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Abstract 
 
In this report, the VTT and KTH experimental results are presented. The 
characterization of the ductile to brittle transition region was done with 
small 5x10 single-edge bend specimens (SE(B)) and 15x30 SE(B) speci-
mens in different temperatures. The characterization with 15x30 SE(B) 
specimens were done with deep and shallow cracks. The characterization 
was completed by metallography characterization of the 533B plate. This 
is an interim report related to the characterization and development work 
done in WPS-MAF. The results are utilized later in the project. 
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1 IN75OD8C7ION 
BUiWWle fUacWXUe iV a diVaVWUoXV eYenW WhaW can occXU in componenWV of feUUiWic VWeelV aW loZeU 
WempeUaWXUeV. In WhiV WempeUaWXUe Uange Whe VWeel e[peUience a VignificanWl\ loZeU fUacWXUe 
WoXghneVV and Whe fUacWXUe iV W\picall\ aVVociaWed ZiWh VXdden VWUXcWXUal collapVe. ThiV Uegion 
iV called Whe loZeU Vhelf Uegion of Whe maWeUial fUacWXUe WoXghneVV cXUYe. The pUoblem iV XVXall\ 
aYoided enWiUel\ b\ enVXUing WhaW Whe componenW iV opeUaWed in a WempeUaWXUe Uange ZheUe Whe 
VWeel iV dXcWile enoXgh, i.e. Whe XppeU Vhelf Uegion. ThiV iV, hoZeYeU, noW alZa\V poVVible. One 
VXch e[ample iV Zhen conVideUing opeUaWion be\ond 40 \eaUV of Whe UeacWoU pUeVVXUe YeVVel 
(RPV) in a nXcleaU poZeU planW, long WeUm opeUaWion (LTO). IUUadiaWion indXced embUiWWlemenW 
of Whe RPV VhifWV Whe WempeUaWXUe Uange foU Whe dXcWile Uegion of Whe VWeel in VXch a Za\ WhaW 
ceUWain loading condiWionV can lead Wo difficXlWieV in demonVWUaWing Vafe opeUaWion Zhen XVing 
WUadiWional aVVeVVmenW meWhodV. TheVe aUe W\pical caVeV ZheUe Whe ZaUm pUe-VWUeVVing effecW 
(WPS effecW) iV beneficial, VXch WhaW an anal\ViV accoXnWing foU WhiV phenomenon Zill VhoZ 
enoXgh maUgin Wo fUacWXUe Wo enVXUe Vafe opeUaWion. 
ThiV UeVeaUch pUojecW aimV Wo anVZeU ZhaW Whe maUgin and pUobabiliW\ of fUacWXUe iV dXUing Whe 
cooling paUW of a W\pical pUeVVXUi]ed WheUmal Vhock (PTS) WUanVienW in a RPV. FoU WhiV Wo be 
poVVible a non-local pUobabiliVWic model foU cleaYage fUacWXUe WhaW accoXnWV foU effecWV of load 
hiVWoU\ and changeV in WempeUaWXUe Zill be deYeloped. To be able Wo deYelop VXch a model a 
laUge e[peUimenWal pUogUam haV been condXcWed dXUing 2020.  
In WhiV UepoUW, Whe VTT and KTH e[peUimenWal UeVXlWV aUe pUeVenWed. The chaUacWeUi]aWion of Whe 
dXcWile Wo bUiWWle WUanViWion Uegion ZaV done ZiWh Vmall 5[10 Vingle-edge bend VpecimenV 
(SE(B)) and 15[30 SE(B) VpecimenV in diffeUenW WempeUaWXUeV. The chaUacWeUi]aWion ZiWh 15[30 
SE(B) VpecimenV ZeUe done ZiWh deep and VhalloZ cUackV. The chaUacWeUi]aWion ZaV compleWed 
b\ meWallogUaph\ chaUacWeUi]aWion of Whe 533B plaWe. ThiV iV an inWeUim UepoUW UelaWed Wo Whe 
chaUacWeUi]aWion and deYelopmenW ZoUk done in WPS-MAF. The UeVXlWV aUe XWili]ed laWeU in Whe 
pUojecW and aUe planned Wo be pUeVenWed in joXUnal aUWicleV. 
 

2 GOAL 
The goal ZiWh Whe e[peUimenWal pUogUam deVcUibed ZiWhin WhiV UepoUW iV Wo chaUacWeUi]e Whe 
fUacWXUe WoXghneVV in Whe dXcWile-Wo-bUiWWle WUanViWion Uegion in diffeUenW WempeUaWXUeV and ZiWh 
YaUioXV cUack lengWhV. ThiV iV a pUeUeTXiViWe foU Whe planned deYelopmenW of Whe WPS model. 
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3 MA7E5IAL 

3.1 7E67 MA7E5IAL 
FigXUe 1 VhoZV Whe A533 gUade B claVV 1 plaWe fUom a Wop YieZ. The \elloZ aUUoZ aW Whe cenWeU 
indicaWeV Whe Uolling diUecWion. The plaWe ZaV 400 mm Zide, 500 mm long, and 230 mm Whick. 
The 5[10 SE(B) VpecimenV ZeUe cXW fUom Whe 100 mm Zide Vlice alVo XVed in anoWheU pUojecW. 
TZo VideV of Whe plaWe ZeUe flame cXW and WZo VideV ZeUe cXW ZiWh a band VaZ. 
 

