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MATERIAL CHARACTERIZATION OF CAST 8630 STEEL;
MONQTONIC AND CYCLIC STRESS-STRAIN BEHAVIOR
AND STRAIN-LIFE RESPONSE
by
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ABSTRACT

Monotonic and cyclic stress-strain behavior and strain-life resistance of
cast 8630 (Mn. modified) at 254 = 5 BHN are reported. The material exhibits an
engineering ultimate strength of 114 ksi, which is approximately 10% lower than
a comparable wrought steel, and a comparatively low ductility of 17%. Cyclic
softening of this cast alloy results in a cyclic yield strength (0.2% offset) of 80 ksi,
whercas its monotonic yield strength is 103 ksi. Initial precycling of axially loaded
fatigue specimens appears to decrease the fatigue life significantly. However, no
general trend is exhibited when compared to non-precycled results. The fatigue
performance of the cast steel is shown to be much poorer than would be obtained

for a wrought steel with simjlar monotonic tension properties.
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FOREWORD

This is the second in a series of reports on the fatigue evaluation of steels of
interest to sponsors of the Fracture Contrel Program (sce FCP No. 12 for similar
data on T-1 steel). Marion Power Shovel Company supplied cast 8630, modified
with manganese, for evaluation in this report. The foremat of this report is similar

to the previous one (FCP No. 12) in that reduced material characterization sheets

and original laboratory records are included.

PROCEDURE

Specimens of the design, shown in Fig, 1, were removed from a 7 ft. dia.,
6 in. thick gear casting, which had been normalized and tempered. 1 Samples were
machined to a surface finish of approximately 10 rms. All testing was performed
using a +20 kip closed-lcop test system. The ASTM E-9.08 tentative specification
for low cycle fatigue testing served as a guide for these tests.

RESULTS

Stress-Strain Behaviox

The data sheet for material characterization lists the results for the monotonic
stress-strain tests. As would be expected with a cast material where internal micro-
cavities are present, the ultimate strength (114 ksi) is lower than that of a comparable
wrought ma.terial.2 Similarly, the true fracture ductility of the cast material is much
lower (ef = 0.17) than that of a similar wrought product which should have a ductility
of approximately one. A typical photomacrograph of a cast sample, shown in Fig. 2,
reveals a pronounced dendritic structure which, along with internal porosities, would
be conducive to low ductility. More complete homogenization of such a structure

should improve this material property by reduction of composition gradients.

lNormalized at 1600-1650°F for three hours; tempered at 1050-1100°F for six
hours.

2From hardness measurements, the ultimate strength of the similar wrought
product would be approximately 0.5 BFAN % 0.5 (254) £ 127 ksi.



As shown in Fig. 3, which is an enlargement of the stress-strain curves on
the data sheets, the material cyclically softens and has a 0,2% vield strength of
80 ksi as its minimum bound represented by the incremental step-strain test results.
Representation of the cyclic response of cast metals by such a stress-strain curve is
perhaps fallacious, since we are not dealing with a homogeneous, wrought metal but
with an “internally notched" member. This point is ramified in the other cyclic prop-
erties shown on the data sheet, which were obtained from several types of test data in
an attempt to furnish "representative” results. The types of test employed and the
interpretation of the result are appropriate for wrought metals but not for cast metals
with controlling internal microcavities. Thus, the cyclic properties reported on the
data sheets are to be used with caution. Further, attempts to employ these monotonic
and cyclic results to predict the strain-life response of the cast metal, as commonly

done with wrought metals, can lead to serious errors in predicted lives.

Strain-Life Resistance

Figure 4 illustrates the strain-life curves for median life test results, which
are tabulated at the back of the report, in comparison to a strain-life curve which
was predicted irom monotonic awd cyclic stress-strain results. Note that the pre-
dicted curve is non-conservative and several ordexrs of magnitude in life errors can
result, particularly at long lives.

A master plot of the strain-life fatigue results for non-precycled and precycled
samples is shown near the back of this report. Median lives of only the non-precycled
samples were used in a least square analysis for the elastic and plastic strain-life lines,
From this analysis, the total strain-life curve and the equation appearing at the upper
right of this figure were determined.

As common with cast metals, the transition fatigue life, QNt = 200 reversals

is short in comparison to that of the comparable wrought product (ZN,c = 104 reversals).



Because of this, 1t would appear that increasing the strength (i.e. BHN) of the cast
metal would proportionately improve its long-life fatigue resistance, since elastic
strain predominates at lives greater than 105 reversals. This may not be the case
since the internal microcavities would become more effective as 'fatigue notches,
at greater hardnesses, and a proportionate increase in fatigue strength would not
be realized.

Also included on the strain-life plot are results of precycled specimens. In
general, precycling appears to decrease life in comparison to non-precycled samples.

This however is not a consistent trend since, in some cases, precycling resulted in

increased lives.

