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Synopsis :

Low cycle fatigue properties are described on various structural steel plates used for
ship hulls, pressure vessels, civil structures, etc. A so-called Manson-Coffin relation,
e « Nk=C, was established for strain controlled fatigue tests The correlation between
material constants K and C and tensile properties are discussed. Cyclic hardening and
softening during the strain controlled tests are observed. Also, a ratio of
crack-propagation life to fatigue life is obtained. All materials used in this experiment

clearly satisfy the ASME section Il code for boiler and pressure vessel.
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Low cycle fatique properties are described on various structural steel plates used for ship hulls, pressure

vessels, civil structures, ete. A so-called Manson-Coffin relaticn, ¢-N*=C, was established for strain

controlled fatigue tests. The correlation between matsrial constants & and € and tensile porperties are

discussed. Cryclic hardening and softening during the strain controlled tests are observed. Also, a

ratio of crack-popagation life to fatigue life is obtained. All materials used in this experiment clearly

satisty the ASME section JI code for boiler and pressure vessel.
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Table 1 Chemical compesition of the materials used (wt/}
CiSiMn P‘SCuNi Cr : Mo VIB Ceq.
‘Olb 043‘130‘00200014‘ ‘ _i.f‘ﬁi ‘0.40
10.13;0.35.1.36 0019‘0009‘ N l — 10.39
0,14 | 0.41 1 120 0020‘00(}9‘ 0. 011028 0@4|00?\0039 . ‘040
! .

0.1 ‘ 0.25 ‘ 0.82 |

0.012 0. 010‘ 0. 20 ‘ L

| " Plate
Steel " thickness
o (mm)
KSD | 35
KBE ‘ 35
TRIVER ACE 60 ; 3'.5
(HW 503 | ™
""RIVER ACE 70 50
___(HW &3
TRIVER ACEK O o
. (HW 70)
SA533 240
KLN9® |

‘014‘030‘085‘(}0{)5 0006‘024‘1

‘018‘026‘lBT‘OUll‘UUUSOOl‘O.

‘005‘021‘000‘0007|0007‘

Ceq.=C+Mn/6+5i/24 + Ni/a0+ Cr/5+ Mo/d+ V/14 (%)
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Table 2 Welding conditions for test pieces

(#8000 CHIREE L 7=, FERTREIIKSD, RIVER
ACE60, RIVER ACE K-O & 2T, 50
EiE4 % Table 2 iat,

Shape of groove
and welding
method

Steel

T

KsD

Welding

material

I KS-76

‘ (ASTM ) :

'\ E 7016/ | Flat

S 4mm¢ and |
Smm g |

RIVER ACE
60

RIVER ACE
K-O

K5-86
(ASTM

4mm¢ and
Smmeg

(ASTM

4mmeg and
Sming

i Welding
f position

E 8016 G) ‘ Flat

Ks-116 &1
Ell(}lﬁG) ' Vertical

Welding
currert

Arc

Vo

¢

ltage
V)

Welding |
speed

_E(mm/min)j

Pre-heat

‘and interlayer
temp.
(°Cy

Heat
imput

 (kJ/cm},
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Table 3 Results of tension test

i JIS 4 type specimen {Tmmg} Hour -glass type specimen
R - T T T N - R “ " Frue
o Yield ! Tensile |Elongation|Reduction|[Yield ratio Work Fracture Yield Tensile |[Reduction [Yield ratio Fracture
Steel  Pasition| oot ; strength X o atea |, fracture | vardeming | ductility | point | strength | of area | fracture | guccility
; LE ¥ v/t S Iur exponent | er** ay aus ¢ */ o AR
! =
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K5E Wt 352 537 12 7% | & 157 | o.oz8 | L4 | 294 8.4 74. 69 ez | Ltz
RIVER ACE| .., | . . [ 63 6.8 6 a2 7.8 | 1109
. it ‘ 54.1 636 2 76 ‘ a5 usz | oz | tao | B30 BO | o | A% | e
= L R I _ ! e _
RIVER ACE) 3¢ | 6.8 ¢ 726 . 16 7 ‘ a1 423 | 0.108 | 1221 | 6.8 6.4 58 87 126 | o892
RIVER ACEl - 1, ’ 877 9.0 o 94 162.5 | 0955
Ko | Ht 79.9 ‘ 86.0 17 7 ‘ 93 3 | oes | L2 | gl | S8 | on 1 @ | asen | ol
Wt 50.6 | 62.9 29 no| a - 551 58.7 A 80 1265 | 1008
SASEE | e e .
e a5 ! oe2s | o2 mo| o | - - - — - - — -
N L e O o .- - o
KLNg"™ W 62.9 ‘ 723 P31 ‘ 87 ‘ — — ‘ - ‘ 69.7 ‘ 8.7 ' 69 } B9 166.6 1.178
Sl . ' . : - b

