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Stress-Strain Response and Fatigue Strength of SS 41 Steel Plate under
Variable Stress Amplitude

by Kin-ichi Nagai, Member Yukio Fujimoto, Member

Hirofumi Hanasaki, Member

Summary

In this study, five types of load controlled fatigue tests were carried out under variable
stress amplitude in order to clarify the stress-strain response and the fatigue strength of
S84l steel plate specimen. That is, those tests were constant stress amplitude test, step test,
repeated high-to-low and repeated low~to-high block loading test and block random loading
test. In each test, stress-strain loops were recorded by X-Y plotter from the start of cycling
to visual crack initiation by using the strain gauges put them on the test piece.

As the test results, the following conclusions were obtained.

1) Stress-strain response for step tests, block loading and block random loading were
different from that for constant stress amplitude, and cyclic softening for variable stress
amplitude was greater than that for constant stress amplitude.

2) Especially cyclic softening under variable stress amplitude was remarkable for low
stress level.

3) Fatigue life estimation by Miner’s rule makes over estimation compared with the
experimental values, and fatigue life of block random loading is slightly shorter than that
of block loading under the same stress frequency distribution.

4) When the plastic strain amplitude was used as a determining factor of fatigue damage,
the estimated fatigue lives fairly approached the experimental values.
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Table 1 Chemical composition and mechanical
property

: Chemical composition Mechanical  property
Material [Thichness} C 1Si {Mn| P S | Y.S. [U.T.S. |Elongation
(mm) (%) (%) [ (%) | (°h) | (°h) Kkglmm?)[(kgimm?) [§A)]

SS41 12 0.1410.22{0.71{0.01810.007} 30 46 44
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Fig.1 Fatigue test specimen
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E-5{258]22.0]180 36911409700{ 16190 9234

SAEE CTIGTATIEF DO LA £ 78D X 5 Ic kDT
BBRET-72b 0 ThB, frk, D-17, E-3 FHEEFIL
EREROWED D, Thih D-1, E-3 R %K L[
UIGH T CEMRBREY{T-7bDTH %,

EPCRIRBER L LT, BT To s e, 7 8B
CELE LB R RT & & b1z, Miner Bliz X 5HEEHw
D7 w .y 78 N BIUOBROBHEIRERECI 2
HEFH Ny* B—HCRELTHb,

D X0 E-Type OREETIE, 177y zdimi
TE—IGHIEE S ¥&W LBETL, IEHREVRE
BLABE®RE, LIEDL S B Lo & Tk e
DECERN LR, Fig.7 13 N/N; 7% 0.5 kit
Hl7 ey, 7hD epg DELDOETFERLICEDT,
Tho S /T2 epe dTOEHRNC Sq L HKEV
IEHEEAML bhiBres Wi, B USHERTS
LHEEBRINTCEED epq WHNTHOLMTHEL i
> TR, ZTORICTIDEE Lk » T—EECHET
bo TOBEBIINAKRLY CL-»TFTTRF VA LWET
DEFRBERCEVTIHEEIR TV S,

Fig.8(a),(b) HIV () ix7 vy 7HETR ST
DEER Lp DB EREF O —fl % S,=26. 8kg/mm?,
23.0kg/mm? %5 X 0% 20. 8kg/mm? DHFHIOWTRL
b DTHDe FMPD epg IR LI X S CEILTTAT
v TIEEBWTE ATV VAL —FRRELEOEY,
NNy wwxt LT D-Type 1384, E-Type (31— &8558

0004
D-Type:
’ E-Typei---~--
£-1
D1 .
j “q
0003
E-2
2 D-2 -
R
0002
D-4 e g Bl
:r/: E" ":p...-n
5 ;
i {
§ a
0001 _d :
/’/'
S
eI+ LR SR
0

D-Type 1
I |

] E-Type
B S

Fig.7 Change of ¢,, through one block

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

338 H
F-5
F-4
F-3
0002t E-4
£ E-5
P D4
{ R — = Ly
! S A —
; T T
B /7 /e
g. r
w
0001}
Sa = 26.8 kglmm2
Constant stress e
amplitude (A-Type)
.1 e R —
-:-' | Block toading _BTy_p_e)
] (E-Type)
i Block random
'/- loading (F-Type)
0 / i 1 i 1 1 1 L L .
0 0.2 04 0.6 0.8

N/Ng

Fig.8(a) Response of plastic strain amplitude
under block and block random loading

0.001

0.001
Sa=208 kg/mm?
Constant stress e————
amplitude (A-Type)
o F |Block toading | (DTpe )
o (E-Type )
Block random
loading { F-Type)