CONCIL.USIONS

Monotonic stress-strain resnlts of cast 8630 (Mn. modified) are consistent with
similar cast alloys of equivalent hardness in that the ultimate strength and ductility
are lower than the wrought product. Cyclic stress-strain response of this cast alloy,
determined by three methods, indicates cyclic softening. Methods which employ the
cyclic and monotonic properties to predict the strain-life fatigue resistance of wrought
products should not be employed to predict the fatigue resistance of the cast metal,

since serious errors can result,
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MATERIAL CHARACTERIZATION SHEETS
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MONOTONIC STRESS-STRAIN RESULTS
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CYCLIC STRESS-STRAIN RESULTS
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sk ok o e e e o ol e o e e A e sl o oo e ool o e e ol ol ok o o ok ok e ol o ol ok o e o e o oo ke ol o o e sl ot ke v o 3 ofe o o e o e ol o ke e o

REF

R

* i
* 2
* 3
* 4
* 5
* 6
* 7
* 8
* 9
* 10
LI |
* 12
* 13
* 14
# 15
* 16
* 17
* 18
* 19
* 20
* 21

steafe ofe e fe e e sfe ofe e ofe o e st s o s s e s sde e e o oo e o s ofe e ot o o e ok e ol o ok ode s ol o e o o o o o o ok o ol e e o ok ok o ok ol ol e

av EP
G.002090
B.A023406
3.-002600
3.-382889
B8.803136
AAARH10
B-003700
D.8603968
G.0804240
0.804470
@-B34750
2.005290
B.865810
B.886371
B-306989
B.0687441
P-007986
2208544
B-B809341
B.389571
P-G1a131

AV 5G
52.0504
57.1495
GAeTSLO
64.T7239
68.0236
TR e 1965
723712
Ta.4711
762719
T7.8434
TFe3423
81.8182
83.9871
86+1591
g88.1098
89. 60032
99.9515
92.2234
93.45184
94.2414
95 .0 644

AV PEP
8003160
3000249
A033340
2800460
A.RPO61A
A-800782
3.0009443
A-0A1130
7.001330
BeAB1526
B.881710
P-G62148
@.-362560
A.303080
A.303450
A.0A39304
2-.804400
B.004850
B.005340
B.2058309
G.0036381

AV PEP(EQ)

B.000148
B.-000207
B«300333
A-000465
B.330592
3-23a791
G.A00999
A.-001181
#.001394
G3.001565
B.801790
G.002237
G-002676
A-303156
B.063613
B-G84397
B.-334587
B.005099
P.D35555
F-006054
B.-086584

&
*
*
*
*
&
*
*
%
*
*
A&
*
%
%
*
e
*
*
*
*
*
*

stk e sk o sORR kR defoloiok ook otk LEAST SQUARE FITS oot o sk ok s ofeode s e e sfeodeol ool ke ok

LEAST SQUA
Rk kkkokok

RE FIT 1
deofesfeodeskode ek

IS NORMAL FIT TO BE MADE?

7Y

INPUT REF #°5 FOR FIT

78,21
EXCLUSIONS
TN

ek e o ok ol ok e ofole ol ok ok Ak o
* NC1)=+1.4395340E-01 =*
% K(1)=+].9T768840E4+82 *
s e e e e sl e o s oo e o R o ok o ok sk

DO YOU WANT A PLOT MADE OF THIS?

N

STRESS-STRAIN VALUE

™

REPEAT LEAST SQUARE FIT?

7Y




LEAST SQUARE FIT 2
Tl kR kg gk dokkkkohd

IS NORMAL FIT TQ BE MADE?

N

INPUT 1| OR 2

*%*LOGLOG OR LINEAR

71

*%x%KNGe OR TRUE

72

*%%TOTAL OR PLASTIC STRAIN

22

#**¥PLASTIC STRAIN FROM EQN. OR LQOPS

22

INPUT REF #'S5 FOR FIT
78:21

EXCLUSIONS

N

ool o o o e ofe ol e o ofe st ot o ol o ol ok ol o e ol o
* N(23=+1.439446BE-G1 =*
* HC(2I)=+]1.2831730E+02 =«
e afe o e e e o e e o sk s g e e e e o e ol o

DO YOU WANT A PLOT MADE OF THIS?
N

STRESS-5TRAIN VALUE

N

REPEAT LEAST SQUARE FIT?

™

2.33 SEC B.18 SERVICE UNITS
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STRESS-STRAIN HYSTERESIS LOOPS
FROM CONTROLLED STRAIN FATIGUE TESTS









e e o e e e ook e ol oo s R R R ol ol ke ok e ook s e ol ol st sl ol b ok ot ot o o o o ol o o ok ot s ok s o e o
dekkpeokodk okokokokkokiokkkke MP 8630 #£19 Bk e e oo e dkok ok ok Aok ok kb Rk ok
Roikkkkkkkhkhkkikktrtr NO PRE« 3 e e ek o e o ofe ool o e e o e ok e ol ot ok
Yoo e e o e e oo sk e ook ok ol ok sk e o ool ook o Aok ok o e ke ok o o o ke sk e e o o ke o o o ol e o o ok 0 e ol o e o o o ode o e e e
QUTPUT IN ENG. VALUES

N

OUTPUT IN TRUE VALUES

Y

PEAKS
2N

RANGES(R> OR AMPLITUDES(A) OR BOTH(B) OR NONE(W)
[}

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E 5 EpP ED 5@

1 2 =@13200 111.1 «366221 -.B03052 =17

2 4 +310200 108.9 - 336221 --028852 -1.4

3 19 310148 104.12 306231 --36886852 -1.6

4 29 «310170 132.1 3P 6351 ~e 0030242 =17

5 40 010231 97.3 «+BB6551 ~(30192 «2e5
PLOT?