 
FLJXUH 1. TeVW maWeUial, A533B W\pe plaWe. 
 
The maWeUial in WhiV VWXd\ oUiginaWeV fUom IAEA UeVeaUch acWiYiWieV. SimilaU maWeUial haV been 
XVed aV a µUefeUence VWeel¶ in VXUYeillance pUogUammeV foU a Ueliable compaUiVon iUUadiaWion 
embUiWWlemenW behaYioU. The maWeUial ZaV deVignaWed aV µJRQ¶, inWUodXced b\ Whe IAEA in Whe 
Co-oUdinaWed ReVeaUch PUojecW on ³OpWimi]ing ReacWoU PUeVVXUe VeVVel SXUYeillance 
PUogUammeV and WheiU Anal\ViV´, Zhich began in 1983. The JRQ plaWe ZaV manXfacWXUed in 
Japan b\ Whe KaZaVaki SWeel CoUpoUaWion. The plaWe in WhiV VWXd\ haV Whe deVignaWion JRQ, iW 
oUiginaWeV fUom Japan [1].  
The JRQ VWeel ZaV pUodXced b\ Whe BOF-LRF (baVic o[\gen fXUnace pUoceVV and ladle Uefining 
fXUnace). AfWeU Uolling, Whe plaWeV ZeUe heaW WUeaWed: 

x noUmali]ing aW 900 �C  
x TXenching fUom 880 �C 
x WempeUing aW 665 �C foU 12 hoXUV,  
x VWUeVV UelieYing aW 620 �C foU 40 hoXUV.  

 
 

3.2 7E67 6PECIMEN6 AND MA75I; 
The WeVWing ZaV done ZiWh Vingle edge bend (SE(B)) VpecimenV, figXUe 2. BoWh 5 mm Whick (B) 
and 10 mm Zide (W) 5[10 SE(B) VpecimenV and 15 mm Whick and 30 mm Zide SE(B) 
VpecimenV ZeUe applied Wo inYeVWigaWe Whe effecW of Whe Vpecimen Vi]e. FoU Whe 15[30 SE(B) 
VpecimenV WZo cUack lengWhV (a) ZeUe XVed, a/W = 0.1 and a/W = 0.5 Wo inYeVWigaWe Whe effecW 
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of VhalloZ cUackV on fUacWXUe WoXghneVV WheVe daWa aUe alVo needed in Whe deYelopmenW of Whe 
nXmeUical model in WP 2. The cUack lengWh foU Whe 5[10 SE(B) ZaV a/W = 0.5. 
 

 

FLJXUH 2. SchemaWic image of Whe SE(B) Vpecimen. 
 
Table 1 VhoZV Whe WeVW maWUi[. The oUienWaWion of Whe VpecimenV ZaV L-T, Whe cUack gUoZV 
WUanVYeUVe Wo Whe Uolling diUecWion and Whe noUmal of Whe fUacWXUe VXUface iV in Whe longiWXdinal 
diUecWion. 
 
Table 1. TeVW maWUi[. 

Specimen Orientation Test 
temperature [�C] 

Crack length 
a/W 

Number of 
specimens 

5x10 SE(B) L-T -115 (avg) 0.5 12 

15x30 SE(B) L-T -70 0.5 8 

15x30 SE(B) L-T -85 0.5 8 

15x30 SE(B) L-T -100 0.5 7 

15x30 SE(B) L-T -120 0.5 9 

15x30 SE(B) L-T -160 0.5 8 

15x30 SE(B) L-T -70 0.1 8 

15x30 SE(B) L-T -85 0.1 8 

15x30 SE(B) L-T -100 0.1 8 

15x30 SE(B) L-T -120 0.1 8 

15x30 SE(B) L-T -160 0.1 8 

 

3.3 C877ING OF 7HE 6PECIMEN6 
The VpecimenV ZeUe cXW fUom Whe plaWe ZiWh an elecWUo-diVchaUge ZiUe cXWWeU (EDWC). FigXUe 
3 VhoZV Whe locaWion fUom ZheUe Whe 5[10 SE(B) VpecimenV ZeUe cXW. FigXUeV 4 and 5 VhoZ Whe 
cXWWing plan foU Whe 15[30 SE(B) VpecimenV.  
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FLJXUH 3. CXWWing of Whe 5[10 SE(B) VpecimenV. In aYeUage, Whe VpecimenV ZeUe locaWed 65 mm fUom Whe VXUface. 
 

 

FLJXUH 4. CXWWing plan, foU Whe WeVWing pUogUamme planned foU 2020-2021. 
 