N/Nf

Fig.8(c) Response of plastic strain amplitude
under block and block random loading

TRLIC, 7ok, EEXCTRS AR L 45k
DEF—COFHETH 5, KTk TROELILI—F
IETHRIERABRD epe TH D, Tm, 7 HEELRRO
epa LN EF—D—FIETRBRBRED epe ICHAT
NEPIL D KEREEL R >T VBT Edbns, 7od 2

F-3

..... ¥ Fig.8(a) 1iRd Su=26.8kg/mm? o[ HiEiEiT

e TN D Table 2 725852370 & 5 ic, D-1, D-3, D-4, D-5 %

"""" LU E-1, E-3, E4, E-5 D SHBRACAM I T
"""""""""""" B0, TDWTRED epg I—EETEETFOBE LD
2 K&\, ¥7c D-Type & E-Type TG IIRIED &7

w > s POy
IEFEic Db b BT epg DEBN- A SOER T
rR oY (WG

0.0008 34 ZREEQ/O T Y LAHERSIRES
Table3 127wy 75 v X ATHEDOFELRBFER LT

To 7Ry 77 VvELARBROZEORALVLII T e,

= 2 g, N <
34 = 250 kgimm 7 WERBEF =D VR LT 5, Eehic
Constant stress
amplitude(A-Type) Table 3 Fatigue test results of block random
B Ty loadi
Block loading _._-EFE) cading

(E-Type) Stress amplitudi Nf* Nf**

Block random No. kit B Nt Miner  |Estimation
loading (F-Type) Sat | Sa2 | Sa3 | ( blocks) | ( cycles ) }f ( blocks) | ( blocks )

&/ ] ) ) ) ) F-11{306 (268230 2480] 27500 9557 2815

00 0.2 0.4 06 08 1.0 F-21288]230(208 8269| 91800} 39265| 11206
N/ N¢ F-31268]230|208| 14425|160100| 51206] 18175

. . . . F-4]268]230{201| 15600{173200(122083] 2183.1
Fig.8(b) Response of plastic strain amplitude F-51268|220[180]| 23423]260100)161905| 36875

under block and block random loading

NI | -El ectronic Library Service




The Society of Naval Architects of Japan

B5m SS41 o B FHILIRIBE T 313 35 I-FBIRE L HEFHELT 2T

B ETO e, 28, BELY, Miner Blic X B
HEFRMDO7 v v 7 BB IOBRRBROBPETEREOHE 7
oy JHBHEBELTRLTHS, Fig.8(a), (b) kX
C () WiE7Tmy 25 vy FAMBEORKE LPDOBEYES
I8 epa DELOBRF LRB AR LTH D2, £F0
AT, Sp=26.8kg/mm2 DEIL L~ TD,E-Type
DT vy JTHED epq L WEIEAKEL, S;=23. 0kg/
mm? } XU 20.8kg/mm? Tiiv e, ZHET I3IE
FARBED epg E7e>TWB, ok, v o275V ELR
ED epgldl 7wy 7HROEFEICHH L7z 5 SOEDF
BETH D,

4 % £

ZBREEOT v, VHEEYRAR, BIVZELED
7wy 25V EATHERTPABROBETRIE epo &A%
ISHIEIE S, DEfR%, N/N, 2 0.2, 0.5 35X 0.8
DBEAROWTEFRFR Fig9(a), (b) ¥XU (c¢)
CRT, Mo ERIT Fig 4 103 TR Lic—EIR IR
TR BB D €pa & S, DEEREELL, BB 05
1% D-Type, E-Type ® 7' v o 7 HEEFABROERY,
BHEDYOHEEY F-Type O 7w 7 5 v & AREEY
RBOBREY TR ThEDLT, ¥, BER L U0— 58
BMITFThEhn7ry 7HE, “ry 275 v FAHEDE
BRI - ELARTH ISR b D THBR, 7
a ., JRETCIE S & epa PEIFRIL S;=23kg/mm?
RTINS 2 K0BEHCHRUTE, Tr, 75 v %
ATHET TR 1 ADEE TIRISHELTE 7,

BZRWCREINTOWHEFRE LB Vvt Bk
THRIE Se W THEBHEIRIE epa 13, 7wy 77V
AATHEDOFED T vy VHEREXTKEL, Fio—
FEIRTIRIBD epo X T TRBNIX St bt~ T
PIC D NI N EDARD bR, DI EIIEHIE
BOEBHIAB LG EMBOBE LB ZE LV &%
FTLTWh, 7y IRE, vy 275 v ARBEBLE
FAELEILD BE X, S,=24~25kg/mm? =¥\
TRLTHRIFBEZELLRVE, ZOEHXL 0ELTHES
THEILITZE L, EERT VL CTEETH 5,