N
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e e de e oot sfeobe e sk e e o o st o o ok ok ok ok ok ok s sl o o o ok o o e ke ol o o ot e o e o ke s e sl o ot ol o ok ol o o A e e e
dokdkokkddokkdokkokkskkk MP 86373 £324 ook ok kR ok g ko ko kol ke ok ok
deskpokkomrdeckokkk ki NO PRE. e s o o e e o 2 o o 3 e e e o ofe ode e o ol ke o o
e fe e e ok o s ofe o s o o o e e o e e ok ool o o e ke e ok e ofe e ot o e ol ol e s o o o o ol ok o ol o o ok o o o ok o ol e ke e ol ok o o
OUTPUT IN ENG. VALUES

™

QUTPUT IN TRUE VALUES

Y

PEAKS

7N

RANGES(R) OR AMPLITUDESCA)> OR BOTH(B) OR NONE(N)
A

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E 5 EP E@ sSa
1 2 010212 136.5 «QB6120 ~. 3000 62 =Bl
2 4 3510210 134.1 806140 - P0G 62 ~1.0
3 19 «316151 182+.9 336161 --003122 “RAoR
4 20 «B13141 108.9 2036271 “000112 -3.8
5 49 «18181 97+ 6 «A0 6391 -e0@B112 @6
6 lgﬂ 0319151 933 B 6550 '-5@@192 -Bed
7 200 «PlP1 61 89.0 «@A6TI1 -.30G132 14
PLOT?

N
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et et ook ok s o sl e R S ol Aok o ok o o e ool sl el B o ke o ok s s o ok ok ok e s ok el e ok e s e ok o o o oo o
Akt kol ik gk kkk MP 8630 #F93 e ook dokoke sk ol ke ke Ao okok ook ok ok
ol fokdokkokkkokdokkkk®k NO PRE. . ok ot o el sk e ke ofe e o ofe o ofe ofe ot e ool e ol e
H RO o o e ofe o s ok ok sk s o o ofe ol ol o ok oo ot e sk sl ol o e o ofe o e e o o ok ok ok o o ok ool sfe o ot ok el ok o e ke
QUTPUT In ENG. VALUES

™

QUTPUT IN TRUE VALUES
Y

PEAKS
N

RANGES(R) OR AMPLITUDES(A) OR BOTH(B) OR NONE(N)
8

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E S EP E@ 59

1 2 815260 189.4 « 305900 -«300072 “Be9

o 4 «A1G204 187.2 -3035930 --380072 -i-1

3 19 -@10162 104.5 <PB597) ~:308252 ~G.7

4 2a «A1B172 i0i.8 «-B3R6071 -.@Gaz2g ~Be8

5 40 318202 98.9 066201 -«0B3232 =13
PLOT?

)






ke b e sk o e e e ke e ke s o 3l o o6 ok S 8 e s e ol o e o sl e o s o ofe ot e sk e e sl e e ok o sl e o e o o ke ke ok ok e ook ok ek ook
kxdkeckkkhkkdokkkhkkkk MP 8638 #07 ok s ol o o ok e ek ootk ool ke ok ok o o ok
Fdokolokokodokok ok fokok ok kkkk NO PRE. e ek ol e ofe o ok e e e e ke ke ofe sk A ok e e e ok o
e ke sk o e e o ke e o o ok ok o e ook ok ok o ok ol ok o ok e o ke e ke oo o ke o ke o ok e o e ok e sk s ok ok 3 ol o vk o o ek o o e ook
QUTPUT IN ENG. VALUES

N

QUTPUT IN TRUE VALUES

Y

PEAKS
N

RANGES(R} OR AMPLITUDES(A) OR BOTH(B) OR NONE(N)
?a

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E S EP E® 5a

1 2 333590 1372 332200 -+33366 bl

2 4 -305590 183.3 - 302280 ~--000066 -1-1

3 10 «A05590 100.1 322310 =009 66 =1.2

4 20 «BB3561 9745 «AR2360 ~+000116 -1.3

5 40 «@05579 9445 002450 -«B0O026 -1.1
PLOT?

N




12T wism agx
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ok o8 oo s e ol o e e e e e b e o e e e o kool e o ok o ok o e o e o o o o ofe o o ool o o o o o el ol o o ot ot ok ok o
kb dgkdkdok ik hkkikkd MP B630 £28 e 3¢ o 9 e e e ofe e o ot e ofe ol ook ol ofe o o ol B e
dokokkkoktofkolkkkdokkkkk O PRE. e sk e 3k B e s afe o ofe e ofe e o ofe o o e o o e e o
R AR o e o R o o e e o ol o e e o o e ok o e o ool o sl o o o ksl ol o o e oo o o e o o o o e sle ok
OUTPUT IN ENG. VALUES

N

QUTPUT IN TRUE VALUES

Y

PEAKS
N

RANGES(R) OR AMPLITUDESCA) OR BOTH(B) OR NONE(N)
24

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E S EP E@ 58

1 2 +BR5580 188.4 «332150 -.0306016 B0

2 4 «BA5580 6.2 ~RG2210 ~.0080616 -1«6

3 13 +@35590 93.3 «AG2200 ~HO03E06 =1.7

4 28 «3985580 90.5 92232 --302a36 -1.8

S 44 +BB5538 871 302300 =-.300085 =21
PLOT?

N
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R AR o 0 3 ok e o ok o o s ok o o o oo oo o o s ol s e ofe ot e o ot o o o ke ot o ok ok ok o o
dokkkkokk ok kktokrdkk MP B630 #33 e ke o o o o e o o s o ok o e ok o o o okt
dokkdokdokkdokdkokkdkkrek NO PRE. oo e e o ke o o ok oo e o o ol ke ok e ok o o
ste e o fc s se o ofe ofe e s e o sfe s sfe oz e 3B e s 3 s o ot ol e oo ofe oo o afe ol o e o ol o ofe s o s ot o o A ke o ke ok A o o o ok o o e o ok o e
OUTPUT IN ENG. VALUES

N

QUTPUT IN TRUE VALUES

Y

PEAKS
N

RANGES(R> OR AMPLITUDES(A) OR BOTH(B) OR NONE(N>
r{s

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E S EP EQ 58
1 2 505570 1816 -3322 60 ~.JA0086 B8
2 4 «3B85570 98.1 23823109 --000086 l” ]
3 12 »B05591 955 -382350 -.0368186 =% 4
4 209 -385581 9347 382469 -.3008216 ~@ed
5 49 <BB5549 913 « 362480 -~ @B0a95 BT
& 182 -B85540 87.4 ~0B2580 -«B3@115 ~Be9
PLOT?

