344

-132
-152

417

~447
-3

=19

123
344

167

275
305
314

ns

e
423
314
295

L}

187
103
314

266
162

20
226
265

182
344

«le
as

36"
293
472
250
184

-374

~310

-30%

-310
-182
-250
=305
~226

=221
-369
-280
-177
=314

201
=378
-1%2
=162
-172

-206
-241
=374
=265
~182

=34
~221
-157
-i82
=177

~196
~-393
-492
~-&57
-7

~250

~49
-123
-205%
-123

403
231
191
492

14

29
329
393
290
13

310

236

123
329
216
374
31y

314
492
359
221
191

123

118

=250
-30%

329
182
162

103

383
334

442
551

-88
241
216

24t

191
329
408

457

196
246
157
324
472

285

457

118
226

182
339

334
226
329
196
147

359

-334
-255%
=236
=172
~142

418
-639
-182

=137

-s51l
=172
~497

-305

=305
=63
93
~241
-118

~255
=205
=334

162
300

275

295

359

250

~236
=334

201
202
203

206
207
208
209
210

211
212
213
214
215

216
217
218
219
220

221
222
223
224
225

226
227
223
279
230

31

BRACKEY
BRACKEY
BRACKEY

04 BRACKET

BRACKET

BRACKET
BRACKET
BRACKEY
BRACKEY
BRACKET

BRACKEY
ARACKEY
BRACKET
RARACKET
ARACKET

ARACKET
BRACKEY
RRACKET
BRACKEY
BRACKETY

ARACKET
BRACKEY
BRACKET
BRACKEY
BRACKFT

BRACKEY
BRACKFT
ARACKEY
RRACKEY
BRACKET

BRACKFT
BRACKFT
ARACKET
ARACKET
ARACKET

BRACKET
RRACKET
BRACKET
BRACKET
BRACKET

ARACKET

BRACKET
BRACKFT
ARACKETY
BRACKEY
BAACKET

BRACKFT
ARACKET
BRACKEY
ARACKE Y
BRACKET

BPACKET
BRACKETY
BRACKET
BRACKEY
BRACKET

BRACKFT
BRACKET
BRACKET
BRACKFT
BRACKET

ARACKET
BRACKET
BRACKET
ARACKETY
BRACKEY

ERACKET
BRACKET
ARACKFTY
BRACKET
BRACKFT

BRACKETY

BRACKEY

BRACKET

BRACKET

BRACKET
BRACKFY
BRACKEY
BRACRET
BRACKET

BRACKET
BRACKET
BRACKET
BRACKETY

300 BRACKEY

-477

-280
~196
-103
-285
-447

-182

-305
~201

-54
-418
-241

-319

103

182
113

374
221

177
123
167
255

231
206

324
329

137

=221

-250
=201
-728
~398
=364

=329
~-260
~-433
=201
=270

-390
-607
-260

=201
-408
=152
-236

-428
=319
~319
-132
-329

-205
=293
-497
~536
~388

=211
=167
~369
-206
-383

~88
~413
-182
172
=344

-172

182

=172
-255

~354
=246

=378
=211

-93
-393
147

=206
=127
-49
-78
=304

=501
~-187
-241
447
-221

~388
~54
=334

-83
=295
=319
172
241

=402
-7
-398
=123
=319

-295
=344

-4
-344
-226

-413
=364
=211
=221
-280

=187
=34
-177

~4u3
-2l6
~4J3
-437

=211
-290
-93
-462
-78

=191
=536
-226
-4d2
~4i8

=300
-383
~433
-383
=152

~423
-418

=290
=177
-428
=191
-339

~59
-182
~462
-83
=216

-280
=113
-457

-29
~142

-383
~472
=270
=221
-383

-187
~437
-137
=216
-575

=196
=300
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APPENDIX C

MATERIALS DESCRIPTION AND MECHANICAL PROPERTIES

by R.W. Landgraf

Scientific Research Staff

Ford Motor Co.

APPENDIX C
MATER!ALS DESCRIPTION AND MECHANICAL PROPERTIES

Chemical compositions and processing treatments for the Man-Ten
and RQC-100 steels are summarized in Table C-1. A compilation of
monotonic tension properties is presented for Man-Ten steel in Table
C-2 and for RQC-100 steel in Table C-3. Property definitions and
analysis procedures can be found in Ref. C-1.

40+
e CyCHiC, COMP. SPEC.
20 - = = — Cyclic, increm.
. L N 1 1 J
0 0004 0008 ool12 00i6
Strain

Fig.C-1 Monotonic and cyclic stress-
strain curve for man-ten and rqc-100
steels

Constant-amplitude, strain-controlled fatigue data generated by
testing cylindrical specimens in axial push-pull are tabulated for the two
steels in Tables C4 and C-5. Tests were performed generally in
accordance with procedures described in Ref. C-2. These data were then
analyzed to obtain a cyclic stress-strain relation:

de _ Aee  Aeo _ Ao (Ao )/n”
2 2 2 2E 7 (2K~)

and a strain amplitude-fatigue life relation:

Ae _ Aes Aep _ Of .
2 2 *+72 £ (2Mp)° 4 € (anp)°

The resulting cyclic properties, obtained by linear regression analysis of
the appropriate data, are given in Table C-6. Definitions of these
properties can likewise be found in Ref. C-1.

In Fig. C-1 the cyclic stress-strain curves are compared to the initial
portions of the monotonic curves for the two steels. Cyclic curves
determined both from constant-amplitude vests and incrementa! step
tests are presented in this figure. Strain ampiitude-ife curves with
elastic, plastic and total strain points plotted are shown in Figs. C-2 and
C-3.

T. M. Johnson
Proving Ground
General Motors Corp.
Ol
\ Mon-Ter,
X
& ool
2 E
z
E T i
< -
H Elostic
# 000l
0.000! PR PR SRR (PR IPRST I L 1
T T S T N M T+ T+

Reversals 1o Failure, 2N,

Fig.C-2 Strain amplitude-fatigue
life curve for man-ten steel

Ol
RQC-100
2
2
£
<
4
)
O_OOOCtA.l..I.Al..l..l..l POl
1o 102 100 10t 100 i w0
Reversals to Foilure, 2N,
Fig.C-3 Strain amplitude-fatigue
life curve for rqc-100 steel
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Table C-1 - Material Compositions and Processing

Compositionsg

Man-Ten EQC-100
Carbon 0.23 wt.% 0.19 wt.%
Manganese 1.57 0.79
Phosphorus 0,016 0.005
Sulfur 0.022 0.021
Silicon 0.01 0.24
Copper 0.22 -
Boron - 0.0028

Processing

Man-ien (U. S. Steel Corp.) - 3/8 in. plate, hot-rolled

to 45-50 ksi yield strength,

RQC-100 (Bethlehem Steel) - 3/8 in, plate, roller quenched
from approximately 1,650°F; tempered at 900°F or higher to 100 ksi

minimum yield strength.
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Table C-2 - Monotonic Properties of Man-Ten Steel

Reference
g3 gk
Elastic modulus, 30x10§ 29.6x193
E, ksi(MPa) (207x107) (204x10°)
Yield strength (0.2%), L6 47
Sy’ ksi(MPa) (317) (324)
Ultimate strength, 82 82
£,» ket(¥Pa) (565) (565)
Reduction in 69 6h4
ar=a, %RA
True fracture 145 135
strength, o7, ksi(Mpa) (1000) (931)
True . :racture
ductility, e, 1.19 1.03
Strength coefficient, _ 134
K, ksi(MPa) (924)

Strain hardening
exponent, n 0.21 0.19

c-5

30x103
(207x103)

47
(324)
78
(538)
68
151
(1040)
0.97

155
(1070)

0.23



Table C-3 =~

Elastic modulus,
E, ksi(MPa)

Yield strength (0.2%)
8ys ksi(MPa)

Ultimate strength,
S,» ksi(MPa)

Reduction in
area, %RA

True fracture
strength, ¢,

True fracture
ductility, ep

ksi{MpPa)

Strength coefficient,
K, ksi(MPa)

Strain hardening
exponent, n

Monotonic Properties of RQC-100 Steel

Orientation*

Reference

TfC-ﬁ) L(c-6) T(C-6) L(c-4) T(C-k)

31.2x1
(215x10

109
(752)

115
(793)

41

161
(1110)

0.53

* L = parallel to rolling direction

-3
|

= transverse to rolling direction

29, ux19
(203x10°)

1
(765)
119
(821)
68
197
(1360)
1.15
192

(1320)

0.114

29.hx1g) (

(203x10
112
(772)
119
(821)
48
162
(1120)
0,65
164
(1130)

00075

30x1o3 30x103
207x10°) (207%103)
128 130
(883) (896)
135 136
(931) (938)
67 43
193 155
(1330) (1070)
1.02 0.56
170 170
(1170)  (1170)
0.06 0.06

19
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Tuble C-4 -~ Fatigue Results for Man-Ten Steel

Total Strain Stress Ampl.,* Elastic Strain Plastic Strain Reversals to

Ampl,, Oe/2 &g/2, ksi(MPa) Ampl,,* Ae /2 Ampl,,* B¢ /2 Failure, oN. Reference

0.0201 75 (517) 0.0024 0.0177 670 c-3
0.0099 66 (455) 0.0021 0.0078 2,640 c-3
0.0080 59 (407) 0.0021 0.0059 4,600 c-k
0.0079 59 (%07) 0.0023 0.0056 2,400 c-5
0.0071 58 (L400) 0.0020 0.0051 5,610 c-3
0.0048 50 (345) 0.0019 0.0029 8,800 c-5
€.0039 50 (345) 0.0017 0.0022 22,100 c-3
0.0038 46 (317) 0.0018 0.0020 18,100 c-5
0.0025 42 (290) 0.0014 0.0011 120,000 c-3
C.0020 38 (262) 0.0013 0.0007 446,000 c-3
0.0020 4o (276) 0.0014 0.0006 475,000 C-l
0.0017 37 (255) 0.0012 0.0005 965,000 C-3
0.0015 35 (241) 0.0012 0.0003 9,500,000%* c-3
0.0013 33 (228) 0.0011 0.0002 2k,000,000%* c-3
* Data from stable hysteresis loops. ¥%* No failure



Table C-5 - Fatigue Results for RQC-100 Steel

e o oo ket bt Ao imgtes Ae/2  Pailure, 2N,  Reference
0.,0198 126 (869) 0,0042 0.0156 22 C-k4
0.0150 114 (786) 0.0038 0.0112 390 c-b
0.0100 91 (627) 0.0033 0.0067 880 c-6
0.0100 88 (607) 0.0032 0.0068 978 c-6
0.0100 108 (745) 0.0036 0.0064 1,320 c-l
0.0062 84 (579) 0.0029 0.0033 1,900 c-5
0.0060 102 (703) 0.0034 0.0026 2,330 C-k
0.0053 79 (545) 0.0029 0.0024 4,240 C-5
0.,0050 81 (558) 0.0027 0.0023 4,400 c-6
0.0050 82 (565) 0.0028 0.,0022 4,460 c-6
0.0030 90 (621) 0.0030 - 54,900 C-k
0.0029 72 (L496) 0.0026 0.0003 38,300 c-5
0.0025 76 (524) 0.0025 - 167,000 c-6
0.0025 73 (503) 0.0025 - 185,000 c-6
0.0020 60 (414) 0.0020 - 10,000,000%* c-6
0.0019 55 (379) 0,0019 - 580,000 Cc-5

* Data from stable hysteresis lcops. #*% No failure
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Table C~-6 - Cyclic Properties of Man-len and RQC-100

Elastic modulus,
E, ksi(MPa)

Yield strength (0.2%),
S&, ksi(Mpa)*

Strengtli coefficient,
K', ksi(MPa)*

Strain hardening
exponent, n' ¥

Fatigue strength
cnefficient, c},
Fatigue ductility
coefficient, eé

ksi(MPa)

Fatigue strength
exponent, b

Fatigue ductility
exponent, ¢

* constant amplitude tasts/incremental step test

Man-Ten

29. 5x1g
(203x10°)

48/k47
(331/324)

160/136
(1100/938)

0,19/0.17

133
(917

0.26

Steels

RQC-100

29.5x193
(203x19°)

