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Abstract

Fracture resistance (J-R) curves, which are used for the elastic-plastic fracture mechanics analyses, are
known to be dependent on the cyclic loading history. The objective of this paper is to study the effect
of reverse cyclic loading on J-R curves in CT specimens. The effect of two parameters was observed
on the J-R curves during the reverse cyclic loading. One was the minimum-to-maximum load ratio (R)
and the other was the incremental plastic displacement (&pc/8;), which is related to the amount of
crack growth that occurs in a cycle. Fracture resistance test on CT specimens with varying load ratio
and incremental plastic displacement were performed. For the SA 516 Gr. 70 steel, the results showed
that the J-R curves were decreased with decreasing the load ratio and the incremental plastic
displacement. When the load ratio was set to -1, the results of the J-R curves and the J; value were
about 40~50 percent of those for the monotonic loading condition. Also on condition that the
incremental plastic displacement reached 1/40, the J-R curves and the J; value were about 50~60
percent of those for the incremental plastic displacement of 1/10.
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Table 1 Chemical composition of test material.(Wt. %)

C|Si{Mn|] P [ S [Cu]N{[Cr] Al | V | Nb

0.21]0.33 (1.06]0.019(0.003] 0.02 }0.01|0.02] 0.031 | 0.016] 0.004

Table 2 Summary of tensile test results at 288°C.

0.2 percent | Ultimate
offset yield | tensile | Percent
strength, |strength, | ejongation

Strain| Specimen
Material identification
e | nymber

(MPa) (MPa)
RCL-T1 277 587 25
SA516 | Quasi
RCL-T2 275 580 23
Gr.70 | static
RCL-T3 278 588 25

23 o XE A

B A7 A 8d AZANFGIE 258 &%
AT weAgrioln, HFAAG AFA
stgde WMASHl= e &% (capacitance
type)d] A28 WAHAAE ALE3UT. A E
Zol € AAH FAHE 93l AFHAAAYE &
ol g5t ol& e 30¢ol) £F
AF FE7NDC power supply)E ©o| &35l A
FHo 848 A/ L, FHol JAF @
2 EAHE AYAE AFEZIE o839 1
Tuix 10Y) FEARC £ 1H AY T4
e (low pass filter)T AlE3ld L& AA3)
Aok A7 AldHE AAAE F e A
AIYS AEEY e BAYoZHE AE
He EYAFY. a3 JMGAETEY 449
AA EAZAAA FArlo|EsFe FFSE
ety st £AHALEQ 283ColA AFL
Fy33ch. olg Hstd HEEE AVNAFY
M4z E AFEEo. Jld=2gy 2zzAHde
AXEEAY AFLEZA7|(ED NO. 3120)
g AEstel Agagd 2= £ 1T A
=g HAZE &g tEE v 2x§
Z7t gUEA AFHE Z2HIAEE AEH
o] #EF9 NtE=E ol 2= FAZAE 43
o], Ag2E =23 Holx 60E9 fFAA
g Fa Agsslh



1114 4359-4%4

NEHe 739 Fddol@m7t 05571 5
EE H2duigde AYstd g4 S F
dstA stgon, ZE AgH FAY 20%
9 ZUETL JtFstd 7d9 ARG Hd
]

.]

dgzde VEAZAD. AFYY wA 2
A2 EdundE AYER ge A8
Baz PSHg A

Arlol2atFas HAAY NEe EFE

g Agdyol AHH UAA ¥ FHEER
B dFd M= ASTM E81393 E115209A419
Ho|  F3led Y AA H(single specimen
method) 22 A|g-& FI33ct. A7l &F
H(R)Z 1914 HdJdAH HdgFq 3717
Ze " 1A dEA 7Y FHYHFFTHY
W32 #Fsdo. Fig. 12 57 19 A
o tEHA F-3FH WYMoy =
Z 22BN (Boa/d)e WS mE g3
FXHeo WsE #Fe) Y& AFAAR
oj g3t s FAH HWH-HAAANTZHE
AAANZ(GG)E AASFAH ™ B dF
AAE T AEHE axF/8lFstdA W
E gt 1 F7#d 1.92mmE FEIA
AR HYHE 2AsPen, o 7Ee
2 ZRAHEYE WY ANPE £33
Atk Table 390E BERIAFsAN F@
FEAAA "] W)Y FEAANH ~
HERG)E Astd JeEHUT Fig 2& &
Zal7} gola FEAAHYIL 1109 ES9
HEFd 5F-33H HAMNEE vgd Ao
t},

& 4o

Z

I‘-Un:E_x_.
n mo ot

S

Aalo]ZatFo] Axe wFAFY FAANY
Mo A 4FE uFZsr] Y v
ZE2AUNE HIAH FAAFAEE
Hal9 o™ Table 49 2 AFE dAt o
21X, Je dEAAANAEY SHEFRH
Ce Adoz 73, v Ay e A
M) AiazsHor F3 Aggolth

]R= Cl(Aa/a')cz (1)

AN, dat dEAAZF, ' 1mmolTh.

R=-1
P L o) Bouet8 = 10f

Load, (kN}
°

@ L L . L s .
06 00 05 10 15 20 25 30 35 40 45 50

Disptacement., (mm})

Fig. 1 Load versus load-line displacement curve for
cyclic load test.

Table 3 §; and J; under monotonic loading condi-

tion.

oo | 8 y

number (mm) (kym)
RCL-MON1 1.65 280
RCL-MON2 2.14 310
RCL-MONS3 2.16 325
RCL-MON4 1.68 340
RCL-MON5 1.98 308

Average 1.92 313

Load

8o 8=1/10
R=0

Displacement, 3

Fig. 2 Iilustration of incremental plastic displace-
ment for cyclic load test.
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Table 4 Summary of fracture resistance test results at 288C.
(Average value for replicate specimen)
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) Incremental
. Strain Load ratio, - Ji Cr
Material rate @) p'as"‘;;:ffgjme”“ ki) | P Ce
10 313 345 0.35
05 292 363 0.35
0.0 262 323 0.33
-0.3 1/10 249 311 0.34
-06 182 239 0.31
Quasi -
SGA:, 57106 static -0.8 153 215 0.35
) (1.5mm/min.)
-10 134 180 0.28
1/5 134 191 0.35
1/20 08 142 033
-10
1/30 85 121 0.30
1/40 77 107 0.27
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Fig. 3 Effect of load ratio for cyclic J-R curves for
SA 516 Gr. 70 steel at 288°C.( Joue/ 8= 1/10)
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Fig. 7 Definition of area for the J calculation

under reverse cyclic loading.
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Table 5 Quasi-static SA516 Gr.70 carbon steel
tensile properties used in fracture

analyses.

Yield | Ultimate ([ Flow | Reference |Reference
strength, | strength, | stress, |stress( o), |strain(eo),| a | n
(MPa) | (MPa) | (MPa) | (MPa) {MPa)

276 585 4305 276 0.00138 |0.41]6.12

Fig. 8 Two-dimensional FE model for CT
specimen.(a/W=0.55)
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