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SUMMARY 

I . Project Title 

Analysis technology on the thick plate free drop impact, heat and thermal 
stress of the cask for radioactive material transport 

11. Objective and Importance of the Project 

1. Importance of the Project 

The radioactive material is used in various fields such as a industry, 
medical, genetic engineering, and nuclear power plant. And then the number 
of the radioactive material transport has been gradually increased in domestic 
and abroad. A very important factor in the radioactive material transport is 
protecting the human and the nature from the radiation and high heat emitted 
in the radioactive material. The cask is required to withstand hypothetical 
accident conditions such as thick plate free drop and 800°C heat condition in 
accordance with the requirements of the IAEA and domestic regulations. 

The methods of the safety evaluation of the shipping cask for the 
hypothetical accident conditions are both analysis of the experiment and the 
numerical code. The method of the numerical code is developing because 
experimental method could spend much time and costs. However these 
method of the numerical code have hardly ever been established in the 
domestic. It is very significant to develop the safety assessment technology 
for efficient and reliable safety evaluation for the shipping cask on the 
hypothetical accident conditions. 

2. Objective of the Project 

Development of analysis technology on the thick plate free drop impact, 
heat and thermal stress of the cask for radioactive material transport. 
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III. Scope and Contents of the Project 

■ Study the method of safety analysis for thick plate free drop impact, heat 
and thermal stress of the shipping cask 

■ Study the evaluation criterion for thick plate free drop impact, heat and 
thermal stress of the shipping cask 

■ Investigation the safety analysis code and study its reliance for thick plate 
free drop impact, heat and thermal stress of the shipping cask 

■ Development of the safety assessment technology for thick plate free drop 
impact of the shipping cask 

■ Development of the safety assessment technology for heat and thermal 
stress of the shipping cask 

IV. Results and Recommendations for Application 

1. Results 
In this study, The regulatory condition and analysis condition is analyzed 

for thick plate free drop impact, heat and thermal stress analysis to develop 
the safety assessment technology. Analysis is performed with finite element 
method which is one of the many analysis methods of the shipping cask. 
ANSYS, LS-DYNA3D and ABAQUS is suitable for thick plate free drop 
impact, heat and thermal stress analysis of the shipping cask. For the 
analysis model, the KSC-4 that is the shipping cask to transport spent 
nuclear fuel is investigated. The results of both LS-DYNA3D and ABAQUS for 
thick plate free drop and the results of ANSYS, LS-DYNA3D and ABAQUS 
for heat and thermal stress analysis is completely corresponded. And the 
integrity of the shipping cask is verified. 

2. Recommendations for Application 

By means of development of the safety assessment technology for thick 
plate free drop impact, heat and thermal stress of the shipping cask on the 
this study, safety of the shipping cask will be ensured, the domestic design 

- v -



and manufacture technology of the shipping cask will become independent, 
and people's anxiety about radio dangers will subside. Also, through the 
safety examination of the shipping cask with the standard safety assessment 
technology, the reliable analysis method will be supplied and efficient and 
reliable regulation task will be performed. 

- vi -



n 
*\\ 1 S" M E: 1 

n 2 S- 3Lyd £ 4 4 
*ll 1 1 ^ 4 4 4 # 4 , S*H4 SI i § 5 - ^ ^ * 1 | f i 4 4 

1. IAEA Safety Standards Series No. ST-1 4 
2. 10 CFR Part 71 5 
3. Regulatory Guide 7.8 7 

*ll 2 1 ¥ 4 4 4 © 4 , ^ * H 4 5J ^ ^ ^ *H4S?H 9 
1. §4^1 §a | 9 
2. Regulatory Guide 7.6 10 

*ll 3 £r s H ^ U - a 5! ^ t l - f i ^ s I M ^ ^ Z L ^ 17 
^l 1 1 ^ IH ^ B 17 

1. # # o | B SI ^ * H ^ l o | # 17 
2. ^ 4 £ ^ * H 4 & S 25 

*ll 2 1 ^ 4 S ^ S H A J - s a i l ^ A | - si £M 28 

1. ¥ 4 4 4 # ^ * H ^ 4 = s z i a 28 
2. H§H±} SI ^ ^ ^ * H ^ 1 = ^ Z L i i 33 

37 AHI 4 S- ^ 4 4 # 4 , 1 l °H4 aj C J ^ B ^ ^ A H a | H ^ _ 

A1| 1 1 SIMc|]& §«1-S7|a| 7H£ 37 
1. ^ 3 E SJ 7 | ^ - 37 

2. S 4 ^ S 42 
3. SSM-HM21 ?H£ 
4. S 4 S 4 AH = O| 7|7j|5j MM 

H 2 1 S 4 S 4 Tf4£r£: a l l 
1. ^ 4 4 4 # 3 s i M a i i 
2. g a i M SI ^ # 3 s i M a l l 61 

*ll 3 1 - ^ 4 4 4 S ^ s H ^ § 4 65 
1. ¥ 4 a | T ^ H o f 67 
2. ^ 4 ^ | t f e ^ 4 72 
3. ^ 4 £ | S 4 4 4 72 

43 
43 
56 
56 

- v i i -



*ii 4 i 9i°n-N si S^*N nq&m 78 
1. g s i M 82 
2. H^ajSIM 93 

All 5 §- ^-al-firfcSlM 3 E ° | A ^ ^ A ! 95 

*ll 1 1 ^ ^ H o F #2jsfl*1 ^ - - 1 Mg^n 95 
xi! 2 l oj oj og # S j g,,Aj S J = o | A ^ l x F 99 

*\\ 6 S- ^ 108 

S- :n S £i 110 

1-1 ^ H ^ g ^ c l M LS-DYNA3D S^?J^A | - s 112 
1-2 $.&Hfi[$zm*\ ABAQUS/Explicit S # g | e | * | - S 116 
1-3 S«H-*| LS-DYNA3D S ^ i g J ^ ^ f i 118 

1-4 g « I H ABAQUS/Standard S ^ g j e j x l - S 123 
1-5 g#ej«H4| LS-DYNA3D S ^ g J ^ x | - s 127 
1-6 ^ # e j s i M ABAQUS/Standard S ^ i S J ^ ^ S 132 

- vin -



3- H ^ *[ 

a n 3.1-1 
H I ! 3.1-2 
2 | 4.1-1 
UH 4.1-2 
a n 4.1-3 
n | 4.2-1 
n | 4.2-2 
a n 4.2-3 
a n 4.2-4 
a n 4.2-5 
a U 4.2-6 
2 | 4.2-7 
a n 4.2-8 
n i l 4.3-1 
n | 4.3-2 
n | 4.3-3 
ZLU 4.3-4 
3 | 4.3-5 
ziH 4.3-6 
2 | 4.3-7 
a n 4.3-8 
a n 4.3-9 
a n 4.4-1 
a H 4.4-2 
a n 4.4-3 
a n 4.4-4 
a n 4.4-5 
a n 4.4-6 
a n 4.4-7 
a n 4.4-8 
a n 4.4-9 

¥ ^ A | ° | # # I 
¥ M 2 | M II 
KSC-4 § y § 7 | 7Hn=£ 
El-Aj . -A-AH 7 | y c 

EI-AH . a ^ ^ - M 7 ( j y ^ 

x\x\ -tlS # B | = S 4 : 
££}§?! ^ o h s ^ a i ( * £ h ° | ^sm§h) 
£&J-§?I f r & s . i s . m ^ i - s i t i ^ s H 
■S-y-S-̂ l #£[S.^a

i
a(^5!-s | ^A|-V=J-3|-) 

oJsljAH aj OJ^^SI|AHO|| A ^ 3 - ° | - H l 

KSC-4 £e[&7|£l # s s # 
§u|-§-7|°| ^sH^I fill 
^°H^! TT-ILI-S.4: s.§! 

¥5!- ^r^JHoF LS-DYNA3D 3 H * | ^ J 4 

^ T ^ I ^ O F ABAQUS/Explicit SlM§:af 
4 ^ ^r^lHol- sH^^aif o||L-lx| AJC 
« ^ ^3i>4^|- s i H H ^ # ^ ^ #5. 
*s|- t S H o f LS-DYNA3D « I H ^ 4 (stress contour) 
°:g- T S 4 S [ ABAQUS/Explicit ° H ^ 3 ^ (stress contour) 
* ^ ^ g u ^ m^dn ^?m A

J ^ 

* ^ o | 45= ^K\^ls\ LS-DYNA3D SlH^jJf 
* # ° | 45° &MH*[ ABAQUS/Explicit «IM^2f 
g u | § 7 | ° | ^SHAH &A\5: 
KSC-4 Sy-#^|S| 800°C SI-xHAl! ^ 
LS-DYNA3D SSIM | ^ i 
LS-DYNA3D g«IM H ^ I I 
ABAQUS/Standard £S1M %m 
ABAQUS/Standard ^ s f l ^ 3 ^ II 
LS-DYNA3D2I- ABAQUS/Standard l̂ £SIH ^JL[U\JH 
3:7\ZE7dO]\ °|°h 5|jAH 3& ° b | - g 7 | o | uj-guj-gt S . c « . ^ 

800°C 30£ 7|-g ^ ££j-g7|£| y - S ^ S ^ i ^ i 
a n 4.4-10 6A|Z} A^ojyz| * &#&7\2\ EhS §J§ ££-£-5. 
a n 4.4-11 800°C 30£ s^H^Zd ^ ££*|-o|oll o|sh og-gej S I M ^ 

18 
22 
40 
45 
45 
57 
58 
58 
59 
62 
63 
64 
64 
68 
69 
70 
71 
73 
74 
75 
76 
77 
80 
81 
85 
86 
87 
88 
89 
90 
91 
92 
94 

- ix -



a n 5.1-1 S^H-sh #3°H*1 procedure 98 
a n 5.2-2 ^SH^I procedure 105 
a n 5.2-3 g # e | ^AH procedure 106 
a n 5.2-4 § # § 7 | H ^ o f l A f § | ^ 2 1 ^ H i 107 
a n 6-1 gs iM 3 ^ d | j n 109 

- x -



At 

S. 2.1-1 § J # 2 £ i 6 
3 2.1-2 IAEA ST1^h 10 CFR Part 71o)| 7 | # g S ^ ^ Z d 6 
3 2.1-3 S & S ^ Z d ^ l - 7 ^ A ^ s z i o | | cH*h ° r # ^ t r 8 
S. 2.2-1 Regulatory Positional °|°h # a j xilth 12 

3 2.2-2 S-^S-y- iZd^l- 7 | - ^ -AHIS21O| | cUS #& | * l |& 14 
S 2.2-3 S^SSJ-2do|-o||Ai 304 stainless steels] §.^o\\ ccf̂ - # ^ & 7 | | 15 
S 2.2-4 7[^A[JL^^^[O\\A-\ 304 stainless steeisl ¥S.o\\ o f # #ej£h71l 16 
JE 4.1-1 £ g } § 7 | ° | * | ^ SI § l f 41 
3 4.1-2 §! j^^.a| S j ^ s j ^ l *ll£!, ^ H l 44 
a 4.1-3 sjei^-s s-s& KSC-4 §ei§7|° i §u=2|- ^n&& 50 
3 4.1-4 SA 240 Type 304 stainless steeisl g £ o | | n|-# 7|7i|*H I - A H ^ 5 1 

1 4 . 1 - 5 Lead^l § £ o | | ccr# 7|7i|*j ^ A H ^ 5 2 

S 4.1-6 Resin(NS-4-FR)2| ¥^o\\ a+# 7|71|AH j f - ^ g j 5 3 

3 4.1-7 Balsa wood^l 7|7i|*j ^M^ 54 

S 4.1-8 Red wood^l ?MI^ ! t ^ 7 J 54 
S 4.1-9 A *HIJ°| £^o\\ rxr# °m ^MTV 55 

S 4.2-1 ^ s m ^ h #^8fl-4)22d 60 
£ 4.3-1 41¥iyi ir S | ^ ^ | 2 | S|CH#^ 66 

S 4.4-1 %mM ^ ^ h 84 
a 4.4-2 g g e j s l M £j±\ 93 
S 5.1-1 ^ ^ " 4 ° | - # ^ 8 H ^ LS-DYNA3D El^SI- i l ofl 96 
i± 5.1-2 ^ ^ H o h # 3 SIM ABAQUS/Explicit S J ^ H J oil 97 
3 5.1-3 ^§H*1# # S o h § i ^ ° | gjejSHJ oil 101 
3 5.1-4 - £ i o l | ah# g s j ^-AH^J-OI ojejsfa] oil 102 

3 5.1-5 S € s j « I M # o | & o j e ^ a j oil 103 
S 5.1-6 €rS.o\\ c:h# 7|7i|AH # A H ^ O | o j e ^ s ^ oj| 104 

a 6-1 W = m # 3 * I M 3*h s i q § ^ a | td|JH 109 

- xi -





*i| 1 S" M 

^ ^ ^ ^ . s . zi ^l-g-^^7} t j - ^ WJ"A>AJ ^ a . r ^ ^ a j ^ ^ 
AjHV ^ ^-^-711- ol-g-^o^ ^tiVSlJI 5>lJL^ o]6fl 4 S ^ t i V ^ ^ o l 711 #^1 

O.S. ^7>^}J1 5Ufe ^Aflofl o!<^Ai A| 3 1 ^ 3 - AjZV^Til 3 ^ 5 ^ ^ A i H 4 . 

^ e #<H ^ H d l - ^ s ) 4-§-^6 l ? f ^ &°*1 <>H *}-€- ^A>AJ I - ^O I 
^-Xfl ^ ^-af l^ £ # 0 1 ^ - ^^1 ^ 7 > * } ^ ^AiHl ^ O . ^ Ol^-Sl- ^ A > ^ # ^ 
3 ^ - ^ ^ « T AV-g-^ l ^ ^ A S O ] ^ l - ^ o j £ # £ ^_g_s_ ^ 4 

£ # ^ofl A>JLS. ^ H yoVA>Ajl-^ ^r«]:-g-7l7l- Sh££)°1 ^ A H l - ^ o l 

e ^ ^ ^ ^ ^ « : ^ i ^ 4 ^ : ̂ ^ izfl*}i *}33 # ^ # °>7l̂ ; ^ 
i l7 l nfl̂ -ofl £#-§-71*1 A^] ^ ^ «0U>Aj#^ol i^-3}-oj ^ £«V3j-<£ 

^ £<2b§: ^*b H £ 3 4 ^ } ^ « * ^ ^ H ^ - o ] ^ TI^A^ 6||#S|*r 4 

« o V 4 ^ 1 - ^ ^ J ^ H 7 ^ ^ ^ o>^Aj ^ - j i ^ i ^ 6.a]-^.7]6| £ ^ 

o)l ojcf. rtfel-A-l ^-vfl^^ol 6 > q ^ AflTflzH^ £ # f l " 3 ^ IAEA£^Hf3 

°fl^ £^-§-717r #^°\°l ^ i U l ^ ^Sj-Jl A I ^ t r ^ l # £ HOVA>AJ1-

^ # £ ^ H r t i l A}-g-Sl^ B ^ ^r^-g-71 ^ ^ - g r l ^ l - ^ £#-g-7l<*l| tflSj-

<^TT ^ - ^ A|7ll^<y^ ^ £ ^ - fl-^^-3. %14. ° l t r i L ^ ^ m 3 t f £ # 3 E : 
#3\- 7HVA>J72;^iol Al^oflA-1 H £ #>£-§- -fr*l Sj-O} oj: -̂̂ -TSfl O ^ A\^2L 

£ ^ H ^^r-g-711- 9m fe°H>H &3-& ^ r ^ $ H ^ S ^ T T ^%-
3 * 1 ^ (Free drop impact t e s t )^ £¥j-§-7ll- lm £ ° H * 1 jg-^-g- ^ofl ^c] 
~ e | f e E l - ^ ^ ^ A l ^ (Puncture) n ^ J L -̂7fl 500kg, 3.71 lmxlm^l <?!## 
°1 9m ^<^HlAi £#-§-7l ^ 3 - M-s^Br A ! ^ 4 800 M sl-All2:^o]lAi 3 0 ^ 

°11: £ ^ - § - 7 1 ^ A l ^ s ^ ^ l l t f l ^ ; 9 j ^ £ Al^ofl o j $ ^ ^ 4 gfl^oj] ĉ  

^ yov^ ^ ° 1 Si-^-M-, ^ l ^ i ^ ^ ^ - ^ «l-§-°l ^fl-f ^ ° 1 ^-S-Sl7l nH£ 
^1 A><^xl-ir *flAiAl aol-^£ AiJr^Tfl 5 ] ^ ^ ] ^-Lflo)l^ o ] t A ^ ^ ^ o f l cfl 
# §H^«j-^ol ^ ^£ )C1 Olxl & 4 . £ # = l f e ^ A H J l - ^ ^ ^ -^7> «oVA>AJ^ 
^^^o1 lA i« -E i Al-g-^sflclaoil o] a 7 1 ^ 1 4°o^>31 0 l l " ^ - £yJ:*rfe ^d 
%7}B] ^E f l£ ^ ^ ^ , # # * § ^ ^ ^ * > 7 l fH^-oll o ] § Al^o^ ^ ^ ^ ^ ^ 

- 1 " 



^ 4 * 1 4 ^ ^ 7 f l t ^ H # #3]JUS 4 4 4 7j.f £#-§-714 4 4 f ^ 
, 1*114 ^ "g-g-^Sfl^H cfl§H - fr#iL;£«H 7 ^ # Aj-g-SS-ZL^ Oj-g-

4 4 * f l 4 4 ^ #711014 7>AJ-Al-J7Al^S^01l u)l# sflAHolSol 7$^S\0] & 
4 &JI J£# tf-g-^SZLM 4?I 44^

0
1 4 ^ 4 4 $1̂ 1 #fe f- 4 4 4 

4 * ls ]^ %l^ nq?]^°] 7^44014 %& ^*cH4. ^ 4 4 ^-^Mlfe 
° l t Al^^^oi l Cfl# 4# jL i5 f l 4 *J # £ «f l^SS« 7H^4fe ^ 4 <£ 
^7f # f ^ 4 ^ 1 4 A l ^ 2 : ^ £ E.Al-# *1147l^ol 7 ^ 4 4 &4 ^ 
^*cH4. 