90/80
(621/552)

167/203
(1150,/1400)
0.10/0.15
168
(1160)
1,06

-0 075
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APPENDIX D

CONSTANT AMPLITUDE CRACK PROPAGATION DATA

1D - Constant Amplitude Crack Propagation Data

Test No. 8FS

Max. Load: +14000 1bs. [62 300 N]
Min. Load: -14000 1bs. [-62 30C N]
Material: Manten

Reversais Crack Length Inches Imm! Crack Area
ainte e npainte e Tn.2 I::Zl a/W

Table

136 0.12 [3.05] 0.05 [1.27] 0.0319 20.58} .3439

144 0.15 [3.81 0.05 E1.27% 0.0375 [24.19 . 3480

146 0.17 [4.32] 0.06 [1.52 0.0431 [27.81] .3520

148 0.24 [6.10] 0.07 [1.78] 0.0581 [37.48] . 3628
Fracture

Crack Initiation Life 144 Reversals; Fracture Life 148 Reversals
2D - Constant Amplitude Crack Propagation Data

Test No. 9FS

Max. Load: +7000 1bs. E31 100 N]
Min. Lead: -7000 1bs. [-31 100 N]
Material: Manten

Reversals Crack Length Inches [mm Crack Area
X10-3  Painted Side  Unpainted giﬂe Tn.2 [mm] a/W

3.42 0.08 [2.03 0.05 [1.27 .024 15.48 .3385

3.58 0.15 [3.81 0.05 [1.27 .038 24.52 .3480

3.72 0.17 [4.32 0.12 3 05 .054 34.84 . 3601

3.88 (.25 [6.35] -- .094 [60.65] . 3885

4.56 0.57 [14.48 -~ -- .214 138.06] .4750

4.74 0.92 [23.37 -- -- .345 222.58 .5696
Fracture

Crack Initiation Life 3580 Reversals; Fracture Life 4740 Reversals

23



Table 3D - Constant Amplitude Crack Propagation Data

Test No. 10FS

Max. Load: +5000 1bs. [22 200 N]
Min. Locd: -5000 1bs. [-22 200 N]
Material: Manten

Reversals Crack Length Inches |mm! Crack Area
__X10- ainte e Unpainte e Tn.? [rmZ ] a/u

14.58 0.09 [2.29] 0.04 [1.04; .025 L16.13: .3386
15.02 0.13 [3.30] 0.04c [1.22] .033 [21.29] .3450
15.42 0.15 [3.81] 0.056 [1.42] .039 [25.16] . 3488
15.82 0.16 '4.06: 0.060 :1.52: .041 [26.45]] . 3507
16.22 0.18 [4.57_ 0.067 {1.70C] .046 [29.68 .3543
16.62 0.20 [5.08] 0.075 [1.91] .052 [33.55] . 3581
17.02 0.21 :5.33: 0.078 [1.98] .054 :34 84: . 3599
17.42 0.23 [5.84] 0.086 [2.18] .059 [ 38.06 ] .3636
17.80 0.24 [6.10] 0.090 [2.29] .062 [40.00] . 3655
18.20 0.25 :6.35: 0.093 [2.36] .064 [41.29] .3673
18.60 0.27 [6.86] 0.101 [2.57] .070 .45.16] L3711
19.00 0.29 [7.37] 0.108 [2.74] .075 [48.39] .3747
19.40 0.31 [7.87] 0.116 :2.95: .080 [51.61] .3785
19.80 0.32 [8.13] 0.120 [3.05] .083 153.55 | . 3804
20.40 0.36 =9.14] 0.135 [3.43] .093 [60.00]] .3878
21.00 0.40 [10.16] 0.150 [3.81] .103 [66.45] .3953
Crack Initiation Life 14,400 Reversals; Fracture Life Reversals

Table 4D - Constant Amplitude Crack Propagation Data

Test No. 5R

Max. Load: 6030 1bs. [27 000 N]
Min. Load: 995 1bs. [4400 N]
Material: Manten

Reversals _Crack Length Inches |mm1 Crack Area
X16"2  Painted Side Unpainte e In.2 {mmZ] a/W

76.0 * [*] .090 F2.29] .034 ;21.94] 3453
84.0 * [ 170 [4.32 .064  [41.29 .3669
92.0 *[*] .250 [6.35] .094  [60.65]  .3885
102.0  * [*] .330 [6.38] .124 _80.001 .410]
107.0 o+ ] .410 [10.41] 154 [99.35 429
112.0 * [ .490 [12.45] 184 [118.71]  .4534
116.0 * [ .570 [14.48] 214 [138.06]  .4750
119.0  * ,*} .650 [16.51] .208  [157.42]  .4966
120.6  * [+ .730 [18.54] 281 [181.297  .5182
122.0  * [« .810 [20.57] .304  [196.13]  .5399
123.1  * [+ .890 [22.61 .33 [215.48]  .5615
123.8  * [* .970 [24.64] .34 [234.84]  .583]
124.0 *  [*] 1.050 [26.67] .394  [254.19]  .6047

124.2 Fracture

*Cracks lengths not measured, but approximately equal.
Crack Initiation Life 79,000 Reversals; Fracture Life 124,200 Reversals



Table 5D - Constant Amplitude Crack Propagation Data

Test No. 6R

Max. Load: 5030 1bs. [23 400 N]
Min. Load: 995 1bs. [4400 N]
Material: Manten

Reversals Crack Length Inches [mm Crack Area

X10-3_ Painte e npainted Side In.Z_  [mmZ] a/W

214.0 * :*] .170 [4.32] .064 [41 .29 .3669
226.0 * [ * .250 [6.35 .094 60. 65 . 3885
245.0 * [*] .320 [8.13] .120 77. 42 .4074
262.0 * :*] .410 10.41] .154 99. 35 .4318
274.0 * [ * .490 [12.45 .184 118.71] .4534
280.6 * (] .570 [14.49] .214 138.06] .4756C
287.2 * _*] .650 [16.51] .244 157. 42 .4966
292.4 * [ * .730 [18.54 .274 176. 77 .5182
296.2 * [*] .810 [20.57] .304 [196.13] .5399
298.8 * :*} .890 [22.61 .334 [215.48 .5615
300.2 * i .70 [24.64 .364 234.84 .5831
301.6 * [*] 1.050 [26.67] .394 254.19] .6047
302.2 * :*] 1.130 [28 70] .424 F273.55] .6264
303.2 * [ 1.210 [30.73] .454 1'292.90 .6480
304.0 * [*] 1.290 [32.77] .484 [312.26] .6686
304.1 Fracture

*Crack length not measured, but approximately equal.
Crack Initiation _ife 203,000 Reversais; Fracture Life 304,100 Reversals

Table 6D - Constant Amplitude Crack Propagation Data

Test No. 11FS

Max. Load: +2000 1bs. [8900 N]
Min. Load: -2000 1bs. [-8900 N]
Material: Manten

Reversals Crack Length Inches [mm Crack Are
___X10-6  Painted Side  Unpainted g13e Tn.2 Immgl a/W

2.119 0.2% [9.65] 0.30 E7.62] .128 82.58] .4128
2.18 0.45 [11.43] 0.40 [10.16] .159 102.58] .4358
2.22 0.54 [13.72] 0.48 [12.19] .191 [123.23] .4588
2.27 0.75 [19.05 0.55 [13.97 .244 157.42] .4966
2.34 0.78 [19.81 0.74 (18,80 .285 183.87 .5264
2.408 1.20 [30.48 1.10 [27.94 .431 278.06] .6318
2.428 Fracture

Crack Initiation Life Reversals; Fracture Life 2,428,000 Reversals
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Table

7D - Constant Amplitude Crack Propagation Data

Test No. 12FS

Max. Load: +15000 1bs. [66 700 N]
Min. Load: -15000 1bs. [-66 700 N]
Material: RQC-100

Reversals Crack Length Inches [mm Crack Are
Painted Side Unpainted Side Tn.E Immgl a/W
388 0.07 [1.78 0.17 [4.32] .045 29.03] .3534
390 0.15 [3.81 0.21 5.33] .068 43.87 . 3696
392 0.20 [5.08 0.25 [6.35 .084 54.19 .3818
394 Fracture

Table

Crack Initiation Life 388 Reversals; Fracture Life 394 Reversals
8D - Constant Amplitude Crack Propagation Data

Test No. 4C.T.

Max. Load: +14000 1bs. EGZ 300 N]
Min. Load: -14000 1bs. [-62 300 N]
Material: RQC-100

Reversals Crack Length Inches |mm! Crack Area
Painte 2 npainte e In.Z  [mmZ] a/W

Table

540 .000* .000*
580 .10 [2.54] .10 [2.54] .0375 [24.19] . 3480
650 Fracture

*.125 crack in center of hole, but no cracks on sides of specimens.
Crack Initiation Life 580 Reversals; Fracture Life 650 Reversals

9D - Constant Amplitude Crack Propagation Data

Test No. 13FS

Max. Load: +8000 1bs. [35 600 I']
Min. Load: -8000 1bs. [-35 600 N]
Material: RQC-100

Reversals Crack Length iInches hnn! Crack Are
X10~ ainte e npainte © In.2 Immal a/u
6.84 0.08 [2.03 0.06 [1.52] .026 E!6.77 .3399
7.44 0.14 [3.56 0.043 [1.09% .034 21.94 . 3457
7.88 0.20 [5.08 0.075 [1.91 .052 33.55] . 3581
8.16 0.28 7.11] 0.105 2.67] .072 46.45] .3730
8.40 0.36 t9.14 0.135 [3.43 093 60.00 .3878
8.60 0.46 [11.68] 0.172 [4.67] L1319 76.77] .4064
8.80 0.55 [13.97 0.206 [£.23] .142 91.61] L4231
9.00 0.65 [16.51 0.2%4 6.201 .165 106.45] .4418
- 1.10 [27.94 0.412 [10.46] .284 183.23] .5253
Fracture

Crack Initiation Life 7200 Reversals; Fracture Life Reversals



Table 10D - Constant Amplitude Crack Propagation Data

Reversals Crack Length Inches |mm! Crack Are
X10~ ainte e npainted Side In.E |::§| a/u

120.8  0.160 ;4 os] 0.090 [2.29 .047 ;30.32] .3547
132.8  0.210 [5.33 0.210 s 23 .079 50.97 .3777
142.8  0.300 [7.62]  0.295 [7.49] 112 [72.26] .40i4
152.8  0.415 [10.54] 0.420 ;10.67' 157 [101.29 .4338
158.8  0.515 [13.08] 0.515 [13.08] 193 [124. 521 .4601
160.8  0.560 [14.22] 0.565 [14.35] .21 [136.13 .4730
162.2  0.590 [14.99] 0.590 [14.99] .221 142.58 .4804
164.2  0.645 [16.38] 0.645 [16.38] .242 156 131 .4953
166.4  0.725 [18.42] 0.725 [18.42] 272 [175.48 .5169
167.4  0.770 [19.56] 0:770 [19.56] .289  [186.45 .5291
169.4  0.875 [22.23] 0.875 22,23 .328  [211.61 .5574
170.0  0.915 an 24]  0.915 [23.24] .343  [221.29 .5682
170.5  0.968 [24.59] 0.968 [24.59] .363  [234.19]  .5826
170.86  1.020 [25.91] 1.020 [25.91] .383  [247.10 .5966
171.12 1.100 [27.94] 1.100 [27.94] .413 266.45 .6182
171.24 1.180 [29.97] 1.180 [29.97] .443  [285.81 .6399

Crack Initiation Life 110,000 Reversals; Fracture Life 171,240 Reversals

Table 11D - Constant Amplitude Crack Propagation Data

Test No. 3C.T,

Max. Load: +4000 1bs. [17 800 N]
Min. Load: -4000 1bs. [-17 800 N]
Material: RQC-100

Reversals Crack Length Inches |mm! Crack Are
X10~ ainte 2 Unpainted e In.2 |:§ | a/W

