The Society of Naval Architects of Japan

505

BHIGTI5 BT %57 & ZURTEZE)

—RPG B¥IC & 557 & ZURREEF O (B 78—

ER 2 H M E* EA T W O\ B

Fatigue Crack Propagation Behavior in the Field of Residual Stress Distribution
—Study of Fatigue Crack Propagation Behavior based upon RPG Load (7th Report)—

‘

by Masahiro Toyosada, Member Toshio Niwa, Member

Summary

In the previous paper, a simulation model of fatigue crack opening and closing phenomena in an
arbitrary stress distribution field for the purpose of obtaining RPG load is shown.

From the calculation and experimental results of RPG load, the effects of stress ratio and delayed
reterdation on fatigue crack propagation are quantitatively assessed. Moreover it becomes clear that
the stopping condition of fatigue crack propagation is 4Kze <0.

In this paper, fatigue crack propagation tests in residual stress distribution field are carried out. Two
types of center notched specimens are prepared : one is that gas heating is made at the center line of
the specimen which leads to tensile residual stress field in the middle part of the specimen, the other
at near the edges of the specimen which leads to compressive residual stress field in the middle part of
the specimen. It becomes clear that tensile residual stress descends RPG load and compressive residual
stress raises RPG load. Moreover if the large compressive residual stress exists, crack closes even when
tensile yield zone generates at the crack tip under loading process. In this case, plastic zone could not
grow until crack becomes fully open.

Simulated RPG load is in good agreement with experimental one even in the field of residual stress
distribution. And compressive residual stress has a large effect of decreasing the fatigue crack
propagation rate. These effects can be successfully estimated by the simulation model.
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Table 1 Chemical composition and mechanical
properties of KA-32 steel used

Chemical Composition (%)

C Si Mn P S Cu Ni | Cr [ Mo | Sol Al
0.15 | 0.18 1.10 0.011 | 0.004 0.01 0.02 10.02]0.01 | 0.25
Mechanical Properties
Yeild Strength (MPa) | Tensile Strength (MPa) Elongation (%)

406 507 24

100

16
—>

(unit : mm)

Fig.1 Configuration of CNT specimen used

Table 2 Heating condition for gas heating

Flow Rate | Torch Height | Speed Rate | Tip Nozzle
(I/min) (mm) (mm/s) No.

Heating
Position

T-Specimen 8.0 12.3 7.5 #500 Center

C-Specimen 5.0 100 7.5 #225 4 mm from Edge
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Fig.3 The change of RPG load for fatigue testing with
increased stepwise minimum loading and keep-
ing maximum loading
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Fig.4 Relationship between crack propagation rate
and effective stress intensity factor range based
upon RPG load without residual stress
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Fig.5 Residual stress distribution after gas heating
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Fig.6 Comparison between experimental crack
growth curves and estimated ones
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Fig.7 Comparison between measured RPG loads and
estimated ones

EE—HEHDOERIIEL B, ZTOBELR-THY,
FIBOBEIC 5 RANCER D HI AT EH/IET 5 &

D LR DENICHVERHORENIHL B> Tw3 (Fig. 5-
b) &),

Fig. 7 & RPG HEDFHEIER 2T T. N BRI~
T, THEBRA TIX RPGHWEREL > TB Y, BYWER
BERKELE>Tw3, ZHIZFEREEHOFEEICLD
XZABFMNLR T B> TWB I EEMBEL T 5,—7,
CHBETENHZHBRH LD b RPGHERIKELS B->THB
D, FEOBREEHOFEETEABHAOLLT Ko Tw
ZILERELTWVWS, LdL, SHicand 2 R/REE
BT RPGHERNZBRABLUTRBRFOZ L LI

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BREISIPHC B 2 S BGREH (G578 509

EAERIUTHD, STOHERB L L b2 RPG HEHN—H
EALTw 3, ¥ bbERBHCHIEEL TH 235
HEBRD RPG WELV ~ iz N RER K, T RERE LEL~
VTHY, BREAGCHOEIER S BFERS (S 7 ayn
HORE) TIE RPGHEICFHREZEREZ Ty, 38
FIOFEL RPG WEICH B HELY 5252 L 2B &7
&, COBEIF “SRUREIHMICHOBEL TEL, B
VIOREBIN £t 2 7 0% 2 TOBPEIIE = X0
T ERSEEL, 2HEFCLZEHOERES IR S
T, ZRLBRYIOKMTICET 2 &, BHOBRS
UOSRYIOERDETNER R 1012, SRDHE L IR
BBIN—HARY M VEFT B FRIERLDWIREHS & ZYsein
KECZRICXY EESHOLEAD, Z20HIcsRBY
WX BIEHOEESGBELR” L5 EEY plENIcS
FLTwabnEEbhS,

ZD%, SHORATIESEITFS iM% 2 RNz D
RABH S EBIGET 5720, EEOBEGHETIE S
AL T B N HERF- L 0 b RE L, RPG &
BEROBREL VLR T2 DEEZONS, Ll
RENERE TS BRREIC B ICEAT B &, BAR
BRO S AFAOERNMBAE 5270 2 BBRERICED
LiIZ< %Y, RPGHERHAL TWw L w3HEEHMNC
HEETECTWR D LEETE 2,