44-A-l, AfoJ7|.7^ ol-g-̂ 1- f ^ A ^ , 5)- AflAl^ofl 4 # s f l 4 # « H 7* ^ \ 
^ AjSlAjol & - * } 4 ^ 1 - Sg7>Sj-7l 4 f t # 4 * f l 4 7 ^ ^ 7 l # £ 7 f l ^ 1 
S^l AI4 . ^WoV§7l4 4 4 ^ 4 ^ M ^ ^ l 4 4 #4*fl4 7 j^7 l# 
T l f S £#-§-714 91^-8: 4 ^ ^ 5^U, 4i7ll ^ 447 l#4 4 ^ 4 ^ -

£#~§-4 4 4 4 4 ^ 4 4 ^ 4 ^ 4 ^ M ^)§ ^ ^ 4 , 4 4 4 4 4 
# 4 ^ 1 4 4 «-o>4 gfli ^ 4 4 ^ 4 ^ 1 4 # 4 4 4 £ ^Aj-Am ^ Si 
4 . a«r, ^r«>-g-7l 4 4 4 4IAHI Al-§-f-0_^Ml £#-§-71 #AiAJ£ 3 ^ 4 
31, 4 ^ ^ H 7 l l 4 4 4 o}^ ^ 7 l ^ £ 4 ^ 4 ^ 4 ^ 4 , a^5 f5 l oJ-4^ 
4 4 ^ 4 # £ AlAfcfl Al-£*VO.S^ J l # 4 ^ 4 4 4 o l i . fl-^ll^^-* ^ 
*34 "T 4 4 -

^ 4 ^ 1 4 £ 4  §  4 4 7p0Uljl2^^oilAl ^ # 4 4 ^ 4 > o j ^ tf <* 
£ 3 ^ 4 4 4 4 <d^^\%iA. 4*i IAEA1'^ Regulatory Guide 7.82)i fl"4 
4 4 4 ^ ^ 4 4 4 ^ 4 , 4*114 ^ 183 flAil^7d£ £ 4 4 5 * ^ 
Regulatory Guide 7.63Ml ^ 4 4 ^ ojfe 1 ^ 4 4 4 ^ 4 , 4*114 ^ oj_g.^ 4 
4S4£ ^ 5 ^ 4 . £ 4  §  4 4 ^ # 4 4 ^ 3 , 4*114 4 4 £ ^ 444 1?] 
JlsL £ # i L ^ £ °l§444. ■& 4^°1 | 4§€ B̂ raLrfcsfl̂  5 £ 3 | f 
4 4 4 4 4*11 ^ 4 3 ^ 4 ANSYS, NASTRAN, DYTRAN, ABAQUS, 
LSDYNA3D1 SiA} ^ £ 4 4 < 4 £#§714 £ # 4 4 ^ 4 , 1 4 4 £ 3 
Sfl^ojl ^ ^  ^ . ^ 4 ^ 7 = 1 A i E f l 4 ^ 4 . ^ <d^-c]} 4Efls} S f l 4 5 i H S i r W 
4 4 ^ 4 ^ cfl^xi LSDYNA3D4 ABAQUS/Explicit7l Afg^^^ <isfl4 
9J 1S^sflAloil^ ANSYS, LSDYNA3D, ABAQUS/Standard7l A > £ S 1 ^ 
4 . ^ ^ <£^<$ tn$ £ 4 A i * f l 4 £ 2HS1 A14AJ4 £#§714 <m 
°d ^  A J £ 4 j / ^ ^ ^ 7 l 4*fl £#§71 ^±3.^. 4A11A1^^ 1 2 ) 4 4 5 7 4 ^ 
4. 

^ - £ £ 3711 47fl ^ - £ ^ s 4 ^ ^ 7l#4$!4. ^112^-^A^ ^ . # 4 4 ^ ^ 

- 2 -



, 4*114 4 4-g-^H 4 4 4 .2-4-1: £ -444^ , ^34^14^ *H44^4 
£ 4 4 4 ^ 3 , 4 4 l-S-3 *H4£ 4 4 ^ - t l ± i S a ^ t - i - 2,A\ . «4 
4 4 4 . 444°114£ £ 4 4 4 ^ 4 , 4 4 4-§-3 *H44 ^ 4 4^1A>4£ 
7 1 ^ 4 4 J L , £ # £ 4 s . ^ 4 LS-DYNA3D4 ABAQUS4 4 4 l : £ «lH 
4 £ -4444 . Aii54^14^ £4-2-^*114 ans ] 4~§-*i*H 4 4 4 ^ 4 4 
4. -^r^Hl^ LS-DYNA3D4 ABAQUS4 4 4 ^ 3 4 ^ . 1 - ^ 4 4 4 . 
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Ail 2 S" a . Zd £- M 

7| i ^ £1^ -4 -4^4^ ^ 4 ^ ^ £ - 4 ^ 7 i U 4 

£4-§-44 4 4 ^ 4 4 44^4°f l 4 4 ^ 4 ^ 4 4 IAEA Safety 
Standards Series No. ST-1^4 Regulatory Guide 7.82) r̂ £ - 4 4 4 4 # 4 ^ 
4 . IAEA Safety Standards Series No. ST-14 £ £4-§-7l4 ^ 4 £ # £ £ 
if4, 5 : 7 l 4 £ 4 3 if4, 4 4 4 4 ^ 4 , 4 ^ 2 : 4 ^ 4 1 - ^ 4 4 J I O J J ^ , 
2:71 £ # £ £ £ 4 4 ^ 4 2 : 4 4 7Hl-AfjL £ # 2 : 4 s £ -40°C44 38°CS 
^ f 4 4 i 4 4 . 2:4 4 £ - 4 ^ £ 4 4 4 4 ^ 4 4 ^ 700kPaS fl-^ji 4 
^-4 4 4 4 4 4 4 ^ ° 1 ^ 9mS. if 4 4 ^ 4 4 . 5&4 Regulatory Guide 7.8 
4 £ 4 4 £ # 2 : 4 i 4 4 if 4 4 71-Aj-Afi 2:4̂ 11 cfl4 7f3M ^ 4 4 4 
4 4 . £ 4 4 4 ^ 4 4 800°C 4AH2:4^1 « 4 if 4 4 Aii£^4 4 £ £ 
4 4 i L 4 4-8-4 4 4 . 

1. IAEA Safety Standards Series No. ST-1 

7f. £444^444 
44 III4 444fe £444^444^ 4 4 4 9 mo\}x\ 500 kg4 t-

4 # 4444 44£4°1 44 4^^- 444 4 i 44£ 4444 *H 
^3 £31 (dynamic crush) 44£ 4°}4 44. 1"4̂  lmXlm4 444°1 
JI £4AS 1447il 4^4 44. 4 4 ^ 1 ^ 4̂ 1 4^4^14 444 ^ 
J I 4 4 4 S #4444 44. 44°1 444^ 444£- 444 ^ 4 ^ ^ 4 
4 44 3i£ 4^1 44 444 ^7}3. 44^ ^4 £^°] 4444 ?] 
44 &:E -̂ 44 4 ^44<>H4 44. 

4. 444 
44^ Table 144 ^14 44# 4:a, 4AH 4 £ # S . 44 i 4#4 

4 444-AJ44 4 4 4 4 ^ 4 «fl 38°C4 £4 £51^4 i 4 43 4^4 
Ell4 444 44. 4^?44 i 4 # -§-4̂ 1 47̂ 1- Jisl44 4^*144 °1 
^7ll#£^ 44 4 ^ 4^ £o> 4= ^£ 7M5L̂ - 4 ^ 3 ^ 4444. 
^4 4£ 4£4 4-01 ^^4461: 44. 
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(a) S 4 ^ 4 ^ 0.8 3L£ ^  ^ 4 ^ 4 ^ # 4 4 4 i 4 # 4 7 f 4 £ 4 °  3 

f ^ 4 ^ 4^r 4t 7 M U 4 4 i 4 ^ 4 ^ 4 4 4 ^ 7 } 0.9, 4 ^ ^ £ 80 
0°C1 £7 l £ 4 £ £ 4 4 2 1 4 £ 4 2 : 4 ° 1 1 4 4 4 ^ 4 5  / ^ 7 1 4 < * A 

s. ^ 4 ^ 4 ^ 4 4 4 # ^ r A i l ^ 4 ^ 4 3 44*114 3 0 £ 4 4 4 ° 1 4 4 
4 ^ 4 o i £ ^ 

(b) 4 4 4 ££71 4 4 4 £ 4 ^ 4 ^ 5E£ ^ 4 4 44312:4*11 5  4 4 ^ 
4lr ^ 4 4 7 1 4*11 3. 2.1144 4 4 4 4 4 2 : 4 4 W§ ^  §  # 3 . 
4 4 i 4 # 4 4 4 £ 4 A | 4 4 ^ 4 4 4 ^ ^ 4 H 38°C4 ^ 4 ^ £ s 4 
<H14 ^ £ 4 4 # £ # 4 4 4 ^ # . 4 ^ 4 4 S 4 1 §44 ^ 7 W JL 

4 4 7 1 4 ^ 4 4 4 °1 ^fl7il#££ 4 4 # ^ 4 4 £ o j . 4 = ^ £ 7 W s . 
s . 4 4 4 o_s. 4 £ 4 4 . 

2. 10 CFR Part 71 

10 CFR Part 7 H S . 4 4 4 £ i f41" 0 l ^ 4 4 4 014. Hi4 7>ACIA>JL 

2:4°11 4*11 4 4 4 4 4 4 4 ^ f  4 ^ ° l 4 * 1 1 4 4 4 4 4 * 3 4 4 4 4 4 ^ 
4 ^ 4 4 4 4 . ^ 4 4 4 ^ 1 4*1141: 4 ^ £ 4 £ # £ 4 £ 4 4 4 4 4 4 
£ 4 4 4 4«ii £A O >£ <y o. £ #  §  4 s . 4 4  l r * H 4 4 4 . 

^ 4 , £ 4 ^ 1 4 ^ ̂ 4  1 °d4 & £ ^4§7l7> 4*fl4°ll 48*)8 
4 . ^ ° 1 4 ^ 9m 7 } £ 4 4 £ £ # £ 4 £ 4 4 < 3 ^ 4 ^  § : 4 ^ 4 4 #7l 
nfl^r°14. ^4£CH1 £ 4  §  4 £ 2:71 ^ 4 A S . 4 # 4 4 4 . 4 ^ 3 ! ^ 4 4 
^  ^ 1 4 ^ 4 ^ 1 4 ^  4 4 4 <>14^ "Af 4 ^ ^ ^ 1 4 4 4 4 ^  4 ^ 
O)JL ZL a . 4 £ 4 4 . £ 4 4 ^ 1 ^ ^ 4 ^ 4 4 ^ ° 1 ^ 4 4 ^ 4 7 1  44*114 
4 ^ £ 4*1144 & £ 4 A S A J 4 4 4 4  ^ 1 4 . 4 ^ 4 4 4 4 ^ £ # £ 7 l 
£  4 ^ 4 ^ 4 ° . s 4 1  4 4 ̂  4 4 7 1  4 ^  4 °]JL ^ 1 4 4 0 1 4 4 £ 4 # £ 
4 4 4 $]^ ^ 4 7 > a^4 ^ 4 . 01&)4 4 1  & 4 4 4 i €■ <341: 4 4 4 
QSLE-S. £Ao]£ oj*j c £ £ x^vXo] A > £ 4 4 £ 3 . 4 4 0 1 $ 4 . 

£&4, IAEA Safety Series No. ST14 10 CFR Part 714A1£ 4 4 ^ 4 
£ 4 4 4 Afaol ^ ^ 4 £ a # 4 4 ^£7} 80°C1 44 ^ ^ ^  if44:2

44. 4, ^4§7l i # 4 ^^7> 80°C# 4 4*Hr 4 ^ 444. £4§4£ 
££4 i4°l 444 £44 71 4£°ll ^144 S 4 1 ^ £ 4 ^ ^ !  44 4 
4. 
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£ 2.1-1 44S4 

S44 « 4 44 
£4 o_s. £#4£ 444 4 
- 44^f 
- 714 £ # 

£ 4 - ° ^ £ 4 4 4 & ^ 4 4 4 4 
- 4 £ 4 

4 4 

144 12A144 444(w7m2) 

0T_0_ 
tiA £3 

800 

200 (a) 

400 (a) 

(^) a. £^7i i£i- 4 4 4 ^ °Je 1 4 ^ 4 4 4A>7}£AJ4 <$i$Q] 4 4 
4 4 4 , 443-2L5. sine 4 ^ 1 - °144 "r 4 4 . 

£ 2.1-2 IAEA ST14 10 CFR Part 7H 7l£4 £-£2:4 

4 £ 

44 
£# 

7 > 4 
Afjl 

J l £ 2 : 4 

4 £2:4 
44£J£ 
2 : 7 l £ £ 

3 0 £ 7 ^ 2 : 4 

4 4 2 : 4 

^ r 4 £ £ 

38 °C (31 IK) 

-40 °C (233K) 

-40 °C (233K) 

38 °C (31 IK) 

800 °C (1073K) 

38 °C (31 IK) 

Insolation 

V 

^ 4 4 £ 4 400 W/mz 

£2) a # 200 W/m2 

^ 4 £ 4 400 W/mz 

£^1 a ^ 200 W/m2 

^4 4 
34 
44 
H/.-5-

331 

4 4 

« 
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3. Regulatory Guide 7.8 

4 4 £ 4 2 : 4 4 71443.44 4 4 4 4 EL?\ 2:41^1 4 4 i f4° l ^ 4 
4 4 4 4 . 4 4 i 4 4 2 : 4 4 4 ^ 1 4 ^ £ ^ 4 4 ^ £ 4 £ 4 4 *\%.f%*\ 
4 4 . 4 4 £ 4 2 : 4 4 7 > 4 A > J I 4 4 4 4*114 A > 4 £ a 2.134 4 4 4 4 
4 . 

(1) 2 :4 £ # £ 4 £ £ £ 4 4 4 4 3  £ 4 . 4 4 £ 4 Aj44 4 £ 4 7}^\ 
2 4 4 4 4 £ 4 2:4 £ £ £ 20 F(29°C)~100 F(38°C)£. i f 4 4 4 . 

(2) « 1 4 ^ £ 4 4 £ 2 : 4 2 : 4 4 4 4 s . f f 4 4 4 . 44AJJL 2 : 4 4 7}^A\ 

3- 2 : 4 £ 20 F (29°C)4 £ £ ^ l A i £ 4 4°1 ^ 4 ^ . i e l ^ ) 4 4 . 
(3) 44ArJl 2 : 4 4 7}A}A}jL 2 : 4 £ 4 7 > 4 £ 3 l A > £ 4 £ 4 £ 4 4 £ J7 

B i 4 £ 4€ 2:4 2 : 4 1 4 ££<>1 & 4 4 4 4 . 
(4) *A<dsL 4 4 4 4 4 S£ 4 4 # 4 7 i H 4 # £ £ 4 £ 4 4 4 4 4 ^ £ 

4 4 4 £ 3 1 J 1 3 1 4 4 4 4 4 . 

7K £ # 4 4 £ 4 
9m M ° H 4 £ 4 500kg, 3.7) i m x i m 4 4 4 4 1 : £ 4 £ 7 l 4 3  4 4 

4 4 4 4 4 . 

4 . 800°C 4AflA>J12:4 

(1) 4 A } £ 0.9S 30£ £ 4 800°C4 4Af2:4*fl t # 4 £ 4 £ 4 4 ^ 2 : 4 
4°1 £ * 3 4 4 4 4 4 . 

(2) 2:4 4  4 £ 38°C4 ^ 4 £ £ , 431 4 A f 4 2 : 4 , 431 ^ 4 4 , 431 4 4 
4 2 : 4 £ ^ £ i 4 4 £ 431*14. 

(3) 9m 4 4 4 4 4 lm puncture7l 7 > 4 # £ # £ 7 H 1 4 2 : 4 1 ° 1 3 £ s H 
4 4 4 . 1244, 9m 7 i  £ 4 4 4 4 4 £ 4 4 £ 4 4 # ^ £ 4 4 4 ^ 4 £ 
4 £ £ 4 4 £ 3 1 4 4 451511: 4 4 4 4 4 4 4 £ J I , lm puncture£ 4 
*H44 €■ ^ 4 1 4 4 4 SM nfl̂ ofl £ 4 4 4 . 
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3. 2.1-3 44£42:44 7V4AfJi2:44 314 4^2:4 

i1 £ 

2 : 3 

7f^> 
Aj-JIL 

2 : 3 

i - & S 3 ( ^ ^ 5 L 38°C) 

^ ^ ( ^ r ^ ^ - ^ T J ) 

s l i 4£°d-^(0.5 atm) 

t ^ 4 7 ] 41 £ 4 3 0 

0.3m 4-n-'4*l 

9m Af£t+4 

lm Puncture 

800 °C 5 1 ^ 2 : 3 

i 7 U i 

^ ^ i ^ £ ( °F) 

100 

o 

o 

O 

O 

O 

O 

-20 

o 

o 
o 

o 
o 

o 
o 

o 
o 

114 £ 

2}tfl 

o 

o 

o 

o 

o 

o 

o 

0 

o 
o 

o 

o 
o 

o 
o 

o 
o 

o 
o 

^ l 

3tfl 

o 
o 

o 
o 
o 
o 

o 
o 

o 
o 

o 
o 

o 

0 

o 

o 

o 

o 

o 

4^1 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
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741 2 £ ^ 4 4 4 - ^ 4 , <1^4 ^ ^ £ ^ ^11^^-4 

4 4414£ Regulatory Guide 7.63)4l 4 £4 4 ^ £ 4 4 £ 4 4 4 4 £ 
441 314 *114-S-4£ £ 4 4 4 4 . Regulatory Guide 7.641 4 ^ 4 4 5a £ 
*114-S-44l£ 4 4 4 71-44^2:441 314 £ § 1 4 « 1 4 4 ^ 4 4 &4 
A>JI£4 4 4 4 £ 47>4£ 4 £ £ ^ 4 4 J I $14. Regulatory Guide 7.641 
4£44 4£ 41£44 4 £ £ 4 £ 4 4:a £. 2.2-14 4 4 4 4 4 . ^ 4 
S. 2.2-34 2.2-441 £ 44£42:44 7>4-AfJi2:440llA44 SA 304 ^314 
4 ^ 4 4 £514 4 ^ £ 3 4 ; « £ 4 4 4 4 4 . 