159.2 .035 L 8897 --

167.6 .090 EZ .29] .036 914s .024 15.48 . 3380
176.2 .090 [2.29] .039 [.991 .024 15.48 .3384
182.4 .095 [2.41 .044 :1.12. .026 16.77 .3397
188.4 .100 [2.54 .052 [1.32] .028 18.06 .3415
194.4 .110 [2.80 .056 _1.42 .031 20.00 .3434
200.0 113 12.87 .063 '1.60_ .033 21.29 .3447
208.4 117 [2.97 .065 .1.65: .034 21.94 . 3455
215.8 .130 [3.30 .069 [1.75] .037 23.87 .3478
266.0 -- -- .238 ;6.05: --

273.0 -- -- .262 6.65 -

290.4 * *] .370 ,9.401 .139 r89 68] . 4209
293.4 * *] .401 [10.19 .150 96 77 .4293
293.6 * *] .405 [10.29 .152 98 06 .4304
294.2 * * .412 | 10.46) .154 [99.35 .4323
297.2 * *] .458 [11.63] 172 110 97 .4447
298.6 * *] .486 [12.34 .182 117 4z .4523
299.4 » » .502 [12.75 .188 12| 29 .4566
300.2 » *] .524 [13.31 .190 126 4Sj L4626
361.0 hod * .546 13.87] .205 132 26] .4685
305.2 * * .739 [18.77 277 178 n .5207
308.8 * *] Fracture

*Crack lengths not measured, but approximately equal.
Crack Initiation Life 215, 800 Reversals; Fracture Life 308,800 Reversals
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Table 12D - Constant Amplitude Crack Propagation Data

Test No. 2C. %,
Max. Load: +4000 1bs. [17 800 N]
Min. Load: -4000 1bs. [-17 800 N]
Material: RQC-100

Reversals Crack Length Inches [mm] Crack Area
X10-3  Painted Side  Unpainted Side Tn. a/W
88.0 .002* [.051]* .002* [. 051]* .001 [.64] .3212
148.4 .014 [.336] -- - --
192.0 .017 [.432 .015 ] .006 [3.87] . 3253
204.6 .043 [1.09 .025 635 .012 8.39] .3301
215.4 .048 [1.22] .030 [.762] .015 [9.68] .3315
224.0 .053 1.351 .030 [ 762] .016 [10.32] . 3322
229.4 .055 [1.40 - -- -
237.0 .061 [1.55 .030 [. 762] 017 [10.97] .3332
247.6 .073 [1.85 .036 E 914 .020 12.901 . 3357
262.4 .090 [2.29 .037 [.940 .035 22.58 . 3381
276.8 .125 [3.18 .060 [1.52 .035 [22.58 . 3459
278.0 .132 [3.35 .065 [1.65 .037 E23.87] . 3476
290.4 .175 [4.45 .150 [3.81 .061 39.35 . 3649
297.6 .195 4.951 .'65 [4.70 .07 [45.80 3123
314.0 . 360 £9.14 .340 [8.64] 131 84.52] L4188
324.6 .500 12.7] .500 [12.7] .188 [121.29] .4561
334.0 .640 [16.26]
339.0 Fracture

*Cracks evident at both corners.
Crack Initiation Life 280,000 Reversals; Fracture Life 339,000 Reversals

Table 13D - Constant Amplitude Crack Propagation Data
Test No. 15FS

Max. Load: +3500 ibs. [15 600 N]

Min. Load; -3500 1bs. [-15 600 N]

Material: RQC-100

Reversals Crack Length Inches [mm] Crack Area
X10-3  Painted Side  Unpainted Side n. T a/W
425.8 0.17 4.321 0.26 [6.60] .081 [52.26] .3791
427.8 0.19 [4.83 0.28 [7.11} .088 [55.77] . 3845
429.8 0.20 [5.08; 0.28 [7.11 .090 58.06 . 3858
431.8 0.22 [5.59] 0.25 (7.1 .094 60.65] . 3885
433.8 0.23 [5.84 0.28 [7.1 .096 61.94] . 3899
435.8 0.25 6.351 0.28 t7.11 .099 63.87 . 3926
437.8 0.27 [6.86 0.30 [7.62 .107 69.03] . 3980
447.8 0.28 7.11] 0.30 [7.62 .109 70.32] .3993
461.8 0.34 [8.64 0.35 [8.89 .129 83.23 L4142
471.8 0.48 [12.19] 0.45 [11.43] 174 112.26] .4466
481.8 0.58 [20.32 0.56 [14.22 .214 '138.06] .4750
491.8 0.68 [17.27 0.65 L16.51 .249 [160.64 .5007
501.8 0.90 {22.86 0.85 [21.59 .328 [211.61] .5574
Fracture

Crack Initiation Life 400,000 Re* !s; Fracture Life 501,800 Reversals



Table 14D - Constant Amplitude Crack Propagation Data

Test No. 7R
Max. Load: 7020 1bs. E31 200 N]
Min. Load: 995 1bs. [4400 N]
Material: RQC-100

Reversals Crack Length Inches |mm! Crack Area
X10-3  Painted Side Unpainted Side n. a/M
498.0 .120 [3.05] * * .045 [29.03} .3534
578.0 .200 [5.08 * * .075 48.39 .375
614.0 .280 [7.11] * [*] .105 [67.74% . 3966
628.0 .360 [9.14] * [*] .135 [87.10 .4182
632.0 Fracture

*Crack not measured, but approximately equal.

Crack Initiation Life 472,000 Reversals; Fracture Life 632,000 Reversals
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Table 15D - Constant Amplitude Crack Propagation Data
Test No. 16T
Max. Load: +3000 1bs. [13 300 N]
Min. Load: -3000 1bs. [-13 200 N]
Material: RQC-100

Reversals Crack Length Inches [mm Crack Area

10-6 Painted Side  Unpainted gide In.E Tmm? ] a/W
0.386 .002 [.051
0.510 .020 [.508 .010* [.254] .006 [3.87] . 3250
0.566 .030 [.762] 015* [.381] .008 [5.16] .3270
1.114 .107 EZ 72 .015% [.381] .023 14.84 .3374
1.148 .150 [3.81 .015* [.381 .031 20.00 .3432
1.228 .215 [5.46 .015*% [.381] .043 27.74 .3520
1.240 .215 [5.46 .015* [.381] .043 27.74 .3520
1.247 .220 [5.59 .050 E1.27] .051 32.90 .3574
1.279 .300 [7.62 .230 [5.84] .099 63.87 .3926
1.302 .380 [9.65] .320 [8.13] .133 85.81] .4155
1.323 .460 [11.68] .420 [10.67} .167 107 74] .4399
1.343 .550 [13.97] .520 [13.21 .201 129.68 .4655
1.361 .680 [17.291 .680 [17.271 .258 166. 45 .5047
1.369 .760 [19.30 750 [19.05 .283 ’82 .5250
1.373 21.34 .830 [21.08 313 [aor. 941 .5466
1.381 Fracture

*This crack did not join up with crack from painted side.
Crack Initiation Life 1,210,000 Reversals; Fracture Life 1,381,N00 Reversals
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Table 16D - Constant Amplitude Crack Propagation Data

Test No. 16FS
Max. Load: +3000 1bs. [13 300 N]
Min. Load: =-3000 1bs. [-13 300 NJ
Material: RQC-100

Reversals Crack Length Inches [mm Crack Area
X10-6 Painted Side  Unpainted giae n.
2.22 0.27 [6.86] 101 65.16]
2.221 0.63 [16.00 .236 152.26%
2.221 0.69 [17.53 .259 167.10)
2.232 0.73 [18.54] .274 176.77]
2.232 0.78 119.81 .293 189.03
2.232 C.82 [20.83 .308 198.71
2.233 0.85 [21.59] .319 205.81]

Crack Initiation Life

a/W

.3939
L4912
.5074
.5182
.5318
.5426
.5507

Reversals; Fracture Life 2,233,120 Reversals

APPENDIX E

VARIABLE AMPLITUDE CRACK PROPAGATION DATA

Table 1E - Crack Propagation Data

Test No. SMi-1-FM

Blocks

Reversals
X10-3

Painted Side Unpal

nt e

Crack Length Inches

coucioom

7
8
8
9
9
1

0.5

Crack Initiation Life 7.8 blocks @ a/W = 0.3480;

18.8
20.0
21.3
22.6
23.8
26.3

Table 2E - Crack Propagation Data

Crack Length Inches |mm

Test No. SM1-3-A0S
Reversals

Blocks X10-3 aint e
24.0 60.144 - -
25.0 62.650 .10 _2.54
28.0 70.168 .10 [2.54
29.0 72.674 .25 ;6.35
30.0 75.180 .25 .6.35
32.0 80.194 .40 [10.16
35.0 87.710 .45 .11.43
36.0 90.212 .55 (13.97
38.0 95.228 .65 '16.51
42.0 105.252 .70 n17.78
46.0 115.276 .8C 20.32
47.0 117.782 .85 [21.59
48.0 120.288 Fracture

Crack Initiation Life 28.0 Blocks @ a/W = 0.348;

Unpanted Side
0 0]
10 [2.54
10 [2.54
.25 [6.35
.35 [8.89
.40 [10.16
.50 [12.70
65 [16.51
70 [17.78
.87 [22.10
.85 [21.59

Fracture Life 48.0 Blocks

Crack Area

In. mm2 a/W
.0264 [17.03] .3400
.0439 [28.32 .3526
.0703 45.35 .3716
.0966 62.32 .3906
1377 88.84 .4202
.2227 143.68] .4814

Fracture Life 10.5 blocks
Crack Area

In.2 Trme ] a/W
.0375 24.19 .3480
.0656 42.32 .3682
.0938 60.52 .3885
.1406 90.71 .4223
.1594 102.84 .4358
.1969 127.03 .4628
.2438 157.29 .4966
.2625 169.35 .5101
.3131 202.00 .5466
.3180 205.16 .5506



Test No. SM2-i-B

Table 3E - Crack Propagation Data

Reversgls Crack Length Inches !mm] Crack Are
X10~ ainte e Unpainte € In.E ImmgI' a/M

.3966
.4076
.4237
.4345
.4426
.4534
.4588
.4642
.4696
.4804
.4912
.4953
.5020
.5155
.5264
.5845
.5993
.6142
.6264
.6439
.6547
.6642
.6764
.6993
7331
.7588
.8804

Blocks

460.C 1.15 .03 [0.76

471.0 1.18 .07 (1.78

480.0 1.20 .12 [3.05

492.0 1.23 .18 :4.571

516.0 1.29 .28 (7.11

541.0 1.36 «32 [8.13

577.0 1.44 .38 ;9.65]

©vl3.0 1.54 .42 h]°'67

636.0 1.59 .45 [11.43

713.0 1.79 .49 ;12;45]

742.0 1.86 .51 [12.95

806.0 2.02 .53 _13.461

873.0 2.19 .55 [13.97

982.0 2.46 .59 ;14.99]

1067.0 2.67 .63 [16.0]

1i171.0 2.93 .65 '16.51] .64 [16.26] 242 [156.13]

1263.0 3.16 .68 [17.27] .66 16.76 .251 161.941

1393.0 3.49 .78 [18.54] .71 18.03 .270 174.1¢

1502.0 3.76 77 [19.56] .75 19.05 .285 183.87}

1926.0 4.83 .98 [24.89] .97 24.64] .366 [236.13

1986.0 4.98 1.03 ;26.16 1.03 [26.16 .386 249.03

2054.0 5.15 1.08 [27.43] 1.09 [27.69 .407 262.58

2099.0 5.26 1.13 [28.70] 1.13 [28.70 424 273.55

2149.0 5.38 1.20 :30.481 1.19 E30.23] .448 E289.031

2174.0 5.45 1.23 [31.24] 1.24 [31.50 .463 298.71

2191.0 5.49 1.27 [32.26] 1.27 32.261 476 307.10

2200.0 5.51 1.32 [33.53] 1.31 [33.27] .493 [318.19]

2211.0 5.54 1.40 [35.56] 1.40 E35.56 .525 328.71

2217.0 5.56 1.52 '38.61] 1.53 [38.86 .572 369.03

2219.0 5.56 1.62 [41.15] 1.62 [41.15 .607 391.¢1

2220.0 5.56 2.07 [52.58] 2.07 [52.58] .776 [500.64]
Crack Initiation Life 430.0 blocks @ a/W = 0.3480; Fracture Life 2220.0 blocks

Crack length measurements were not
crack had formed; up to this time,

Table 4E - Crack Propagation Data

taken on unpainted side until a 0.64"
crack front was essentially straight.