N
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************#*************************************************
Fhokdokokkkkkkkkkdorkkk MP 8630 #1308 0 e e e sl e ek ool s ok ok ok ool sk ode ook ok
dedok Aok hokdkokkkkdkkkrkkk NO PRE. ek ofe o ol ok o e ke ok ol e e sk ok ok okt sk e e ol ke oke
AR AR A Ao ek R R K o ook o s sk ok stk ok oo ke kol o ok o e ok o e ok ok stk Ao sk sk o o o ok ok o ok ok ok ok
OQUTFUT IN ENG. VALUES

N

OUTPUT IN TRUE VALUES

7Y

FEAKS
™

RANGES(R) OR AMPLITUDES(A) OR BOTH(R) OR NONECN)
A

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E 5 EP EQ se
i 2 +0230106 95.2 2802478 --288Q035 -3.8
2 4 «AM3A1A 94.0 -303270 ~-208035 g2
3 12 «333820 93.2 022129 -+0008645 Dol
4 24 2383020 91.6 Q03178 ~+208165 e
5 4@ ~AB3010 89.7 « 300210 --003135 B.6
6 182 +303310 B86.8 003300 -+Q0BA55 1.7
7 2ea «383000 B4.8 ~300320 ~ 300365 2.1
8 440 -G@3310 B2.6 300399 =.ADRASS 1.8
9 1260 ~J03000 793 «ABA480G ~-.06A8S Beb
PLOT?

N
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e e sje o e dfe 22 e o ot vde vl ofe e sbe ofe sl bt s e o e ol vl sl o ol o ol ol shobe o ofk sl it o o sl ofe bt e o e sl ok ddeafe s o o ol ol e ol o ok e ke R
dkdkckokddkdokdkkkkdekickk MP 86348 #26 o st e o e e o o o ok o e skl ok e el e ke
wdckok Rk kRiokkr ke kikt NO PRE. s e o o o o oo o o e e e ke ofe ke e e e
e o e e ofe e e e oo o o o o ofe s e ol ol e o oo o e oo o o e ol ol ot oo of o o e o e o ot ol o o o e e e e ofe o o o o ol e e e
QUTPUT IN ENG. VALUES

N

QUTPUT IN TRUE VALUES

1Y

PEAKS
N

RANGES(R) OR AMPLITUDES{A) CR BOTH(B) OR NONE(N)
({:

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E S EP Eg S0
1 2 s 392990 89.1 «B066833 «AGAABS @2
2 4 «B332990 89.1 - PAAGIY «-G0GA35 =fe2
3 13 333000 g88.5 QB33 60 300035 ~F.9
4 20 «BB3016 878 «3A0B 70 «B0A3BAS =15
5 4@ - 303010 868 332890 «BBB32S ~le4
6 180 332995 B4.8 «300130 «A03035 “2e1
7 200 « 303302 83.2 A0 168 -+00BES “Da2
8 400 - 333608 81.5 333200 ~BOAI35 =24
9 1400 «~B03016 793 «BAE270 «A3AB25 -2.8
10 2008 Q3010 TG T «00G310 «A03A 65 163
PLOT?

K]
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e -

Y{No\@ g=q
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e ke oo o o o e o e o o oo o o o s o o o oo o oo e ot e sk ok ot o o ok oo ok o e o e ok e ok o e o ok o ok e ok
sk kkookkdokiokkdoriorr MP 8638 #23 sk ok kdok ok ko okkok kR fd kg
dokdokkkokkkkkkkkkkkkk NO PRE. s oo e e sk ol e e oo ok oo ot ool o e e ok
e 0 50 ¢ 90 0 3 200 0 20 30 o e AR e 2 N S 000 0 e o e o o o ot o o oo o ok oo e ok ok ot o ok o o oo ook e ok o o o e ol o
QUTPUT IN ENG. VALUES

™

OUTPUT IN TRUE VALUES

1Y

PEAKS

™

RANGES(R) OR AMPLITUDESCA) OR BOTH(B)> OR NONE(N)
?INVALID INPUT DATA ... RETYPE IT

A

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E 5 EP E@ 5@
1 2 003304 89.4 +ADBE AT - ABEAA2S -1.8
e 4 3033260 89.1 «BOB840 = 3@AB25 -2e1
3 16 «0B3010 88.6 =380 T70 Q32325 =34
4 29 - 0034206 879 3000 60 --00080 65 =3.8
5 49 083210 BT7.6 « 300090 -« 2P855 =4.1
6 199 -@@2990 BS5.5 06130 ~330805 =42
7 200 - 202999 84.4 «A80130 - 320085 ~4.2
8 ABG - 033610 83.£2 ~B00 180 ~+@BRASS ~3e9
9 1628 302990 8l.4 «-B3B250 --068018 4.2
10 2066 003810 796 3083108 -.330@55 =45
PLOT?