1. £44 44 

7\. £^451(Stress intensity), Sn, 
43144£§14 r«f ls 4^14^ H 4 4 £ £ ^ 1 £ °d44 27114 £ £ 

^ 4 7>4 £ 3l£ 4 4 4 4 . 

4. 14£^ (Primary stress) 
4£, 4^, 7}£AS. 4 4 Force4 Moment4 £71-441: 4 ^ 4 £ £^ 

014. i4£^s .£ 4 4 4 4 4 401 444. 4 4 4 4 4 £ 4 4 4 4 4 «1 
1^£ 44414 4 ^ £ ^ £ 4 ^ 4 4 4 ^4 4£44 . 

4. 24£^ (Secondary stress) 
4441 4 4 £3°U, 4 £ ^ £ 24£4^5L ££44 . 31444 4£41 

44 Ail4#7l^.4£ Ĵ= 31441 4*11 Ail4 #4 nfl£°lJi, ^ 4 £ ^ 1 £ 
4£oi 4 4 4 ^ 4 4 ^ 4 ^ 4 4 4£°14. 

4. ^ £ ^ 1 (Bending stress) 
44 4441 4 4 4°U 2 4 £ ^ ^ s ££44 . 4444144 £ ^ £ 1 

4£̂ 1A5L ££44 . 4 4 €4 444 ^444144 ^ ^ £ ^ £ 1 4 £ ^ 
s- £444 . 

4. 14 4 £ ^ (Primary membrane stress), Pm, 
iLi:#44 £?H1 44 45" 14£§H4. 14^-^£§1 (Primary bending 
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stress)£ J5-:£444 £ ? H 4 4 4 ^#3.2-5. 4 ^ 4 4 1 4 £ ^ 1 4 4 £ 
°14. 

4 . -2-4£^ (Alternating stress intensity), Salt, 
5i£ 7>£4 £^431£414 431^4 4 4 ^ 1 1/2^ 4 £ 3 H 4 . 

2. Regulatory guide 7.6 

£ # £ 4 4 ^ 3 , 4 4 4 4 £ 4 ^ 4 4 4 4 £ ^ A | 1 4 4 £ Regulatory 
Guide 7.63)4 4 Regulatory Position 4 ^ 3. 2.2-14 4 4 . 4 Regulatory 
Position 1, 2, 3, 4, 5, 6, nz\5L 7414 4 4 4 i f 4 £ 4 £ 4 4 4 . 

7\. Regulatory Position 1 
4££^£ 4^4£4 44*114 4£ ^s. £ A J ^ £ 444£ 7l£i 

A114444. 4 4£41 4£ *ll3JH]&t:^ 4$<q 4 £ 4 4 i 4 411 ^ 
2:444 4££^1£ 444£31 A>£4sf4. 

4 . Regulatory Position 2 
" 4 4 £ £ 2 : 4 4 1 4 4 4 4 £ ^ 4 1 4 4 4 -§-3 4514 # ° . ^ ^ y ^ 

S m i 4 4 4 4 4 ^ 4 4 4 £ ^ 4 ^*l-^-§-3sl t ^ s £ 4 ^ ^ ^ 
1.5SmiL4 4 4 4 4 4 . " £ -S-£A>44 4 4 4 4 4 4 . 

4 . Regulatory Position 3 
44££2:4414 4AJ4 £^41 314 4^*1141 £*J4^4 44^ if 

444 44. 
(1) 5 I 4 £ ^ (Alternation stress intensity), Salt* 4 4 4 . 4 4 £ £ Cycle 

£ 4 4 £ 4 4 1 4 4 4 £ ^ 4 4 (Total stress state)!- J l ^ * H ^ 3 1 ^ 
^^] 1/2 & 1 £ 4 4 . 

(2) Cycle£7f 106 4 4 4 # £ 4 £ o f l 4 4 A ] £ ASME Code4 Sec. Ill 
Appendix I16)4 4 4 ^ 4 4 1 : 4"§-*fl°> 4 4 , 4 £ o l i0

6 Cyclel 2 : 4 
4 4 4 £ 4 S 7 J - S ZL 4 4 4 4 ^ £ jiBlsfloi: 4 4 . 
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4 . Regulatory Position 4 
44££2:441 44 -2-4A>44 4£44 44. "AJ4££2:44414 4 

4£^4 °14£^1 44 ^4414 £4 £4451 sm£ 3 Smi3 444 
#4. 4 £^4=4 4 4 A ^ £ 2 Sait4 44444 £A]-44 sissfl^H^ 
Ji44 £££^4£4 Ji4£ 61 £44441 £4444 &£4.":n ^44 
4 44. 

4 . Regulatory Position 5 
" 4 4 £ 4 4 4 # £ 4 4 £ £ 4 4 7>4A1-JL2:44414 4^344 ^ 4 4 

4 4 £ if4°l ^1444 ^ 4 . 4 3 4 ^ 4 4 4 - 4 4 4 4 4 ^ 1 - J L 4 4 £ 4 
4 4 4 4 1 r £ A}£4O): 4JT I 4 ^ 4 4^*114 (Buckling analysis)!^ £2 : 
4 £ 4 4 4 4 4 4 4 & £ ! a . 4 4 4 4 . ^ 4 ZL £ 4 £ 4 Guide4l £ 
4 4 4 4 4^*114ofl 314 2:4-1 £ t 4 £ 4 4 4 4 4 . " 4 £ £ £ 4 
£ 4 4 4 4 4 , Ail 441 314^ *fl44£ ££2:441 4 4 4 4 4 ° J 4 4 # 4 
£ 4 (Critical buckling load)iL4 4 £ 4 £ 4 4 4 4 441 4 4 4 4 ^ 4 £ £ 
4 £ 4 4 3 i Aii4 4 4 4 4 . 

4 . Regulatory Position 6 
"7}%A}5L 2,44414 4 4 4 £ ^ ° -^£4 £ 4 £ 3 4 5 1 4 s H 2.4 Sm 

4 0.7 Su4 £ $:£ 4 £ M - 4 4 4 4 4 4 " £ £ 4 4 ^1444 sa4. 

A}. Regulatory Position 7 
"2:4AJ-4 ; 44AJ-E11, 4 4 £ £ 4 - 4 , ZLZ\3L 7f4A>jL2:4Al-44 4 4 4 

£ 4 4514 4 (Extreme total stress intensity range)£ A>£7fls4 4 £ 4 ^ 
£4414 £ 4 10 Cycle4144 sa&4 £ 4 & U £ 4 1 4 4 4 3 1 £ 4 4 ^ 1 -
3 . 4 4 4 £ 4 ) £ 2 4 4 4^ -4 4 4 4 4 4 ^ 4 4 4 4 $J4. ^ 4 «.<£ 
£ * H 4 4 4 4 4 £ ^ ^ £ 4 £ 1 . Af£4o^ 4JT ; 4 4 £ 4 ̂ £ a.H£ 
^ 4 4 1 4 £ ZL &£ 4^L Af£siioi: 44 . " J I 4£4CH 4 4 . 
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a 2.2-1 Regulatory Position4l 4 4 £4Ail4 

Regulatory 
position 

1 

2 

3 

4 

4 £ 2 : 4 

Normal & 
Accent 

Normal 

Normal 

Normal 

£ 4 4 4 

SmASME sec.3 Class 1 Components 
SaASME sec.3 Class 1 Appendix 1 
SuASME sec.3 Class 1 Appendix 1 
SyASME sec.3 Class 1 Appendix 1 

Pm + Pb < 1-5 Sm 

Total stress range in normal operating 
cycle Salt 
Salt = Sa

 X Ea / Ed 
Stress concentration factors shell be 
used 

® Sn = 2 Salt < 3 Sm 

© If 3 Sm limit is exceded, 
following condition are met. 
Sn'=Sn-(Sc

+Stb) < 3 Sm 
for stainless steel 

Ke=1.0 for Sn' = 3Sm 

Ke=1.0+10/3x(S„< / 3 S m - l ) 
for 3 Sm < Sn' < 5.1 Sm 

Ke=10/3 for Sn' < 5.1 Sm 

Sn'= KeX Sa only for Sy/Su<0.8 
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a 2.2-1 Regulatory position^ 4 4 £ 4 A i l 4 ( 4 £ ) 

Regulatory 
position 

5 

6 

7 

4 £ 2 4 

Normal & 
Accident 

Accident 

Normal & 
Accident 

£ 4 *fl 4 

Buckling of containment vessel should not 
occur. 

Pm < 2.4 Sm or 0.7 Su 

Pm + Pb < 3.6 Sm Or Su 

Total stress intensity range 2 Sa at 10 

cycle. 

Sy : Yield strength 
Su '■ Ultimate tensile strength 
Sm : Design stress intensity 
Pm : Primary membrane stress 
Pb • Primary bending stress 
Sa : Stress value by fatigue curve 
Sc : Stress due to stress concentration 
Salt : Alternating stress intensity 
Ea : The modulus of elasticity in the analysis 
Ed : The modulus of elasticity in the fatigue curve 
Sn : Primary and secondary stress 
Stb : Stress due to thermal bending 
Sn- : Calculated stress intensity 
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a 2.2-2 4 4 £ 4 2 : 4 4 7>4A>JL2:441 4 4 £ ^ 4 4 

Design 
Requirement 

Lifting Device 

Tie - down Device 

Initial Ambient 
Temperature 

Initial Internal 
Pressure 

Free Drop 

Penetration, Puncture 

Stress Intensity 

Normal Transport 
Condition 

Minimum safety factor of the 
three against yielding 

Withstanding a static force on 
a direction of 

-Vertical component 2g 
-Transverse component 5g 
-Traveling component lOg 

Between -40 °C and 38 °C 

Max. Normal operating 
Pressure 

0.3 m Drop 

3.2 cm dia. 6 kg Steel bar 
dropped from lm height 

Pm *̂  ^m 

Pm + Pb < 1.5 Sm 

Pm + Pb + Q < 3 Sm 

Hypothetical Accident 
Condition 

Failure must not impair 
shielding 

Failure must not impair 
shielding 

Between -40 °C and 38 °C 

Max. Normal operating 
Pressure 

9 m Drop 

lm Drop onto 15 cm dia. 
20 cm long steel bar 

Pm < 2.4 Sm or 0.7 Su 

P m + Pb < 3.6 Sm or Su 

Ref.) Regulatory Guide 7.6 
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3 2.2-3 4 ^ £ ^ 2 : 4 4 - 4 ^ 4 304 stainless steel4 £^41 4 £ £4f4?ll 

Calculated Stress 
Type 

Primary Membrane 
Stress Intensity 

Primary Membrane 
+Primary Bending 
Stress Intensity 

Primary+Secondary 
Stress Intensity 
Range 

Maximum Total 
Stress Intensity 
Range 

Upper 
Limit 

s. 

1.5 Sm 

3.0 Sm 
3.0 Sm 

Sa Of 10" 
Cycles 

Numerical Limit (MPa) for Metal Temp.,°C, 
Not Exceeding 

40 °C 

138.03 

207.09 

414.08 

170.69 

100 °C 

138.03 

207.09 

414.08 

167.26 

150 °C 

138.03 

207.09 

414.08 

163.73 

Numerical Limit (MPa) for Metal Temp.,°C, Not Exceeding 

200 °C 

129.98 

195.02 

389.95 

161.08 

250 °C 

122.04 

183.05 

366.11 

157.55 

300 °C 

114.97 

172.46 

344.92 

154.02 

325 °C 

112.03 

168.05 

336.09 

152.84 

350 °C 

112.03 

168.05 

336.09 

151.66 

375 °C 

109.97 

165.00 

329.91 

150.49 

400 °C 

107.03 

160.59 

321.08 

148.33 

Ref.) CD S m
 : Design stress intensity 

(2) Sa
 : Alternating strength 
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a 2.2-4 7}<#X[3L^7d^x\ 304 stainless steel4 £^41 4 £ £4^M1 

Calculated Stress 
Type 

Primary Membrane 
Stress Intensity 

Primary Membrane 
+Primary Bending 
Stress Intensity 

Primary+Secondary 
Stress Intensity 

Upper 
Limit 

2.4 Sm 

3.6 Sm 

Su 

Numerical Limit (MPa) for Metal 
Temp.,°C, Not Exceeding 

40 °C 

331.28 

496.88 

516.99 

100 °C 

331.28 

496.88 

485.01 

150 °C 

331.28 

496.88 

454.99 

Numerical Limit (MPa) for Metal Temp.,°C, Not Exceeding 

200 °C 

311.96 

467.94 

444.98 

250 °C 

292.93 

439.29 

438.02 

300 °C 

275.96 

413.88 

438.02 

3251 

268.89 

403.29 

438.02 

350 °C 

268.89 

403.29 

438.02 

375 °C 

263.89 

395.93 

438.02 

400 V 

256.83 

385.34 

434.98 

425 °C 

251.92 

377.88 

433.01 

Ref.) (D Sm : Design stress intensity 
(2) Su

 : Ultimate strength 
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*ll 3 # n^*^ 5 -8- .̂9-41*11^ ^.S.zz^ 

4i i ^ n q # ^ 

Af££«l<Ss. £ y v £ 4 4 A^v^-yv^-^oiijf- 7H^ f ^ -2 :7 i ^o i i 44 4 ^ 
41££ tin Al 1 £ 3 ° 1 4 . £ ^ r 4 ^ r £34H y o v , £4 l£ £1 -4£41 4 t r 41 

4 41£4<y 4*J -^ ^ ^ 014 nfl^ofl o ] - ^ ^ « 4 ^ 4*> £ ^ 4 - 4 - £ 4 
1̂14 41 4 f " 4 4 . £ £ 4 £ 4 l £ Newton4 £ £ ° l £ 6 ) , Hertz4 £ 1 - 4 £6 ) £ 

°1 & 4 . £ u J £ 7 l 4 1 4 1 ^ ^ 4 1 £ Ajs, cfl-^, 4-A> 1*1^441 4*1- ^ 
AJ-^-^11 <i4140l 7 ^ 4 - 4 ^ 800°C 4-All2:7i4- £ v£ *H44l£ ^ £ 4 4 2 : 
3-I- £^4-7 ] 41£41 £«J£7l 4- £ £ 4 4m* r £ £ £ £ # £ 4 4 4*11 
AI $-$-SL± « i i4£ -f*v tij-^4 y>51-4 4-4. 

1. £ 1 4 £ ^ 1*114 °1£ 

7\. Newton4 £ £ ° l£ 6 ) 

£ £ 4 31 2 ^ 4 4 1 4 ^-=.tiov^Ai^ F=mj2LG_^ 4 4 ^ 4 . ° 1 ^ £ 

£-^-
ILL O 

dV 
dt 

y < ^ 4 4 ° o ^ £ t=t2 4 4 3 £ 4 ^ , 

r ^ 4 7 1 . ^ ^ UH -M-̂ fl m o f l ^ 7 ] - ^ T = - ^ 7 > AJ7J4J » 4 4 4 ^ $14. °1 

f m-^-dt=mV(tx)= f Fcft=/ (3.1-1) 
J t , d~t J tx 

7} ^ 4 . I £ 4 4 ti4lA4 t 2 4 4 Al-44 4 i i ( i m p u l s e ) ^ ^ 4 4 4 514-. 
4 4 ^ r 4 1 ^ 7 i - 7\n& AJ4- ; ^ ^ ^ 4 « 1 4 - ^ 4 J £ 4 £ 4 4 4 : n $1 

4 . ai*h 4 1 ^ £ ^ 4 4 £ 4 4 £ At=t,-t2, ZL A > 4 4 ^ 4 H £ F-5. 

4 , 4 (3.1-10)4- £Vol 4 4 ^ £ Sd4. 

1=1 Fdt=F • M=mV(t2)-mV(tl) (3.1-2) 
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4 ^ 4 4 £ Af^-44 #^7} £ # 4 «H4 £ ^ 4 £ 4 4 4 £ 4 4 . 