Test No. SM2-2-GM
Reversg]s Crack Length Inches !nm’ Crack Are

Blocks X10~ ainte e Unpainte e In.! |::§|
397.0 .994 .675 [17.14 .675 [17.14] .253 163.22
445.0 1.115 .760 [19.30 .780 [19.81 .289 186.45
460.0 1.153 .820 [20.83 .810 [20.57] . 306 197.42]
475.0 1.190 .840 [21.34 .810 [20.57 .309 199.35
490.0 1.228 .860 [21.84 .820 [20.83 .315 203.22
505.0 1.265 .900 [22.86 .830 [21.08 .324 209.03
520.0 1.303 .900 [22.86 .840 [21.34 . 326 210.32
537.0 1.346 910 [23.11 .860 [21.84 .332 214.19
550.0 1.378 910 [23.1 .890 [22.61 .338 218.06
565.0 1.416 .990 [25.15 .960 [24.38 . 366 236.13

a/u

.5034
.5291
.5412
.5439
.5480
.5547
.5561
.5601
. 5642
.5845

Crack Initiation Life 208.0 blocks @ a/W = 0.3480; Fracture Life 565.0 blocks
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Table 5E - Crack Propagation Data
Test No. SM2-3-GM

Reversals Craock tength Inches |mm Crack Area
Blocks X10-6 Painted Side Unpainted Side In.2 Tmm? | a/M

150.0 .375 0 [o] .055 [1.40] .010 E6.45] .3284
160.0 .400 .06 [1.52] .12 [3.05] .034 21.94] .3453
170.0 426 .120 [3.05] .16 [4.06 .053 34.19 .3588
180.0 .451 .22 [5.59] .23 [5.84] .084 54.19 .3817
195.0 .489 .34 [8.54) .33 [8.38] .126 81.29 .4115
225.0 .563 .46 i]].ﬁ&i .45 Fl‘ 431 .170 [109. 687 .4439
255.0 .639 .56 [14.22 .54 T113.72 . 206 E132 90 .4696
345.0 .863 .68 [17.27 .68 [17.27 .255 164.52]  .5047
390.0 977 .73 [18.54] .72 [18.29] 272 f175.48] .5169
435.0 1.090 .78 [19.81] 77 9. 56 .289 [186.45; .5304
480.0 1.202 .82 120.83 .81 tZO 57 .306 197.42] .5412
535.0 1.341 .85 [21.59] .88 [22.35] .324 [209.03] .5547
590.0 1.479 .94 23.88] 91 [23. 11 .374 [241.29: .5709
625.0 1.566 .96 [24.38 .96 [24. 38 . 355 229.03] .5804
640.0 1.603 .98 [24.89] .97 [24.64] . 366 [236.13] .5844
675.0 1.691 1.04 [26.42 1.00 [25.40 .382 246.45] .5C€€
715.0 1.792 1.10 [27.94 1.07 [27.18 .407 262. 58ﬂ .6142
730.0 1.829 1.12 [28.45 1.10 [27.94 .416 268.38]  .6209
745.0 1.867 1.16 t29.461 1.14 [28.961 431 t266 .45] .6318
760.0 1.905 1.20 [30.48 1.17 [29.72 .444 286.45= .6412
767.0 1.522 1.59 [40.39 1.56 [39.62 .591 381.29] .7466

Crack Initiation Life 162.0 blocks @ a/W = 0.3480; Fracture Life 767.0 blocks

Table 6E - Crack Propagation Data
Test No. SM3-1-FS

Reversals Crack Leagth Iviches {mm CEack Areg
Blocks Xx10-6 P_'"amt—‘ﬂ'_ged de L“_T_L‘]'i"umaa nted Side In. 1 _a/W_

2,206.0 5.52 .21 E5.33] .21 E5.33] .079 [50.971 .3777
2,867.0 7.18 .26 [6.60] .24 [6.10] .094 [60.65) .3885
4,277.0 10.72 .32 8.13] .32 8.13] .120 77.42 .4074
6,158.0 15.43 .39 t9.9] .37 [9.40 .143 92.26 .4236
9,013.0 22.59 .48 [12.19] .46 [11.68] .176 113.55]  .4480
11,662.0 29.22 .57 E14.481 .55 [13.971 .210 [135.48] .4723
13,390.0 35.56 .65 [16.5) .61 [15.49 .237 152.90 .4912
16,078.0 40.29 .74 118.80 .77 [18.03 272 t175 48 .5169
19,648.0 49.24 .88 E22.35} .88 [22.35] .330 212.90] .5588
21,078.0 52.82 .98 [24.89 .95 24.131 . 361 232. 90 .5817
23,768.0 59.56 1.21 [30.73] 1.16 [29.46] .444 286. 45 .6412
24,458.0 61.29 1.40 E35 .56] 1.37 [34.80] .519 [334 84] .6953
24,608.0 61.66 i.65 [41.91] 1.65 [41.9] .619 399.35 . 7669

Crack Initiation Life 1,750.0 blocks @ a/W = 0.3480; Fracture Life 24,608.0 blocks



Table 7E - Crack Propagation Data
Test No. SM3-2-FS

Reversals Crack Length Inchies [mm Crack Area
Block: X10-6 Painted Side Unpainted giae Tn.?2 Trn? | a/W

2,775.0 6.95 .19 [4.83 .19 [4.83 .071 45.81 .3723
5,446.0 13.6 .31 [7.87 .31 [7.87 .115 74.19 .4047
7,772.0 19.5 .37 [9.40 .37 [9.40 .138 89.03 .4209
12,142.0 30.4 .49 [12.45] .48 [12.19] .181 116.77]  .4520
14,946.0 37.5 .55 14.00] .55 El4.00 .205 132.26] .4696
17,674.0 44.3 .64 [16.26 .62 [15.75 .235 151.61 .4912
21,474.0 53.8 .75 [19.05] .73 [18.54] .276 [178.06] .5209
25,514.0 63.9 .89 [22.61] .88 [22.35] .330 212.90] .5601
30,884.0 77.4 1.34 E34.04} 1.31 E33.27% .495 319.35 .6791
31,224.0 78.2 1.65 [41.91 1.65 [41.9] .617 398.06] .7669

31,884.0 Fracture
Crack Initiation Life 2,240.0 blocks @ a/W = 0.3480; Fracture Life 31,884.0 blocks

Table 8E - Crack Propagation Data
Test No. SM3-3-W

Reversg]s Crack Length Inches [mm] Crack Area

Blocks X10~ Painted Side Unpainted Side _g;ﬁ [mm2] a/W

1,373.0 3.43 0 TO] .1615 4.10

1,382.0 3.46 0 Eo .1615 4 10

1,410.0 3.53 .0395 [1.00] .1615 .10 .0375 [24.19] .3481
1,420.0 3.56 .0716 [1. 82] .1615 4 10 .0437 28.19] .3524
1,431.0 3.58 .0786 [1.99 .1615 4.10 .0445% 28.71 .3534
1,516.0 3.80 157 3.99 .193 4.90 .0656 42.32] .3682
2,266.0 5.67 .236 5.99 .260 6.60] .093 59.99 .3880
3,656.0 9.15 .264 tG 71 .319 EB 10 .109 70.32] .3997
6,081.0 15.3 .354 8.99 .367 9. 321 .135 87.10 .4184
15,563.0 38.9 .456 11.58 .657 £16 69 .209 134.84 .4714
23,600.0 59.2 .944 23.98 .904 22. 96 .346 223.23 .5707
24,055.0 60.2 1.030 [26.16 1.027 26.1 .385 248.39 .5989
24,338.0 60.9 1.098 [27.89 1.071 [27 20 .407 262.58 .6141
25,074.0 62.8 1.212 [30.78 1.189 30.20 .457 294 .84 .6454
25,352.0 63.5 1.342 [34.09] 1.338 [33.99 .502 232.87 .6831

25,353.0 Test Suspended

Crack Initiation Life 1,410.0 blocks @ a/W = 0.3480; Fracture Life _* blocks
*Test Suspended
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fable 9E - frack Propagation Data
Test No. SMA-2-MTS

Reversals Crack Length Inches [mm] Crack Are

Blocks )(10'g Painted Side Unpaint e 15;5 |::§| a/M
4742.0 11.9 .070 :1.78] .146 :3.71] 0.0405 :26.13] 0.3501
4865.0 12.3 .124 3.15 .185 [4.70 0.0579 [37.38 0.3626
5120.0 12.8 .160 [4.06 .220 :5.59] 0.0712 [45.97 0.3723
5176.0 13.0 175 [4.44 .245 6.22} 0.0788 [50.81 0.3777
5388.0 13.5 .195 [4.95 .285 [7.24 0.0900 [58.06 0.3858
5458.0 13.7 .210 ;5.33] .320 [8.13] 0.0994 :64.31] 0.3926
5567.0 14.0 .320 [8.13]  .400 ;10.16: 0.135 =87.10] 0.4182
5642.0 14.1 .350 [8.89] .464 [11.79] 0.153 [98.47 0.4309
5762.0 14.4 .450 ;]1 43] .510 :12.95; 0.180 [116.13] 0.4507
5839.0 14.6 .500 [12.70] .560 [14.22] 0.199 :]28.22: 0.4642
6054.0 15.2 .558 [14.17] .640 [16.26] 0.225 [144.92] 0.4828
6224.0 15.6 .578 [14.68] .682 ;17.32: 0.236 :]52.42: 0.4912
6657.0 16.7 .662 [16.81] .707 [17.96; 0.257 [165.60] 0.5058
6736.0 16.9 .682 [17.32] .745 [18.92] 0.268 [172.62] 0.5139
7026.0 17.6 710 :18.03] .762 :19.35: 0.276 ;178.062 0.5199
7462.0 18.7 .800 120.2]  .780 .19.81; 0.296 [191.13] 0.5345
7904.0 19.8 .820 [20.83] .837 =21.26: 0.311 [200.44 ] 0.5447
8882.0 22.3 .840 ;21.34] .890 =22.61; 0.324 [209.27] C.5547
16307.0 40.9 1.116 _28.35] 1.085 _27.564 0.413 :266.25: 0.6:32
17187.0 43.1 1.150 [29.21] 1.120 [28.45] 0.426 | 274.60] 0.6277
22832.0 57.2 1.250 [31.75% 1.280 [32.51] 0.474 :306.05; 0.6628
23842.0 59.7 1.412 [35.86] 1.412 [35.86] 0.530 [341.61] 0.7026
24666.0 61.8

Crack Initiation Life 4700 blocks extrapolated from data at a/W = 0.3480

Fracture Life 24666.0 blocks

Table 10E - Crcck Propagation Data

Test No. 3M4-3-MTS

[mm] Crack Are
Unpainted Side In.c Immgl a/W

Reversals Crack Length Inches
Blocks Xi0-6  Painted Side
6742.0 16.9

*Test suspended at 6742.0 blocks

Table 11E - Crack Propagation Data

Test No. SM5-1-FS

Crack Length Inches [mm] _ Crack Area
P Unpainted Side In.2 [mm? ] a/W

ainted Side

Reversals
Blocks X10 -6

85,370.0 213.937

No Cracks

Test Suspended @ 85,370 Blocks

No Cracks



Table 12E - Crack Propagation Data

Test No. BM1-1-MTS
Reversals Crack Length Inches [mm] grack Area
3locks XlO'g Painted Side Unpainte e n. Immsl a/W
2.02 11.96 .28 7.11] .32 [8.13] 13 72.90] .4020
2.12 12.61 .42 10.67] .42 10.67] .158 101.94 .4345
2.19 13.01 .57 14.47] .56 E14.22] .212 136.77 4736
2.22 13.23 .96 24.38] .93 23.62 .304 228.39 .5764

Crack Initiation Life 1.5 blocks @ a/W = 0.3480;

7able 13E - Crack Propagation Data

Fracture Life 2.23 blocks

Test No. BM1-2-B
Reversals Crack Length Inches [mm] Crack Area

Blocks _ X10-3 Painted Side Unpainted Side n. mmZ | a/W
2.0l 15.49 .08 [2.02]
2.07 15.85 .16 [4.06] .060 ;38.71} .3642
2.75 18.2 .29 f7.37f .109 [70.32 .3993
2.78 16.50 37 [9.40] .139 [89.68] 4209
2.81 16.68 .46 [11.68] 172 [110.97 .4453
2.82 16.77 .54 [13.72 .202 [130.32 .4669
2.84 16.86 .63 [16.0011 .236  [152.26 .4912
2.85 16.92 .70 [17.78] .262 [169.03 .5101
2.87 17.04 .79 [20.10] .296 [190.97 .5345
2.89 17.15 .90 ;22.86] .337 ;217.42} .5642
2.90 17.21 .95 124,13 .356 [229.68 5777

Crack Initiation Life 2.60 blocks @ 0.3480; Fracture Life 2.90 blocks

Crack length measurements taker on

painted side only; periodic observations

revealed, however, that crack front remained essentially straight after

0.10 inches of crack growth.