% 1 o=In 100/(100— )

Flg=gp ("

{ ) : Weld metal



) -
e =v.gy /2K

::m,m 137 18 R O3 R
‘%ﬁ%’if Aif o SLEE TR M
E - ft#E IR (21 000kg /mm®)
viaT v v (0.3)
¥, BAENELOTAEE L1, 0k
f%ﬁwuf&ﬁﬂxrﬁakmfﬁ?aﬂht% b
wofRyd 5,
fon =€l —veaR/2E o (3)
Ltﬁaf,&ﬁmﬁﬁ@ﬁof&ﬁ%#6Mﬁ
ﬁﬁﬁ@ﬁuf&ﬁMemﬂmmﬁm.¢%~ﬁ
DEEDL ECERALBIHTETE 2,
€pa=2 e“”—u-an,fE
—H, BT BRI O F IR e R E
,
€ca=dr/2FE s (B
Lt#oT.MﬁMﬁﬁUT&%%&ML

T — rrr—r
3 (a)K5D{Base metal)

L eE

i
I
il
<
PR
zz==z
L

€= 0320+ N e
+0.0065- ¥ 4

Strain amplitude €
=
t

N80

10 %
10 P wl v il

10 10° )iz 16 iy 1

Number of cyeles ¥
{b}KSIY Weld metal}
. ——e— £y VS, l\‘rf
—— € vy N,

13- @ —— € vy, N,
F e vs N

€. NP =0.018

£, 0200 N E
3 +00X44- N o

Strain amplitude €
=

o)

v
e 4
10 | ‘..u\ YT R A A W UE B RN T

10 10 I r [O3 0
Number of eyeles N

Fig. 2 «-N curves of K5D

Yol. 7 No. 1 m%hﬁ%mmﬁv4a»&7ﬁ 43

(d)
F= Cpa+ Con= 2'

+ (Y —wopfE (6)
TRbBRD, FEOEME L OSSERTIZET
T H IO Aogedihd ¢ 2 B R4 M (VD
5 LOMEMN D (N & BG4 Fig, 2~ Fig. 8
Cor e KL DD k5, ARBIEHE e

1" e
K5E(Base metal) ]

—r— €n vs. N
—e— € vs, N,
WrE e

€00 N7"'=0484

€= 04120 N "
00000 - A7

Strain amplitude €
=

e N =g 41y

104 4

i _\—u»o_:,_ﬂ_,_c__‘hﬂ__m

o * NI = 0006

01y T T T R Y A S R R I

[T " 10 1 107 !

Number of cycles N
Fig. 3 N curves of K5E

A

(a)RIVER ACE 60! Base metal}
—— € vs. N
—— €, ¥& A’\’\
g % —o— Enovs. N
E —o— e, v N

e, N4
€, = 0489 N ]
00061 N

Strain amplitude €
=

W0 £t NI
Ty
3 ‘U‘7f fant TS
b €. N = nmet”
i . L " ol
0" |5 10 U3 1 10

Number of eyeles N

e .
(LIRIVER ACE 60
{Weld metal) —— €, vs. N,

—a— € vs. N,
— € ys, N

JLI A
°6 —— g,

vs, N,

€, =192 N 0004 180 N, oo

€, N =01468

Strain amplitude €
=

€0 N7 20102
104

EN ’V"'”"—ENKMI&

F

i1 PP n al FETEEINY L 104
TN i i 13 i i

Number of cycles N

Fig. 4 ¢-N curves of RIVER ACE 60



a“ B B gk B

YT 2 T o 7 OFAERE Ne 2300 T
#1200 BILA IS, BRIV TRESTOMEL i
Frhd e it NS b, HEMERAH
haricted e ha, HBREGELT L T-Ene
<71, de Manson Coffin o BIFHAE D
AN

e =TT 4
I RIVER ACE 70{Base metal} 1
[ —— €5 vs. V) 1
[ —a— € vs, N, 1
Loy e, —r— €y vs. N 4
W F —0— ¢, vs. N,
L] L 4
) §
E [ ]
= I et Ny=0284
£ 0% =184 N E
£ 3 4 +0.0047- N 7™ ]
£ ]
W £ NT*=20) 1847
10 % E
o+ N2™—0.0047
WLl g el el 1
10~ 1 10 (3 (3 10