4 . Hertz4 £ £ °1£ 6) 

4 s £ £ 4 £ £441 4 £ 4 £ 4, £ £ 4 4 £ 4 4 ^ ^ 4 ^ 30-
41 Hertz4 °l£6 )£ 4~g-*h £ 4 4 . 1881441 H.Hertz4l 4 4 4 4 £ A S 
^*114 27114 £ 4 ^ £ £ 4 1 A J 4 ^ £ 4 £ i £ ZL £ ^ £ 4^414 ^ 
4 ^ 4 . 

n ^ 3.1-24 4°1 4^L 4 £ J±JL £ £ 4 ^ 1 4x14 27fl4 #^|7 r £ £ 4 
4 ^ # 4 £441 4 £ § H 45:4 £41 4 £ ^ 4 ^ i 4 4 . £ 4 mi, m24 £ 
£ 4 4 4 £ , 

y r 

ZL^ 3.1-1 £ £ 4 ^ £ £ I 

dVx dVz 
1 dt i dt 

SL3. S 4 4 4 . a% 4 £ ^ 4 1 4 4 4 £ 4*141 4*11 
4 S 4 4 , 5-4 £ £ a 4 71-^S. a r̂ 

(3.1-3) 

£ 4 ^ 4 £ 74 
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a = VuV2=a = V1 + V2 (3.1-4) 

6.S. £ 4 4 4 . 4 (3.1-12)414 

a = VuV2- P +(-^~)=-nlP 
m m2 

n,= 
rrii+m2 

mim2 

(3.1-5) 

(3.1-6) 

£ 4 4 4 £ 4 4 ( 4 £ 4 4 ) 4 £ 4 4 4 4 £ 4 j i 4 £ £ 4 4 4 ( 4 £ 
4 < 3 4 £ J 1 4 4 4 4 4 £ 4 £ £ £ 3 4 4 4 £ 4 7 > ^ 4 4 £ 4 4 i L 4 
4 4 £ ° 1 4 ) 4 £ ^ £ £ 4 4 £ 4 4 . 4 ^ - , a 4 P 4 ° H 1 4 4 ^ 5 -
4 £ 4 £ 2 £ 4 4 4 ^ £ A f l s 4 £ 5 3 4 . 

P = na (3.1-7) 

4 4 4 7 } 4 ^ 4 4 ^ 1 7 1 - 4 4 4 . 4 4 n £ 4 £ 4 ^ 5 L 4 4 ^ 4 . ^ # 2 ^ 

£ 1, 2 4 4 7 J , HL EU E2 4 ux, u 2 # £ 1, 2 4 4 4 4 £ , £ 4 £ t i l ^ 4 4 , 

k2=(l-y2
2)/JiE2 

k3=a-vi)/nE3 

(3.1-8) 

n = 
16 „ #1^2 

x 9rcz (fc1+/c2)z(Jr?1+JR2) 
(3.1-9) 

4 (3.1-14)£ 4 4 & 4 , 

Q = - n n 1 a (3.1-10) 

71- 4 4 . 4 (3.1-19)4 4 4 4 1 a £ ^ 4 4 £ 4 4 
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d{*] =nnla
 2da (3.1-11) 

XXL ^ t L - g - T J l ^ S l 4£44 4£4£ 4£4. 

r,2 T/2 O -§" 

—7, = - T « n i i (3.1-12) 

V £ £ £ 7d^\ ^ ^ 4 4 ^ - ^ £ 4 4 - . 4 (3.1-12)^A-I a = o444 4£4°1 
447> 4 *H4 ^^447]- 4444. £ 

_2_ 
r2 , 5 

Mi^
1 M-™ 

4 £ 4 1 £ 4 4 4 £ 4 4 £ £ 4 4 . 4 (3.1-21)414 

(3.1-14) 

(3.1-15) 

(3.1-16) 

4 4 4 1 4 , 

a2=V2-

a= d« 
dt 

rli- — 
■ ■ CLL — 

•4 a = lj a i 

a l 
dt= v 

4 „ T 
--g-wiia 

-y£2-^-nn ia
T 

e/a 

/ £ 2 - | n n i a
T 

=x 4 41 4 (3.1-

dx 
1 4 

1-x 
(3.1-17) 

BJ-JLS 4 4 4 4 . 214 4 * J £ 4 4 4 £ 4 4 - 4 1/24 4 ^ ^ ^ 4 ^o\t\. 
71 4 £41 £ 4 4 £ 4 4 £ , 

■tn ,. 2a! r 1 dx n „ w 5 2/5 __L 
t=2J. d t=£J„7r^= 24i£) F <31"18) 
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a , 4 4 4 £ § 1 £ 4 (3.1-22)£ 4 (3.1-16)41 4 ° J 4 4 , 

P ,3/2 (_5\z_\\ 10 1 / 5 T,2 rnxm2 \2/5 ,Q1 i m 
p - ^ n Q l = n ( ^ ) X ~ T = n ("4^"7^£^) (3.1-19) 

4 44 4 ^ 4 £ 44. 

4. 4^45.4 4^6) 

£41- nVf-ofl 4 4 ^ 1 «114 4 4 4 4 £ 4 £ 4 £ * 4 ^ £ £4 £ 
41- 4 4 4 ^ 44 s l s^Hr 4 £ 4 4 4 41414^ ZL^ 3.1-341 4 4 4 
£ i ^ - 4 4 4 6 ) 3 . 4 4 ^ 4 4 4 44 44. 

ZL& 3.1-3(a)4 4 £ £ 4 ^ m4 £^7> ^ 4 h4l4 4 4 4 4441 £ 
£ 4 £ 4144. £ 4 4 ^s_*$ 4-^4 44^1 ^ * v £#,g- t=0J^ 4^ , 
4 on 4 4^ 4 4 » 4^^s . 4 a x l t l ^ ^ s 44 4^ m4 4 £ 4 4 
4£ 4£4-^-S. S444 . 

mx + kx=mg (3.1-29) 

4 4*11 £ 4 £ 4 44. 

x{t) = Aco§m+B sinotf+ 

m 

5. £ 4 4 4 , i£4s4 x(0) = 0, x(0) = Vr2̂ 4lA4 4 ^ A, B7r 4*114 4 £ 
4 £ 4£4 . 

(3.1-30) 

(3.1-31) 
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cO (h) 

x(t) 

4714, 

2*h 

— L 13 

sind)£=-

3.1-

G)2 

-2 

COSGtf 

£4 

" (D2 

<} 
-5-& II 

2gh 
0)

2 

2 
I sin(fi)i-$) + - ^ -
/ 0) 

(3.1-32) 

t an$ : ^fiL 
27*) 2 J 

Q)
2 " fc " ^ 

(3.1-33) 

C Hi 7L-

x(t) 

x{t) 

y ^ L + (-^)2{a)cos(G)t+$)} 

-<D
2
I M ^ W - S sin(a)f+$) 

2/7 
■1 sin (a)£-$) 

(3.1-34) 

(3.1-35) 

4^ 44. 4£44 ^1444^ ^ 4 *n 444^ 44 ^^^ ^ 44 
7l-£5L(44 4444 ^4^ 3 31 £ 4 ^ ^ 4444)7f ££44. "d^ 
4444 £444 4 « Fmax£, 

- 22 -



F, x(t) 
g 

2h 
' St 

+1 (3.1-36) 

4ej 44. ^ ^-44 44 ^4 h4 44 44 8s£ 44 44^ £444 

4. 4*114 4 

(1) 45L 444 
4 £ (conduction) £ °J444 £-^£41 4*lH Ji4 4l447r ^£ ^ 

4414 41447} 4£ $4-3. 444£ 4°14. 4££ ^4, 44, 44414 
s.£ 4444. 444 44414 444£ 4^£ £4£°1 44^ £4°l£ 
44414 4£4 ££4 4441 44 4*14. 34^1 ^£41 4££ 44 4 
£ £44 4£4 7>4444 444 4441 44 444. 411 £4, 4£ 
4 441 4£ 4£ £4 47>£ £^£ 4^41 44 444 44 4£4£ 
4 £ ^ s 4444 44 44 ££-51 4444 44. 

4 £-41 44 4441£ £44 4444 44, £̂ 11, Afl4 ZLZ]JL £4 
1 £4 £^441 44 4^4. 4̂ Afl7l- £4£££ 4£4£ 4444 £ 
7)7} 4£ 44 £^7> 4£££ ^4£ £7lfe 4£ iL4 #4 £444. 
-8-717> £L4, Ji44°l £7>4i, 444 4£41£ £7>44. 

£̂ il Ax, £44 A, ££4 AT4 4£ 314 44 44144 £^4 AT 5E 
£ 444 44=41 £44 44 A7> £ ufl7l- 44 4441 c£ ¥«fl7> 4 
44, 4 £^7> £417} 44 4441£ 44 44. 444 44££ £4 
4£ 4441:£ £4 ££44 444 4441 4 31444 £4 £̂ 114l£ 
44 3144. 444 4^14-̂  k£ £44 44££44 Ail44 4£ 4£4 
£ 4£ £^£ 4444. 

Q cond = kA AT 
Ax 

(3.1-37) 

(2) 4£ 444 
4£(convection)£ 3-444 ££4£ 4^4 °J14 HL̂  

444£ 44444 4£4 £4££°1 £43 AS <34£ = 
££4 4^-4 4£444£ fev44 4 44. £4££°1 &£ 

4 4 A>444 
Ml 44. £4 
4441A-I^ JL 
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444 £4 Af441£ ££4 4£4 44 44. 3.444 £4 4-°H ^fl 
4£ £4£££ 444£ 7^44444, 4441£ 4£4£4 &£ 43 
££ Afl̂ 44. 

^4£ £44 £441 4 £41- £44 444£ 44414, 4-§-41 414 
4£ £441 444 £4£41 4£41 44 4444. °1 4144£ £̂41 4 
4 £4AS£4 £44 £4, °14£ £4£44 44££41 44 4£4 £ 
4 ^44 ^4£ £41- 4£44 4 £7ls 41 3144£ 3<H3 a£ 
4££4 £4 ££4 £444 4̂41 44 4°14. 

«(fan), 4ii, 444 4£ 4£^ ^41 44 £4 4s £47} A^s. 
££4£ ^£4 4£1- 70M14̂ 4 44. 44 £4 4£^ ££4s 4*11 
4£4 447} Aj7lJi 4s 44 £441 44 £A|££4 4-AJJ4 «fl, 41 
444£4 W. 4£4441£ 4£4 ££441 4 3144, 4£4 44 
Newton4 4 44 4 AS £444. 

(^convection ~ h A\ 1 s~ 1 oo) (3.1-38) 

(3) £A} 4 4 ^ 
£Af(radiation)£ £44 4*}4 £*}4 £2:7} 4444 444 ^£ # 

44 4 4 s 4 £ 4 £ 4144°14. 4£4 4£4£ 44 £4 444414^ 
£4 7̂1147} 4A £4. £441 44 4144 44£ 7}4 4s4(4£), 4 
££ £ 4 4 ^ £ 4*1144 &£4. 

444414^ -̂ £41 4*114 £47} £A}4£ 4£4£ 4£A}1 4£4. 
44£ x-4, 7,1-44, 4^44, 44£4, TV44 44 ££4 44&£ 4 
4 4 4 £ 4£ 444. 444£iL4 ££ ££4 ££ £4£ £A}4^ 4 
£44. 

£A}^ 4444-014, ££ 34, OJ14, 4 4 ^ 4£^1 44£ 4A4 £ 
A}4£ 4A}, ££, 3.4 JI £4444. 4A}££, £44 A 343. 4£££ 
rs4 £47}, 4 ^ 4 £ £ 4 £ £ rsurr4l £4£ ^£, £ £4414 £ £4 
444£ 4£4 44. °^7}A} a = 5.67xioV/m2-/<:4AS Stefan-Boltzmann 
4 £ 1 4444. 

Qemit = £ aA (T4
S~T4

surr) (3.1"39) 
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2. £4Ai414 44 

£ 44414 A}£4 £4A^£ 4-g-*> 4 4 4 ^ 4£4 £4. 44 
A^4£ 37}4 44AS ££44. ^7} £^4£4 4£ 4 4^£ 44 
4443 43, ^ Hfe £4°1 £^4£4 4£ £4^°143 £^4. 2. 
4£ 44£ 444 £^£ £^4£s 4^4£ 4^44 4 y ^ 4°1 
y.43E.(Hybrid)4 °143 444. 71̂ 4 £4A4i ^Sn^£ 447} 44 
^£ A}-§-4JL 44. 444414 A^44 4444£ 44444 4AS 7} 
444. 444, Jl^44H4 441-4 £^£ 44444 4AS £41: 
£ 44. 344 4£ ££444£ 44^4^44 24 44£444^ 4 
4. 4 444££ 444£44 jnfe £^4«£ 4£44 £ £ 44. £ 
££44^414 3£44£ 444£4414 4^4^441 £4471 4*11 
4 4£44. ££4444 444 41 47l 444 A^4£ £££1 4 
3 444 £££444£ 4£ 5:444 £ 44. 4444 34£££ £ 
44 £ 471 4£°14. 

443£44414 ££444£ 4^3 4£444 44 £4 £ 44. 
4 4 3£4 4£ Implicit̂  4 Explicit̂  AS ££1: £ 44. 

Implicit4£ t+M 41A44 £ £ 4 4 4 £ £4AS4 t+At 7} ££44. 
Explicit̂ 414 £ 4 4 t 4H4 ^^W0>^4^- ^4-0.^4 t+to 4H4 44 
1 T1^ £ 44. Implicit4 7}4 ^ 44 £ Implicit 414 4s4£°l £2: 
4 4 A S 4 4 4 4 £ 4°14. 344, 44 444 4J- ^ ^40.4 
(Truncation error)7} £ 4 4 3 444 4°14. °H 444 Explicit 414 4 
3 4 £ £ 44 2:44AS 4444 Explicit ^^ZL^^r 44Aj.g- J I ^ 
£ 4££ ££4 4£ 4 4 4 4 ^ 4444 44. °1&I4 44 £ 4£4 4 
44 A}^-4JI #47}. ̂ 4 4 ^ 4-f4 Explicit 434£4 4 s 4 ^ ̂ 4 
4£ 4AS 44 &£ £4 41 4*114 4417} 44. 

Explicit £444 44 £ 41 £ &£ 4£ 4 4 £ £ £ Ji44AS £*34 
£ 711441 4££ £JI 44. 614£ Explicit £44£3£4^!£ A}-g-4j>_ 
s 4 4Aj44. 

£4££441 44 £ 4 4 ^ 4 4 4 £ 4£4 4 ^ 4 A^4 44 34 
3 4^7}££s 444H (3.1-37)44 44 £44 £ 44. 
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Mii = F - I (3.1-40) 

444, M£ ^£44 44*34, F£ 4£4 4^44, l£ 44«1^, 3 
4JL U£ 4^7}££44. Explicit ^4 JL£4£ 4£4# £114*3 44 4 
£41 44. ^£44 44*511 4£44 ££4 44^^44 7}££^ 
(3.1-38)44 44 £44 £ 44. 

u'(l) = M - l (F(l) - I(l) ) (3.1-41) 

444, 44 î  44£££ 4444. 
£44 ££444£ £44£^£ 4£44 4£44. £, 

At U + U + A t u ' 

(3.1-42) 

<»♦» = u
(l) + At ( l+1 ) u ( l+1 /2 ) (3.1-43) u 

£44 £ £ 4 4 £ u(l+1/2) 4 u(l)4 &£ £4AS4 £££^7} 444 
741 44. 

ExPlicit4£ &£ 4£ 44^-g-^ 4-§-44 4 4 4 4 1 £44 3£4 
4. 614£ £ 4 4 £ 4447} 44 2:44 AS 44471 4£°14. 343, 
4444 A^44£ 44 (Damping)7} &^ 3 £41 44^144 7}4 ££ 3 
£4 (Eigenvalue)4 4AS (3.1-41)44 44 £444-

At < - 2 - (3.1-44) 

4 7 1 4 , U m a x^ 4 J 1 4 J I 4 ^ ^ ^ 4 4 . 

Explicit ^4*114414 4 £ £ 4 T H 4 4 4 £ 4 ^ 4 ? 1 £ £ 2 : 4 4 ^ 4 
j ^ ^ 4 4 4 4 ^ - 4 4 4 £ 4 4 £ 4 4 . °1£ 4 ^ £ £ 4 A ^ 4 4 £ 4 A S 
£ 4 4 A ^ 4 4 . A ^ 4 4 £ ^ 4 4 ^ j £ A4i44(Element calculation)44 
4 4 4 . A i 4 4 £ 4 A)UL414 4 4 ^ 1 £ 7 } 4 3 1 4 £ 4 A S 4 4 . °1£ 
4 4 1 £ 7 } S £ 4 Afls£ £ 4 £ £ 3 1 4 4 4 4 4 . 
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Explicit £ 4 4 4 £ £ £ S £ 4 £ 3 4 4 £ £ 4 4 4 £ 3 1 J § : 4 * H 4 . 

£ 4 , 4 * J 4 £ £ 4 4 ° 1 4 ^^SLA%^L Explicit 4 s 4 £ 4 1 4 4 £ 431 
£ 4 4 4 4 . Explicit^ £ 4 4 4 4 4 4 4 * 3 4 £ 4 A S 4 4 & £ 4 . 4 4 
4 SI71 nfl̂ -ofl 44.4. ^-^*V ^ r : ^tf. 