Table 14E - Crack Propagation Data

Test No. BMi-3-MTS
Reversals Crack Length Inches [mm Crack Area
Blocks _ X10-3 Painted Side Unpainted Side In.Z _[mn?] a/W
2.0 11.9 .13 [3.30] .07 [1.78] .0375 [24.19] .3480
3.0 17.8 Fracture

Crack Initiation Life 2.0 blocks

@ a/W = 0.3480; Fracture Life 3.0 blocks
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Tabie 15E - Crack Propagation Data
Test No. BM2-1-MTS

Reversgls Crack Length Inches [mm] Crack Are
Blocks X10~ ainted Side npaint e In.E Immgl a/W

24.26 144.0 .28 [7.11] .30 [7.62] .109 [70.32] .3993
26.72 158.6 .44 11.18] .45 11.43] .167 (107.74] 4412
27.29 162.0 .47 11.931 .49 12.45] .180 116.13 .4507
2. .00 166.2 52 13.21; .53 13.46 .197 127.10 .4628
28.47 169.0 .54 13.7Zj .58 13.97] .204 121.61 .4682
28.98 172.0 .57 14.48] .58 14.73 .216 139.35 .4764
29.26 173.7 .63 16.00] .65 E16.51 .240 154.84 .4939
29.65 176.0 .69 17.53] .72 18.79 .264 170.32 5115
30.19 179.2 .73 [18.54] .74 18.80] .276 [178.06] .5196
30.83 183.0 .80 E20.32 .80 20-32] .300 193.55] .5372
31.20 185.2 .84 21.33] .86 21.84 319 205.81 ] .5507
31.76 188.5 .98 [24.89] .98 [24.89] .368 237.42] .5858

Crack Initiation Life 20.8 blocks @ a/W = 0.3480; Fracture Life 31.76 blocks

Tab’e 16E - Crack Propagation Data
Test No. BM2-2-FM

Reversals Crack Length Inches [mm] Crack Area

Blocks _ X10-3 Painted Side  Unpainted Side In.2 _[mmZ] a/W

10.0 59.4 .0059 [3.81] .3225
11.0 65.3 .0352 [22.71] .3463
11.5 68.3 .047 30.32% .3548
11.75 69.7 .065 41.94 .3678
14.5 86.1 .140 90.32] .4218
17.75 105.0 21 136.13 .4730
19.5 116.0 .258 166.45 .5069

Failure

Crack Initiation Life 11.5 blocks @ a/W = 0.3480; Fracture Life 19.5 blocks

Table 17E - Crack Propagation Data
Test No. BM2-3-JD

Reversals Crack Length Inches [mm] Crack Area

Blocks X103 Painted Side  Unpainted Side In.Z [mm?] a/W

23.0 136.5 .15 [3.81] .05 [1.27] .0375 [24.19] . 3480
24.0 143.0 .20 ES.OSJ .14 [3.56] .064 41.29] . 3669
25.0 148.0 .22 |5.59 .15 3.81] .069 44.52 .3709
26.0 154.0 31 7.87] .18 [4.57 .092 59.35 . 3872
32.0 190.0 .48 [12.191 .50 [12.70] .184 [118.71] .4534
34.0 202.0 .50 T12.70 .55 13.97] 197 127.09] .4628
36.0 214.0 .57 [14.48 .60 [15.24 219 141.29 .4791
38.0 226.0 .65 [16.51 .67 [17.02] .248 [159.99] .4993
40.0 237.0 .72 [18.29 .74 [18.80 .274 176.77 .5182
42.0 249.0 .85 [21.59 .85 [21.59 .319 205.81 .5507
43.0 255.0 .95 [24.13] .95 [24.13] . 356 229.68 5777
44.0 261.0 1.25 [31.75] 1.25 [31.75] .488 [314.84] .6588

Crack Initiation Life 23.0 blocks @ a/W = 0.3480; Fracture Life 44.0 blocks



Table 18E - Crack Propagation Data

Test No. BM31-MTS
Reversals Crack Length Inches [mm] Crack Are

Elocks X10-6 Painted Side  Unpainted Side In.Z Immgl a/W
355 2.1 .050 [1.27] .050 [1.27] .0188 '12.10] .3344
1404 8.3 .070 _1 78 .090 [2.29 .0300 [19.35 +3426
1680 10.0 .100 [2.54 120 [3.05 0412 26 61 .3507
1990 11.8 .120 [3.0% .120 [3.05 .0450 [29.03 .3534
2422 14.4 .150 :3.811 .150 {3 811 .0562 06 291 .3615
2766 16.4 .200 [5.08 .200 [5.08 .0750 48 39 .3750
3252 19.3 .240 [6.10 .240 [6.10 .0900 [58.06 .3858
3451 20.5 .320 [8.13] .300 [7.62] .116 [75.00] .4047
3777 22.4 .490 [12.45 .490 [12 45] .184 118 55] .4534
4001 23.7 .530 [13.46 .530 [13 .199 [128.23 .4642
4357 25.9 .580 '14 731  .580 [14 3 .218 140 32] .4777
4663 27.7 .700 [17. 78] 770 [17.78] .263 169 35 .5101
4898 29.1 1 060 [26. 92} 1.060 EZG 92] .398 256 45 .6074
4933 29.3 1.250 [31.75] 1.250 [31.75 .469 [302.42] .6588
4942 29.3 1.870 [47.50] 1.870 [47.50] .701 [452.42] .8263
4944 29.3

Crack Initiation Life 1588 blocks interpolated from data at a/w = 0.3480;

Fracture Life 4944 blocks

Table 19E - Crack Propagation Data
Test No. BM3-2-MTS
Reversg]’ Crack Length Inches [mm Crack Are

Blocks X10- ainte e npainte e In.E j::gl _a/W_
1.011.0 6.071 0 [0] .95 [24.13]
1,021.0 6.071 1.04 [26.42] 1.02 [25.91] .386 249.03] .5993
1,023.0 6.077 1.04 [26.42 1.03 [26.16 .388 250.32] .6007
1,036.0 6.158 1.16 [29.46 1.17 [29.72 .437 281.93 .6358
1,038.0 6.169 1.19 [30.23 1.17 [29.72 .443 285.81 .6399
1,043.0 6.195 1.23 [31.24] 1.21 [30.73] .458 295.48 .6507
1,050.0 6.236 1.30 [33.02 1.32 [33.53 .491 316.77 .6750
1,051.0 6.241 1.34 [34.04 1.35 [34.29 .504 325.16 .6845
1,052.0 6.248 1.37 [34.80 1.36 [34.54 512 330.32 .6899
1,053.0 6.254 1.48 [37.59] 1.45 [36.83 .549 354.19] .7169
1,053.8 6.258 Fracture

Crack Initiation Life

blocks @ a/W = 0.348; Fracture Life 1,053.8 blocks



Table 20E - Crack Propagation Data
Test No. BM3-3-FS

Reversals Crack Length Inches [mm] Crack Area

Blocks X10-6]1  Painted Side  Unpainted Side In.2 Tmm<] a/W
469.0 2.78 .10 [2.54]

499.0 2.96 .05 [1.271 14 [3. 56} .036 ’23 231 . 3466
564.0 3.35 .08 [2.03 .14 [3.56 .04 26 45 .3507
679.0 4.03 11 [2.79 .15 13.81 .049 [31.61 .3561
754.0 4,48 .14 [3.56 .15 [3.81 .054 38 84 .3601
909.0 5.40 .21 [5.33 .23 [5.84 .083 53 55 .3804
1,001.0 5.94 .22 [5.59 .24 [6.10 .086 [55.48 . 3831
1,170.0 6.95 .28 ;7.111 .29 t7.37i .107 69 031 .3980
1,285.0 7.63 .30 [7.62 .32 [8.13 .116 74 84 .4993
1,432.0 8.50 .35 38.89 .32 [8.13 .126 [81.29 L4115
1,782.0 10.57 .54 [13.72] .48 [12.19] .186 120 00] .4588
2,011.0C 11.94 FN 15,24 .59 [14.99 .223 l43 87} .4818
2,110.0 12.52 . EIG.SI .63 [16.00 .240 [154.84 .4930
2,340.0 13.89 .80 [20.32 .78 [19.81] .296 190 97] .5345
2,438.0 14.47 91 [23.11] .91 [23.11] .341 '220.00] .5669
2,626.0 15.59 1.65 [41.91] 1.65 [41.91] .619 [399. 35 .7669

Crack Initiation Life 510 blocks @ a/W = 0.3480; Fracture Life 2,626.0 blocks

Table 21E - Crack Propagation Data
Test No. BM4-2-FS

Reversg1s Crack Length Inches [mm] rack Area
Blocks X10~ ainted Side Unpainted Side In.c a/W

3,367.0 19.986 .140 [3. 56% .200 ES.OB} .064 [41.29; .3669
3,865.0 22.942 .210 [5.33 .250 6.35 .086 55.48] .3831
4,380.0 25.999 .240 Ee.lo .270 6.86 .096 61.94] .3899
4,855.0 28.819 .250 6.35 .270 6.86 .098 63.23 .3912
5,355.0 31.787 .270 [6.86 .310 7.87 .109 70.327 .3993
5,324.0 34.571 .280 [7.11] .320 8.13 113 [72.90] .4020
6,334.0 37.598 .370 E7.87] .335 8.51 121 78.06] .4081
6,819.0 40.477 .320 8.13 .340 8.64 .124 80.00] .4101
7,244.0 43.000 .330 3.38 .340 8.64 .126 81.29‘ 4115
8,213.0 48.752 .350 8.89 .360 9.14 .133 85.81] .4189
9,764.0 57.959 .360 °.14 .380 9.65 .139 89.08] .4209
9,910.0 58.825 .360 9.14] .380 [9.65] .139 [89.68] .4209
Suspended

Crack Initiation Life blocks @ a/W = 0.3480; Fracture Life - Test Suspended



Table 22E - Crack Propagation Data

Test No. BM43-MTS
Reversg]s Crack Length Inches [mm] Crack Are

Blocks X10~ Painted Side Unpainted Side In.E Immgl
2,660 15.8 .120 L3.051 .070 [1.78] .0355 [22.98]
2,770 16.0 .190 (4.83 .070 1.78 .0488 '31.45}
2,731 16.2 .240 16.10 .125 3.18 .0684 t44.15
2,816 16.7 .280 ;7.11] .250 [6.35] .0994 ;64.11]
2,828 16.8 .320 [8.13] .300  [7.62] 116 =75.00]
2,857 17.0 .375 [9.52] .350 E8.89] .136 [87.70]
3,043 18.1 .400 :10.16] .390 9.91] .148 [95.56]
3,102 18.4 .440 =H.'|8 .420 ElO.S?% .161 ;104.03}
3,131 18.6 .460 [11.68] .450 11.43 AN [110.08
3,284 19.5 .530 [13.46] .530 [13.46] .199 [128.23]
3,471 20.6 .650 ;16.51% .650 [16.51] .244 :157.26%
3,571 21.2 .780 [19.81 .780 [19.81] .292 [188.71
3,752 22.3 .880 [22.35] .880 [22.35] .330 :212.90}
3,940 23.4 1.060 :26.92% 1.060 [26.92] .398 [256.45
4,019 2:.9 1.200 [30.48] 1.200 [30.48] .450 [290.32]
4,044 24.0 1.310 [33.27] 1.310 [33.27] .491 [316.94
4,055 24.1 1.375 ;34.92] 1.375 [34.92] .516 [332.66]
4,068 24.1 1.440 [36.58] 1.440 [36.58] .540 [348.39]
4,072 24.2 1.560 [39.62] 1.560 [39.62] .585 [377.42]
4,076 24.2 1.690 [42.93] 1.690 [42.93] .634 [408.87]

a/M

.3466
.3561
.3703
.3926
.4047
.4189
.4277
.4372
.4439
.4642
.4966
.5318
.5588
.6074
.6450
.6750
.6926
7101
.7426
777