N
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ek ot o e ek 30 o e o ot o ot ok oo ofe R o ke o o o ko o e ool e oo o oo o e e o o ok oK Bl ook ok e ke e o ok ok ke
sk aokkdokkdokdkkkkkk MP 8630 #10 e s s o s o e e skl o o e e o e o ke ok ok
dekfdeok kR dodok ook ek NO PRE. st o e e o o o ok ol ol o o ool e e ok e ok ok ok
s o s o o5 o o o o oo o6 o ok ol o ool o o ok o o o o 40 o o o o AR O R R 0K K K o o S A A
QUTPUT IN ENG. VALUES

N

QUTPUT 1IN TRUE VALUES

7Y

PEAKS
M

RANGES(RY OR AMPLITUDES(A) OR BOTH(B) OR NONEC(N)
A

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E s EP EQ 5a
1 2 eB@1490 447 B.000600 053008 Bel
2 4 001490 il 7 B.300020 000838 Bel
3 1a «J331500 445 «BABAL1S - 350082 G2
4 a9 « 301490 A4 .2 «AA3615 -~ QAB 72 Bl
5 42 «B301480 {44.2 300008 - 303342 Ba7
6 100 «B01480 B2 «ABARDBS - QB0 62 1«8
7 26a « 381490 4442 «B066G15 =~ A030 72 1.8
8 AP0 +B331480 44,2 «A00885 -«300081 1.8
g 1020 001490 B2 3008815 - 300111 .8
19 2060 «BD1480 4467 -« 0AQ019 - 3300622 B2
11 4000 001490 A4 300613 - 330091 BaT
12 12000 «BB1490 444 + 3030610 =~ 303131 Be7
13 20008 391482 4463 « 330033 -+ B0 151 1.3
14 468733 331490 4443 «AAA12 ~ 300111 Bl
PLOT?
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ek e e o ot ok s o ol s ot oo e o o o o ok oo o e o ol e s ok o o o e e o o ok e ol o e e e ol ot sk e s o e ok oo ok o ok o o ook ok
dokdoleokdeokok ok RdokRokkakokk MP 8630 #30A e ot e e sfe e o e ok ofe o e ofe o ol Aok Ak ok ok
gpdeokokdokdokkkkfkdedkf i NO PRE. e o o o ofe ol e ool ofe e s ol e ol sk ofe sk e e o
st st e e ok o0k o o ol e o oo ofe e e o o o o o o ol e ol ke e ok e s o e e s o o ke o ol e e ke ol o ol e o ol e ot ek ok o ke e ok ok ek
OUTPUT IN ENG. VALUES

N

QUTPUT IN TRUE VALUES

7

PEAKS

N

#WAILT

RANGESC(R) OR AMPLITUDESCA)Y OR BOTH(B) OR NONE(N)
A

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E S EP E@ 56
i 2 «@91508 4T <0 + 320230 --0008062 =15
2 4 «231520 a47.3 ~BRBA3G ~-B3008 62 -1.5
3 19 «B31430 46.9 (300823 --0paase ~1e6
4 2a 331470 465 G031 7 3803029 =5
5 49 «0315@0 465 -BBA04T ~eGRQR 62 =02
6 139 «B01440 4606 -.0085318 -000021 Ba1
7 260 « 381496 4646 «30Ba35 = QBA3FT2 =B.0
8 449 301460 4666 ~A0ANG4 - 30008031 @l
9 10089 «Ja1480 46s 6 «AAABES - DUV 62 =33
19 2070 «001490 46+ 6 300832 -1 1 1 Be2
11 44208 -(301480 4604 +388629 -JB3081 Fel
i2 18AGH «AA 15004 46.5 ~FAB3AT --300082 1.3
13 20082 301499 46.4 ~3ABGE39 --033072 Dok
14 40600 «B331490 459 -J0035 6 -.088111 1.0
PLOT?

N
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e e e o ot afe e ok sfe ot o o e ofe ke e e o ol oz o o ol o ol o e e ol e e A o o ot oo ot e ol ode o 4 e ok ke sl o e ode e e ol ol ol ol o e e ol e e
gt od ok kkkkkokokkokkkkk MP B63A #20 e st 2t o she e o oft ade ofe e sl e e she o0 sle ok okt ok e e e
dkkkkdokkkRkkkpkikgkxk NO PRE. 3 o o o o 6 3 2k o ok ok e of oo o o e ek ok ke sk ok
S s o e e e e o e e e e ol ot ok e ol e e e o ol ok o o ok o o e o ke o sl ofe o o o e e e s ot o e o o o ofe e ol e e ol e o ok ol s o ol ke ok
OQUTPUT IN ENG. VALUES

N

OUTPUT IN TRUE VALUES

1Y

PEAKS
N

RANGES(RY OR AMPLITUDES(A) OR BOTH(B)Y OR NONE(N)
1

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E S EP EQ 50
1 2 « 301500 42 6 WNBV1Y -+ 30382 “Beq
2 4 -ggi50a #4206 ~000a10 -.000082 “Beg
3 10 «301490 427 - 090305 -320131 =Be5
4 20 «9031400 42.7 -.000602 --006091 AT
5 40 301490 427 = JA0BH5 - 200391 Be5
6 100 801490 427 -« ARAAA2 -+233091 D7
T 290 «201490 427 ~-A000G2 -.GBA111 BeT
8 460 «B01490 42. 6 Yalulidolots) - 333111 @e8
9 1129 001490 427 ~. 300332 -~ 300111 @9
1a 26040 « 1531499 {424 - 3A00A6 -.30a111 16
11 400a@ - 30148@ 425 =+0800a7 “ePAPDB1 1.9
ie 18060 331539 427 «330808 -~ 333121 25
13 28008 -@331498 4246 3330330 --003111 2.3
14 ARAAA «AGF1473 42.3 ~.0R3609 -.03803211 2.9
15 92003 2001490 41=6 <JABA3S -.383251 3.9
PLOT?