EDiERY Figb KR L AT » 75 A D Sp-
epq DEIREET S &, EILTT VA TOEE LEIL
MNELWEWS HEIXEL LTED, Thbo Z&nb
SS41 HOEE LIGH-FEILNEL, AR T 5 ILEES
X~ THEA AL, ECEBENRBTCE
TUXMEIETT V-~V TR LEIES KR E W T LAV,

Riz7my 7EBERIOC e, 75 VX ARET T
THWEETILHEE LR So-Ny #RERL, Thii
F TR THE CTESFSTFTRET - 75

BHEREYEFHEDO FRETF L LTRE SR

339
35 T I T1i7 ¥ T T l TTHT T T T [ T 7 II-‘
¥ / s
30} 2
: M7 ]
. Constant stress o sy R
L amplitude N/Ng=0.2 . :
o~ TN
£ 25 b
£ 7 .
~
o 4
il -
3 | J . D-Type block ]
20 s loading
a E-Type block
1 loading 7
1 o F-Type block |
o < ¢ random loading|
16 Lisan : [ AR SR 3 N T
00001 0001 001
€pa
Fig.9(a) Comparison of S,-&,, curves among
constant stress amplitude, block
loading and block random loading
(N/N,;=0.2)
35 T T L S T T T T ¢ TIT
- ’
N P
o / e
- A
- Constant stress - 4 -
o amplitude N/Nj =05 o T
€ 25 7
E L -
o - -
X
3 L o |D-Type block | ]
loading
20 a E-Type block
3 loading
B o F-Type block
- random loading]
4l R X 1 1ot

00001

0001 001
Epa

Fig.9(b) Comparison of S,-gp, curves among

35

30

constant stress amplitude, block

loading and block random loading
(N[N;=0.5)

T T 71T

TTTT

T I

}\“
\Qa \\ _:
N
1.1 1 l:

Sa kg/mm?

16

20

T TT

Constant stress ;
amplitude N/N¢ =0.8

\g\‘\
\
) I

D-Type block
loading

F I S |

—

[,

E-Type block
loading

F-Type block
random loading| ]
to s aae 1 1

,,
.
/' -
74
A€

1 1

-

TS BN

Q0001

0.001 001

€pa

Fig.9(c) Comparison of S;-g,, curves among

constant stress amplitude, block
loading and block random loading

(NIN;=0.8)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

340 H

155 &

S
Manson-Coffin 3, Tlx, FE¥HFair (2) £TEHELS
nbe

NS

2 depo*=Const. (aliftEs)  (2)

N=1
IR Ihid, epe DA U TCHIEEEIE IO
CFFRGURRL LD, 2T Fig 9 R LI Se-epa
MR RB T, H5 epg CXTH—EIENIRIET, 7=

v VTHETEBLIO7r , 75 VA LAHETD Sy 2 Fh

Thith g, Thbog S, w3 25ES N,
t, (2) R L > TFRNT—EILHRETD Ny ¢h&
2bhBZEEND, AT HETEAD epg KH LT
So TR ENFAIRY, BHERIEELED S.-N, &
Hux Figbie7ry 7RBELHLTESE, T o, 275y
FAFMBEEH LT TETh PR L, hBlEg
BLO—SEBROERICH - -3, Fig9(b) @ N/
N;=0.5 © Sy-eps A REFI B THV T\ 5%, B
HEERBEAEOEFFHG No* (3 Fig 5 OB, —&
B So-Nr iz Miner Bi*EHLTHEL, %
DFEFRY Table 25 X O3 ITR L, E-ohboE
RLT N X, RO FEICE - T Fig. 5 0 —EEH
RIETD Sa-Ny #£Ric Miner Bla®HE L CELHE
FHTHD, Fig.5 IR T X 5 m BHTIRIEEECE
Hi, 7my 7HE, e, s5v I AHEOESRT
ThFEh Sq=18.8kg/mm?, S;:18. 0kg/mm?2 L7z b,
—EIEHRE T OREFBE Se=20. Skg/mm? 12 h~NTE
T2 &b, isk, ZZTlE7r , sFESIO
7wy 2TV ELAHE TR TS ESENEETS D
DEEZ T, »

Fig. 10 3HEWHEE L 3t Ny LHeERG N hous
5 NA* Ofbhfitiine, BEnc Ny Lo CHESS
EEBOFGEXHB LI DTHL, Mk WTERN
HDFEEIL Miner Bl X 2 EHFGOBEE R LD
DTHY, D, E-Type O 7 =, s HEFicsF s Ny