£ i i34oi i4 £ £ £ 4 4 £ 4 4 £ £ ^ 4 4 4 4*11 4 £ 4 £ 4 A ^ 4 1 
4 £ S n ^ £ ABAQUS/Explicit10) 4 LS-DYNA3DU) Aj-g-sri 4 4 . 4 ^ 
s £ £ <d3.^ £4441 4 4 4 ° i £ 3 £ 4 £ £ £ £ 4 4 ^ 4 4 £ £ 4 4 
4 £ 4 n ^ - 4 £ £ 4 £ £ 7}43 4 4 . 4 3 4 £ £ §2:414 4 4 4 4 4 4 
4 4 4 S 4 4 A S 4 4 4 4 41£41 4 4 4 4 1 J ± £ 4 4 4*114 4 4 £ 
£(Time increment)£ £ S n ^ 4 4 l A i 4 £ A S 4 4 4 4 4 4 4 4 . AS. 4 
4JEL4S1 (Material library)£ 4^4A11S. , 3 £ £ Tflg. ZLE]JL 4£7f l4£ *J 
4(Crushable form)4 AS.^ £ 4 4 3 4 A 4 , S t 4"§-*r7r A}£7fls £ 
^ £ ^ 4 4 £ 4 £ 4 * ^ 4 4 ^7}7\ 7}^44 . °1 £ 3£7} £ £ £ 4 4 
*11441 4 4 4 7}4 £ £ 4 £ £ 4 3 £ 4 £ £ 4 3 A s 4 ^ 4 £ 4 4 £ 
4 4 4 . 4 £ s £ £ £ 4 4 4 £ 4 £ 4 4 4 4 ^ 4 4 4 7 } £ 4 £ £ 4 £ 
- £ 4 4 3 4 £ £ 7}43 4 4 . £ t , 4 3 4 £ 4 £ *H4^AS 4 ^ 4 £ 
4 £ 7j-4£4 7^42:^^- 7 } 4 J I 4 ^ 4 7^-45^^. s.^0,14 4 ^ ^ 

£ 4 4 £ 4 £ &£ 4 4 4 4 . 
£ 4 A i ^4*1)4£ 4)£ &£ 4 4 4 4 4 4 £ £ 4£*11 4 4 . 3 4 

3, 444AS 4si4 4444 ££ ££44 4£4£ £4414 3314 
^44 444 ^ 44. ABAQUS/Explicit4 LS-DYNA3D£ 44 4*ll£ 
44 4444414 44£ A ^ ^ H L ^444. 41- 44^ 44444 4-
£ 4144££, 434144 44, ££, 7}£JE 4^-44 ZL?\JL A^4414 
4 -§-3, 4*114444£ 3 ^ A S ̂ 4^4 4.2.4 4^1- £444. a 
4, 44£ 4*J4 £4 4 £44£ 34^4 4^4 >ŷ .s. £444 4 
4. 
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A| 2 4 - f r f £ £ - ^ ° l H i ^ 3 | ^ A } ^ ^ 4 

1. £ 4 4 4 £ 4 * 1 1 4 £ S z i ^ j 

7}. DYTRAN 

MSC.DYTRAN9)£ 914 6441 £ 4 4 £ 4 4 4 4 4 S 4 ^ 2 : £ 4 £ 
4 4 4 ^ 4 4 £ 4 £ 2 : 3 4 3 4 £ £ £ 4 £ 3 , * 1 4 4 4 £ £ 3 1 4 4 
£ 3 4 4 *114 £ S Z L ^ A S A 4 ; Explicit Time Integration£ A}-g-44 7fl4 
4 * J 4 4 4 4 4 4 4 1 4 4 4 i - 3 i 4 4 £ 7 } £ 4 4 ^ 4 . ^ 4 A } 4 4 ^ 
4 4 4 ^ £ 4 ^ 4 4 4 4 £ £ 4 ^ 3 4 3 4 £ 4 4 ^ £ 4 4 1 4 4 4 £ 
4 7 } ^ 4 4 . Dytran£ 4 4 * J , £ 4 4 4 4 * J £Ail n 4 3 £ 4 4 4 2 : £ 4 
^ 4 £ 2 : £41A4 Short, Transient £ 4 £A114 4 4 4 £ 4 4 4 3 ° 1 4 , ^ 
£ 4 4 £ £ £ 4 £ 4 3 1 4 4 4 . 

• Air Bag Analysis • Sheet Metal Forming Analysis 
• Weapons Design Calculations 
■ Bird Striking on Aerospace Structure 
• Response of Structures to Explosive and Blast loading 
• High-Velocity Penetration 
• Ship Collision • Ship Grounding • Sloshing 

MSC.DYTRAN£ £ 4 4 ^ 2 : 4 4 £ 4 4 4 4 4 4 3 4 4 4 Explicit 
£ 4 A i 4 £ £ Ai-g-44. o}-g-47 4 4 ^ &. - iU 4 4 4 4 4 4 4 4 4 
4 ^ £A!1 £ , 3 4 4 4 £ 4 £ 4 ° 1 4 s 4 1 £ 7 1 4 4 4 A 4 £ £ A i 
4 ° d 4 Alls £ 4 £ £ 4 4 4 . °1£ £ ^ 1 4 ^ £ 4 4 * J 3 4 4 £ £ 4 ^ 
3 £ £ 4 4 , 4 4 4 4 4 ^ 4 4 ^ Tri-Hub Burst Containment Analysis 
4 Sheet Metal Stamping °14. 

9m £ 4 * 1 1 4 £ 4*11 4 A 4 ^ £ 2 : 4 £ DYTRAN 414 4 £ 4 4 4 4 
4 4 £ 4 4 4 , LS-DYNA3D414 ^ 4 4 4 4 ^^^d.^ ^ 4 4 £ 4 
4 . 

• Master-Slave Contact • Surface To Surface 
• Grid Points To Surface • Single Surface Contact 
• Adaptive (Eroding) Contact • Coulomb Friction 
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4 . ABAQUS/Explicit 

4 £ £ 4 A i £ S n ^ 4 ABAQUS10)£ 19784 4 4 4 HKS(Hibbit, 
Karlsson & Sorensen I n c H ^ 4 4 4 £ 4 £ A 1 1 1 4 4 4 4 4 4 4 7fl4 
4 4 4 4 4 0 3 ^ 01^4 -^4-4 ABAQUS7} 4 4 4 4 . ABAQUS4 3 
££4£ 4S 4444^4 41H 3 411 44^ ££ &44, ^443 
AS ^4 4-g-4^ -̂o}̂  4-^4, 44 4; ^ 4 , ^ ^ ^ ^<$ 
^ 1 , 47}4 *d&^ ^ 2 : 4 4 , £ £ , 4 £ , 4 4 , 7 } ^ ^ 4 £ 0 ^ 4 
^ 4 3 A S ^ 4 ^ 4 J L 014 2 0 4 4 4 4si i4^-0^14 3 4 4 4 3 4 4 4 
>*§-§- 4 4 - o . s * H £ i L 4 4 4 4 1 - 4 4 4 3 4 £ °1&I4 ABAQUS4 7} 
4 £ 4 4 £ 4 4 5 L £ *14*J £ A ) 1 1 *fl44£^l 4 4 4 7 J r 4 4 4 4 £ ^ 
4 * m 4 £ £ 4 4 £ 4 ° 1 4 . ABAQUS£ a.7fl ^14£1-4 4 ° 1 ^ A S 
ABAQUS/Standard4 ABAQUS/ExplicitS 4 ^ £ 4 £ 4 
ABAQUS/Standard£ 4 4 4 4 4 4 £ 4 (implicit time integration^ 4 £ 
4 * H 4 £ £ S 4 4 ^ 4 -g-^/^sflA^ ^ 4 4 ^ 4 4 , ^ 4 £ 4 / 4 4 
£A-114 4 1 ̂ 4 £ 4 £ 4 4 4 1 , ABAQUS/Explicit£ 4 4 4 4 4 4 ^ 4 
(Explicit time integration)£ 4 £ 4 £ £ S Explicit 4714^ -4^ - 4-g-4 
J I 4 4 ^ ^ £ 4 44*1 4 £ £ 4 4 £ 4 *H4£ £ * 3 4 4 . 61 £ ^ £ 4 
4 Supercomputer system £ 4 # £ 4 4 4*11 4 4 4 Vectors} 4 4 4 4 . 
A^*d 4 4 £ 4 , 4 4 £ , £ £ 4 4 1 4 4 4 4 J3L£ £ A S 4*11 £ 4 £ 4 
A S 44*J £ 4 £ 4 4 4 £ £ 4 3 £ £ £ 4 4 1 4 £ 41 £ S 4 4 A S A} 
£ 4 £ 4 4 . 

(1) ABAQUS 4 £ 4 
ABAQUS£ 4£(General Purpose) £ 4 A i 7fl44 ^ £ S 4 1 4 

Package44 4 4 4 Modules} s\o] 4 4 . ABAQUS4 £ 4 A i Library£ 
4 4 4 * J 4 £ 4 £ 4 £ 4 £ 4 £ 3 - £ £ 4 4 4 4 4 4 °14 £ 4 4 4 4 
4 A ^ 4 £ £ A}-§ -44 . ABAQUS£ Material Model41 4*114£ 4 4 4 4 
4 A } ^ - 4 ^ 4 4 . 

£ 4 4 A H 4 4 4 4 ^3 £ 4 4 £ £ 4 £ ^1*H°J 4 4 4 4 4 , 
ABAQUS1 4 £ 4 4 4 4 4 £ £ £ 4 4 £ 4 1 44°4 4 £ 4 3 £ 4 1 4 , 
ZL4JL 4 4 4 £ £ 4«J£(Strain Rate)414 £ 4 4 4 4 4 4 AH 4 4 £ ^ 
4 4 4 £ £ 4 S 4 £ £ 4 4 . 3 4 3 4 £ ^ 4 4 4 3 £ , Polymer(44 
4 4 4Aj£ 4 £ ) , 4 e £ 3 4 *£ 4 £ ^ 4 4 4 4 4 4 4 4 £ Form, S 
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44 44 4£ 4443 1 l £ 44°l 7}£44. 
ABAQUS£ 447} £ £ 4 4<H 214 4£4l &±, 7fl4, 444*^, 4£ 

4££4 £4 £43AS 4 4 4£ 2:44 7}^-^^ 444 4 s 
ABAQUS7} 4-E- 3 £ t 4 4^44 £ 4 4 3 7^*± ^ 4^ 444. 44 
4 Ail4£ °J44 A^4 4 4 4 £ 43(£4 £4Afls4 3£) 444 4 
44 4£ 2:44414 £44 4 £££ *J44 £ 44. ABAQUS414̂  
S4 34 41 44 44 4 A°-}°] $4-. °14 4£ £441 4*114 &£ 44 
*J£ A44£ £4£44 4£44£4 44414 ££ 44&£ 4£ £ 
44. 

(2) £Aj 
(7}) ABAQUS/Standard : 4£ £4Ai 44 ModuleS4 
ABAQUS/Explicit 44 4£££ 4£4 44*J £4£4 444 ABAQUS 
Aqua 4 ABAQUS/Usa4l4 4££ £A111 A]144 ££. ^ . g . ^ o ^ ^ 

(4) ABAQUS/Post : 44£ ABAQUS4 45: ^^d £4 3 £44. ^ 
4 4 ^ 4*J4 *J4 £4, 4 4 4 4 4 4£4 4£44 3^£ 444 £ 
4. Animation 44 4 44 41444. ABAQUS/Post£ 411 £4, £4 
3^£ 4 4 4 3 *M44 4£ £ 4 £ £ 444 4£ 4^4 4£ 4 £ 1 
£ 4 3 ^ A S 44M £ 4££ ABAQUS4 ££ 4^-i- 4444. 

(4) ABAQUS/Post : 44 ABAQUS 44 Module4 tN 7^44. 4 
£ Workstation44 4£ 35fl4 444H 4£47l 44 4£S 4^4 £ 
£ 44. 4^4 4£ 4 s 4£ 4 ^ 4 4 44 44 File£ £4£7l 44 
44 £ s n ^ 4 -̂̂ 1 ^i^^oioi: -̂4-. 

(4) ABAQUS/Pre : 44£ ABAQUS1 4 4 44*J 4444S4 5.3 
Version £4 Afl-̂ 4̂  444-. 4 ^=^. &#$. *§# 7.^4^4 4^-AS 
meshl 44 4 £4. °14£ PDA Engineering Inc4 P3 PATRAN4H 4 
£4£ 4££ 44AS 44. ABAQUS/Pre£ 4£ ££ Module4 £1H 
A S 44 44. 
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4 . LS-DYNA3D 

4 4 4 1 4 £ 4 £ 4 4 4 1 7 } 4 3 4 £ £ 4 4 cfl4 4 4 ^ 4 ^ 4 ^ 
(Dynamic transient analysisl Real time ^ 4 4 ^ 4 7}^) LS-DYNA3Dn>£ 
19764 Lawrence Livermore National Laboratory41 A4 7fl4-4£ 4 £ 4 4 4 
4 £ 4 £ 4 4 A 1 1 £ 4 4 96044 # 4 4 5 3 4 . LS-DYNA3D£ 3 £ , S 4 , 
£4-All £ 4 4 4 4 4 4 4 4 7d& Afls4 4 4 4 4 4 £ 2 : £ 4 4 4 4 
*1144 7 } £ 4 4 . 

3 4 4 ^ 2 £ 4 £ 4 4 4 £ 4 4 4 4 £ £ Simulation 4 4 4 4 4 ^ 4 
£ £ £ 4 £ 4 4 7}47} 4 A 4 3 £ £ s &°]t= £ 0 ^ # # 4 4 4 ^ . 4 
4 Efl 4 4 4 . 

(1) 4 £ 4 4 £ £ 4 4 
4 £ 4 A ^ A 4 £ £ ^ 4 4 1 4 4 4 £ £ 4 4 4 4 4 7 } n e l i 4 £ 

Simulation£ 4*11 A } £ 4 J H 4 4 . 

• Accelerometors • Airbags 
• Hybrid III Dummy models • Inflator model 
• Pretentioners • Retractors 
• Seatbelts • Sensors 

(2) Metal forming 
A11S4 4*J, £ 4 4 £ , ^ 4 4 4 , £ £ 4 4 £ £ 4 4 4 414 ^ £ 4 4 . 

950 Version£ Implicit code7} 4 4 Spring back£ D y n a l 4 £ 4 4 4 4 
4 £ 4 4 . 

• Deep drawing • Forging 
• Hydroforming • Metal Stamping 
• Multi-Stage processes • Tailored blank 

(3) 4 4 / £ 7 l / 2 : 4 4 4 
£ 4 , £A}-g- if 4 4 4 £ 4 4 4 ^ - 0 ^ 1 A}-§-4 ^ 014. 

• Explosives • Penetration 
• Underwater simulations - Waste containment 
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• Weapon design 

(4) 4 £ / £ £ ^ 4 4 
££4<3 4 4£ £44 444 414 4 £44 4£^4 44 £S 

3 ^ 4 4 1 4 Afls£ £o>4 *ii4ofl 4 ^ - ^ ^ 014. 
• Blade containment • Bird strike 
• Extraterrestrial landing delivery systems 
• Failure analysis 

(5) 4 4 / £ ^ / 4 4 4 T 1 1 4 4 

^ £ ^ £ £ , £ : r \ 4 4 4 4 , ^d^Hlf, £ 4 £ £ Drop/Impact/Contact 
t e s t l 4 A S 4 £ £ 4 4 1 4 4 tools 4-Q-4JL 4 4 . 

• Baseball bats • Can and shipping container design 
• Cell phones • Electronic component design 
• Golf clubs • Hand tools 

(6) 4 4 i / S £ 4 4 , 4 4 
£4£S *H ^ 44, 4££ 4444, £S Guardrail 4 4£14 4 

7} ZL43 414£2:£4 44 ££ 444 ££44 
• Glass forming • Plastics, Mold, and blow forming 
• Earthquake engineering • Cvil Engineering 

4 4 7^0} Explicit4l 4 4 £ £ LS-DYNA3D£ £ 4 £ 4 4 £ 4 4 £ 4 
4 £ 4 4 4 4 4 4 4 4 1 4 £ 4 1 4 3 1 4 ANSYS, NASTRAN)iL4 4 4 4 4 . 
£ 4 , LS-DYNA3D£ Constraint & Penalty Methods7} Main Algorithm A 
5 A}-g-4j7 oj o.^ 4 0 4 ^ ^ - 4 Contact options £ 7 } 4 J L 4 4 . Element 
6 Material£ £ £ Contact 5E4 4SJL AJSJ-^ 44-^- 4 4 4 ^ £ S : z ^ 
4 3441 £ 4 4 £ £ 7114*11 A 3 4 4 . 
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2. 4*114 4 4£4*114 £SZL^ 

7}. ANSYS 

ANSYS7)£ 19704 £ 4 £ 4 4 A# ^A% 4 £ 4 1 4£44 4444 
4*11 John Swanson4A}7} 7H44 4£ £4A4:414 £ £ i f i S 4 ^ 
ANSYS, Inc.414 71144 £4iL£l 4 £ 4 3 44. 4^4l£ £S 4 4 4 
oj4 444^41 4£44 44 7fl44 *llf-°18i>.4-, 4A1141£ 4£4, 4 
4, 2:4, 4£££, 44, 4441 4^-£ 44 £ £ £4414 j i^4£ £ 4 
A ŝfl441 A}^-4JL 44. ANSYS£ £2,, 444, £4, 4444, 44, 
£*Js 44*114 £4 4 4 4 £ ^ 4 4 4 4 £ 4 £ £ € ^ ££ £4-4 44 
44, £444, 4 4 4 4 £4 4 ^ £ i i£43 4 3 314, £ £ 4 4 ^ A S 
iJ±4414«-4 4£7}41 4 s ^ 4 ^ 4 4 A}-§-4^4 SL^ 4 £ 4 4 ^ 
£sn^44. 

4^-44 10,000711 4AJ-4 4^^i ^ 4£44414 4 £ 4 3 4A4, 
12,0007H 444 44414 5i££AS 4 £ 4 3 4£ £ 4 414 3 AS £ 4 
^4 44447} ANSYS1 A}-§-42. 44. ^-4, ^4 44£4 ^4, 4 4 
44H 57̂ --g- ^ss314s ANSYSTM7} 41444 4 £ 4 3 4A4, ^Ji 
4 £ 44 4 4 4 £ 4£ 4 # 4 ANSYSTM * £ 4 4 4 44^7} #44 
A^4 -̂xfl A}-g-4̂ 4 ^ 4 4 4 1-443 44. 

(1) ANSYS 4 £4 

(7}) 4 • £4 47l(Pre/Post-processor) 
ANSYS£ 4 £S^-^34£ 44 4-8-*} 7l ^ti n ^ A}.§-4 44*114 

i(GUI)S £AJ44 4fe 44 44(Pre-processor)4 £ 4 4 4 
(Post-processor)7} 4 £ 4 A S 4444 44 £ 4 ^ 44, 44 44, 4 4 
4 4 44 £ 444 £ 7}4 444 £ S Z L ^ £ £7}4 4 ^ 4 4A&4 S: 
£4 A S £4A^414 4 4AJ£ £*34 £ 44. 
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(4) 44 £^44 i i 3£ 
ANSYS£ SGI, HP, IBM, Digital, SUN 4 4£ 4444^ 43^44 

44 Intel, Digital I S 4^4 ^ 4 4 1 45444 4 ^ 4 f̂ ofl Aj-sj-
&°1 ^£44, £4 4££ 444 43^144-8- ±^ 3£(Source Code) 
4 4^4 7j£4-§- i i s£7} 4 4 4 A S 4£ 4£ 4 £ S Z L ^ 4 £ 4 
4 ANSYS£ 4 ^ 4 s £44 ±^ 3£S 4444 44 ^£41 4£41 
44&£ £ 4 4 4~§-*r cisi^i^^. 7}43 4A4, £*} 4 4^44 <41 
44 J:44l£ 44 £47} 4^344 &£4. £, 4^4 7^444 444 
4 4 4 1 4£4 £4&4 =-47^-44451 4£44 £ 44. 

