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Damage evaluation of Type 304 and 316LN stainless steel structure under creep-fatigue loading
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Abstract

In this study high temperature structural test was carried out in sodium coolant environments and
microstructural observation as well as material strength tests were performed to evaluate the damage under
structural test. The creep-fatigue load with one period of 3 hours was applied 1055 times over the temperature
range of 250°C to 600°C for the structural test. An investigation of the damage distribution by microscopic
images showed that the 316LN specimen was less damaged than the 304SS during the structural test. The results
of material strength test with material specimens sampled along the thickness direction in structural model
showed that the fatigue strength of 304 and 316LN stainless steels were almost the same with those of the mean
fatigue strength curve for the undamaged materials. This means that the structural test model was nearly

undamaged during the structural test, and the results are in agreement with those of microscopic observations.
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1e Y 9ol FAHE AAFERY AA R HA7E ALe HAst] ZFAO, O,
590, 436, v]50, QO FiAs AHW-AZ FH FRAFS TR
TAE 53] A, dE, OJE FE 2FS YAAE e 1L &F TERAIE A4
dtol AgE dATE &L 1‘6§3H£J- Atk FHlM = 2HAe 2 A& =
I #Aste] AR M @I ATE FHAAAARD, opF FRAYL £PE vt 8l
2 XA A

2 dTodMe 25844 2932 5] AL W FEAHY JEFHE FGsr] 4
dtod wAlA #HAA BAG HNEEY FTH R Fuiet A diste FFEAG J7IME 304
2 316LN 2H A2 A5 EHFEHE FE3] Hoi 2 FEo dhaliAwt &4HEE
detAct. AW-P2 4L B F AR FAYY A= 8w R FERAFA GE &8 971
3t7] Siste Mg AEAEE FPSAL, ¥ E FFTe WL AL TEAFRDANM F ALEA
Fo gt nLEARL vl BAAT 304 £ 316LN ZHJH2Z3E A2FETF BTt ¥
gted ¢ty g AAFEHE F2 7|7 2w AEHE dEHY A5Soln.
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& 2F YA EHdo] FHe wet AY-H= 5 S we= GAFHE Fo )79 7=
244 B Eg Y5t B 7oA E Fig. 13 28 TERAE 2EE 25 AE FZY A
F A (test section) Wl LA FEAE 2o AL 958719 9740] 50.6cm, Fo|7t
130cm ©] 3 ¥ FA& 2cm o] T},

TFERAGED Y Wios Ao Fd T AAT 22 7P 25 447 AAHA
o Wi f52 A9 gk v FEA R FEHE 129 ~Fo FF3T, Fig. 29 2
S AY-HE FE 3AR F/IE MEHoZ AZAT FEAFERLD 9F FHIAAE
600C S & SAAIZF Bt AFo) WAstT, £ 2Ex7} 350CQ Ho| DatFo) 93 &4
o] WAlgt} ol9t e E FE F 132Y FF 105550 A wERHoZ I tdF FE A
PRI 7ol EHY AFS AAT v &4HIE AT AEE AFHEY st F2A
d AN FRADEDAE o F7Iutth 2 AR F 2110 AlZHY] A9 shF o] ZEBEATh

A FFHe B FRAF Ed F A5y 2HAZ R AEAFE HAstd 7224
ZAA 9 &5 15em AR A dFAFoes FxAEE FWd Fig 32 2H3d F2ARE
Fwgoz B RAolrh o] FEAF R Fig 3olA 9 Zo] dFUFOZ 304 R 316LN 2H|
A2 A5E £7]19 F0goz i A3 Aot FEARAAL 2 AZE Tt T
ko]l EAREZE BA57] A A2 Fig. 39 AB XA Zol &2 U.oHE ¥
g E AAE AHBAT ol F2 FEARAAE WG FEAH ol FEIZ Y.

ABAHLE FRADS 7S T A&4S 22 304 2 316LN AHAFP 2o thate] 12 )
8549 vu ¢ FARYE ZEHIME AF AR M= AEAH oL FEIE o
AFA AL Fig. 3049 2ol F2EY sEUdA ABE AFHEA 2T, Fig. 3014 AHFEY F
Adsr QA= F77 tY ) 316F6 AU npR Ao T RE 3t/4Q o )X sta, UsA 479
AHe g Ko fxsich E3 5 ASAEY AY 2L Fig. 4o YERY e vkek
o] k8 WP E 3FL 7tsl=ul 316F6, 316F10, 304F10 Al Hoel disiAE A UHE HHE Ae =
0.6%% 3L, 316F11 AlHo| Y3l Ae = 1.0%= &7, A -T2 T3 316CF12 Al Ao thsfA



T 600°C 9] LA 62 FAXNNE F AA AFPE HAE Ag = 1.0%E 3t 2444 A
g F=EAYE FI530.
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Fig. 5 SEM images near (a) outer surface. (b) inner surface for 316LN

Fig. 6 SEM images near (a) outer surface

Optical microscope images near (b) inner surface for 304SS



Total strain range A & t(%)

Fig. 7 SEM images for 316CF12 (a) crack initiation point
(b) mixed mode of transgranular and intergranular cracking feature
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Fig.8 Material strength test results for fatigue and creep-fatigue test



Welded joint

Fig.3 Sampling locations for 316LN and 304SS specimens
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Fig. 4 Test conditions for material specimens
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Fig. 1 Structural test model Fig.2 Thermal transient condition for structural test
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