Beicix, Fig. 5 WRUEBEIGHSEOHIE (7272
L, YIRDEEDSHEFHELE) 2HY, &LicBERkL
TR SBERBEN 0 752912k, TREBRBLUY
CHEF DO RPGHERHEL &R RBICR L, 7
2L, CHBAR TREVWARTRLTH 2, 2 512, BYIG
NHREELZONBBREDORPCHEDY I 21—y 3
VRROVRLTWS, BREAS IV ek Fig. 303 2L
—YarYTRWIELRLCELTWS, &8, TREBEB
U CRABRF T, Fig.5 ZRULEIRM OBEISH I
2, MH SRR 7075 A AHLTEY, EEs
ARSI BRECHOBERSRE S0 75 ATEBLT
WBHZ LIz B9,

Fig 8t CRBR DY S av—yvarTsRER
6.02mm &> R EORANE, B/IVTE, RPGHE,
SHEOFERIC BT 3 2 WEOZEL, BEEIHRERED
BEs(BEROY-YER), FRGHIGRETT, EEBY
BNOFFEIC LY a) IO B/INFERIC 135 & TERE D
B S AWML T 348, s BOAEM =
DDLU T3 (EEZANDERIG 0 OERHIE & 2
BOL, BOMEATIZSZMBEOLTWw3), 7 b)HicE
T £S5 RPGHERICB VT b = BONE T = AsEO
LTWw3s, BRICSANHEOT 2852 s EOMELE
BI2L, ONDOEABOMEDHH RPGHEL VS <
ToTwd, EHMAOLEL» SBEERERBEE Wi b
DB, HHEHDRED 2 BEAOT EMET 2 L £ 2 5

N5, ANORAWERFTIEEZRASLLDHELT VS
ZEDRD,

Fig.8-c) % 4 % L S QRO ERIC 5\ T3[R H
BIEEAERRL Tk, Z0BE, RPGHENS 53
FOEEIC W 2MOWESSE S HLBO8 2 2 L
BEALRRINTEY, BHBORBICRFELTLA
WZEDMRD, LichioT, =R&hcs BB sE
HUTS SRHEHOL T 2SI BRSO RE LI -
AEELZODT, Z0& 3 RIRETIE & Bk B
HEU BB O E % RPGHE L T2 ORMESH 2,
gz, FHISH/I:RPGHER I > 754 7> ADLE{LH
SRELTVEDT, WHESKET 2 RELEEL TS
D, ZOBEICIXEENELCHOT 2B L2 iE—5T
2%z 6h3,

TIT, SHEMFEREMESECTH SHMEL
FAOLTwhwEEcE, s8R cEOT 28EL
22—YaYTERPGHELAET I LWL, 2D
LISCERBLELRPGHEDY I a2 —yv s v ERY
Fig. ThHRTRYT, SAREER» SREESEEHN L
LTERYFo T2 o ARHAERE LY S 21— 5
YHERE-HLTwR 0, HIRESANRE L7 BE
»5 X RPCHENRSEETE TS,

T TIHBAL 72 Fig. 6 12X Fig. 7 wR L7 RPGH&ED
YIiav—varBRe(2)R0 C,mEFEALT, (1)
REACTHEL S BREMEOBRERRETR L, C
ABH Tk & BERTBERSE CHT SO E (Fig.
THIR L) 2O EERERE b EbE TRUE, 72
RUAELDOEREZIF ¢=6.5mm L LTWw3,

THEBRRFBLUNRBRE O BREMBORERER T
KRR EFEBECRLS—HL T3, CHRBRA TSR
RIGHHBR LD bEPEERANCZ > TWB, Zhid
Fig. TCRPGTHESHANEL D b S P ELHES LT
52 EIEAMIGL T3, #EL: S HREHRROE/LES
BEFAIL 72 Z 0 E RS —BLTB D, BEEHSHEOSHHE
FEE2EZ2 L, SEARRHBL CROCRBETET
WELDEEZOND, TRDOLEBYEGHIETY RPGH
HERERMICHEERSY S 2V —Ya Yy TETWwa LK
TE 3,

Fig. 9 23 RPGHEDFHE L VR 72 dKep L 555
& ZURIERE & OBMR 2R, Mtz Fig. 4 TESh-
BfREZRBETRLTH S, NREBRE, THERABIUCR
BATOBREIES 2Z 152 bDDFig ADRERLB
—HELTHD,3EZEOMI b EELZIITD S 470, Y
EOERLY, REICHOEHERBEAOSHIcBEEL5 2,
ChIZL Y RPGHERERIELT 205(1)RD C, m fEic iz
HEEBLIREIRWIEPH bR ST,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