(4) 4 4 4 4 4AJ ̂ 4 (Coupled-Field Analysis) 7}^ 
ANSYS£ 4-^2:, 444-^2:, 4"A}4-££-^2:, ££-^a £4 4 

£ 4 4 4 4 44 7}4 £44 444 £44 4AJ £^t;£ 444 ^ 4 
4. APDL£ 4 £4 £44 £4^ 4 44 4^ ANSYS£ APDL(ANSYS 
Parametric Design Language)£ 44 44*3 41 A} 444AS4 ^-4 £44 
40J4 7}^4££ 4 £4, 4 44 4^£ 4£44 £^ 444 *fl3S ^ 
*34 7}£44. 
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4 . NASTRAN 

MSC.NASTRAN8)£ 4 4££££(NASA)414 £ ^ 4 4 42 : 4 4 £ 
4*11 71144 £2 : nq £ S Z L 3 « 4 1 4 £ 4 4 4 4 4 30 4 4 4 4 4 4 4 4 
£ £ 4 4 4 4 £ 4 4 £ 4 4 £ £ 4 4 4^ej jo.s 4 4 4 1 4 4 4-g- ^-^ 
A i 4 4 £SZL2flol4-. 

NASTRAN£ Static, Dynamic, Nonlinearm Thermal, Optimization££ 
414 ^ 4 A S 4 £ ^ £ £ 4 A i §114 ProgramAS 1004 L i n e 4 4 A S 
£ 4 4 4 4 £ FORTRAN Program44. 

NASTRAN£ Module 4 4 3 4 £ £ & £ Building Block A S ^ 4 4 
4 A 4 , 4 7114 Module£ *J4, Matrix 2:^-, TJTII^TJ ^ 4 , *$& 4 4 , 
Output 4 4 , Print £ £ 4 4 £ £ 4 4 4 £ Subroutine £ S ^ 4 4 oj,^ 
4 Module£ Direct Matrix Abstraction 4 4 3 £ £ DMAP Program4l 4 
4 4 Control 4 4 . 4 4 4 Type £ £ 4 7fl 4 4 £ £ 4 7114 DMAP ^ 
^ 4 4 4 4 4 s 4 £ 4 4 4 4 . 4 4 4 4 Type4 ^s\*d 4441 4 £ 
DMAP ^ 4 7 } ZL 4 4 4 £ £ £*34441 4 A 4 Module4l 4 4 1 4 4 
4 4 . NASTRAN£ Sparse Matrix Algorithms£ 4 £ 4 4 4 4 £ A ! 1 1 4 
S J 1 £ Disk Space* 4 4 A } - § - 4 4 4 # ^ 4 4 . 

4 4 4 4 A S £ 4444*114(Linear Statics), Inertia Relief*ll4(Linear 
Statics with Inertia Relief), 3£4£*114 (Normal Modes), 4^*114 
(Buckling)££ 4 £ 4 4 . 2^4, 4 4 £ 4 4 , 4 4 4 £ ^ > 4 ^ 1 4 £ 4 
4 , 4 4 £ 4 4 4 4 4 2 : 4 4 4 £ 4 4 £ 4 £ 4 3 , 4 4 4 4 4 A S f e 
7HlL4Ai*J 4£*114( Hyperelasticity for large strain, Nonlinear elasticity, 
Thermo-elasticity, Viscoelasticity, Creep, Viscoelasticity combined with 
elasticity)4 4 4 4 4 4 4 4 4 £ 4 4 (Large deformations, Large strain 
for hyperelastic material, Nonlinear buckling, Snap-through analysis 
(post-buckling), Follower forces, Nonlinear normal modes) ~JL43 4 4 4 
4 4 4 4 (Gaps opening and closing with/without Friction, Enforced 
deformation)£ 4 £ 4 4 . 
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4 . ABAQUS/Standard & LS-DYNA3D 

£ 4 4 4 4*114 4 4 £ 4 * D 4 4 ^ 4£41 A}-§-4 ABAQUS4 
LS-DYNA3D£ £ 4 4 4 ^ 4 4 4 4 4*114 4 4£4*1144 7 } ^ £ 4 . 
ABAQUS4 LS-DYNA3D£ 4 4 £ 4 4 4 4 4 £ 4 4 4 4 4 , 4 £ 4 4 
£ , 4 4 4 , £ 4 4 4 4 , i £ , 4 4 4 4 4 4 £ £ 4 4 £ ^ 4 A S , £ £ £ 
4*1144 £ 4 4 A S 4 4 4 4 4 4 4 4 44(Fully Coupled)4 Aj-444 4 
4 4 7 } £ 4 4 . £ 4 LS-DYNA3D£ 4 4 4 4 4 Contact£All£ 4 4 4 £ 
4 4 ^£41 £ 4 £ 4 4 4*114 £ 4 A ^ £ S Z L ^ ^ S 4 4 4 4 . £ 3 £ 4 
441441 4 4 Ail£4 4 4 4 £ 4 4 4 54414 4414 4 £ 4 5 3 4 . 
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741 1 ^ ^^414- £^-§-44 7fl.fi. 

£ 4414^ <£A\ 7|44 §il4^H4 4 4 4 £ £44i1£4 *114£4s 
4 KSC-4 £4£441 444 *114£ £*34A|3, 7}4A}3^4£ £44 
9m 4£44£4*1144 4*114 ^ 4 £ 4 4 4 £ £*34$4. £ 4 4 4 £ 4 
*114£ £444, £444, 45° 4 A } 4 4 S ££44 414453A4, 1*114 
4 4£4 *114£ 44£441 rfl*114 444534. *11444£ LS-DYNA3D 
4 ABAQUS/Explicit£ 4 ^ 4 £44£tA4, l/3£4i£1i4412)4 44$: 
4 4^4534. 

1. £2: 4 4 ^ 

KSC-4 £4£4±r 47114 PWR A}-g-JpJl4s 4441- £ 4 § £ 4£ 
£ 4 £ 4 £ 4£ £ 4 s 4 , 4 £4£4^r £ 4 £ £ 4 4 £4(Cask body) 
4 £44£4(Impact Limiter) 4 4£44(Tie-down Device)S £AJ44. 
4A}4 4414S£ 44(Resin)4 4(Lead)4 A}-§-44 £44£4^fe 4A} 
££(Balsa wood)4 3l£££(Red wood)7} A}-§-44. 4 £4£44 
KSC-44 £ 4 £ 4 34^43 *J14S44-A11 47117} 444 £4£4 4 £ 4 
£ 37£44. a t 44 44£ 5.6m, £4£44 44£ 4.8m, ££ 1.2m4 
4. £441 44 4£, £4 4 As.m £ 2.3-141 ^ e l ^ 4 . £ t £4£ 
44 444 4 7il 4£1 3^ 4.1-141 444534. 

7}. £4£4 £4(Cask body) 

£4£4 4 £ 4 £ *J!4s.l ^31 4 4 4 £ 47H4 *J14s44£ 
(Fuel-basket)4 4££ 3 A J 4 4 ^ 4 4 ^ JLAj4(Basket fixing disc)4 
^444^4AS 4 4£*J 4, 444444 , £Aj7}444 3 4 3 4 4 4 
4££ 44 4 4 4 £ £^(Lid)£AS £Aj44. ^444^4AS 4 4£ 
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4 H£ 4 £ £ 4 £ *J44£ £4 25.4 mm4 4£ 4(Inner shell), ^ 4 
444(Resin)l i s 4 3 £44 44 4£AS£4 £ 4 £ 4 l 444AS 
Jij5l43 £°J£ 4444 4 4 10mm4 4£ 4 (Outer shell)S 4£44. 
4 4££ 44 4 4 4 4 4 4 4 £ 4 A } 4 4 4 # 4 4 ^ 4 4 s £*344, £ 
4£4 Aj-y.4 44il44(Body flange)4 444Afl(Bottom plate)4l £4A 
5 3 4 4 4 . 

£4£44 44£4l£ 4£4 s44£(Trunnion)4 44 144 44 £ 
4£4i- 4 4 4 4 4 £44 4441 3444 A A}£44. £ t , £4£4 
4 4£ €4 4£ €(lnner shell)A}4oiî  444£ £444 4£s£4 
4 A | 4 £ 44 4 £ 4 £ £ 44 44. 

(1) « ] 4 S 44£(Fue£baske t ) 
«J]4s 4 4 £ £ £ £ 47114 314-4-^ 4 4 4 4 s 4 4 4 A 4 , 14xi4, 

16X16, 1 7 x i 7 £ 4 PWR 4 4 s 4 4 * f l 47111- £ 4 4 £ 4 4 . 

(2) 4 4 4 4 £ £ 7 } 4 4 4 
4 £ H 4 4 £ 4 1 4 £ £ 2 : 4 4 4 4 4 4 4 4 4 4 1 A £ £ ^ 2b A} 4 ^ 

4 S 4 1 4 4 # 4 ^ r 4 4 4 £ 4 4 4 4 4 4 4 4 4 . 4 £ 99.9% 4 4 4 £ £ 
1 7 } 4 4 , 4 4 £ 2 : 4 £ 4 £ 4 4 4 £ 4 £ £ 1 2 : 4 4 £ 4 £ 4 4 1 
4 £ £ 2 : 4 i 4 # 4 £ 4 4 £ £ £ £ , £ ^ 4 4 , ^ 4 4 4 4 4 4 £ £ 4 4 
4 4 4 4 4 4 4 £ £ 1 £ 4 4 4 3 , £ J L £ £ £ 4 ^ 4 4 4 4 4 4 £ £ J£ 
4*114 4 4 . £ £ 4 1 4 £ 4 4 4 4 4 $ ^ £ 3 4.1-541 AJ44534-. 

4 « - ^ 4 4 «- 4 4 4 4 ^ 4 4 Resin(NS-4-FR)£ £ 2 : 4 4 4 4 4 £ 
Aj7}4si i4^ ^ s 2:A}4 ««4S414 4 £ 4 £ f ^ 4 t 4 4 4 4 4 4 4 
4 4 . Resin£ £ £ 2 : 4 4 ^ 4 4 4 ^ 4 4 4*11 4 £ 7 } 4 4 4 A n s £ £ 
41 4 £ £ 4 4 4 1 £ 4 4 4 . Resin4 £ £ 4 1 4 4 4 4 4 4 4 ^ - s 4 1 _ 6 

41 4 4444. 

(3) £^(Lid) 
£ 4 4 4 4 £ 4 £ 4 A } 4 4 4 , 4 4 s £ 4 4 4 £ 4 7fl4 r j . 4 3 4 

£ £ 4 4 4 4 4(Containment), 4 4 £ 4 , 4 4 £ £ 4 4 4 4 £ 4 £ A 4 
£ £ 7 } 4 3 4 4 . n^s. £ £ 4 1 4 4 A £ 4 A } 4 £ 4 3 1 4 4 4 4 4 
155mm £ 4 4 4 4 4 4 4 33mm4 4 4 A S 4 4 4 4 . £ ^ 4 1 £ £ 27114 
4 £ * l £ 2 : 4 ^A°dA^7d Housing4 4 A 4 , 4*fl£ 4 £ 4 4 4 4 4 * 4 
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£AS Coupling4 £ 4 4 4 44. 141£ 4££441 ££ 4£ A £ £ 41 
4£4 Shield plugS Housing 4 ^ £ 44. £44l£ 4 £ 4 4 4 £ 4 4 4 
741 £ 4 4 4 £ £ ££ 16711 ££7} 4^*> 44AS 4 4 4 4 44. 3 4 3 
£S44 4 s 4 4 4 4£41 4 4 4 4 1 444 £7114 O-ring gasket7} 
£ 4 4 £ £ 4^4 . 

(4) 4£ (̂Coupling) 
^ £ 4 4 4 4 4 41^(CouPling)£ £ 4 £ 4 4 4 £ 4 4 £ 4 £4 41 4 

4 444^514. 4£41 4J4^ 74^ 41 £ 4 * ^ (Drain coupling)43 £4 
41 4 4 4 4£ till44#^(Vent coupling)44. 4£41 >g*m tiii£4#3 
(Drain coupling)AS £ 4 £ 4 4 £44441 A}-§-4 #44, sfloî  ^ xx_ 
£ 4# £ £ 4 £ 4 4£41 44 ££(Pool water)£ «fl#4£4 A}-§-44. 
£441 4 4 4 «H44# (̂Vent coupling)£ «ll£(Drain)l 4 ^4 ^4 
(Vent)4, £ 4 £ 4 4 £44441 4 4 4 1 4 4 4 3 7}4£ 444, 4 4 £ 
4(Dry transport)4 41 4££441 42:1 4 4 4 £ 4 £ 4 4 4 ^ S £ A}-§-
44. 

4. £4 4 £ 4 (Impact limiter) 

£ 4 4 £ 4 £ £4£47} 4 4 4 4 ^ 4 ^ 4 4 J I S £ £ 4 73 £ £ 4 £ 
£ £ 4 £ £ ^ 4 4 4 ^ 4 4 4 4 ^ 4£41 £ 4 ^ £ £ ^ 4 £ £ 4 Balsa 
wood4 Red woodl 4^44 . KSC-4 £ 4 £ 4 4 £44£4lS A}-§-4 
Balsa wood4 Red wood£ £ 4 £ 44 € 41 Crush 44A4 £4£47} 4 
£ ££41441 ^£44 , £4 £4 ^ 4££41 4 4 £ £ 4 £ 4 4 4 4 
£4. 

4 1 £ Ail̂ £ £ 4 £ £ £ £ 4 ££44 , £4 Balsa wood£ 4£4 4 
£ 7}^JL 4 £ 4£41 4*11 4£7} o}^ 444 AZA ^74:^1- 4 4 
4 £ 4 ^ &4 A}-§-4JI 44. 

£ 4 £ 4 4 £44441 4 4 4 £ 4 4 £ 4 4 £ 4 £ 4 4 4 £ Red wood 
£ Balsa wood4l 44 7d^-7\ 4 341 4 £4 4. 4£4 £441 Balsa wood 
1 A}-§-4 73-f 4£44 347} 4£ 44 4 41£41 Crush £AJ4 ^ 4 
4 7o>£7} Balsa wood S4 7J-4 444 01 q.. 

Balsa wood 4 Red wood4 Crush 4*J4 4 4 £ £ £ 4£ 4 3 4 4 
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Crush70K£4l £ 4 4 4 £ £ 4 £ 44 ZL $;iLS 4447II ^ 4 0 . ^ 4£ 
44. Red wood£ 4*J4 4 £ 444 65-70%41 £4f££ 4 £ 4 £ 44 

AJ 3.44 ej 4 £ 4 4 Lock-up 444 49*14. 13) 4£ £4£4 Crush 
44 4441 34 4444 , Balsa wood4 ^ £ 4 4 4*54 4 4 4 

444441 4 4 7j-£4^ 4 I3%4£4JI Red wood£ 4 17% ^ £ ° 4 . 
4 £ £Afl£ ££, 4 £ 4 &A7} 4A4 441 4 4 £ 4 £ Sandia 
Laboratory4l4 4 £4 44. 14,15) 

^ T 

A5L 

4. : 4 4 (Tie-down device) 

4£44£ £4£4l £44441 3444 £44 A £4£4l °Y& 
44 4£4£ ^2:£44. 4 44£ £44441 ^3.^} 3444, £#.§-
44 s44££ 444 4 JI jn^kis- 4 ^ £#-g-7l4 £44 444 4 
£44, A-JT7}£, £# ̂ 41 ££4 443 £4£44 44441 444££ 
44 44. 

COVB U l I rig f 

) * > •/'■ 

. ^ J G*s lirt3: 

-""•'d-i. i w r ) 

Li^t«f Shock Ab^arbff*) ?<*"*/. 

35] 4.1-1 KSC-4 £4£4 7fl4£ 
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3 4.1-1 £4£44 4£ 4 £4 

Components 

1. Cask body 

• Fuel Basket 

• Poison Plate 

• Inner Shell 

• Lead Shield 

• Resin 

• Outer Shell 

• Top/Bottom, 
Trunnion Support 
Plate 

• Copper Plate 

2. Lid 

3. Shock Absorber 
Cover 

Total Cask Weight 

Loaded Cask Weight 

Materials 

SA 240 Type 304 

B4C + AI (Boral) 

SA 240 Type 304 

ASTM B29 Ch. Gr. 
99.9 % Pb, Casting 

NS-4-FR 
(Density : 1.68 g/crf) 

SA 240 Type 304 

SA 240 Type 304 

Pure Copper Plate 

Lead/S. S-304/Resin 

Balsa/Red Wood, 
Steel Lining 

4 PWR Fuels (17x17) 
Cavity Water 

Dimension 
(mm) 

Length : 4845 
Width : 1194 
Corner : 1347 

230 X230, 6 t 

5 t 

25.4 t 
4,740 H 

Side : 160 t 
Bottom : 175 t 

Side 150 t 

10 t , 4750 H 

30 t Plate 
30 t Plate 

4 t , 2 t 

0.65 x 4 = 2.6 
0.5 

Weight 
(Ton) 

0.76 

0.15 

2.82 

20.4 

4.0 

1.51 

1.26 

0.86 

1.0 

1.3 

37.2 
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2. £ 4 4 4 (Operational features) 

KSC-4 £4£4^r «14s A<i^^ 4££441 ££ 4 £ £ 4££ 4 
4 4£ £4£4(Wet cavity)4 £ 4 s 4£ 44£4(Dry cavity)AS 4-g-
4 £ 44. £ 4 4 4 £4£4414^ 4££441 £4 °X°.E.S.*] 4££«1 
4s. 44£41 £ 4 1 4 4£ 4AIJ4AS ^4£4 ££AC>£AS 444 £ 
4 ^44 4444. 444 «}4s 4 4 £ 4££44 £ 4 1 2,444 % 
£AS 4 44£ £ £ 4 4 £ 4 £ 2^40} *V4. 4 ^ 4 4 4 4 £441£ 4 
711 44£41A4 4 £ afl£44 «11£ Coupling housinĝ  4444 4A4, 4 
Coupling£ Two-way 44S4 £43(Plug)4 ±$,(Socket)££4 4S 4 
44 4£ A^ 44(Close) 4^44 , 4 4 £ 4 ^ 4 4 4 4 £441 Plug4 
Socket ££4 44££(Open) 4£444 . a 4 £^ 4£4l£ 44 
Coupling4 44. 4£ Coupling£ £ £ £ 4 4 ££ A}-g-*v ^ oj^ji rr*! 
J I£ 4 3441 4 4 £ £ 4£444 . 