 
FLJXUH 5. a) Wop YieZ of Whe plaWe. The gUe\ VTXaUeV aUe Whe 15[30 SE(B) VpecimenV. b) FiUVW cXW. The VXUface 
paUWV and Whe cenWUal paUWV of Whe plaWe ZeUe noW XVed. The goal ZaV Wo enVXUe WhaW Whe VpecimenV ZeUe cXW fUom a 
locaWion ZiWh aV homogeneoXV pUopeUWieV aV poVVible. The VpecimenV in Whe colXmn ZiWh Whe Ued VTXaUeV Zill be 
WeVWed in 2021. 
 



 

 Page 7 of 20 

FigXUe 6 VhoZV hoZ Whe VpecimenV ZeUe named. The VpecimenV VelecWed foU each VeUieV ZeUe 
Uandoml\ Vampled. Each VeUieV haV a diVWincWiYe coloXU. Table 3VhoZV hoZ Whe VpecimenV ZeUe 
diYided beWZeen Whe diffeUenW VeUieV. 
 

 
FLJXUH 6. Side-YieZ of Whe plaWe. The 15[30 SE(B) VpecimenV cXW in 2020. The VpecimenV fUom Whe Vame VeUieV 
haYe Whe Vame coloXU. Random Vampling ZaV XVed Wo enVXUe WhaW Whe diffeUenW VeUieV ZoXld haYe eTXal amoXnW of 
VpecimenV fUom Whe diffeUenW la\eUV. 
 
Table 2. Tabell of each indiYidXal VpecimenV foU each WeVW VeUie. 
SeUieV Specimen ID 
15[30 SE(B), a/W = 0.5, T = -120 Y1.6, Y2.2, Y2.12, Y3.8, Y4.4, Y4.13, A1.2, A2.6 
15[30 SE(B), a/W = 0.5, T = -100 Y1.8, Y3.4, Y2.13, Y3.10, Y4.2, Y4.6, A1.4, A3.2 
15[30 SE(B), a/W = 0.5, T = -160 Y1.2, Y1.13, Y2.6, Y2.10, Y3.13, Y4.12, A3.4, 

A4.6 
15[30 SE(B), a/W = 0.5, T = -85 Y1.10, Y1.4, Y2.8, Y3.12, Y4.10, A1.6, A2.2, A4.4 
15[30 SE(B), a/W = 0.5, T = -70 Y1.12,Y2.4, Y3.2, Y3.6, Y4.8, A2.4, A3.6, A4.2   

15[30 SE(B), a/W = 0.1, T = -100 Y1.1, Y2.7, Y3.3, Y3.9, Y4.5, A2.5, A3.7, A4.1 
15[30 SE(B), a/W = 0.1, T = -120 Y1.5, Y3.1, Y4.9, Y4.11, A1.3, A3.1, A3.5, A4.7 
15[30 SE(B), a/W = 0.1, T = -160 Y1.3, Y1.9, Y2.1, Y2.11, Y3.5, Y4.7, A1.1, A2.3 
15[30 SE(B), a/W = 0.1, T = -85 Y1.11, Y2.5, Y3.7, Y4.3, A1.5, A2.1, A2.7, A4.3 
15[30 SE(B), a/W = 0.1, T = -70 A1.7, A3.3, A4.5, Y1.7, Y2.3, Y2.9, Y3.11, Y4.1 
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4 ME7HOD6 

4.1 ME7ALLOG5APH<, HA5DNE66 AND OE6 
The elemenWaU\ anal\ViV ZaV peUfoUmed ZiWh opWical emiVVion VpecWUomeWU\ (OES). The 
locaWionV foU Whe anal\VeV aUe 2, 5.5, and 9.5 cm fUom Whe VXUface, figXUe 7, VhoZn WogeWheU ZiWh 
Whe locaWionV foU Whe micUoVecWionV. OES anal\ViV 1 and micUoVecWionV 1.1 and 1.2 ZeUe done 
fUom Whe Vample e[WUacWed cloVe Wo Whe VXUface of Whe plaWe. The meWallogUaph\ ZaV done fUom 
Whe VXUface aligned along Whe Uolling diUecWion and fUom a VXUface peUpendicXlaU Wo Whe Uolling 
diUecWion. The haUdneVV meaVXUemenWV ZeUe peUfoUmed ZiWh Whe VickeUV Wip (HV10). The 
haUdneVV ZaV meaVXUed WhUoXgh Whe WhickneVV. The indenWaWion Vpacing ZaV 10 mm. The 
haUdneVV WhUoXgh Whe WhickneVV ZaV meaVXUed WhUee WimeV, fUom WhUee adjacenW lineV. 
 

 

FLJXUH 7. LocaWionV of OES anal\VeV and micUoVecWionV.  
 

