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MONOTONIC AND CYCLIC STRESS-STRAIN BEHAVIOR AND $'TRAIN-LIFE RESPONSE
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ABSTRACT

Monotonic and cyclic stress-strain behavior and strain-life resistance of USS-TI1
are reported. The material exhibits 2 minimum monotonic yield strength of 103 ksi
but, due to strain softening, develops a cyclic vield strength of 78 ksi. Initial
precycling of fatigue specimens has little effect on their life when compared to
non-precycled results. However, periodic incremental overstraining of specimens

which did not fail in approximately 107 reversals reduces life by a factor of about 10.
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FOREWORD

This is the first in a series of reports on (e evaluation of materials of Lnterest 1o
sponsors of the Fracture Control Program. Characterization of USS-T1* specimens
supplied by Deere & Co. is contained in this report. Results are arranged in a way
to enable the reader to use the reduced materials characterization sheets or, if
deemed desirable, the original laboratory records. Also, at the back of the report
are additional characterization sheets which may be removed for distribution to

design personnel.

PROCEDURE

Specimens of the design shown in Fig. | were removed from 5/8'" thick plate
parallel to the rolling direction. 'They were machined to a surface finish of approx-
imately 10 rms. All testing was performed at a + 20 kip closed-loop, electrohydraulic
materialg test system at Talbot Laboratory of the University of Illinois. The ASTM E-9.08

tentative specification for low cycle fatigue testing served as a guide for these tests,

RESULTS

Stress-Strain Behavior

The data sheet for material charcterization lists the results of both monotonic
and cyclic stress-strain tests. Note the 0.2% yield strength is 105 ksi, which is
fairly high, but the material has a low strain hardening exponent (n = 0,088). If a
part made of this material were monotonically loaded beyond the yield strength by
only a few percent increase in load, a significant amount of plastic deformation would
result. Ina cyclic loading environment the material softens and has a 0,27 vield

strength of 78 ksi, From the plot of the monotonic and cyclic stress-strain curves

United States Steel’s trade name for a high strength, low alloy, tempered martensitic
steel




.

note that the cyclic "flow” strength is about one-half the monotonic (i.e. 50 ksi as
compared with about 90 ksi), Thus, cyclically loading a component designed on the
basis of being "fully elastic" at 90 ksi would cause failure by fatigue since the
cyclic softening would result in significant plastic strains (i.e. D = (0.001) being

developed,.

Strain- Life Resistance

In preliminary tests, the strain controlled fatigue specimens were initially
precycled at a strain of 0.0l for 4 reversals followed by 40 reversals of incremental
decrements of straining to zero stress and strain. This precyceling procedure is not
included in ASTM E-9.08. As indicated in the tabulated results, there was no
proncunced difference in lives between comparable precycled and non-precycled
specimens (Group I vs Group II). However, specimens DT1-13 and 17, which received
a periodic overstraining, failed at least an order of magnitude in life before the
comparable constant amplitude specimens. The results of these periodic overstrain
tests are not included in the "best-fit" curve shown on the characterization sheet

but appear on the original strain-life curve in the middle of this report.

CONCLUSIONS

From monotonic and cyclic stress-strain results it is concluded that the USS-T1
is not unlike other steels of comparable hardness. The strain-life fatigue resistance
is also comparable. However, particular attention is called to the decrease in life

from periodic overstraining since a periodic overstrain is common it most ground

vehicular components,
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MATERIAL CHARACTERIZATION SHEETS
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MONOTONIC STRESS-STRAIN RESULTS
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************#*!k***rk******t****t*************k**********#k*"##*#*
MONOTONL " kkxxrxrrsr b bt kb bbbk bbbt
*******************t**#********************k******t*******##***4'

dkkhokkok Rk kkkkkk kkkkkdkd D=[1-01

sk ok s ook ok ok ok ke sk ok ko Ao oK K s K s s o o ok ok Rk ok ok sk Rk e ko ok kR Rk Rk R R R R Rk R

* REF TRUF STRESS
* ! 2R«3135
* 2 4% .3529
* 3 60.1186
* 4 BA«20885
* 5 1A% .3288
* 6 1353966
* 7 1836.1579
* 8 i06.4935
* 9 106« 6278
* 16 107.2671
* 11 137.8068
* 12 138 .7544
* 13 I09. 6326
* 14 110.4539
* 15 11145123
* 16 1131583
* 17 11643314
* 18 118.4390
* 19 119.8790
* 20 121.2515
¥ 21 122. 6319
*® 2D 123.4899
* 23 124.2437
* 24 125.1057

ek ok e s ok o ok ok ok oK ke ok oK o sk ok ok oK K oK oK ke ok ok o ok o ok 3 ok ok e R ok ok Sk ok K ok ok ok K sk ek o o Ok K oK ok R ok