Number of cycies N
Fig. 5 ¢ N curves of RIVER ACE 70

T} e SR
(a)RIVER ACEK O

{Base metal)

—o— € vs. V) g
—e— €, vs. N,
—r— €, vs. N,

—u— €, vs. N,

10 ee

A mal

€, N7 =079 q

e OGN
100062 N, om

Strain amplitude €
=

10 E
[ € NI S0.0062
10 PR BT R Ur Y il i
0 D3 10 10¢ 107 1
Number of eycles ¥
O
(MRIVER ACE K G Y
TN —t— £, V&IV
| {Weld metal} —.— Eu vs N
- —— €. vy, N

Foowe —i— e, vl N,

e N0

Tt

£, 154N
U006 N,

Strain amplitude €
=

€ NPH=00154

K
: S— \
L € N = 0ANGT

1070 o i it e e
10 i it s i il

Number of cycles &

Fig. 6 ¢ N curves of RIVER ACE K-O

January 1975

epar NP =0,

fon Nfe=Cl
Licih T e b,

Em:CD-Nu"p+CE-Nu—"U ............ (9)
THEHLIRL, FRECCCOMBER LR LY
C#% Table 4 ¥ L TURT, N g CEL
IO, BEMTORIUNE ¥ ToR

10" e Pt TP

fa)SA533,1/4t( Base metal)

[ —a— £y Vs, N
0l ee —o— €pa vs. N,
—o— €a vs, No

Ll

—— € ¥5. N

w E
v o
o
] .
2 ! €,.0 NP2=0478
(=] -
E WE €. =0301- N 3
= 4 +00052- N 2™
o
= r ]
vt [ € NI =001
10 3
- €u s NI™M=00052
Wl ol s | TT
10! 10 uy j3 107 0
Number of cycles N
s et T ——
(b)SA533,1/2t{ Base metal) ]
—— €u vs, N; ]
b —— € vs, N, |
s —o— €y vs. N,

—O0— g, vs. N,

T Ty

€, N7==0466

€,,=0.293. N7
00049 N

Ty

Strain amphtude €
—
=

s N =020

104 4
I T ]
€0 s N7 = 0087 :
WAl ot v v gl il sy
0N " JE jUS 1 e
Number of cycles N
Fig. 7 ¢-N curves of SA533
U v Pt YT
£ KIL.N9{Basematal} —— €u 5. Ny 1
[ —a— €u ys. N ]
w Pl € —o— €pa w5, Nc
@ —0— €. vs. N
o~
2
E 0t € NI==0381 J
H 3 E
£ E €,=0240-N.""+00057 1
[ r o e ]
= r
0 Lo NS 2400
o4 €t N=02 ]
+ £t NI =010057 1
W0l ol IR OTT L sl oy
10T ue i0' ¥ ¥ 10 [Tii