1.2 T T T T
| Symbol] Loading pattern | |
hd D~ Type
N
1.0 #. A E- Type
e (o] a F - Type
N s o D~ Type
| O\ -
R RN t“f‘- s | E-Type
..12,_ F bl 4 ° a F~ Type
= Z— 06 ° ° \‘: ------ : F
... N B
2z °
- o
°
041 * - a
° A
‘,—.l.___‘_ = ."i“'.' ©
R Y .
0.2} \_![_\ A
5 I S
0 . . 1 .
0 1 2 3 4 S x10
N¢ cycles

Fig.10 Relation between estimated and
measured fatigue life

Np* 4% 0.18~0.45 OFFFICHH L T\ %, %z F-
Type D7 vy 723 v EARETICE T2 NN T
0.-13~0.28 DOHF (WG TH-&E) wosH LTk
h, BT e o 75 v FAHERC L DHFEGN N 72
JHETERGF2ZhIVEWT bbb, —FH, B
NEDOFRE TR LCBEEREEEOFSGHREERC X
UL, D, E-Type D7 w ., 7 {8 F T Ny NH* 1
0.40~0.91 DEHI S L, BIRTHE -7 F-Type O
TRy 2TV EATHET Tk NN 13 0. 64~0. 83
DEERICHM LB, BEDZ &b, BHTIRIEEE
& B BEHER YAV, BED Miner Blicih~
TEEDOFGIECHEENTRETH D 2 &b b, L
2L, BEFREEED Ny NA* OETARBERC
BOTETXTLOMUTTHA D, ERHOFHLEL S
LD, - C, BEILATOESHax BUTE
BOLEHEEDRT L LTHETH - LiIxEFoOEEN
HY, BEDLIARMERTFOPER LURBRHEED
D E L LI DT SBBHTAINEN S S,

5 #

il ]|

AL TR SS41 O FHABRK & By, B
DOWIR Y FEHE < EHISIIRIE © BEyRBREIT -
T, MBOET-BEES JOE%HER & 0 BRIz o
TR L BoNeRbRBERIIKRDEES I THD,

(1) A7, 757A2b, ZBESEO Y » , 7{HER X
OCZRSEED 7ry 7 5V EAMETD BH-BIRE
(Sa-€pa D W—FIEHRIBT LX B b, LHILS
IRIE T DR LB L,

(2) EBEIEET R e, 75y FAREDF
BT Ry VHELYSETHRILOBENKE L, FhE
JETT VA B TEBIIE I IRIE T DR LEL Y %
Thbo

(8) Miner Blic X2M#ESRT, KEROEHERN
TEBEOEFHH L 0 nic hERAO FRY 52 5, %
7, FA—IGHBEESRO 7w y 7HELTr y 75 v &
LARETIE, 172y 7 OFELEANE ISHIEED
EHOB L7 a , 75 v L AHEDOHFNEFILE

(4) BUTRELEFEEOIRRTFLE L THF
HEXITE, BED Miner BlIC X2 HFEEGI DL
270 Y REOFMIEAL 7t5,

KEROKE, FHILHRETICRE WL E QICEEE
s LR T OEIE S v~ TORE O $23E LEL
EPEBELOCZ ERELME ot SBEIBICS v A A
HMETTORFRBELIT-> T, ZDEH Vv~ COME
DER LICH-BINE R T5 & &b, TEIGTE
BTOESFEGTFECOVTEERTLIFETSH 5,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

i SS4l o BEHEHEBE T ST 2 IENWERE EEFRELOWT 341

Bh VICARELZT O hic b, —HTWEAREHE
B (—HwE C, BEEES 58550204) HHEA LI &

ZMHET 5o
2 £ X ®
D %I E, KEER, REBRIL, ERFEE: SR

EHEE T vA2HBERIZERLCDOWT, BE
EMMFARTTE, 35%, #2788 (1965), p.2020
~2031,

2) AKIEE, EEBEX, fb: 7 VA 2HETTOE
FEENWE T 5 WE (B, HRERESLH

X, 5 152 5 (1983), p.361~371.

REEE, & ik POAMRER X 3 B2BEEY
wWE (B3, BRERFLHRIE, F 152 &

(1983), p.372~380.

Landgraf, R. W., Morrow, JoDean and Endo,
T.: Determination of the Cyclic Siress-Strain
Curve, Journal of Materials, Vol.4, No.1
(1969), p. 176.

AKRIEE, EHEY, fi: 5V F2sHBETCOE
FEHTHE T LU (BIHR), ARERELH
X, 5 154 5 (1983), p.449~457.

NI | -El ectronic Library Service