N
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ok st o e e ool o ok o e s o e ke ok o ool o o o o ke ok ol e s ok o ok ke ok ok o ol o e o ok o oo o ok ke s o o o e o o e ok o e ok
dokkkkokokdokkokkkokkkkkk MP 8637 401a e sk e e o ok o ohe o e o ofe sk o ke o ke ok e ok o e
FdkkArkkkfkkfakkkt NO PRE. e 3 1 ofe e b ofe o o e o ok okt o sl o o o ok o e e e
o0 sk e o ofe e o e ok e ol Rl e ol o o obe o ool ol sleof e ool e ot o oot ol s o o o s ool ok ok ok 3 sk ok Ak ok o ok ok ok o ol e o o o ok ot
QUTPUT IN ENG. VALUES

N

OQUTPUT IN TRUE VALUES

Y

PEAKS

N

RANGES(R)> OR AMPLITUDES(A) OR BOTH(B)Y OR NONE(N)
24

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E 5 EP E@ 59
1 2 - 2360980 29.6 -.03%824 ~-000141 ~Bel
2 4 333980 29 6 ~:00024 ~338141 ~B.5
3 19 «3BA98] 29.4 -.0000216 -«3A0021 ~Be9
4 20 « 300980 29.4 -=308017 ~.0000A81 -1.0
5 40 «Z30@ 987 294 --300816 --006021 ~1.0
6 120 333980 29.7 ~+008027 -.B00941 =13
7 200 -Jaa97a 29.6 -000834 -:0308a31 =1le4
8 429 «BDV9IB0 29+4 -+00016 ~.B30021 -1.9
9 1290 ~(3EA980 293 --080014 -.006021 ~0e8
19 2000 ~3BA970 29.3 =~ 000024 -0080851 “Be9
11 /000 -DPeo8D 29.7 ~-088027 -.00000 ) ~1.3
12 10862 «GPA98D 29.5 -«300022 -.300081 ~1.2
i3 28000 «300999 29.2 ~«0@30a1 +3088a9 ~B.7
14 430008 - 333999 29.9 -+300022 «ANAA29 -Gl
15 120298 - 333998 29.8 - 000821 ~.0P0011 Bl
16 200860 -@300980 £29.3 ~«000814 336019 “@e3
17 400600 «ZB0960 295 ~«000839 ~.098101 -G .2
18 1826000 «@B3398D 29.1 ~.0000a7 -.000001 “Be6
19 2026800 @039 60 29.1 -.036627 3808439 ~Beb
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dE R kaR kR dokkkokAkdkk MP 8630 #21 e 2 o o e e o e ofe e ol e e e e ofe ool e ook ook
sok ookl dkokk kol kkk NO PREe e e e o e ofe s o e ofe o e e ok ot ok ol ok ook ok e
ook e e o 36 ke 3 e ok e e ok e o o s ol e oo e e o o sfe s sl ot ok s sk o ofe ot ke ke ke o ok s ool o o o ofe e i o ok ok ok o o sk ok ke ofe ok ok e
QUTPUT IN ENG. VALUES

N

QUTPUT IN TRUE VALUES

Y

PEAKS

N

RANGES(R) OR AMPLITUDES(A) OR BOTH(E) OR NONE(N)
1)

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E s EP E9 53
1 2 330 98A 311 333887 - 0008141 Ba3
2 4 - 0239309 3141 ~PAAGAT -.083141 Be3
3 12 300380 387 «G00G21 - 008141 A7
4 20 « 3509840 33.5 008026 -608319 ~@e5
5 46 =330980 304 +300330 ~+008p21 ~3+0
6 129 230982 333 «300233 200039 B8
7 200 s 30060 3de5 «BP0B26 ~3906001 B9
8 449 «@33980 306 «@00024 -.00a021 1.2
9 1900 ~@00980 307 008021 --380021 @7
12 2034 -BR3983 38.7 38032321 ~--030001 Be?
11 4000 ~2RB38G 387 330021 «380619 BT
i2 19603 - BAG980 38.7 ~008319 - 000041 F.8
13 216060 332390 307 ABAA31 =.000311 Be9
14 40000 -383980 337 «3a0a21 ~030041 Be7
15 1014080 300970 308 000287 -«000051 ~Fe2
16 200000 - 800950 33.2 -3E3038 «36A3G9 Ge2
17 405600 - 333980 304 «Q0B031 «30B319 Bod
18 1810084 «B030990 3865 Q30036 « 268329 Aol
19 1930060 «BOA980 30«4 230331 «BMH399 Gl
PLOT?

I3\



Cropped
ooo‘lsy u+2

e ss

1

;\ \ \\\\ .

§ § 3 ¢ ¢

evaly
waofel

e =

oo

ﬁom“

T#] /Lo oX TN 1 o273 M




ook ok e sk 3k ok e ok ok ok ok o o o ke ok sk o ok sk e sl ok ke ol e s sk e sk ke ok o ok sk ofe e o e e s o e sk o ok Sk ok e o o Ak e ok ok e sl ol st ok
deke okl ok ke kolokokokokck sk MP B6300 #11 e s ok e e ofe o e ofoofe ok e ok sie ok ok e sk o s sk sk K
sokokok Aok kckokokokokokokkokk ke NO PRE. o 3 o e o ok e ok ok Aok ok e o o ok ok ok sk ok
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QUTPUT IN ENG. VALUES