Crack Initiation Life 2666 blocks interpolated from data at a/W = 0.3480

Fracturze Life 4076 blocks

Table 23E - Crack Propagation Data

Test No. BM5-1-FS
Reversgls Crack Length Inches [mm] Crack Are
Blocks __X10™®  Painted Side Unpainted Side In.¢ _[mm
20,630.0 122.459 No Cracks No Cracks
Suspended Test after 20,630 Blocks
Table 24E - Crack Propagation Data
Test No. TMI-1-FM
Reversgls Crack Length Inches [mm Crack Are
Blocks X10" Painted Side Unpainted Side In.
8.5 14.5 .047 30.32%
8.75 14.9 .094 60.65
8.90 15.2 .141 90.97]

Crack Initiation Life 8.4 blocks @ a/W = 0.3480;

Failure

a/M

a/M

.3548
.3887
.4226

Fracture Life 8.9 blocks
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Table 25E - Crack Propagation Data
Test No. TM1-2-JD

Reversa’ls Crack Length Inches [mm Crack Area
Blocks __X10-2>  Painted Side Unpain*ad Side In.2 _[mmZ] a/W
14.0 23.9 .090 EZ.ZQ] .165 E4.19] .478 [308.39] .3554
16.0 27.3 .50 12.70] .53 13.46] .193 [124.52] .4601

Crack Initiation Life 12.8 blocks @ a/W = 0.3480;

Table 26t - Crack Propagation Data

Fracture Life 16.0 bloc

ks

Test No. TM1-3-W
Reversals Crack Length Inches [mm] Crack Area

Blocks _ X10-3 Painted Side Unpainted Side In.2 _[mmZ] a/W
10.5 18.0 .02 E0.508]
13.0 22.2 .01 0.254]
13.9 23.7 .218  [5.54] .08175 [52.74] .3799
14.0 23.9 .336  [8.53] .126 [81.29] .3418
14.0 23.9 Fracture

Crack Initiation L:fe 12.5 blocks @ a/W = 0.3480;

Table 27E - Crack Propagation Data

Test No. TM2-1-B
Reversals Crack Length Inches [mm

Blocks  X10-3 Painted Side Unpainted Side
420.0 717.0 .10 2.54
430.0 734.0 <22 5.59
452.0 772.0 .29 7.37
471.0 804.0 .36 9.14]
484.0 827.n .43 10.92]
502.0 857.0 .52 13.21]
508.0 868.0 .55 13.97]
515.0 880.0 .60 15.24]
§27.0 900.0 .67 17.02
529.0 903.0 .73 E18.541
532.0 910.0 .80 20.32
535.0 914.0 .93 23.62
537.0 917.0 Failure

Crack Initiation Life 420 blocks @ a/W = 0.3480;

Fracture Life 14.0 blocks

Crack Area

Tn.: a/m

.0825 E53.23] .3804
.109 70.32 .3993
.135 87.10] .4182
.161 103.87] .4372
.195 128.81] .4615
.206 [132.90] .4696
.225 145.20 .4831
.251 161.94 .5020
.274 1176.77 .5182
.300 [193.55 .5372
.349 225.16 .5723

Fracture Life 537 blocks



Table 28E - Crack Propagation Data

Test No. TM2-2-GM
Reversals Crack Length Inches [mm] rack Area
Blocks __ X10-3 Painted Side Unpainted Side '1"5‘n. _T_sj'nm ” a/W
134.0 228.872 .06 [1.52 .09 [2.29] .028 [18.06] .3412
154.0 263.032 .09 E2.29 11 [2.79} .037 E23.87% .34380
182.0 310.856 .35 8.89 .36 [9.14 .133 85.81 .4169
190.0 324.520 .61 [15.49] .60 [15.24] 227 [146.45] .4845
191.0 326.228 .98 24.89} .94 [23.88] .380 E245.16 .5804
193.0 329.644 2.16 54.86] 2.16 54.86 .810 522 .58 .9047

Crack Initiation Life 154.0 blocks @ a/W = 0.3480; Fracture Life 193.0 blocks

Table 29E - Crack Propagation Data

Test No. TM2-3-A0S
Reversals Crack Length Inches [mm] Crack Area
Blocks X10-3 ainte e npainted Side n. m a/W
64.0 109.312 .03 [.760] 0 EO]
74.0 126.392 .1 [2.54] .1 [2.54] .0375 [24.19] .3480
78.0 133.224 .25 [6.35] .25 [6.35] .0938 [60.52] . 3885
86.0 146.888  Fracture

Crack Initiation Life 74.0 blocks @ a/W = 0.3480; Fracture Life 86.0G blocks

Table 30E - Crack Propagation Data

Test No. TM3-1-FS
Reversg]s Crack Length Inches [mm] Crack Area
Blocks X10~ Painted Side Unpainted Side In.Z [ mme | a/W
5,527.0 9.44 .13 [3.30] 0 [0]
5,799.0 9.90 .15 [3.81 0 (o]
6,957.0 11.88 1.30 [33.02] 1.3 [33.02] .488 [314.84] .6723

Crack I.itiation Life 5,800.0 blocks @ a/W = 0.3480; Fracture Life 6,957.0 blocks,
Table 31E - Crack Propagation Data

Test No. TM3-2-FS
Reversals Crack Length Inches [mm] Crack Area
Blocks X10-6 Painted Side  Unpainted Side n. mm a/W
4,80'.0 8.2 .30 [7.62] .18 [4.57] .90 580.64] .3858
4,976.0 8.5 .35 [8.89] .25 [6.35] .113 72.90] .4020
5,376.0 9.18 .58 [14.73] .50 12.70% .203 130.97] .4669
5,661.0 9.7 .92 [23.37] .89 [22.60 «321 207.10]  .5655
5,780.0 9.87 1.33 [33.78] 1.30 [33.02] .493 [318.06] .6764

Crack Initiation Life 4,270.0 blocks @ a/W = 0.3480; Fracture Life 5,780.0 blocks



Table 32E - Crack Propagation Data
Test No. TM3-3-MTS

Reversals Crack Length Inches [mm] Crack Area

Blocks X10-6 Painted Side  Unpainted Side In.Z  [mmZ] a/W
3637 6.2 .030 %0.76] .060 [1.52] .0169 10.86% .3331
3722 6.4 .080 2.03] .080 [2.03] .0300 19.34 .3426
3772 6.4 100 [2.54 .120 [3.05] .0412 26.62] .3507
4492 7.7 L1209 [3.05] .180 [4.57] .0562 [36.29] .3615
4768 8.1 .150 E3.81] .200 ES.OB] .0656 [42.34% .3682
5207 8.9 .360 [9.14 .360 [9.14 .135 87.06 .4182
5305 9.1 .480 [12.19] .480 [12.19] .180 [116.11] .4507
5675 9.7 .600 15.24] .630 16.00] .231 [148.78] L4872
5748 9.8 .660 |16.76 .660 [16.76 .248 159.64 .4993
5811 9.9 .750 [19.05] .750 [19.05; .281 [181.45] .5236
5842 10.C .940 [23.88] .910 [23.11] .347 223.79] .5709
5873 10.0 1.000 E25.4C] 1.00C [25.40] .375 241.94 .5912
5909 10.1 1.187 [30.15] 1.187 [30.15] .445 287.18] .6418
5920 10.1

Crack Initiation Life 3755 blocks intzrpolated from data at a/W = 0.3480;
Fracture Lite 5920 blocks

Table 33E - Crack Propagation Data

Test No. SR1-1-FM

Peversg]s Crack Length Inches [mm] Crack Area

Blocks X10~ Painted Side Unpainted Side In.c Lmm¢e | a/W
19.5 48.9 .0293 18.90 . 3420
20.5 51.4 .0469 30.26 . 3547
21.5 53.9 .0615 39.68 .3652
22.5 56.4 .0674 [43.48] .3695
23.5 58.9 .0820 ESZ.QO] . 3800
24.5 61.4 .0996 64.26 .3927
26.5 66.4 J112 0 [71.74] L4011
27.5 68.9 .1288 [83.10] .4138

Failure

Crack Initiation Life 19.9 blocks @ a/W = 0.3480; Fracture Life 27.5 blocks



Table 34E - Crack Propagation Data
Test No. SR1-2-JD

Reversals Crack Length Inches [mm] Crack Are

Blocks X10-3 Painted Side  Unpainted Side In.2 |::§| a/W
22.0 55.0

26.0 65.2 .21 :5.33] A1 [2.79] .060 38.71% . 3642
27.0 67.7 .28 '7.11} +22 ;5.59] ,094 [60.65 . 3885
30.0 75.2 .35 =8.89 .30 [7.62] 121 78.06] .4088
32.0 80.2 .37 _9.40] .34 [8.64] .133 [85.8] .4169
33.0 82.7 .39 [9.91] .36 [9.14] .141 [90.97] L4223
35.0 87.7 .44 '11.18] .39 [9.91] .156 [100.64] .4331
37.0 92.7 .47 [11.94] .40 f10.16] .163 [105.16] .4385
42.0 105.3 .50 ;12.70] .44 :11.18] .176  [113.55 .4480
50.0 125.3 .57 ‘14.48] .52 [13.21 .203 [130.97 .4682
55.0 137.8 .60 =15.24] .56 [14.22 .218 [140.64 L4777
65.0 162.9 .69 =17.53] .66 [16.76] .253 [163.23] .5034
75.0 188.0 .77 119.56 .73 :18.54 .281 181.29} .5236
95.0 238.1 .97 [24.64 .96 [24.38 .362 [233.55 .5818
100.0 250.6 1.33 [33.78] 1.46 [37.08] .523 [337.42] .6980

Crack Initiation Life 24.4 blocks @ a/W = 0.3480; Fracture Life 100.0 blocks

Table 35E - Crack Propagation Data
Test No. SR1-3-A0S

Reversals Crack Length Inches |mm! Crack Are
Blocks X10-3 Painted Side  Unpainted Side !n.E Immgl a/d

50.0 125.3

58.0 145.3 .05 [1.27] 0 [o] .0094 [6.065] .3277
63.0 157.9 .10 [2.54 .02 [.508] .0225 [14.52 .3372
64.0 160.4 .10 [2.54 1 [2.54] .0375 [24.89 . 3480
68.0 170. 1% .15 [3.81 .125 [3.18] .0516 [33.29 . 3581
74.0 185.4 175 [4.45] .15 [3.81] L0609 [39.29] . 3649
82.0 205.5 .20 %5.08] .20 [5.08] .075 E48.39] .3750 .
84.0 210.5 .25 [6.35] .25 [6.35] .0938 [60.52] . 3885
106.0 265.6 .275 [6.98] .275 [6.98] .1031 [66.52] .3953
120.0 300.7 .30 [7.62] .30 7.62] .1125 [72.58 .4020
142.0 355.9 .35 [8.89] .35 [8.89 .1312 [64.84 .4155
188.0 471.1 .70 [17.78] .70 [17.78] .2625 [169.35] .5101
190.0 476.1 .80 [20.32] .80 [20.32] .3000 193.55] .5372
191.0 478.6 1.0 [25.4] 1.0 [25.4] .3750 [241.94 .5912
194.0 486.2 1.05 [26.67] 1.05 [26.67] .3938 [254.06] .6047
200.0 501.2 1.10 27.94] 1.10 27.94} .4125 [266.13 .6182
204.0 511.2 1.15 [29.21 1.15 [29.21 L4312 [276.19 .6318
206.0 516.2 1.20 [30.48] 1.20 [30.48] 4500 [290.32 .6453
212.0 513.3 1.25 [31.75] 1.25 [31.75] .4688 [302.45] .6588
218.0 540.3 Fracture

Crack Initiation Life 64.0 blecks @ a/W = 0.3480; Fracture Life 218.0 hlocks
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Table 36E - Crack Propagation Data

Crack Area
In.E |::E|

Test No. SR2-1-B
Reversg1s Crack Length Inches |mm!