4.2 F5AC785E 7O8GHNE66 
The fUacWXUe mechanical chaUacWeUiVaWion ZaV done b\ folloZing ASTM E1921 VWandaUd aV 
cloVel\ aV poVVible. BeloZ Whe diffeUenW labV VTT and KTH deVcUibeV Whe pUocedXUeV XVed in 
Whe WeVWing: 
 

977 
The pUe-cUacking of Whe VpecimenV b\ VTT ZaV done ZiWh RXmXl TeVWUonic UeVonanW WeVWing 
machine in WhUee-poinW bending faWigXe, ZiWh Whe R-YalXe being 0.1. The goal of Whe a0/W-YalXeV 
ZeUe 0.1 and 0.5, depending on Whe VeUieV. The VpecimenV ZeUe WeVWed aW VTT XVing Whe MTS 
250 kN load fUame. MTS BaVic TeVWWaUe applicaWion ZaV XVed Wo conWUol and UXn Whe WeVWV. The 
WeVWing WempeUaWXUeV ZeUe achieYed ZiWh a conYenWional enYiUonmenWal chambeU and liTXid 
niWUogen. The cUack moXWh opening ZaV meaVXUed ZiWh MTS clip gaXge and Whe WempeUaWXUe 
ZaV meaVXUed fUom Whe VXUface of Whe Vpecimen ZiWh K-W\pe WheUmocoXpleV Waped Wo Whe 
Vpecimen. 
 

K7H 
The pUe-cUacking of Whe VpecimenV aW KTH Solid MechanicV ZaV caUUied oXW XVing a VeUYo-
h\dUaXlic WeVWing machine in WhUee-poinW bending faWigXe, ZiWh Whe R-YalXe being 0.1. The 
VpecimenV ZeUe pUe-cUacked Wo a0/W -UaWioV of 0.1 and 0.5, ZheUe Whe 0.1-VeUieV ZeUe 
moniWoUed XVing VWUain gaXgeV Wo achieYe Whe coUUecW cUack lengWhV and Whe 0.5-VeUieV ZeUe 
moniWoUed XVing a clip-gaXge. The VpecimenV ZeUe WeVWed aW KTH Solid MechanicV inVide a 
cooling chambeU, cooled XVing liTXid niWUogen and a WheUmocoXple moXnWed cloVe Wo Whe cUack 
Wip of Whe Vpecimen. Loading ZaV applied XVing a conVWanW UaWe of diVplacemenW in a VeUYo-
h\dUaXlic WeVWing machine ZiWh a load capaciW\ of 100 kN XVing Whe conWUolleU MTS Fle[TeVW 
60 and Whe in-hoXVe conWUol pUogUam TenVileUn in Whe MTS TeVWSXiWe applicaWion Wo UXn and 
conWUol Whe WeVWing. FoUce, piVWon diVplacemenW and cUack moXWh opening diVplacemenW 
(CMOD) ZaV conWinXoXVl\ UecoUded dXUing Whe WeVWing.  

3.1 
3.2 



 

 Page 9 of 20 

5 5E68L76 

5.1 HA5DNE66 AND CHEME675< 
The haUdneVV of Whe maWeUial ZaV meaVXUed WhUoXgh Whe Zhole WhickneVV; Whe haUdneVV pUofile iV 
pUeVenWed in figXUe 8 and meaVXUemenW locaWionV in figXUe 9. The plaWe iV haUdeVW aW Whe VXUface 
and VofWeVW aW Whe cenWeU. 
 

 

FLJXUH 8. HaUdneVV pUofile in WhickneVV diUecWion of 533B plaWe. 
 

 
FLJXUH 9. LocaWionV of haUdneVV meaVXUemenWV. 
 
HaUdneVV HV10 coUUelaWeV Wo Whe \ield VWUengWh, ı\V, eTXaWionV 1 and 2. 
 

𝐻𝑉 ൌ ௙௟௢௪ߪ ∙ 3.5/9.8 1 

 

௙௟௢௪ߪ ൌ ௬௦ߪ ൝1 ൅ ቆ
𝐶ଶ

௬௦ߪ
ቇ

ଶ

ൡ 2 

 
FigXUe 10 VhoZV Whe floZ VWUeVV leYelV. IW iV aVVXmed WhaW Whe haUdneVV behaYeV V\mmeWUicall\ 
UelaWiYe Wo Whe cenWeU of Whe plaWe, and WhXV, Whe UeVXlWV aUe pUeVenWed UelaWiYe Wo Whe cenWeU. 
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FLJXUH 10. VaUiaWion in floZ VWUeVV behaYioXU in Whe WhickneVV diUecWion of Whe plaWe, eVWimaWed baVed on haUdneVV 
HV10. 
 
Table 3 VhoZV WhaW WheUe aUe no VignificanW diffeUenceV in chemical conWenW in Whe diffeUenW depWh 
locaWionV, 2 cm (VXUface), 5.5 cm, and 9.5 (cenWeU) cm fUom Whe VXUface. 
 
Table 3. Chemical conWenW in Whe depWh diUecWion of Whe plaWe. 