510 HAEEmMFSmE F£118 5
x10 3 ] x10] 3 ]
I -600 I 4600
E | = E | ’ 13
J v 4
\Ef L | n_ ~ | n_
£ 2> £ | working stress 1S
o | 17 o [T 1 57
o 105 o0 05
o ] @ o 1l @
3 2 g T 12
O 1= o 1=
- 5 -t . . S
o) 4 (o) residual tensile deformed laycr =
S 13 8 12
--600 | --600
n " " i i " " i i L " " " | " " L
-5—3 3 7 53 6 7
Situation from center of crack x (mm) Situation from a center of crack x (mm)
a) Minimum load b) RPG load
x109] 5 ] x10 S _
I 7|60 - residual teasile deformed 1 600
_ 4 — eformed layer a
E [ E —~
E 1§ E| | 18
- 1s - working stress S
S | 15 B | 1%
g 1. 8 Lo S 1 e 1, 8
© 0 -0 @ Of-=4*—-—-—- - >l -0 =
S 1 e 21 1
a3t B o o r i 4 [l
) 1€ G| 1%
D- residual tensile deformed layer - 2 O- i plastic zone E §
8 - 8 [.. ]
--600 1 --600
1 " " i " ] n " " 1 " " 1 "
55 6 7 5—35 3 7

Situaion from a center of crack x (mm)

¢) Opening load

Situation from a center of crack x (mm)

d) Maximum load

Fig.8 COD, residual tensile deformed layer and work-
ing stress distribution calculated for C-specimen

(¢=6.02 mm)

4. #&

RPG i ELA_EOF ERIE IG5 IS/ KR EEE
AKee BREICHBCB W T S EH S REBHBED /Y7 X
— R VEBINRY, OB RPGHEDY I 21—
VaVPRECHETORILT 200E» 2RI T 572
B, PREBVIREARS AV T, VIRERICSIREHG
NEFET 2568 LERRECHEMET 558, oKk
BEFICNBFELZVEED 3FCOWT, FA—HESFR
BT TRASREFAR LR L 12, BonIERE2EN
THIEUTD LS TH B,

(1) BHEICHIEHREERDO RPGHECRE LB &
ZE 0N, EROERICONTIREEIGE RPG
WEZET ¥, EFZRFAICTIRPGHELZ LA S
3,

3

(2) BREGCHBEELTH (1)RIKIIL, 20 C,m
BRI OFEEZT R\,

(3) BRRHEEX2—ECRFL, RMNIEZERENC LA
BE 285G, BEGISHRVLEET 3HB50VTHIC
BWTH, WEEESZ U TR = BGEBIEN
a7 LA TRPGHESERNICHETE
b, T2I2L, SREWCTIREMERSECTH ZHH
CESTFEET 3858101, SEASELROT 38
Z RPGHELTAWMOFOBHLETH 5,

FEREREIGT I s Bk Ea 2 aENEIC, ERE
Bk 2 REHENERFEGMEANCT 23R BH D,
SRR ST OMESIR £ 0 b EFEEREIC OEER)
ROFBRBLKE N,

7B, FPEIEAFREBHREGSE 219 T HBERE:
FTHERFEARZER) OXEFFRL LTEBLI D TH

(4)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BEISTIHC 81 DS S BGHEEH B8 511
%o Al CHMEHC L EEERCHELEL £,
8 £ ¥ g

1) B4, FEM, O K & REEREERIC B 1T 5
W7 & BURBEHINC D> T —RPG $1#12 & 2 5 =
HEBEBOWMRE B3R —, ARSNELSH TS
5172 5(1992), p. 589

2) BHE, AW, U B SBT3 EY S WUEE
BHERR & * BUEFHEMIZ D 0T —RPG HH#I &
LS EREBEHOWR (B 6 ) —, OAEms
AR, 55176 B (1994), p. 439

3 BH FPHMIRPGHENDNDY I 2L —3 3 > —RPG
R & 2859 = WEBEB O (E58) —, 5
FIEMF LML, 55176 B (1994), p. 427

4) BHE, L0 RRIMBUC & 3 BEREY O RS E
FEXSROBE, HBREMELRCE B176E
(1994), p. 465

5 BH U IUIRESSRET 2ME - =20
5 & WEGTMEIZ DV T [RBE L EHEOH—=
IS L BHFEFTFRO T VT Y X 4 |—RPG e k
% E REBEHOWE (B4 —, S
SEROCEE, 55 174 5 (1993), p. 589

6) M, WG, € 5IRBHICTEL» S 2 ANEET

10-10 T B AT T A DB EREICIIEOBEARCE T 3%, &

10! 10° 10! 10?2 EFERWE, Vol. 4, No. 1(1986), p. 154

AKpp (MPa - m'?)

Fig.9 Relationship between crack propagation rate
and effective stress intensity factor range based
upon RPG load

10°°

- da/dN=C(A Kpp)™
C=2145Xx10M
m=2924 -

10°¢ R=0.05
Max. load=27.46kN
Min. load=1.37kN
® : N-Specimen
o : T-Specimen
a : C-Specimen

—
o
4

T Ty

da/dN (m/cycle)
o

10°°

NI | -El ectronic Library Service