£ 4 £ 4 4££441 44S7} AJ-^4 * 4 £ £ 4 4 4 £ 4441 44 
£ ££4 £ 4 4 £ 4££ A 4^4 (Containment boundary)! £AJ44. 
£ 4 £ 4 ^4m^oH4 ^ 4 4 J I 4 4 ^ 4 ^ 4 4 ^ 4^4 £444 
£4 4^4, 4 4 4 4 4 4 4 4 £ 4 4 4 4 £ £ £ 4 £ 4 s 4£41 4£ 
4 £ £ £, 4 4 4 1 4 4 4 £ s £ £ 4 4 &££ J5L44£31 44. 4££ 
4 £ 4 £ 4444 4 4 44 S£ £^4 O-ring A^. 4 ^2:, Coupling 
£441 4£ 4 4 4 4 0-ring4 Gasket£4 Afl4£ 4 ^ 4 ££5=441 4£ 
£ 444A14 . sJ}4s 4 4 £ £^4 £ s i 444 a 4 £41 £44 4£ 
Couplinĝ  £ 4 4 4 4 4 1 £ 4 4 3 4£41 4444 4^ 2:4 AS 7}44 
4£ £ 4 4 A } 1 4 4 4 £ £ 4x14. 4 £ 4 4 A } £ £ 4 £ 4 4 4£ Cavity 
4 4 4 4 4 4 ^2:4 id^q^ 4 4 4 £ 4 £A4 3 4 ^ 4 4 . 

KSC-4 £ 4 £ 4 1 444 £4£AS A}-g-4 TJJJL^ =-S Cavity4l £ 
£ 4 £ 3 444 £4£AS 4~§-̂  T§°- #4 $ - ^.7| s.o_ £#Aj4^ 
l£(Hellium)£ 4 £4. 
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3. £44££4 4A 

KSC-4 £ 4 £ 4 ^ r PWR « 1 4 S 4 4 4 47111- ^ 4 4 4 4 4 4 £ 4 4 
£ 4 4 . 4-M1414 A } - § - 4 ^ PWR *-«4S*j£ 3££, £ 14x14, 16x16, 17 
xi7 4fJ-4s £ £ 4 3 4 4 . 4 £ « !4s4 4 4 4 4 4 4 , 414 r j .43 
711 A £ 3. 2.3-241 ^ 4 4 ^ 4 ^ 4 4 ^ 3^3.4 sjiojj^ 4 ^ 4 7 } 4 4 
S414 4 ^ 4 £ 4 A £ A}-g-^«!j4s.^ s.^- 7J-4 4 A } 4 4 4 £ 4 £ 4 
4 . £ 4 £ 4 £7%7]& « 1 4 s s 4 £ 4 £47} 4 4 £ 17x17 PWR 4 4 
4 1 4 4 4 4 , ^ 4 4 4 4 3 4 4 4 4 ^ 4 s i 4 4 4 4 . £ 4 £ 4 4 1 4 4 
4 AV-g-jpsflojs. ^ 4 4 4 £ 3 4 4 4 A S 4 4 4 «114£ ^ 4 s 44£41 
4 4 4 «14s4 2/3 Aji7} 34 4 4 4 *J]4s44 a 4 ^tii-g-44 ^ ^ 
4 £ iL4 4 4 4 A S JZ.44AS4 £ 4 £ 4 4 £ ^ 4 3 4 ^ £ 4 4 4 4 
4 4 4 4 4 4 . 

4. £ 4 £ 4 7ils4 4 4 4 4 ^ 

KSC4 £ 4 £ 4 4 1 A}g4 ^ 41 S £ 4 £ ^2:711 S 4 Stainless steel 
(SA240 Type 304)4 4 £ 4 4 , 4 4 4 4 4 4 S £ 4 £ , £ 4 4 4^114s 
NS4FR Resin£ A}g4j7; ^  E ^ LOW anoy s teei SA193 Type B7£ A} 
£ 4 4 . 3 4 J I £ 4 £ 4 4.4W4 £ 4 4 £ £ 4 4 £ 4 £ Balsa wood4 
Red woods 4 4 4 4 . £ 4 4 4 4 4 4 Resin4l£ 4 £ HQnner shell)4 
4 £ € (Outer shell) A} 4 4 4 4 4 £ £ 4 4 4 Copper plateS 4 4 (Fin) 
4 4 £ 4 5 3 4 . 

■ £2:7fl4 Stainless steel(SA240 Type 304)4 43144 Resin, Lead£ 
4 • ±*$ 0.5. 7 } 4 4 $ | J I ; ^40+^^0] B a l s a w o o d4 Red wood£ 47j • 
4 4 ^ 4 A S 71445S4. EJAJ . 4 4 ^ 4 4 4 4 4 £ 4 £ 4 £ £ 4 £ 4 £ 
4 £ 4 £7}&4 4 ^ 4 4 £ 4 £ 4 4 4 4 . 3.3 4.124 4.1341£ 4 • ^ 
AJ 7fl4£4 4 4 • 4 4 ^ 4 7f l4£l J £ 4 £ 3 4 4 . 
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a 4.1-2 «14s4 11444 4 4 , 4 4 

Contents 

1. Fuel assembly 
Total length with 
control rod (cm) 
Total length without 
control rod (cm) 

Active fuel length 
Cross section (cm) 

Fuel rods/assembly 
Rods array/ assembly 

Average burnup 
(MWD/MTU) 
Max. Enrichment 
(w/o U-235) 

Total weight (kg) 
Kg U/Ass. (New fuel) 
Kg U02/Ass.(New fuel), kg 
Zircalloy/Ass.(New fuel), kg 
Inconel/Ass.(New fuel), kg 
S.S. /Ass.(New fuel), kg 

2. Fuel rods 

Rod O.D. (cm) 
Rod pitch (cm) 
Clad thickness 

Fuel assembly and fuel rod data 

Kori 1 

418.26 

405.66 

365.76 
19.7X19.7 

179 
14X14 

33,000 

3.2 

577.9 
402.7 
458.1 
98.9 
4.1 
16.8 

1.072 
1.414 
0.062 

Kori 2 

423.15 

405.8 

365.76 
19.7X19.7 

235 
16x16 

33,000 

3.1 

593.6 
410.6 
465.9 
106.4 
4.8 
17.0 

0.95 
1.232 
0.057 

Kori 3,4 

424.74 

405.8 

365.76 
21.4X21.4 

264 
17X17 

33,000 

3.1 

656.5 
461.5 
523.5 
110.5 
5.5 
17.5 

0.95 
1.26 
0.057 

Uljin 1,2 

424.74 

405.8 

365.76 
21.5x21.5 

264 
17X17 

37,000 

3.1 

654 
461 
523 
108 
6 
17 

0.95 
1.26 
0.057 
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stress 

Ult imate strength 
K) 

Yield strength 
(<ry) 

strain 

ZL& 4.1-2 4 • ±q 7H^. 

(<ry) 

i 
stress 

rength 
,) 

k 

/ 
/ 1 r i 

i 

Young's modulus, E 

► 

strain 

35J 4.1-3 4 4 • 4 4 ^ 4 4 4 
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7}. Stainless steel SA240 type304 

KSC-4 £ 4 £ 4 4 £ ^ 7 1 1 4 SA240 type 3044 £ £ 4 1 4 4 4 4 4 
£ A ^ A S M E S e c m A p p jieJofl 4-g-4- 7^o] - 4 4 014. 

Elastic modulus : 
Yield strength '• 
Poisson's ratio : 
Ultimate strength '■ 
Density : 
Strain hardening modulus : 
Coeff. of thermal expansion : 

195.1 GPa 
206.4 MPa 
0.3 
517.1 MPa 
7,913 kg/m] 

8.981 GPa 
1.427 xKf5/°C 

£ £ 4 1 4 £ SA240 type 304 ^ 4 4 4 ^ 4 4 4 £ £ 4 , 4 4 A; 

4.1-44 44. 
-E..O. sr 
O X T U-L 

4 . 4(Lead) 

4 4 4 4 4 4 1 s . A}-§-4 4 - ^ £ £ £ 4 Cu4 4 £ £ 4 0.05% 4 4 4 
Chemical l e a d 4 4 . 4 4 4 Aj-^01144 4 4 4 £ 4 4 £ 4 £ 4 4 4 . 

Elastic modulus : 
Yield strength : 
Poisson's ratio : 
Ultimate strength : 
Density : 
Strain hardening modulus : 
Coeff. of thermal expansion : 

15.72 GPa 
4.41 MPa 
0.42 
16.97 MPa 
11,300 kg/nf 
383 GPa 
2.898 xi45/°C 

£ £ 4 1 4 £ Chemical lead4 4 £ £ 4 , 4AJT11£ £ £ 3 4.1-54 4 4 . 
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4. 4 4 (Resin) 

KSC-4 £ 4 £ 4 4 £47} 4 4 4 £ A}-g-4 Resin(NS-4-FR)£ 444 
Bisco products Inc. 4 Ailf-AS4 £-£41A^4 4 44 M^d A*}*}3$.4. 
£ £2:7114 ^444^7j-oil 44 4£7} ^ 4 4°-££ 4£41 4 £ £4 
4 4 * £ 4 4 3 AJ-O.0,144 4^4 J L ^ ZLA^L 4~§-*r5a4-. 314̂ 1 4 4 
4 44 £ 4 £ £ 3 4.1-64 44. 

4. Balsa wood 

Balsa wood£ 41 £ 7}^JL 4££4 4 £ £ 4 £4££A11£ $4 A}£4 
3 44. KSC-4 £4£4414±r W ^ ^AQ^A^ £4£4l 4°d44 
£ £ £ 4 4 4 4 , 4 £ £ 4 4 4 4 4 £44144£ £ £ 4 £ £ 4x14. Balsa 
wood£ 4 £ 4£4£41 4 s. jf 44 4 ^ yj-^s. 4 ^ ^ ^ ^ 4 4 
£ 444 75-79%41 4 ^ £ ^£4 4 4£4 344B^ 4 £ 4 4 
Lock-up 444 ^44 . Balsa wood* 4 £ 4 4 £ £ £ 4 4 44^41 4 
4 7j-j£7} 3.A 4444 , £ £ 44^41 4 ^ £ 4£4. 441 4 4 £44 
£ 44 Sandia 4£^414 4 4 £ £Wx14. ££4144 444 #>$*1» 
a 4.1-741 444534. 

4. Red wood 

Red wood£ 4 £ £ 4 4 ££*11 balsa wood4 4̂11 £ 4 £ 4 4 £ 4 4 £ 
441 EM A}-g-4-ji 44. Red wood£ balsa wood41 4 4 °d^7d^7} ^A] 
£ 4 4 £ 4 4 £441 £ s A}-§-44 KSC-4 £ 4 £ 4 4 £ £ £ £ 4 ^ ^ £ 
4A}ACI-44^-£ 40J44 £ 4 4 4 4 £ 4 £ ^ 4 ££441 £ 4 £ £ £ 4 4 
44. Red wood£ 4 £ 4£4£41 4 £ £ 44 4*^4 7^£S 4 £ 4 £ 
44 4 4£ 444 65~70%4l 4 ^ £ *fl£4 4 4£4 3 4 4 ^ 4 £ 4 
4 lock-up 444 AJ44. Red wood£ 44441 4 4 7ds.7\ a.4 444 
4, ££44441 44=£ 4£4. 441 44 143 *1£ 4 ^ S a n d i a £ ^ 4 
4 4 ^ £ £^4A14 . 4£4144 444 £ 4 4 £ a 4.1-841 4 4 4 ^ 4 . 
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4 . £4(Copper plate) 

KSC-4 £ 4 £ 4 £ £ A ^ 4 4 4 4 4 Resin4 4 4 £ £ 4 4 4 4 £ 4 l £ 
4 A S 4 444(Heat- t ransfer fin)£ 4 4 4 4 4 . ASME sec. Ill App. I16) 

41 Ail 4 4 £ 4 4 1 4 4 4 4 4 £ 4 4 £ 4 £ 4 4 4 . 

Elastic modulus 
Yield strength : 
Poisson's ratio : 
Density : 

114.5 GPa 
69.0 MPa 
0.3 
8,954 kg/m1 

Ref. Table 1-40 
Ref. Table 1-8.4 
Ref. Table £8.4 

A}. £E(Bolt) Afls 

£ 4 4 t i l s r 4 £ £ 4 4 4 1 4 T 1 1 4 £ 4 £ Cavity4 4 4 4 £ 4 , 7} 
£ A } - J i i 4 4 ^ £ ^ 5 } f ^ ] 4T11 4 £ 4 4 £ 4 4A11A}JI4 4 4 4 £ £ 
4 4 ^ 4 < ^ ^ £ 3 4 4 4 3 4 4 4 4 ^ - 4 4 SA193 type B7£ 4--§-3r4. 
ASME sec. HI, Div.l17)4l AA& 4 4 4 4 4 4 # A J ^ S . ^ . 4 4 4 4 4-g-
4 4 4 . 

Elastic modulus 
Yield strength : 
Poisson's ratio '• 
Density : 

203.4 GPa 
675.9 MPa 
0.3 
862.1 kg/m] 

4 . Stainless steel4 Lead4 £ 4 AflS£Aj(j)ynamjc properties) 

KSC-4 £ 4 £ 4 4 9m£4444 lA- ] i r 42:Afl4 Stainless steel type 304 
4 4 4 £ 4 A f l J i £ A ^ oi-g-^^tj. . >8> ^ ^ s f f ^ 4 4 £ 4 4 4 £ 
£ 4 4 4 £ £ 4 £ A Stainless steel4 4 £ 4 ^ £ 4 £7}fHl 4 4 £ £ 
7} £ 7 } 4 4 4 £ 4 1 4A}AJ ^ - 4 £ 4 £ 4 4 ^ 4 4 ^ 4 Stainless steel4 
TJ-O] JSlx-1 4 4S£Aj(D y n a m i c material properties)4l 4 4 A}5.1- ol_g-*)-4-

4 4 4 £ 4 £ 4 £ 4 £ 4 4 £ 4 , 4 - 4 £ 4 £ 4 £ 4 4 4 4 1 4 A}-§-44. 

- 48 -



(1) Stainless steel type 304 
Poisson's ratio 
Young's modulus 
Yield strength 

Ultimate strength 
Density 
Strain hardening modulus 

v=03 
E=186.88 
oy=1034.95 

ou=1034.96 
P = 7913 
ET= 1.896 

GPa 
MPa 
MPa 
kg/m1 

GPa 

(2) 4 (Lead) 
Poisson's ratio 
Young's modulus 
Yield strength 

Ultimate strength 

Density 
Strain hardening modulus 

v=0A 
E=98.6 
oy=6.89 
ou=34.48 

P = 7913 
ET=183.45 

GPa 
MPa 
MPa 
kg/m! 

MPa 

4. £ 4 4 £ 4 

KSC-4 £ 4 £ 4 4 £ A £ £ £ 4 £ ^ 4 4 4 4 £ 4 £ £ ^ 4.1-341 4 
44x14. 4 4 4 £ 4 £ 4 4 £ 4 S £ £ 4 £ 4 4 4 4 £ £ £ 4 £ 4 4 4 
4 4 , £ £ 4 £ 4 ^ 4 4 4 7}^£4 4l££41 4 4 4 4 4 ^A^A 7}4 
£ s £ 4 4 4 £ 4 £ £ 4 £ 4 4 £ 4 £441 £ 4 4 4 . 

KSC-4 £4£441 47114 17x17 «j 4 ^ 4 4 4 4 Cavity water!- 4 £ 4 
Efl44 4 4 4 £ 4 4 £ 4 £ £ £ a 4.1-341 4 4 4 &4. 