Specimen 
CompoViWion [%] 

C Si Mn S P CU Ni Mo CX Al W V Ti Co Nb B 

OES1 0.17 0.24 1.43 0.006 0.017 0.13 0.84 0.50 0.15 0.017 <0.01 0.005 0.002 0.006 0.003 <0.0005 

OES2 0.18 0.24 1.42 0.007 0.017 0.13 0.85 0.49 0.16 0.017 <0.01 0.005 0.002 0.006 0.003 <0.0005 

OES3 0.18 0.24 1.42 0.006 0.016 0.13 0.83 0.50 0.15 0.018 <0.01 0.006 0.002 0.006 0.003 <0.0005 

 

5.2 ME7ALLOG5APH< 
FigXUeV 11 and 14 VhoZ Whe change in Whe macUoVWUXcWXUe Zhen moYing fUom Whe VXUface 
WoZaUdV Whe cenWeU of Whe plaWe. CloVe Wo Whe VXUface WheUe aUe no VegUegaWion lineV, bXW faUWheU 
fUom Whe VXUface Whe VegUegaWion lineV VWaUW Wo appeaU, and Whe lineV Veem Wo be moUe fUeTXenW 
cloVeU Wo Whe cenWeU. The We[WXUe of Whe micUoVWUXcWXUe YaUieV in Whe diffeUenW oUienWaWionV, figXUe 
15. 
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FLJXUH 11. The Vample iV e[WUacWed 2 cm fUom Whe VXUface, 11[9 mm2. a) In Whe Uolling diUecWion, b) oppoViWe Wo Whe 
Uolling diUecWion. 
 

 
FLJXUH 12. The Vample iV e[WUacWed 5.5 cm fUom Whe VXUface, 11[9 mm2. a) In Whe Uolling diUecWion, b) oppoViWe Wo 
Whe Uolling diUecWion. 
 

 
FLJXUH 13. The Vample iV e[WUacWed 9.5 cm fUom Whe VXUface, 11[9 mm2. 
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FLJXUH 14. The Vample iV e[WUacWed 9.5 cm fUom Whe VXUface, § 2.5[2.5 mm2. a) In Whe Uolling diUecWion b) oppoViWe 
Wo Whe Uolling diUecWion. 
 

 
FLJXUH 15. The micUoVWUXcWXUe in Whe diffeUenW oUienWaWionV. 
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5.3 F5AC785E 7O8GHNE66 
The fUacWXUe WoXghneVV UeVXlWV aUe pUeVenWed in Table 4 Wo Table 13. YoXng¶V ModXli aUe 
deWeUmined aV 𝐸 ൌ 204 െ  ்

ଵ଺
, ZheUe E iV Whe YoXng¶V ModXlXV and T iV Whe aYeUage WeVWing 

WempeUaWXUe. 
 
Table 4. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.5, T = -160 �C. 

 

 
Table 5. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.5, T = -120 �C. 

 

 

Table 6. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.5, T = -100 �C. 

 

 

Specimen W [mm] B [mm] Bn [mm] a0 [mm] b0 [mm] E [GPa] KJc [MPa] KJc(1T) [MPa] T [�C]
A3.4 30,00 14,99 11,95 15,40 14,60 214 31 30 -161
A4.6 30,00 14,96 11,95 15,48 14,52 214 29 28 -161
Y1.2 29,98 15,00 12,01 15,42 14,56 214 37 35 -161
Y1.13 29,88 14,87 11,97 15,50 14,38 214 57 52 -161
Y2.6 29,97 14,96 12,00 15,37 14,60 214 43 40 -161
Y2.10 29,98 14,97 11,85 15,55 14,43 214 52 48 -161
Y3.13 29,92 14,95 11,95 15,78 14,14 214 27 26 -162
Y4.12 29,97 15,00 11,78 15,33 14,64 214 25 25 -161

Specimen W [mm] B [mm] Bn [mm] a0 [mm] b0 [mm] E [GPa] KJc [MPa] KJc(1T) [MPa] T [�C]
A1.2 29,84 15,00 12,03 15,55 14,29 212 44 41 -120
A2.6 29,97 14,97 12,04 15,23 14,74 212 78 71 -121
Y1.6 29,98 14,93 12,00 15,50 14,48 212 82 74 -121
Y2.2 29,98 15,08 11,97 15,46 14,52 211 48 45 -120
Y2.12 29,95 14,98 12,03 15,38 14,57 212 61 56 -120
Y3.8 29,97 14,94 11,89 15,41 14,56 212 58 54 -121
Y4.4 29,98 15,04 12,00 15,58 14,40 212 40 38 -120
Y4.13 29,91 14,99 11,87 16,47 13,44 212 53 49 -120

SpecimenW [mm] B [mm] Bn [mm] a0 [mm] b0 [mm] E [GPa] KJc [MPa] KJc(1T) [MPa] T [�C]
A1.4 29,97 14,96 12,02 15,46 14,51 210 121 109 -100
A3.2 29,91 15,03 12,07 15,51 14,40 210 83 75 -100
Y1.8 29,97 15,00 12,00 15,46 14,51 210 124 112 -101
Y2.13 29,92 14,96 12,03 15,51 14,41 210 106 95 -101
Y3.4 29,98 14,97 11,75 15,41 14,57 210 61 56 -101
Y3.10 29,97 14,97 12,00 15,40 14,57 210 104 93 -100
Y4.2 29,98 15,02 11,96 15,56 14,42 210 37 35 -100
Y4.6 29,97 15,02 12,80 15,50 14,47 212 77 70 -121
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Table 7. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.5, T = -85 �C. 