Number of cycles N

Fig. 8 ¢-N curves of KLN9

—_ 44_



Vol. 7 No, 1

Table 4 Material constants of Manson Coffin’s equation «-N*=C for various steels

FM& h‘éx_}H s G’J{& A 7 A

45

Constant C

l Exponent k ‘
Steel . ‘ U
! k(‘L k(‘t kl’p kLp ‘ k{l. ' k(:e Lrt C(-c i Cfp ‘ Ccp ; (/f(. ‘ C(L |
B.M. | 0509 0.489 0. 537 0. 51% 0. 120|0 115.0 385 0.3L8l 0.398L0.3200 00570 00ss| 1.071
KsD e
W.M ‘ 0. 505 0.621| 0. 580‘0 665‘0 090 0. 111‘0 318] 0. 198 0. 391{0 200[0. 00480 0044’1 075
KSE ]B.h4,10.560 0.576] 0.614) 0. 607‘0 125 0. 129‘0 464\0 402 0. 528‘0 41200, 00620. 0060‘1 127
B.M.| 0.567) 0.608] 0. 604‘0 644‘0 121] o, 129‘0 496/ 0. 453 0. 533[0 4890, 00640 00@1‘1 109
RIVER ACE 60}-- R . - I
W, M. ‘o 612] 0.733 0. 726 0. 754] 0. 082] 0. 095, 0.468] 0. 204‘0 664) 0. 1940 00470 0042'0 824
RIVER ACE 70|B. M. ‘ 0.473] 0. 446 0. 507‘ 0. 465‘ 0.080| 0. 075‘ 0. 289] 0. 190‘ 0. 299‘ 0. 1840 0051'0 0047‘ 0. 892
B. M.} 0 532‘0 515 0. 566‘0 59%‘0 083! 0. 082‘0 379|o 298] 0. 403‘0 34#0 005#0 0062‘0 955
RIVER ACE K-O|~ B |
W. M. l 0. 560‘ 0. 566\ 0. 592 0. 646J 0.082] 0, 075‘ 0. 310‘ 0.149| 0.438; 0. 154|0 0065‘0 0057 0. 638
B.M. ’ 0. 522‘ 0. 5541 0. 562 0.567 0.103] 0.109' 0. 478‘ 0.31% 0. 518‘ 0. 301‘0 005510 0052] 1.008
SA533 = ; |
B.M. ‘0 525|0 564] 0565 0.573 0.103] 0.111] 0. 466‘0 308] 0. 510‘0 29#0 005300, 0049 —
KLN9® |B M. \ 0.502} 0.478| 0.635 0.531) 0.091] 0.087] 0. 391‘ 0. 226‘ 0. 618‘ 0.2400.00630. 0057 1.178
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Table 5 Material constants of - curve estimated by similar gradient and 4 points method
for various materials

Matcnal cnnstant for Manson

Smllar gradlent method 4 pmnts method
Steel [ Cos . Toos 1 70,0132 con*
! 1.75 0u/E ‘ : LoSa/E | 0450, /E | 1% ! (&0 )
en(1) epacl) ) (10 | @10 ] 109
B.M. I 0.00463 |  0.521 0.00750 | 0.00118 | 0.1317 | 0.00300
K5D — : e
w.M. | o003 | 0522 0.00776 | 0.00138 | 0.1291 0. 00296
K5E | B. M. 0. 00487 | 0.537 0. 00775 0.00125 : 0. 1367 0. 00300
B.M. 0.00573 |  0.532 0. 00820 ‘ 0.00147 | 0.1351 0.00294
RIVER ACE 60 |— - | ‘ S —
w.M. | 0.00600 0. 445 ‘ 0.00751 | 0.00154 | 0.1081 0. 00292
RIVER ACE 70 | B.M. 0. 00637 0.467 % 0.00789 ‘ 0. 00164 1 0.1146 0. 00289
| B.M. 0.00775 0.486 | 0.00967 ‘ 0.00199 \ 0. 1208 0. 00277
RIVER ACE K-O : - . —— -
w.M. | o0.00788 | 0.382 | 00087 0.00203 | 0. 0892 0.00275
SA533 B.M. ‘ 0.00572 | 0502 [ 0. 00746 \ 0.00147 ‘ 0.1257 | 0.00290
KLN9 | B. M. | 0.00656 ‘ 0.552 ‘ 0.00992 | 0.00169 | 0.1413 ‘ 0.00285
B. M. : Base L:netal N . - . -
W. M. : Weld metal
10”: T T - T T T
L Four Similar [ This ]
r point method gradient method | experiment b
I fr T:O_.“-.-.__.:- - e
| e =
&8 IR o 4
S :
e |
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Fig. 17 Estimated ¢-Ny curves of RIVER ACE 60 (Base metal)
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Table 6 Material constants of equation
Nr— No=A-(Nr)5 for various materials

I Base metal Weld metal
Steel ‘______.____._ . S
A B A ‘ B
KsD (. 429 0. 807 1 0. 652 ‘ 1.040
K5E | 0.250 1 1.055| - | —
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