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An Assessment of the Integrity of the TROI Vessel under the Steam
Explosion Loads
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Abstract

This paper analyzes the integrity of the containment chamber of the TROI experiment,
which is Fuel Coolant Interaction (FCI) experiment using reactor material performed by
Korea Atomic Energy Research Institute (KAERI), under a dynamic load induced by a
postulated steam explosion. By utilizing the analyses procedures used in the AP600 and
KNGR, the integrity of the lower head of the containment chamber under a dynamic
load is analyzed by ANSYS computer code. It is demonstrated that the integrity of the
TROI vessel is maintained under a maximum dynamic load of 3ms-123Mpa induced by
a postulated steam explosion. Also, it is shown that the containment chamber can
withstand 8 repeated experiments under a conservative operating load of 7.38ms-50Mpa.
It is recommended that an evaluation of the integrity of the chamber is necessary by
comparing the measured dynamic load during the experiment with the dynamic load
used in this analysis before reaching 8th experiment.



T

1. A&

St g AT s &2 &2 Corium (UO2, ZrO2, Zrel £%%E) 20kgsS o] &3}
o] &85 WYz4 wHE (Fuel Coolant Interaction ) A dS a3t 1] T4 9
ATt ﬁJJr‘:Oﬂ ot AR FHS o]&3te AFES FUS AF TUIHFT 7t A
o gle o= Hixo rH2345] 1y Aol bdS a1 Ety] st Tt %

WA weAdtel AEI19l AEo R BARRA L.

B 222 TROI ( Test for Real cOrium Interaction with water) &8% Wzt
k2 A3 8 A8 7] (containment chamber)?] 343 =(ower head)”} 7] & &ol A dkAg
3t 2l Fo s A-dALE FAsIEAY ofFd 3 Hlolth. Theofanouss[6]2 ¢
2835929 AP600Z 2 A= AAlA F7] HE ofE ) o mE shEs=e] A
A4S ABAQUS ZEE ALEste] F3sth. & 2o B3 5[71 33y AAgLA=
(KNGR)ell tjeir F71358 71E5S 6}1“*8} omn R =o HAMAAHLE ANSYS[S] ZE=ES
Ab&-sto] 4333 ‘:} —E~ HiA = 7o 7 Ao HHES vgez 488 Ads7]9
SHE-3 =9 support 2 WA F(buffer)e] AAALS FrlstE Aol

i |

sl

Aggrle FU3 EEdgstgon s =dA dy dox FRE dAd dFgFS FA
Koo 2 whg mol 7k x| gk A 9ol E3EA Tt Fig. 1ol 34 oidd Ag7]e digh
et aws Jeha drh Ao £ 91970 % Q2 A(PLANE42)9] 43+ 784740]H,
W g § = s RS contact 2.4 (CONTAL71, TARGEL69)S AH-&3) 31t}

¥ Az A(operating condition)?] 2% 160°C(320°F)Z 7|+ o2 3 24 X[4]= Table 1
I 2o, 83 WdE IA = Fig. 29 7o) el

Table 1. Material properties at 160°C(320°F)

SA240 type304 SAbB16 Gr.70 SA283 Gr.
(head) (pad) (buffer)
Young’'s modulus, E
5 185610 194580 194580
(N/mm°)

Poisson’s ratio 0.3 0.3 0.3
Mass Density (kg/mm®*) 7.951e-10 7.951e-10 7.951e-10
Yield stress(N/mm?) 152.8 231.2 182.3

Tangent modulus,
5 7424 7783 7783
Er=0.04dE (N/mm®)
Design stress intensity
) 136.2 154.1 1214
(N/mm°)




® AfoMe FoAo] v 4 AR EH2S ASstER O Tl A=

Ak g webd F b EweEe ndslw adv A WA Ho Ew 8Fd

o], o] AL GAt=EHE (04]*‘ W AIR03)S o] &3t AR T F AF FAA THE

Fbdol F A9 S R 5 A& Folul] F HAAERE 2 F d4FEE A

+A dFoRE 7)E JX} EAS AREe AddA e Hd skE<l 20 Mpaa e st

T Z71o|tH2,3,5].

Water chamber ®}Eol 2Zg3lE g2 7] Ed Ao w-AE = Qe HoZuery s

7o AAsAr. Fo ZTueEe Fa 3 1o wEt Fig. 39 #Zo] 74 600mme]
2}z

upek W %U:%(pulse duration)o] 3ms¢!l AHztate]l JejE Hdl 123Mpac] #-&dt= 4
S-olth, Adl 4 52 A A4 g 20 Mpas HFHo 2 50 MpaZ 7H48kaL, 1)
o & FHuHehs vt $99 4% (Impulse)& 714 Aoz 71489t}

2.2 9&7]F(failure criteria)

A4l zge $A sbgel A ¥ Fol WARYE FS TROI 2w §717 ses s
el elnoltt. olg Brety] fIste] s 2L 4@ Bast Ak Ant = HFL
Ao% gaol Az

vk w) S7}-$-¥(equivalent stress)o] E-$HS ZyslH =R F
el 24 (elasto-plastic) 314 S =3y af o tfh:‘r Stress intensity+
[9] AANA WrdstE O 2 failured] B ZA7F § A Esr)

A A A A (ductile mater1al)-4 yE7|Ee dubzlo g Z71AX W E E(equivalent  plastic
strain)oll 71x& T3 At} Olives[10]> A7 (mild steeD)<S E3HgH o8 7FA] A= b
E 5o ZUEFS 7lsiA HIeo] o]2EE strain®] 70-80% LS B E3ATE. Paost
Gilat[11]&= AS33B#H oz AHE 3ol WHEHEo] 50% oMM E 37 dojyx &sS
3+¢13} 91 t}h. Shockey 5 [12]- 501 A} 2 o] "41?5]1’\1 JJr‘:1r WA Fo] 80%°l A 116%H Y <1 A

S Flagth. 3 strain rate’} 1000 s '7FA %9} strain rate?] FFS ke AL

gral o}

lﬂ%ur uj ¢ g tet A3 JJr b RE87) gite] EES B oHE Fu AT F
sho] gl w}o]u} e AR W) 1T (void)ol WG] N WP E Ao
11_}0]_‘: Aoz 7}ASt, 1 gko] A A SR Eo] 11%BAEYS T3}

Ak Table 29 7o) SIAAARAE 1% o4 A b Hode AEH0e e

At



Table2. Quantification of wall failure criteria

o Wall fractional thickness .
Likelihood . . . . Probability
with plastic equivalent strain over 119

Physically unreasonable First Fiber <10
Outside of spectrum 20% 10°
Edge of spectrum 40% 10"
Certain failure 60% 10"
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Figure 1. Finite element mesh
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Figure 2. Water chamber base pressure applied on 600mm diameter(CASE I)
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Figure 3. Water chamber base pressure applied on 600mm diameter(CASE I)
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Figure 4. Various conditions of pressure applied on 600mm diameter



Figure 5. Distribution of equivalent stress at 3msec under CASE I



Figure 6. Distribution of equivalent strain at 3msec under CASE 1
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Figure 7. Time history of equivalent strain at node A under CASE I
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Figure 8. Equivalent strain/purse duration relationships at node A in head
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Figure 9. Equivalent strain/purse duration relationships at node B in support
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Figure 10. Maximum displacement/purse duration relationships in head
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Figure 11. Equivalent strain with two cycle of pressure in head
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