 

 

Table 8. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.5, T = -70 �C. 

 
 

Table 9. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.1, T = -160 �C. 

 

 

Table 10. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.1, T = -120 �C. 

 

 

Specimen W ΀mm΁ B ΀mm΁ aϬ ΀mm΁ KJc ΀Mpa΁ KJc ;ϭTͿ ΀Mpa΁ T ΀ΣC΁
Yϭ.ϭϬ Ϯϵ.ϵϳ ϭϰ.ϵϴ ϭϱ.ϮϮ ϭϯϮ ϭϭϴ Ͳϴϱ.Ϭ
Yϭ.ϰ Ϯϵ.ϵϵ ϭϰ.ϵϵ ϭϱ.ϭϱ ϭϬϬ ϵϭ Ͳϴϱ.Ϭ
YϮ.ϴ Ϯϵ.ϵϴ ϭϰ.ϵϵ ϭϱ.ϮϬ ϳϭ ϲϱ Ͳϴϱ.Ϭ
Yϯ.ϭϮ Ϯϵ.ϵϳ ϭϰ.ϵϳ ϭϱ.ϭϮ ϴϳ ϳϵ Ͳϴϱ.Ϭ
Yϰ.ϭϬ Ϯϵ.ϵϴ ϭϰ.ϵϵ ϭϱ.ϭϱ ϵϵ ϵϬ Ͳϴϱ.Ϭ
Aϭ.ϲ ϯϬ.Ϭϭ ϭϰ.ϵϴ ϭϱ.ϭϭ ϲϯ ϱϴ Ͳϴϱ.Ϭ
AϮ.Ϯ Ϯϵ.ϵϱ ϭϰ.ϵϰ ϭϱ.ϭϱ ϴϭ ϳϰ Ͳϴϱ.Ϭ
Aϰ.ϰ ϯϬ.ϬϬ ϭϰ.ϵϮ ϭϱ.Ϯϱ ϴϬ ϳϯ Ͳϴϱ.Ϭ

Specimen W ΀mm΁ B ΀mm΁ aϬ ΀mm΁ KJc ΀Mpa΁ KJc ;ϭTͿ ΀Mpa΁ T ΀ΣC΁
Yϭ.ϭϮ Ϯϵ.ϵϳ ϭϱ.Ϭϭ ϭϱ.ϮϮ ϭϮϲ ϭϭϯ ͲϳϬ.Ϭ
YϮ.ϰ Ϯϵ.ϵϳ ϭϰ.ϵϰ ϭϱ.Ϯϲ ϭϭϵ ϭϬϳ ͲϳϬ.Ϭ
Yϯ.Ϯ ϯϬ.ϬϬ ϭϰ.ϵϭ ϭϱ.Ϯϭ ϵϭ ϴϮ ͲϳϬ.Ϭ
Yϯ.ϲ Ϯϵ.ϵϳ ϭϰ.ϵϵ ϭϱ.ϭϵ ϴϮ ϳϰ ͲϳϬ.Ϭ
Yϰ.ϴ Ϯϵ.ϵϳ ϭϱ.ϬϮ ϭϱ.ϮϬ ϭϬϮ ϵϮ ͲϳϬ.Ϭ
AϮ.ϰ Ϯϵ.ϵϵ ϭϰ.ϵϰ ϭϱ.Ϯϯ ϭϭϭ ϭϬϬ ͲϳϬ.Ϭ
Aϯ.ϲ Ϯϵ.ϵϴ ϭϱ.Ϭϯ ϭϱ.Ϯϯ ϭϬϮ ϵϮ ͲϳϬ.Ϭ
Aϰ.Ϯ Ϯϵ.ϵϲ ϭϰ.ϵϱ ϭϱ.ϭϵ ϲϯ ϱϴ ͲϳϬ.Ϭ

Specimen W [mm] B [mm] Bn [mm] a0 [mm] b0 [mm] E [GPa] KJc [MPa] KJc(1T) [MPa] T [�C]
Y1.3 29,96 15,00 11,95 3,45 26,51 214 45 42 -161
A1.1 29,82 15,00 12,00 4,13 25,69 214 60 55 -160
Y3.5 29,98 14,97 11,80 3,58 26,40 214 42 39 -161
Y2.1 29,80 14,97 11,80 3,51 26,29 214 30 29 -161
Y2.11 30,00 14,97 11,80 3,52 26,48 214 56 52 -161
A2.3 30,00 14,98 11,99 3,65 26,35 214 35 33 -161
Y4.7 29,98 15,01 11,94 3,62 26,36 214 27 26 -161
Y1.9 29,97 14,97 11,99 3,59 26,39 214 46 42 -153