7N

QUTPUT IN TRUE VALUES

Y

PEAKS
N

RANGES(R) 0OR AMPLITUDES(A)Y OR BOTH(E) OR NONE(N)
74

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E S EP E® 39
1 2 BB099P 31.8 0300820 3080369 -1.2
2 4 «A0A990 31.0 +B30320 «BAABAS -1.2
3 10 «POBIBA 31.2 «BRBBAS ~AAAAG1 =15
4 20 303593 31.0 BB0A20 -«Q308311 ~1.2
S 49 300986 31.0 -3pagla ~-300301 ~@«9
6 1002 330580 31.9 -PB0G12 ~«0008081 ~1.2
7 200 D20 980 31.0 «AA0G 10 - BA0G19 =1.0
g 420 BRI 33.9 «B300024 ~--300011 =-1.8
9 10eg 300990 31.0 333622 - BEOG11 ~F8
18 2009 - 322980 3G8-5 -Q3038 G «JAB019 ~@+5
11 40606 330950 30.8 -.(3042013 3030349 0.9
12 13069 2383989 307 0603021 008019 ~f+9
13 28069 «BIB98D 37 300321 =~ 3A0BA1 A8
14 44030 «A03980 30.2 -GBGA35 =--32008a1 Bl
15 124900 0009373 300 BUBA32 <BG0249 %o
16 2440606 262988 332 «B0EB36 302219 ~f .2
17 400088 - 3008996 368.1 «A003348 --300311 -@:3
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sk ok e e ko oleodokokokok ke NO PRE. e 3 s e s b o o o o e ke o e ok ok o ok ok o e e o
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OUTPUT IN ENG. VALUES

K

OUTPUT IN TRUE VALUES

Y

PEAKS
N

RANGES(R) OR AMPLITUDESC(A)>

4

OR BOTH(B)> OR NONE(N)

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E 3 EP EA 59
1 2 008730 22.6 «G00002  -.000050 alel
5 a4 <30T 2246 000882  -.000050 “1.1
3 14 PABTIR D04 <BAARAT -.AZAB2B -1.6
4 20 -B0B720 22.5  ~.300006 0300839 -1.3
5 4 -333720 22.3  -.0006081 -.086040 -1.5
6 160 300720 29.1 ~A00837 0GB 79 ~Bed
7 200 000720 22.0 008011 -038059 “1e1
8 408 -300720 2241 300836 ~036359 -1.4
9 1068 000720 22.1 ~BABAE 6 038379 -2.5
io o733 «BEATIA 22¢0 QTR 1 cDDALG9 =M e
11 4060 080730 2147 +ABBB28  ~.000011 “Geb
12 10600 ~003730 21.8 .300026 328809 -0.5
13 30008 -BAB700 21.9 -.000066 -.000020 -0.1
14 72000 «300710 217 G003 11 <0300 69 -B.5
15 182000 060700 21.8 -.000804 -0GAA59 -@.5
16 674000 ~008710 21.8 «B002B6 -.300390 ~Be5
17 16880600 306730 21.9 008023 ~.0B8011 Bl
18 8200800 BA0720 218 <008816 -.000001 -@.5
19 ok ok o «BBBT30 21.9 «0AGA23 -.0@0011 ~feq
26 IE&Q§$¥°°° 080710 2149 000204 -.080090 ol
23,254,000
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QUTPUT IN ENGe VALUES

N

OUTPUT IN TRUE VALUES

7Y

PERAKS
N

RANGES(R)Y OR AMPLITUDESCA)Y OR BOTH(B) OR NONECN)
A

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E s EP EJ 56

1 2 319131 103.6 « B3 6351 -.00a182 ~Be7

2 4 «@12131 181.9 «386411 -.303182 ~%eT

3 16 2316141 999 2336510 ~«3008132 -39

4 28 213141 966 326571 ~-008132 =11

5 42 313192 916 «BAG6T31 -.gJ@a222 =22
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N
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QUTPUT IN TRUE VALUES

Y
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N
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QUTPUT IN ENG.

RANGES(R) OR AMPLITUDES(A) OR BOTH(B) OR NONE(N?

74

TRUE STRESS 2 STRAIN AMPLITUDES &

REV
o

4
16
20
49
126
200
400

R N WD -
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2@d5591
«@05631
«@@5571

s
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9B. 6
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859
B35
B0 .5

MEANS
EP
«362218
«PB2234
«@332286
«PB2369
+392334
«BB2450
«QB2480
« 3025 69

EB
~-000046
-~ 098346
-.830095
--0008166
-.0088116
--03166
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dkkokokokokdkdokdoiokkkokkkkk MP 8630 #124a
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N

VALUES

OUTPUT IN TRUE VALUES

(24

PEAKS
™N
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QUTPUT IN ENG.

RANGES(RY OR AMPLITUDES(A) OR BOTH(B) OR NONE(N)

?A

TRUE STRESS & STRAIN AMPLITUDES &

N

b e SR IR AT L
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Th4el
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EP
2300420
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~QA0450
300450
330460
«AAB540

E2
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~.30280 65
= 3BAA5S5
--080045
~=023135
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OUTPUT IN ENG. VALUES