TRIIFE STRATN

AAAAETT
A.001321
B.981975
BaAOZ6A7
DH.A03283
O-AA37TI0
BFeAA4323
ReAA6533
A.008739
B«10940
A.%13135
MM15326
B.017512
B.019693
Bex21876
A «D27399
BeR31714
B+037081
A aaz4en
A247731
B.353014
BeA58268
M 63495
D+068696

Pl.s

B A0303 14
- +AAARA 6
-2 17
=1 eAAAAG1
-R.G00041

BqAARTI

A «OARBAG

Z.-303035
B.005207

A«ABT3IRE

A.A29563

N.a11723
A.0138803
M.016233
F«018176
A «A23650
MaA2THESO
B «33168

M«A3R449

A+043714

AB48951

Be3S4177
MaB59379
D«RA64551

TRUFRE STRAIN *

*

*
*
#
*
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*
*
*
*
*
*
*
*
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*
*
*
*
*
*
*
*
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hedekkkokkokkokaokdkkkkkkkkk LEAST SCUARE FITS Fkddockkdkkdkkkdokdkokg kkdokdokk

LEAST SQUUARE FIT 1
stk o 3 e ok ok o oK oK oK K oK K ok ke

IS NORMAL FIT TO RE MADE?
Y

INPUT REF #'S FOR FIT
78,24

EXCLUSIONS
N
koK ok ﬁ?::::**

* NC 1)=
* KO 135 02 *
dokk EFAF kN Rk kA E

PLOT?
?




#5

LEAST SOUARE FIT 7
ook ok ke sk ok o ok ok ok K F ok K K

IS NOR’RMAL FIT TO RF MADE?
Y

INPUT REF #'S FOR FIT
212,24

EXCLUSIONS

N

e o ook ok ke ok e ok oKk K K R K K ok ok OK
* NC¢ 2)=+8.7992258E-02 *
%« K{ 21=+1+5930600FE+A2 *
seok s o ook ok ook ok ok ok K Kok K ke ok R Rk kK

PLOT?
?
Y

SAME AXES

Y

MIN«. STRAIN LST 5@
2.01

MAaXe STRAIN LST S@
2.1

PLOT-

**kAXES

N

*%*CURVE DRAWN

?Y

+*x%DATA POINTS

N

PLTL

REPEAT LEAST SQUARE FIT?
N

INPUT INIT & FINAL AHEA

7.04845 0165

INPUT DIV & SCALE OF STRESS -LAST POINT
71,1

YIELD PTS. FROM LST 5€ FITS

N



A%

o0.0m2 offf = 105.S |

R Kok ok K ok ok ok ok ok ok ok K Kok o T Rk sk R K R ok e ok o ok sk o A K ok R K KK K ok ok ok ok o oK Rk

* ELASTIC MODULUS = 3.A2F+0340  KSI  *
* ULTIMATE STRENGTH = 11680 KSt %
* TRUE FRACTURE DUCTILITY = 138 INZIN*
* TRUE FRACTURE STRENGTH (UNCORRECTED) = 208.27 K51 =
+ TRUE FRACTURE STREMGTH (CORRECTED) = 17599 K3l *
* PER CENT REDUCTION IN AREA = 65+9] Z ¥

ok ook ok ok o ok ok ok KK R K oK o ok ok ok ok o ok o ok o ok ok o ke ok ok ok s ok o sk R KR K o o

2+79 SEC @12 SERVICE UNITS
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CYCLIC STRESS-STRAIN RESUL'TS
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ok e ook ok ke s ok ok SO ok KR K R K R R K ok e sk ok Sk ok sk ok o o ok ok ok K S sk sk e ok ok ok ok R ok ok ok ok ok ok ol o ok R ok ok ek