Specimen W [mm] B [mm] Bn [mm] a0 [mm] b0 [mm] E [GPa] KJc [MPa] KJc(1T) [MPa] T [�C]
A1.3 29,99 15,00 11,70 3,62 26,37 212 48 45 -121
Y4.11 29,97 15,00 11,85 3,49 26,48 212 101 91 -120
Y1.5 29,97 14,99 11,85 3,45 26,52 212 141 126 -121
A3.5 29,97 14,97 11,80 3,45 26,52 212 90 81 -120
A4.7 29,97 14,96 11,85 3,42 26,55 212 76 69 -121
Y3.1 29,81 14,97 11,85 3,69 26,12 212 55 50 -121
Y4.9 29,97 14,99 11,85 3,55 26,42 212 56 52 -121
A3.1 29,80 14,97 11,85 3,87 25,93 212 75 68 -120
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Table 11. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.1, T = -100 �C. 

 

 

Table 12. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.1, T = -85 �C. 

 

 

Table 13. ReVXlWV of Whe WeVW VeUieV 15[30 SE(B), a/W = 0.1, T = -70 �C. 

 

 

  

Specimen W [mm] B [mm] Bn [mm] a0 [mm] b0 [mm] E [GPa] KJc [MPa] KJc(1T) [MPa] T [�C]
A2.5 29,98 14,96 12,00 3,23 26,75 210 126 113 -100
A3.7 29,98 14,97 12,03 3,53 26,45 210 89 80 -100
A4.1 29,87 14,97 12,06 4,39 25,48 210 84 77 -100
Y1.1 29,85 14,95 11,90 4,05 25,80 210 106 96 -100
Y2.7 29,94 14,96 12,04 3,70 26,24 210 127 114 -100
Y3.3 29,95 14,98 11,95 3,44 26,51 210 110 99 -100
Y3.9 29,95 14,95 11,97 3,54 26,41 210 60 55 -101
Y4.5 29,97 15,00 12,04 3,83 26,14 210 100 90 -101

Specimen W [mm] B [mm] Bn [mm] a0 [mm] b0 [mm] E [GPa] KJc [MPa] KJc(1T) [MPa] T [�C]
Y3.7 29,97 15,13 12,11 3,62 26,35 209 64 59 -85
Y4.3 30,00 15,01 11,89 3,72 26,28 209 107 96 -85
Y2.5 29,99 14,97 11,96 3,48 26,51 209 172 153 -86
A1.5 29,96 15,04 12,03 3,60 26,36 209 78 71 -85
A4.3 30,00 14,94 11,90 3,70 26,30 209 62 56 -85
A2.7 29,99 15,04 11,94 3,60 26,39 209 91 82 -85
Y1.11 29,95 15,02 11,92 3,81 26,14 209 373 330 -85
A2.1 30,06 14,97 11,89 3,96 26,10 209 117 105 -85

Specimen W ΀mm΁ B ΀mm΁ aϬ ΀mm΁ KJc ΀Mpa΁ KJc ;ϭTͿ ΀Mpa΁ T ΀ΣC΁
Aϭ.ϳ ϯϬ.ϬϮ ϭϰ.ϴϲ ϯ.ϭϬ Ϯϯϵ Ϯϭϭ ͲϳϬ.Ϭ
Aϯ.ϯ Ϯϵ.ϵϵ ϭϰ.ϵϳ ϯ.ϭϰ ϭϭϱ ϭϬϯ ͲϳϬ.Ϭ
Aϰ.ϱ Ϯϵ.ϵϵ ϭϰ.ϴϴ ϯ.ϭϳ ϭϰϲ ϭϯϭ ͲϳϬ.Ϭ
Yϭ.ϳ Ϯϵ.ϵϲ ϭϰ.ϴϯ ϯ.Ϯϭ Ϯϵϴ Ϯϲϯ ͲϳϬ.Ϭ
YϮ.ϯ Ϯϵ.ϵϲ ϭϰ.ϵϰ ϯ.ϭϲ ϮϬϵ ϭϴϱ ͲϳϬ.Ϭ
YϮ.ϵ Ϯϵ.ϵϲ ϭϰ.ϵϮ ϯ.Ϭϳ ϭϮϵ ϭϭϲ ͲϳϬ.Ϭ
Yϯ.ϭϭ Ϯϵ.ϵϳ ϭϰ.ϵϳ ϯ.ϭϴ ϭϬϴ ϵϳ ͲϳϬ.Ϭ
Yϰ.ϭ Ϯϵ.ϴϬ ϭϰ.ϵϱ Ϯ.ϵϭ ϳϳ ϳϬ ͲϳϬ.Ϭ
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6 DI6C866ION 
Figure 16 shows the fracture toughness results obtained with the 5x10 and 15x30 SE(B) 
specimens. The T0 obtained with 5x10 SE(B) specimens is -86 �C, ı = 7 �C, and T0 is -79 �C, 
ı = 5.7 �C, obtained with 15x30 SE(B) specimens. The uncertaint\ in the results is larger than 
the difference between the obtained T0 estimates, thus, indicating no significant difference 
between the T0 obtained with 15x30 SE(B) and 5x10 SE(B) specimens. However, the 
specimen extraction location in thickness direction influences the obtained fracture toughness. 
Figure 17 compares the results obtained with shallow cracked specimens (a/W = 0.1) and 
specimens with deep cracks (a/W = 0.5). 