Blocks X10~ Painted Side npainte n

945.0 2.37 .04 1.02] .02 E.S]% .011
1,108.0 2.78 05 {1.27 .02 [.51 .013
1,667.0 2.18 .07 [1.78] .03 [.76] .019
1,800.0 4.51 .19 ?.54} .03 [.76] .024
1,954.0 4.90 1 [2.79 .03 [.76 .026
2,032.0 5.09 .12 [3.05] .04 [1.02] .030
2,170.0 5.44 A2 [3.05] .04 [1.02] .030
2,283.0 5.72 12 [3.05 .04 [1.02 .030
3,300.0 8.27 .12 [3.05] .04 [1.02] .030

[7.10
8.39

]

f12.26]

[15.48]
16.77

[19.35]

19.35

19.35]

£19.35]

a/M

.3291
.3304
.3345
.3385
.3399
. 3426
.3426
.3426
.3426

No noticeable crack growth over last 3.20 x 106 reversals - test suspended

Table 37E - Crack Propagation Data

Test No. SR2-2-GM
Reversals Crack Length Inches [mm] Crack Area

Blocks X10-6 Painted Side Unpainted Side Tn.2  [mmZ]
381.0 .955

460.0 1.153 .02 [0.508] .02 [0.508] .0075 [4.84]
555.0 1.391 .05 1.27: .04 [1.02 .0169 :10.90
950.0 2.381 .10 [2.54] .06 [1.52 .03 [19.35
1,101.0 2.759 .10 [2.54] .07 [1.78 .032 [20.65
1,502.0 3.764 .10 F2.541 .09 '2.29] .036 ;23.23“
1,631.0 4.087 .10 12.54] .09 t2.29_ .036 ‘23.23j
2,045.0 5.125 13 t2.79: .12 [3.05] .043 [27.74]
2,500.0 6.265 .15 t3.81; .12 t3.05j .051 :32.90}
2,703.0 6.774 7 14.32] .13 3.30; .056 [36.13
3,173.0 7.952 .18 [4.57] .14 [3.56] .06 [38.71]
3,667.0 3.190 .18 [4.57] .15 [3.81] .062 :40.00]
5,001.0 12.532 .19 [4.83: .15 3.81: .064 41.29]
5,535.0 13.369 .20 [5.08] .16 [4.06] .068 [43.87

Crack Initiation Life
Suspended after 5,535 blocks

a/M

. 3264
.3331
. 3426
. 3439
. 3466
. 3466
.3520
.3574
.3615
. 3642
. 3655
. 3089
. 369€

1,710.0 blocks @ a/W = 0.3480; Fracture Life - Test



Table 38E - Crack Propagation Data
Test No. SR3-2-FS

Reversals Crack Length Inches [mm] Crack Area
Blocks X10-6 Painted Side  Unpainted Side In.Z [mm<] a/M
11,098.0 27.811 .120 [3.05% .070 E1.78: .036 [22.98} . 3466
13,071.0 32.755 .180 [4.57 115 [2.92] .055 [35.48 . 3608
13,793.0  34.565 .185 [4.70] .135 [3.43] .060 [38.71] .3642
15,428.0 38.662 .185 [4.70] .150 [3.81] .063 40.65} .3662
18,204.0 45.619 .190 [4.83] .150 [3.81] .064 [41.29 . 3669
19,064.0 47.774 .270 [6.86] .260 [6.60] .099 [63.87] .3726
19,718.0 49.413 .300 [7.62] .270 [6.86] .107 [69.03] .3980
21,612.0 54.15¢ .320 [8.13] 290 [7.37] 114 E73.55] .4034
23,831.0 59.720 .375 [9.53] .300 [7.62] .127 [81.94] L4122
24,496.0 61.386 .405 [10.29] 320 [8.13] .136 [87.74] .4189
26,410.0 66.183 .440 [11.18% .410 10.41: .159 T102. 58] .4358
28,291.0 70.897 470 [11.94 .450 [11.43] 173 t]]l 61 .4453
28,947.0 72.541 .490 [12.45] .470 [17.94] .180 [116.13] .4507
31,064.0 77.846 .490 [12.45] .470 [11.94] .180 [116.13] .4507
33,764.0 84.612 .530 13.46] .485 E12.32: .183 [118.06] .4581
40,464.0 101.402 .730 [18.54 .700 [17.78] .268 [172.90] .5142
42,594.0 106.740 .790 {20.10] .750 [19.05] .289 [186.45] .5291
45,054.0 112.905 .835 21.21] .815 [20.70: .309 [199.35} .5439
46,924.0 117.591 .885 [22.48 .835 [21.21] .323 [208.39 .5534
47,814.0 119.821 .940 [23.88]1 .920 [23.37] .349 [255.16] .5723
49,904.0 125.059 1.180 29.97] 1.150 29.21: .437 [281.93} .6358
51,124.0 128.116 1.700 [43.18 1.700 (43.18] .638 [411.61 .7804

Crack Initiation Life 11,200 blocks @ a/W = 0.3480; Fracture Life 51,124 blocks

Table 39E - Crack Propagation Data
Test No. SR4-1-FS

Reversgls Crack Length Inches [mm] “rack Area

Blocks X10™ Painted Side Unpainted Side 1. [ mmé | a/W
51,716.0 129.7 .10 [2.54] .15 [3.81] .047 [30.32] .3547
55,091.0 138.1 .12 r3.05] 17 [4.32] .054 [38.84] .3601
62,546.0 156.7 17 [4 32} .20 5.08% .069 L44 52] .3709
76,432.0 191.5 .23 5.84 .28 7.1 .096 {61.94 .3899
89,292.0 223.8 .25 [6.35] .29 7.37] .101 [65.16] .3939

106,732.0 267.5 .27 [6.86] .32 [8.13] A1 [71.61] .4007

Above data from set of cracks which appeared to join.

51,716.0 129.7 .22 [5.59 . = .041 [26.45] .3804
55,091.0 138.1 .25 6.35 = = .047 30.32] .3885
62,546.0 156.7 .26 6.60 = = .049 31.61 .3912
76,432.0 191.5 .36 5.14 .16 4.06] .098 63.23] .3912
89,292.0 223.8 .45 11.43] .40 10. 16 .159 102.58] .4358
106,732.0 267.5 .56 14.22] .49 12. 45 .197 127.10 .4628

Above data from second set of cracks.

Crack Initiation Life 48,000 blocks @ a/W = 0.3480;
Fracture Life - test suspended &fter 106,732 blocks
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Table 40E - Crack Propagation Data

Test No. BR1-1-FS
Reversgls Crack Length Inches [mm] Crack Are

Blocks  X10~ Painted Side Unpainted Side In.E Immal
3.34 19.808 .18 [4.57] O [c]
3.51 20.808 .21 [5.33] .03 [.076] .045 E29.03%
3.67 21.808 .24 [6.10] .07 [1.78] .058 37.42
3.84 22.808 .28 E7.11] 12 [3.05 .075 48.39
4.34 25.744 33 8.38 .25 E6.35 .109 70.32
4.51 26.744 .45 [11.43] .38 9.65 .156 100.64]
4.67 27.744 .62 [15.75] .45 [11.43] .207 [129.68%
4.84 28.744 .65 [16.51] .50 [12.70] .216 [139.35
5.00 29.680 .65 [16.51] .52 [13.21] .219 [141.29]
5.17 30.680 .85 [2].59} .80 E20.32] .309 [199.35"
5.34 31.680 .90 [22.86] .90 22.86] .338 [218.0ﬁj

Crack Initiation Life 3.3 blocks @ a/W = 0.3480;

Table 41E - Crack Propagation Data

a/W

.3534
.3628
.3750
.3993
.4331
.4655
.4764
4791
.5439
.5642

Fracture Life 5.34 blocks

Test No. BR1-2-B
Reversals Crack Length Inches Tmm] Crack Area

Blocks X10-3 Painted Side Unpainted Side In.2 [mm2|
5.41 32.1 .14 [3.56] .0525 [33.87]
5.45 32.4 A7 [4.32] .0637 %41.10%
5.70 33.8 «23 [5.84] .0862 55.61
5.80 34.4 .26 [6.60] .0975 [62.90]
5.90 35.0 .30 E7.62% J12 [72.26]
5.97 35.4 «32 8.13 .120 [77.42}
6.35 37.7 .38 [9.65] .142 [91.61
6.46 38.4 A1 10.41] .154 [99.35]
6.57 39.0 AC 11.68] A72 [110.97]
6.69 39.7 .53 13.46 .199 [128.39
6.76 40.1 .58 [14.73% 217 E]40.001
6.89 40.9 .62 15.75 .232 149.68
6.98 41.4 .67 [17.02] .251 [161.94
7.03 41.7 77 19.56] .289 186.45]
7.08 42.0 .84 [21.34] .315 203.23
7.1 42.2 .87 [22.10] .326 210.32
7.23 43.0 .96 24.38] .360 232.26
7.32 43.4 1.05 26.67 .39%4 254.19
7.37 43.7 1.09 27.69 .409 263.67
7.42 44.0 Fracture

Crack Initiation Life 5.1 blocks © a/W = 0.3480;

a/W

.3588
.3669
.3831
.3912
.4020
.4074
.4236
.4318
.4453
.4642
4777
.4885
.5020
.5291
.5480
.5561
.5804
.6047
.6155

Fracture Life 7.42 blocks

Crack length measurements taken on painted side only; periodic observations

revealed, however, that crack front remained essentially straight after

0.10 inches of crack growth.



Table 42E - Crack Propagation Data

a/M

.3426

.3561

.3791
.3899
.3926
.4115
.4277
.4628
.4980
.6196
.6223

Test No. BR1-3-MTS
Reversals Crack Length Inches [mm rack Ar a

Blocks X10-3  Painted Side Unpainted Side In.
4.00 23.75 s 2.79] .05 [1.27] .030 [19.35
4.37 25.91 .13 3.30] 13 [3.30] .049 31 61
4.77 28.29 .21 5.33 .22 5.59 .081 [52.26
4,94 29.32 .26 6.60} .25 E6.35] .096 61 94}
5.20 30.87 .27 6.86 .26 6.60] .099 [63.87
5.43 32.23 .34 E8.64] .33 [8.38] .126 81 29%
5.69 33.80 .40 10.16] .39 [9.91] .148 :95.48
6.00 35.64 .51 EIZ.QS] .54 E13.72] .197 [127.10]
6.43 38.19 .66 16.76] .65 16.51] .246 [158.71]
6.61 39.24 1.11 28. 19} 1.10 27. 904 414 ;267.10}
6.66 39.49 1.1 28.19] 1.12 28.45] .418 [269.68

Crack Initiation Life 4.2 blocks @ a/W = 0.348; Fracture Life 6.66 blocks

Table 43E - Crack Propagation Data

Test No. 2-1-FS
Reversg Crack Length Inches [mm] Srack Arsa

Blocks X10~ Painted Side Unpainted Side mm< ] a/W
50.0 .291 .07 [1.78] 0 [o0]
56.0 .332 .09 [2.29] 0 [o
61.0 .362 .10 [2.54] 0 [o
66.0 .392 .12 [3.05] 0 [o]
71.0 421 .13 [3.30] 0 [o]
76.0 .451 .14 [3.56; 0 [0]
86.0 .510 .15 [3.81] 0 [O]
96.0 .570 .19 [4.83] .07 [1.78] .049 [31.61] .3561
106.0 .629 .21 5.33] .15 :3.81] .068 [43.87] .3696
116.0 .689 .26 [6.60 .21 [5.33 .088 [56.77] .3845
126.0 .748 .30 [7.62] .26 [6.60] .105 [67.74] . 3966
136.0 .807 .35 [8.89] .33 [8.38] .128 [82.58] .4128
156.0 .926 .50 [12.70] .49 [12.45] .186 [120.00] .4547
186.0 1.104 .76 [19.30] .76 [19.30] .285 [183.87] .5264