KEXERAXRKEXXEREXXRXRKNEX D=T1=-@2 STEP

i@~

Fodok Kok Rk ok Kk ok kR ok ok kK ok

A ok o ke ok o deokoR Ak A R K ok ok ook ok sk ok ok o ok o ok ok ok R ok ok oK R ok ok ok ok ok ok ok ok ko o ok ok koK ok o ok Ak

s ok ok o ok ok oK o o R e ok ok s ok oK oK K o ok ok ok ok ok ok ok o ok o s o o ok Sk 3 ok ok ok K o oK SR K R K o ok ok ok o ok ok ok ok e ok ok ok ok

* REF ALY EPR
* 1 B.302110
* 2 F.002480
* 3 A.N27€e0
+ 4 De@A31OA
* 5 B«ZAA3390
* 6 A.003720
* 7 AeBQAD40
* 8 D«A34320
* 9 B.204 640
* 10 B.204970
* 11 B.AN5290G
¥ 12 B.805900
* 13 RA.BOE51H
* 14 A.A0T7140
#* 15 DeAATTTL
* 16 AAA8391
* 17 D.A03021
* 18 B.AA9960
* 19 A.310881
* 20 D.011811
*

e s e e ke ok e R ok s s ok ok e ok ok ofe ok sk ok ok o o ok o sl ok sk s ok e sk s ok ok ok ofe o s o ok ok 3k o skook sk ok ok ook ok ok R o R ok R Rk ok

hkkddohk kR hkkkkkkk ok kkkkk LEAST SOUARE

LEAST SQUARE FIT 1
ok ok ok ok ok ok e ok o ok ok ok ok ok sk ok Kok

IS NORMAL FIT TO RE MADE?
7Y

INPUT REF #'S FOR FIT
75,268

EXCLUSIONS

N

s s ok s ok o e ke R K o ok o e ok K Sk K oK K ok
¥ N(1)=+1+3554700E-01 =*
* K(1)=+1.8R14750E+32 %
s ok ok ok e ok ok ok oK K ok ok okok ok o ok sk ok ke oK

NV SG
575993
6230117
6E-3919
6F«2IH6
715965
T3+5963
75.2955
T7«0952
T8.7928
B8.2911
81.1917
83.5889
85.2889
867347
BE«3798
89.71786
91.1783
923745
L4696
959677

DO YOU WANT A PLOT MADE OF THIS?

?

AV PEPCIMN

NAANL AR
A.300403
AeBAARHHT
5«30 790
D.001003
ABAL12EE
A+A01530
A+A01756
N«002013
B.032308
N+0A2583
A.003114
DeDA36ET
DABA4ARTH
DeI3ABEDL
A«AN5398
D.00A5981
RANEBTS
BARTTI39
AAA8613

o
*
*
*
*
*
*
*
*
%
*
*
*
*®
*
*
*
*
*
*
*
*

FITS 54 fXEXrRRmuEpi g kk
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STRESS-STRAIN HYSTERESIS LOOPS

FROM CONTROLLED STRAIN FATIGUE TESTS
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STRAIN-LIFE RESULTS



STRAIN - LIFE RESULTS

Elastic Plastic Saturation®
Strain Revs. to Strain Strain Stress
Amplitude -5 Failure Amplitude -5 Amplitude _ 5 Amplitude
Spec. No. be/2 x 10 2Nf A€, /2 x 10 Aep /2 x 10 Lo /2, kst
DT1 - 04 1,032 1,058 294 738 88.1
DT1 - 05 653 3, 880 331 322 RR. 6
DTl - 06 463 12, 300 303 160 82.2
g DIl-07 368 27,200 265 103 70.7
o~ DTI- 08 308 42,000 241 67 67.8
6] DT1 ~ 10 250 91, 000 232 18 66.1
DT1 - 09 210 724, 000, 209 > 1 59.3
DTL - 12 194 9.2 x 10" x 194 --- 55.1
DTl - 11 169 10,8 x 10 169 --- 47,1
o DTl - 14 461 15, 200 301 160 82.8
8., DIL-15 251 111, 000 223 23 66.5
5~ DTL-16 200 840, 000 200 --- 58.9
g DT1-13 200 900, 00 200 --- 55.1
o= DTL- 17 169 1.83 x 10 169 --- 46,7
o
CROUP 1 =  Recelved an initial precycle
GROUPII = Tested at constant amplitude without precycling

GROLUP 111

1§

Received an initial precycle plus periodic precycling (overstrain).

* Measured at 50% of life to failure
** Runout, specimen did not fail
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STRESS-TIME RESPONSE TO CONTROLLED STRAIN FATIGUE TESTS
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ADDITIONAL MATERIAL CHARACTERIZATION SHEETS
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