N

QUTPUT IN TRUE VALUES

Y

PEAKS

N

RANGES(R) OR AMPLITUDES(A) OR BOTH(B) OR NONE(N)
74

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E 5 EP EQ 50

i 2 381490 459 - ADBATE JAA0=9 =@ a5

2 4 BBL1490 459 «PAGATEH +A00029 ~@-5

3 10 301480 45.9 200368 =-.300022 =D 5

4 20 PB4 60 460 ~BO3345 --3G0381 5

5 40 A3 1460 45.8 020350 -.30¢222 ~Je6

6 100 «701480 46.90 3390 65 - 0000822 =08

7 200 ~301490 4600 +A30073 1515 1 M S =11

8 400 +001470 459 «B0BA58 300029 =1.1

9 1630 «BB14606 460 +3002043 --032922 =1 ed

10 2089 «Q01470 4603 Q00044 -«380812 =1e1

Il 4000 001480 46e2 «dB0B5E =.0000a2 ~1eD

12 100060 «331450 4663 «B00A24 -00p011 =14

13 23860 391496 4667 +308B55 s 3000329 Bets
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*okokkkckkddokkdokkkkkkkx PRECYCLED o e s ok e sk ok ok o ok e s e ok S e o ok sk ok ok o ke
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QUTPUT IN ENG. VALUES

N

OUTPUT IN TRUE VALUES

Y

PEAKS
N

RANGES(R> OR AMPLITUDES(A)Y OR BOTH(B)Y OR NONECN)

E{32)

TRUE STRESS & STRAIN AMPLITUDES & MEANS

N REV E S EP E3 58
1 a2 « 3839370 283 =eJPHS =«G00071 ~D e
2 4 23GA979 28.3 =~ 3ABBB5 =300 71 “Ae}
3 10 «3FA990 28.2 303618 -.320A331 Bl
4 23 -330980 28.3 800608 ~--gggagt Bl
5 40 «BBO988 28.3 0000825 ~333341 Al
6 1200 «BB0 980 28.3 «002a02 =~300361 B
7 200 +JB0980 284 --003300 - 333081 Aol
8 400 33990 284 2300819 ~.300051 Ba1
9 1860 «A22963 28.4 ~«.003220 -+3000861 1.3
12 2084 «JABIT4 28.4 ~e 000310 ~eA006AL1 142
11 4000 »D0Y9BY 28+3 «3068002 ~A86161 B2
12 18008 0BG 980 2843 200002 =-.020041 Feld
13 20000 «ARBIY 28.4 300710 - 0000311 3.0
14 43033 ~RAPGOTH 28.3 =+ 300333 --300331 Aeld
15 108090 203970 28«4 = BE3A1D «B20049 ~Aeh
16 246000 020950 2845 ~«200A33 «3AB129 ~Fe3
17 500000 «020997 28+ 6 » 3003435 800169 ~Ae2
18 960000 =AEG990 285 ~0AB3RT 360229 =0l
PLOT?
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STRAIN-LIFE RESULTS



STRAIN-LIFE RESULTS FOR CAST 8630 STEEL

Elastic Plastic Saturation®
Strain Reversals Strain Strain Stress
Amplitude to Failure Amplitude  Amplitude  Amplitude
Spec. No. Ne/2 2Nf Aee/z Aep/z Ao /2, ksi
05 0.20 1 1. 00445 0.20 124.2
12R 0.13 1 3,00446 0,15 120,32
02 0.17 1 (0.00429 0.17 116.0
Median values 0.173 1 (0.00447 0.173 120, 1
19 0.01018 60 0.00373 0.00645 99,7
32A 0.01018 260 0.00358 0. 00660 90. 8
03 0.01018 90 0.00398 0. 00620 98.0
Median values 0.01018 110 0.00376 0, 00642 96.2
07 0.00558 90 0.00313 0.00245 94,5
28 0.00558 150 0.00328 0.00230 87.1
33 0.00557 200 (.00299 0.00258 87.4
Median values 0.00558 145 0.00314 0.00244 89.7
13B 0.00301 1,700 0.00256 0,00045 79.3
26 0.00301 2,100 0.00270 0.00031 79.7
23 0.00301 3, 780 0.00270 0.00031 79.6
Median values 0.00301 2,400 0. 00265 0.00036 79.3
10 0.00149 95, 200 0.00149 --- 44,3
30A 0.00149 55, 000 0.00149 -—- 46.0
20 0.00149 123, 800 0.00149 --- 42,2
Median values 0.00149 92, 000 0.00149 --- 44,2
01A 0.00098 3.7x10°  0.00098 29.1
21 0.00098 4,7 x 10 0. 00098 --- 30.4
11 0.00098 862, 000 0. 00098 --- 30.1
Median values 0.00098 2,.8x 106 0. 00098 --- 29.9
134 0.00072 20,86 x 106 0. 00072 --- 21.9
Received an Initial Precycle

32B 0.01015 52 0.00353 0. 00662 94,0
30B 0.00558 1,050 0.00302 0.00256 ---
12A 0.00301 280 0.00247 0.00054 72.5
14 0.00149 33, 000 0.00149 - 46,5
01B (.00098 1, 746, 000 0, 00098 --- 28,5

*Measured at 50% of life to failure
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STRESS-TIME RESPONSE TO
CONTROLLED STRAIN FATIGUE TESTS



MODEL DATE

[
e , : e
-2 g e

LS o

TS ¢ ‘ 9
] 5

¢ s i

30 [

100060 CL:: ' q;} J('l)

( w 1+

8

N
iy
Id

10000

10%

REVERSRLS

i I
1000 . i

o3

=
1o*

-
——

Yo
oy

N
!

o321 o8 “ob T o
7 CSSAAUS



MODEL DATE

I~
| g
i o
1080000 !kkff c
RS | ' é
3 o ~ 4
vy || Y,
a L '
ooooo o o w69 3
o “““: \‘ & <
100GQ |- (ﬁ *
i g
i 0 | <)
: 0 | e g
. 0 g | D w
- 2
V. F &

/1
A !
10 l ,"' i g
N AR |
oL o8 " o S

%Y { ss3ALS



ADDITIONAL MATERIAL CHARACTERIZATION SHEE'LS
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