Crack Initiation Life 87.5 blocks @ a/W = 0.3480; Fracture Life 186.0 blocks

47



48

Table 45E - Crack Propagation Data

Test No. BR2-3-JD

Reversals Crack Length Inches [mm] Crack Area
Blocks X10-6 Painted Side  Unpainted Side Tn.2 [mmZ]
79.0 . 469 .07 :1.78 .02 ;.508: .017 :10.97]
83.0 .493 .08 [2.03 .03 [.762] .021 _13.55]
90.0 .534 .09 [2.29 .05 [1.27] .026 [16.77
94.0 .558 .10 :2.54 .06 :1.521 .030 ;19.35
110.0 .653 a1 [2.79 .07 [1.78] .034 [21.94
114.0 .677 .13 [3.30 .08 [2.03] .039 f25.16
118.0 .700 .14 [3.56] .09 [2.29] .043 [27.74]
125.0 .742 .15 :3.81] .10 :2.54: .047 :30.32]
135.0 .801 .20 [5.08 .15 [3.81] .066 [42.58
145.0 .861 .24 [6.10] .21 [5.33] .084 [54.19]
155.0 221 .31 L7.87] .28 :7.11; AN :71.61]
165.0 .979 .22 19,65 .36 [9.14] .139 [89.68
170.0 1.009 .43 [10.92] .40 [10.16] .156 [100.64]
175.0 1.039 .46 ;11.68] .44 :11.18] .169 [109.03
180.0 1.068 .51 _12.95] .48 =12.19} .186 [119.99
185.0 1.098 .56 [14.22 52 [13.21 .203 [130.97
190.0 1.128 .61 £15.49] .58 ;14.73] .223 [143.87]
195.0 1.158 .69 _17.53] .66 .16.76} .253 163.22]
200 " 1.187 .77 [19.56 .75 [19.05 .285 [183.87
205.0 1.217 .89 f22.60] .86 [21.84] .328 [211.61]
210.0 1.247 1.06 E26.92] 1.04 [26.42] .394 254.19%
212.0 1.258 1.52 [38.61] 1.52 [38.61] .570 f367.74

a/M

.3331
.3358
.3399
.3426
. 3453
.3493
.3520
. 3547
. 3682
.3818
.4007
.4209
.4331
.4426
.4547
.4669
.4818
.5034
.5264
.5574
.6047
.7318

Crack Initiation Life 113.0 blocks @ a/W = 0.3480; Fracture Life 212.0 blocks

Table 44E - Crack Propagation Data

Test No. BR2-2-FM
Reversgls Crack Length Inches [mm] CEack Area
Blocks X10~ Painted Side Unpainted Side In. [mm<]
43.0 0.255 .0234  [15.10]
49.0 0.291 .0469 [30.26:
54.0 0.321 .0650 [41.94]
57.0 0.338 .0703  [45.35]
60.0 0.356 .0820 ;52.90;
64.0 0.380 .0907 [58.52]
68.0 0.404 .1056 [68.13]
72.0 0.427 1170 [75.48]
77.0 0.457 .1290 ;83.23:
82.0 0.487 .1466  [94.58 ]
84.0 0.499 .1605  [103.55]
89.0 0.528 1847 [119.16
94.0 0.558 .2078  [134.06
99.0 0.588 .2308 [148.90
104.0 0.617 .3015  [194.52]
106.0 0.629 .3283 [211.81]
107.0 0.635 .3518 226.97
108.0 0.641 .4628 [298.58]
Failure

a/W

.3378
.3547
.3677
.3716
.3800
.3863
.3970
.4053
.4139
.4266
.4366
.4541
.4707
4873
.5382
.5576
.5745
.6545

Crack Initiation Life 47.0 blocks @ a/W = 0.3480; Fracture Life 108.0 blocks



Table 46E - Crack Propagation Data

Test No. BR31-MTS
Reversals Crack Length Inches [mm] Crack Area
Blocks X10-6 _ Painted Side  Unpainted Side In.Z2  [mm<] a/W
2381 14.1 .050 [1.27] .030 [.76] .0150 [9.68] .3318
2722 16.2 .120 [3 .05 .100 2.54] .0412 26.61] .3507
3208 19.0 .120 [3.05 .120 [3.05 .0450 [29.03 .3534
3732 22.2 .140 [3.56] .180 [4.57] .0600 [38.71] .3642
4887 29.0 .150 [3. 8 .200 5.08] .0656 [42.34] . 3682
6492 38.5 .200 ES 08 .200 [5.08 .0750 [48.39 .3750
6798 40.4 .240 [6.10] .250 [6.35] .0919 [59.27] .3872
7089 42.1 .480 [12 19] .480 [12.19 .180 E116.13] .4507
7324 43.5 .720 [18.29 .700 [17.78 .266 171.77 .5128
7412 44.0 .810 [20.57] .810 [20.57] .304 195.97] .5399
7460 44.3 .875 [22.22 .905 [22.99 .334 £215.321 .5615
7511 44.6 .900 [22.86 .900 [22.86 .338 217.74 .5642
7537 44.7 1.000 [25.40] 1.000 [25.40] .375 241.94 L5912
7561 44.9 1.060 [26.92% 1.060 E26.92] .398 256.45 .6074
7582 45.0 1.125 [28.58] 1.125 28.58} .422 272.18 .6250
7623 45.3 1.250 [31.75] 1.250 [31.75 .469 302.42 .6588
7673 45.5
Crack Initiation Life 2673 blocks interpolated from data at a/W = 0.3480;
Fracture Life 7673 blocks
Table 47E - Crack Propagation Data
Test No. BR3-3-FS
Reversals Crack Length Inches [mm] Crack Area
Blocks X10-6 Painted 5ide  Unpainted Side In.2  [mm<] a/M
11,745.0 69.7 .44 [11.18] .53 [13.46] .182 [117.42] .4520
12,074.0 71.7 .65 [16.51] .79 [20.06] .270 174.19} .5155
12,469.0 72.4 1.10 [27.94] 1.27 [32.26] .444 [286.45 .6412
12,519.0 72.7 1.65 [41.91] 1.68 [42.67] .624 [402.58] .7709

Crack Initiation Life

Table 48E - Crack Propagation Data

blocks @ a/W =

0.348; Fracture Life 12,519.0 blocks

Test No. TR1-1-B
Reversals Crack Length Inches [mm] Crack Are

Blocks X10-3 Painted Side Unpainted Side Tn.2 |::§| a/W

29.0 49.5 .02 [.508] .07 [1.78] .0169 [10.90] .3331
30.0 51.2 .07 [1.78] .15 3.81] .0412 [26.58] . 3507
31.0 52.9 .13 [3.30 .23 [5.84 .0675 E43.55] .3696
31.7 54.1 .18 [4.57] .27 [6.86] .0844 [54.45] .3818
32.4 55.3 .25 16.35 .34 [8.37 M [71.81] L4007
33.0 56.4 <31 7.87 .38 [9.65 .129 83.23] .4142
33.4 57.0 .36 19.14 .42 [10.67] .146 94, 19] L4264
34.0 58.1 .45 [11.43] .52 [13.21] .182 117.42] .4520
34.3 58.7 .51 12.95 .57 [14.48 .292 130.32 .4669
35.0 59.8 .69 [17.53 .73 [18.54 .266 171.61 “.5128
35.3 60.3 .80 [20.32 83 121.10 . 306 197.42 .5412
35.6 60.8 1.00 [25.4] 1.04 [26.42] .382 246.45 .5966

Crack Initiation Life 29.9 b

locks @ a/W =

0.3480; Fracture Life 35.6 blocks
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Table 49E - Crack Propagation Data
Test No. TR1-2-A0S

Reversals Crack Length Inches [mm] Crack Area
Blocks X10-3 Painted Side  Unpainted Side In.2  [mmZ] “a/M
22.0 37.576
23.5 40.138 .1 [2.54] .1 [2.54] .0375 [24.19] .3480
25.0 42,700 .15 [3.81] .18 [20.57] .0619 [39.93] .3655
- 25.5 43.554 .5 [12.70 .5 [12.70] .1875 [120.97] .4561
26.0 44,408 Fracture

Crack Initiation Life 23.5 blocks @ a/W = 0.3480; Fracture Life 26.0 blocks

Table 50E - Crack Propagation Data
Test No. TR1-3-W

Reversals Crack Length Inches [mm Crack Area
Blocks X10-3 Painted Side  Unpainted 21de In.2 [mmZ] a/W

20.0 34.1 .010 [0.254] .00375 [2.42] .3236
22.2 37.9 .100 [2.54] .0375 [24.20] . 3480
23.1 39.4 .366 E9.30] .139 [89.68] 4199
23.9 40.8 .572 [14.53] 214 138.06] .4755

24.01 40.988 Fracture
Crack Initiation Life 22.2 blocks @ a/W = 0.348; Fracture Life 24.0 blocks

Table 51E - Crack Propagation Data
Test No. TR2-1-FM

Reversals Crack Length Inches [mm] rack Area

Blocks __ X10-3 Painted Side Unpainted Side Tn. mm a/W

264.0 451.0 .012 [7.74] .32%6
266.0 454.0 .029 [18.71] .3418
270.0 461.2 .065 [41.93] .3677
274.0 468.0 .070 45.16 .3714
276.5 472.0 .082 [52.90 .3800
283.0 483.0 41 71.61 .4009
288.0 492.0 .152 98.06 .4305
291.5 498.0 .188 121.29 .4564
293.5 501.0 .234 150.97 .4896
295.0 504.0 .258 166.45 .5069
292.5 505.0 .293 189.03] .5321
297.0 507.0 317 204.51 .5494

Fracture

Crack Initiation Life 269.0 blocks @ a/W = 0.348; Fracture Life 297.0 blocks



Table 52E - Crack Propagation Data
Test No. TR2-2-JD

Reversg]s Crack Length Inches [mm Crack Are

Blocks X10~ aint e npaint e In.E Immgl a/W
509.0 869.0 .55 [13.97] .50 [12.70] .197 [127.10] .4628
512.0 874.0 .62 15.751 .58 14.73 .225 [145.16] .4831
515.0 880.0 .66 16.76} .68 17.27 .251 ]61.93] .5020
517.0 883.0 .73 18.54]1 .73 18.54 ] .274 176.77 .5182
519.0 886.0 .87 EZZ. 1 O% .86 [21.84] .324 209.03 .5547
520.0 888.0 1.23 31.24] 1.25 [31.75] .477 307.74 .6561

Crack Initiation Life 460.0 blocks @ a/W = 0.3480; Fracture Life 520.0 blocks

Table 53E - Crack Propagation Data
Test No. TR2-3-GM

Reversgls Crack Length Inches [mm] Crack Area

Blocks X10~ Painted Side Unpainted Side In.¢ [mmé | a/W
239.0 408.212 .10 [2.54] © [o]

306.0 522.648 .10 [2.54] © [o]

374.0 638.792 .20 ES.OS] 0 [0] .037 23.87 .3480
393.0 671.244 .22 5.59 .03 E.76] .047 30.32 .3547
398.0 679.784 .22 [5.59] .06 1.52] .053 34.19 .3588
403.0 688.324 .27 6.86 .10 2.54 .069 44.52 .3709
408.0 696.864 .28 7:.11 .14 3.56 .079 50.97 .3777
415.0 708.820 .34 8.64 22 5.59 .105 67.74 .3966
425.0 725.900 .46 11.68] .37 E9.40] .156 100.64] .4331
432.0 737.856 .62 15.75] .56 14.22] .221 142.58 .4804
436.0 744.688 .90 22.86] .86 [21.84] .330 212.90] .5588

Crack Initiation Life 374.0 blocks @ a/W = 0.3480; Fracture Life 436.0 blocks

Table 54E - Crack Propagation Data
Test No. TR3-1-FS

Reversgls Crack Length Inches [mm] Crack AEea
Blocks _ X10~ Painted Side  Unpainted Side In.2  [mm?] a/W

50,660.0 86.5
57,090.0 97.5 1.45 [36.83] 1.45 [36.83] .544 [350.97] 7128

Crack Initiation Life blocks @ a/W = 0.3480; Fracture Life 57,090.0 blocks