 

FLJXUH 16. CompaUiVon beWZeen 5[10 and 15[30 SE(B) VpecimenV. T0 = -81 �C iV calcXlaWed foU boWh Whe 5[10 
and 15[30 SE(B) VpecimenV ZiWh a/W = 0.5. 
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FLJXUH 17. CompaUiVon beWZeen VpecimenV ZiWh VhalloZ and deep cUackV. 
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The effect of specimens extraction location on fracture toughness is anal\sed in the figures 18 
and 19. The data in figure 18 was normali]ed b\ estimating the failure probabilit\ according to 
the Master Curve and estimating the corresponding fracture toughness at -100 �C. The results 
indicate that the fracture toughness is higher closer to the surface than at the center of the 
plate. The effect is less apparent on the other side of the plate, possibl\ due to smaller amount 
of observations. Figure 19 shows that the fracture toughness ma\ also be affected b\ the 
extraction location in the transverse width direction of the plate. The high failure probabilit\ is 
connected to high fracture toughness.  

Therefore, the difference in T0 between 5x10 and 15x30 SE(B) specimens is affected b\ the 
specimen extraction location, the 15x30 SE(B) specimens were also extracted close to the 
center where the fracture toughness is lower, thus, increasing the T0. Figure 18 indicates that 
the 5x10 SE(B) specimens can \ield higher fracture toughness. This can occur if the smaller 
sampling volume of a 5x10 SE(B) specimen does not capture the weakest microstructural 
features. However, this needs to be confirmed through microstructural investigations in future 
studies. 

 

 

FLJXUH 18. VaUiaWion in fUacWXUe WoXghneVV in Whe WhickneVV diUecWion. The fUacWXUe WoXghneVV daWa haV been 
noUmali]ed. 
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FLJXUH 19. The fUacWXUe WoXghneVV iV higheU in Whe Ued aUeaV and loZeU in Whe blXe aUeaV. 
 
Another part of the same JRQ ASTM A533 grade B class 1 plate has previousl\ been 
characterised in [1]. Figure 20 shows the T0 in the thickness direction of the plate. Fracture 
toughness is higher at the surface than at the center of the plate. Figure 21 shows the fracture 
toughness results from [1] and describes the material properties at ó thickness. The 
orientation of the specimens is T-L, thus, deviating from the orientation of the specimens 
characteri]ed in this stud\. The T0 is slightl\ higher for the T-L orientation, -72 �C. The 
multimodal inhomogeneit\ anal\sis was performed on the data, indicating that the data is 
moderatel\ inhomogeneous, T0,MML = -72 �C (maximum likelihood concept, MML) and ıMML = 
11 �C. The same values for the fracture toughness results from this stud\ are T0,MML = -73 �C 
and ıMML = 18 �C. The slightl\ larger ıMML can be caused b\ extraction of the specimens from 
a wider range than onl\ the ó thickness. 
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FLJXUH 20. VaUiaWion in T0 in WhickneVV diUecWion foU JRQ plaWe fUom [1]. Specimen oUienWaWion T-L.  
 

 

FLJXUH 21. CompaUiVon beWZeen Whe fUacWXUe WoXghneVV UeVXlWV fUom WhiV VWXd\ and Whe UeVXlWV fUom [1]. The 
oUienWaWion iV T-L in [1] and Whe UeVXlWV aUe fUom 1/4T. The MaVWeU CXUYe iV fiWWed Wo Whe daWa fUom [1]. 
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7 CONCL86ION 
The objective of the work conducted in 2020 was to produce data for fracture mechanical 
anal\sis, and scientific articles done in the upcoming \ears in the NKS project WPS-MAF. The 
results show that that the T0 obtained with 15x30 SE(B) specimens is in the same range as 
the T0 obtained with 5x10 SE(B) specimens. The fracture toughness of the ASTM A533 grade 
B class 1 plate, 230 mm thick, is higher closer to the surface than at the center, which agrees 
with previous investigations. Further metallograph\ and post processing work will be done to 
the 5x10 SE(B) specimens to anal\se the differences to the 15x30 SE(B) specimens. The 
results are applied also for anal\ses of the effect of crack front curvature on fracture toughness. 
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