- 49 -



a 4.1-3 ^4^1- 444 KSC-4 £4£44 £44 £4£4 

Component 

Shells 
Lead shield 
Resin shield 
Fuel basket 
Copper plate 

Boral plate 
Fuel assembly 
Upper trunnions 
Lower trunnions 
Lid 
Cavity water 
Lower shock absorbing cover 
Upper shock absorbing cover 

Total 

Weight (Ton) 

5.31 
20.40 
4.00 
0.76 
0.86 

0.15 
2.60 
0.14 
0.14 
1.01 
0.50 

0.65 
0.63 

37.2 

Axial location of center 
of gravity (cm) 

237.5 
233.3 
238.4 
233.5 
240.3 
240.4 
231.9 
452.5 
28.0 
470.5 
233.0 
-17.6 
498.1 

241.44 

Note : KSC-4 cask total length without impact limiters is 4,845 mm 
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a 4.1-4 SA 240 Type 304 stainless steel4 ££41 4 £ 7144 £ £ & 

^~~~-~~~----^-4remperature °C 
Property ~̂~~~~~~----~-̂ _____̂  

Yield strength (MPa) 
Young's modulus (GPa) 
Design stress intensity(MPa) 
Ultimate strength (MPa) 
Hardening modulus (GPa) 

Poisson's ratio 

Density (kg/m1) 

-40 

206.4 
198.9 
137.9 
517.1 
8.97 

-29 

206.4 
197.9 
137.9 
517.1 

21 

206.4 
195.1 
137.9 
517.1 
8.97 

93 

172.4 
190.3 
137.9 
489.5 
8.35 

0.3 

7,913 kg/m1 

Property ^̂ ~~~~~-~~~--̂ ^̂ ^ 

Yield strength (MPa) 
Young's modulus (GPa) 
Design stress intensity (MPa) 
Ultimate strength (MPa) 
Hardening modulus (GPa) 

Poisson's ratio 

Density (kg/m3) 

149 

155.1 
186.2 
137.9 
455.1 

204 

142.7 
182.7 
128.9 
444.0 

260 

133.8 
177.9 
120.7 
437.8 

399 

119.3 
168.2 
107.6 
435.1 

0.3 

7,913 kg/m1 

Ref.) ASME section III, Division 1, Appendix I, 
Table 1-1.2, 1-2.2, 3-1.2, 1-5.0, 1-6.0 
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S 4.1-5 Lead4 ££41 4 £ 4 4 4 #>$& 
^~~~~~-~-~-^_TemPerature °C 

Property ^ - _ ^ ^ 

Yield strength (MPa) 
Young's modulus (GPa) 
Strain at yield 
Ultimate strength (MPa) 
Hardening modulus (MPa) 

Poisson's ratio 

Density (kg/m3) 

21.11 

4.41 
15.71 
0.002 
16.95 
303.31 

65.56 

3.79 
14.89 
0.002 
13.09 
242.35 

148.89 

2.56 
13.30 
0.002 
9.30 
140.63 

204.44 

1.63 
12.05 
0.002 
7.23 
77.81 

260 

0.75 
10.88 
0.002 
4.82 
28.42 

0.45 

11,070 kg/m3 

* Reference 
1. E.T. Tietz, "Determination of the mechanical properties of a high purity lead 

and a 0.05% copper-lead alloy," Stanford research institute, Menlo Park, 
Califonia, April 1985, WADC techanical report 57-695 ASTIA document No. 
151165. 

2. H.J. Rack, G.A. Knorovsky, "An assessment of stress-strain data suitable for 
finite element elastic-plastic analysis of shipping containers," NUEG/CR-0481, 
SAND77-1872, Sandia laboratories, September 1978. 
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a 4.1-6 Resin(NS-4-FR)4 4 4 4 t ^ ^ t 

Specific gravity 

Maximum continuous operating 

Ultimation tensile strength 

Tensile elongation 

Ultimate compression strength 

Compression yield strength 

Young's modulus 

Impact strength 

Thermal Conductivity 

1.68 g/cm3 

148.89 °C 

29.31 MPa 

0.65 % 

72.42 MPa 

60.56 MPa 

3.87 MPa 

15.49 GPa 

0.645 W/m°C 
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3 4.1-7 Balsa wood4 7l A 4 £ 4 & 

Density 

Static bending rupture 

Modulus of elasticity 

Compression crush strength 
Parallel to grain 

Perpendicular to grain 

160 kg/crf 

457 kg/crf 

6,913 kg/crf 

139 kg/crf 

18.7 kg/crf 

3 4.1-8 Red wood4 4 4 4 #>$& 

Density 

Static bending rupture 

Modulus of elasticity 

Compression crush strength 
Parallel to grain 

Perpendicular to grain 

278-350 kg/crf 

1,417 kg/crf 

15,940 kg/crf 

459 kg/crf 

59.5 kg/crf 
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a 4.1-9 A AA°A ££41 4-£ 1 4 £ £ & 

(a) SA 240 Type 304 stainless steel 

£ £ ( ° C ) 

A ! £ (W/mk) 

41£^(J/kgK) 

21.3 

14.9 

477.5 

121.3 

16.6 

509.4 

232.4 

18.4 

532.1 

343.5 

20.1 

549.4 

454.6 

21.6 

563.4 

565.7 

23.2 

573.1 

676.8 

24.8 

584.8 

787.9 

26.1 

591.5 

(b) Chemical lead 

"\£ £ 
£ £ ^ \ ^ 

0.0 

200 

327.5 

400 

(W/m°C) 

34.6 

31.7 

18.0 

16.8 

4 1 
(W-hr/kg°C)(J/kg°C) 

0.036 (129.6) 

0.038 (136.8) 

0.039 (140.4) 

0.040 (144.0) 

m rr a - i -

(kg/m3) 

11,350 

11,000 

10,900 

10,900 

(c) Resin 

<tAJ_JErr 

4 1 
nl rr a->-

: 0.65 W/m°C 
: 0.17 W-hr/kg°C 
: 1680 kg/m3 

(d) Copper plate 

1*15 
4 1 
nl rr 
a - j -

. £ : 52 W/mU 
: 0.1167 W-hr/kg°C 
: 8800 kg/mJ 
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41 2 ^ £3hg7]  f r ^ i 5L^% 

£ ^41A1 KSC4 £ # £ 4 4 £^4"4£44 1*114 ^ 1£4*114£ 
4 ^  ^  t M £ 1 € ^ £ 4 £51^4. S114 ̂ £ £ LSDYNA3Dn)4

ABAQUS10)1 A>gef^o.4 444 $m£ <$$■ s l ^ 4 l £ eta/FEMB19)4

IDEAS20)7r A >  §  4 ^ 4  . eta/FEMB£ LSDYNA3D1 4 t r *J4 4 7} (Pre

processor) 4 J 1 ABAQUS» 4 4 1 ^ IDEAS71 Afg4^4. 
£ ^ j i 4 o i i 4 ^ ^ 4 5 i i4£ 4 t r £ H ^ 4 1 AAA A»d*)<d Af%>£ 4 

£ 4  $ J I , 4 £ 444 A^o}} A A LSDYNA3D4 ABAQUS/Explicit4 *11 
47J4£ x)&n £ s££>4 4  4 ^ # 4 i ^ 4  . a*}, 1414£ £$# 
44 4 ^ , £ 4 £ £*J4A14. 

1. £^:4*r£4*114 £ C I ^ 

£ ^ 4  £ 4 * 1 1 4 4 ^ £ 7j711^^4 #441 4£ 4 ^ *U444 nfl£ 
41 4 1 4 4 £ £ £ 4 4 4*11 4  ^ 7}AAA #£41 4$t4. £ # £ 4 £ 
314 £4^r£3lAl44 £S7jf^ ^ T J ^ ^ J T . 7}^^JL £ £ £ £ l ^ 
414 AH4fi uflAî i SJ^TJ^O.^ 444534. £#£44 ^ 4 3 ^ 4 ^ 
<y4A£ ## £ # £ 4 4 4" ££414 a"AJ4£ ^ 4 £ ^ 4 ££4 3£AJ 
£4 «Jls £7i]fe € ^%>£ 444 § ° £ £ nil7̂ 1̂ 4. £4#£*H4 
4 £ » A*\3. 5a £ steel € £*r £#4"4£441 £ < ^ £ 4 4 4 &°£ 
£ fileHH tiH^l^}^ji red wood4 balsa wood£ £#A^ o_s 7^4$ 
4. Resin4 Outer € A>44 <l^il£ 4*1 ## Sfl £ ̂4*r£4*H44l 
£ ^ ^ £ 444 &£££ £^^414 «l£il4$4. £#£4 ifl41 «Hs£ 
^ 4 4 534 #o_*l £ # £ 4 4 £4£7r £1*1 f ^ t 7r£££ 7^4

534. £#£4 ifl̂ ofl &fe £31 *fl (Resin, Lead)£ 4 • 4£ €4 #3*1 
<^44 $14^ 7r*J453jL £^111 £4; H4 4 ^ n^ # • ̂ ^ o ^ 

£ # £ ££l£44£ 9m £4414 Att^rA^ nfl £#g7l7r #£ 
£ 4 4 ^ ^ £ 7̂14534. °H £#4 1 4 4 £ ^ 4 £ ^ 4.2244

£v4 £4£4, £SJ££ ^ 2 45° ^Ai44ji ££44 *U4£ £*34A1 
4. *fl££'i£ ^4 344 £<H*l7ll 4^4^(Symmetric)£ 4£4"4 
4 £ £ £ £ 7)^o_s. 44 l/2#£ 3£# &±% 4 £414. 4££#A£ 
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£ £ # 4 9m £ 4 4 1 4 4^44  s . o]*V ^ 4 £ £ v=J2gh = 13.3 m/sec» 
4 £ 4 1 4 . 

£ # £ 4 4 £ £ £ £ £ Solid l i s £ 1 ^ 4 1 4 . 3LfJ 4 . 2  2  4 4 A 
4 £ # £ 4 4 a # 4 £ ^ 4 £ ^ 4 £ £ £ 4 M ^ £ r 414 ^ 4  £ » 
£ 4 4 4*11 4 £ £ £ ^  4 ^ 1 4 T 1 1 .&£«■ A ^ ^ r j  . A*\A 4 £ ? r £ 
* i iL i^ r 4 ^ ^ £ £ A I H 1 « 414 A ^ £ # ^ 4 4 4 4 4 4 4  4 # 
* J i i ^ |  A>g4o|4. 4 ^ ^^H14 A i ^  4 ^ 4 4  j i i e i ZL& 4.214 
^ 4 £ £ 7 > 4 5144011*} &i=. . g . ^ ^ 4  . ^tiVg441 A }  §  4 4 ^ I ^ 
€ ^ £ ^ 5096071144 £  3  ^ 4 7fl £ £ 4040071144. 

Node 

Integration 
point 

ZL& 4.21 A*\ A^ £ 4 £  3 . ^ 
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ZL& 4.2-2 £#£4 £#^.^s.l(*#4 £444) 

ZL& 4.2-3 £#£4 £#A^£1(£#4 £^4-4-) 
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ZL& 4.2-4 £ # £ 4 £f£3_^Ji*3](^#4 ^ 4 4 4 ) 

59 



a 4.2-1 £ ^ - 4 4 £4*114 SLA 

^ ^ ^ ^ ^ ^ 

Impact limiter 

Cask body 

J l i £ £ 

^A^A 

£^-4 i£4££ 
(9m 4 4 ^ 7 i ) 

£ C a ^ ^ ^ T l l S T i 

Wood # 1 r £ £ 4 

^>4lAfl4- ^ 4 ^ 2 : 7 ^ <£*! 
J1AJ o_£ 7>7j 

3D solid element 
(Reduced integration element) 

t l l ^ T l l ^ T i , <$A3-A 

v=13.3 m/s 
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2. 1*114 ^ 1£4*114 £ l ^ 

£ # £ 4 4 1*11441 Al-8-% £ 1 £ £ C I £ =L% 4.2-54 ^ £ £ € £ 4 
Af£€ £ 1 4 . ^ 4 4 *114£ AAA # # 4 £ £ *M-§: J L 4 # 3AA £ 
! £ *1144£ 3 4 # 4 # 7114:4 £ 4 4 # 4 -̂7fl7> 4-^-4 ufl̂ 41 # # 
4 £ £ A M £ 3.4tr 2 4 ^ £ € £ Ai-g-sfljE 1*114£ 4 £ 4 £ # 4 4 . 
KSC-4 £ # £ 4 4 ^A-il##^£-^ ZL& 4.2-64 AAA £ 1 ^ 4 1 4 ^ n 
U 4.2-74 £v4 £ ^ 4 wll1£ 41441 4 W £ £ #*J4fJ 2 4 ^ # # £ ! 
£ AV£41 1*114£ £ * 3 4 1 4 . 1*114414^ ^ 4 ^ 4 ^sLffcLS, 4 
4 £ 4 * 1 1 4 4 1 A | *11441# ^#- i - J I 4 4 1 4 . 14144 a ^ 4 4- jf-g-̂ i 
4 £ 4 TjTilSTi ^ 4 £ 2 : £ £ ^ 4.2-84 £v4. £ # £ 4 4 4 £ 4 1 £ A 
£ 4 £A>2;7i^ j i 4 § r ^ j i 4 £ 4 1 4 ^ 7j^o\] 4*v ^Tgvg- 5 1 4 4 - ^ 
4 «fl<2^i4 # # 4 ^ r £ 4 1 £ fuel-basket4 S # 4 l heat flux£ £ 1 4 . 

1*1144 ABAQUS/Standard4lAi A>-g-si ^ ^ ^ 2 4 ^ A i l - Ar£4-5a 
31 A&A ^ . ^ ^ s - ^ 4 0 . ^ 4*174 2 4 ^ 1*114 A i DC2D4(2D 
diffusible heat transform element)£ A&AxtA. LS-DYNA3D41 A! 3 4 ^ 
£ 4 £ A i l : 4 £ 4 1 4 . LS-DYNA3D1- A&A A£4 £A>7j7ll2:7i^ 
4 £ 4 4 4*11^ 3AA * 4 £ l i ^ ^0)14- 4 ^ 4 7 > £ 4 4 «H£41 £ 
411- 10cmA<]£ig- 4 £ 4̂ 11 # £ 3 4 # £ 4 £ A i l - 4 £ 4 1 4 . 

<i-g-4 §114011 A>.g-̂  a.^ 3 ^ 14)441 Ai-g-^ a ^ 4 £ 1 4 4 . ^-4 
4 1 £ 4 414414 Al-g-sl ^ . ^ 4 ^ ^ ABAQUS/Standard4lA-l 4-iMl 
A > £ 4 4 . 4414 i i r 1 4 1 4 4 £ 1:4 £3:*114 414 A>-§-4^ l i t 4-
£ 4 £ 4 £ 41441 A i £ £ £ 7^-4-4*4 4 ^ 4 ^ ^ f - <i_± 
CPE4R(2D plane strain element reduced integration) 4 4 . LS-DYNA3D1 
4 £ 4 1 £ 4 * H 4 4 1 A I j i i 4 f^^ 3AA £ 4 £ A i £ 1*1144 4-§-
4 A i 4 ^ 4 . 4 4 ^v4 £ 1 4 A i t Al-g-4-^ LS-DYNA3D41A A 
4144 1 4 4 £ MrAA^-S-A ^ £ « - £ 1 4 . £ 1*114£ § ^ £ 4 1 £ 4 
1 , AiSLtr ^ 4 5 1 ^ £ ^ # 4 ^^.%> J£4JL ^-g-^ ^ 4 - ^ ^ ^ ^-^1 ^ % 
4 414 oil 4 A>-g-si ^ s 4 4 £ 4 ^ 4 4 ^ A 4 4 . 
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(a) 2 4 4 A A £ 1 

(b) 244 £44 £€ (c) 3 4 4 £ 1 

ZL& 4.2-5 1*114 A 1£4*U441 A-%-A ol ^ a cfl ^A i— - 1 - a 
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V7777///////) 

\ j g 4 - CO£PfR_P<-ATE 

ZL& 4.2-6 KSC-4 £ # £ 4 4 # # ^ 4 
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2J¥iKsteel) ► 

31S! (resin) ► 

LU¥^ (steel) 

a- (lead) 

Fuel basket 

LKcopper plate) 

ZL% 4.2-7 £ # £ 4 4 1*114 £ Dfl 

cuw & m^i s a 

n ^ 4.2-8 4*114 £ 4 A i £ cfl 
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*)1 3 ^ ^f 4:4-4-^4 414^4-

£ 44lAi^ LS-DYNA3D4 ABAQUS/Explicit4 £ 4 4 4 £ 4 *H44 
4 1 - £ 4 4 4 , £ ^ 4 4 , 45° ^ 1 4 4 4 1 4*114 4 £ 4 1 4 . ,fAAA £ 4 
4 £ 5 J 4 4 # £ fl^lji oi^uj- ^ o ^ o ^ f e . 1^-4 ^ 4 0 - ^ 4 . 45° TJ 
A>4441 4*flAi£ 1 £ 4 1 4 . £3:711 <d Stainless steel4 431^14 Resin, 
Lead£ 4 • L^ASLS. 414 £ 412 . , £ 4 4 £ A | O ] B a l s a w o o d 4- Re(j 
wood£ £ 4 4 4 £4*11441 4 4 1 ^ £ 4 4 4 & £ £ S . £ # A J o.^ 7v^ 
4-4 4144-5514-. 

7|441 4 4 4 ^ £ # 4 ifl£4l44(Interanl energy)4 £ £ 4 1 4 4 
(Kinetic energy)4l 4*H4 4 ^ 4 1 ^ , £ 4 4 4 £ 4 4 £ 4 ^ 4 l £ 4 , 7} 
A £ £ £ ^°1 # £ £ £ 4 Effective stress(Von-Mises stress)!- 4 ^ 4 1 
4 . LS-DYNA3D4 ABAQUS/Explicit4 4144441 4 4 4 4 4 £ 4 £ 4 
4 4 441A-1 £ 4 4 4 & 324MPa(=0.7Su or 2.4Sm)£ # £ 4 £ 4 4 1 4 4 3. 
4 £ 4 1 4 . 4 £ H 4 4 £ H 4 4 4 £ 4 £ £ a 4.3-141 * j 4 4 1 4 . 

£ # £ 4 4 4 £ 4 4 - *114£ ,i£ 4 * J ^ 4 £ 4£*ll 1/2 4 4 £ € £ A>-§-
4 1 i , 4 £ 2 : 4 A ^ £ £ 4 4 9m £4414 4 £ 4 4 £ 4 4 ^ 4 £ £ 13.3 
m/secl 4 £ 4 1 4 . £4*1144 ^^^s.7} -29U4 4 £ 4 38°C4 ^-£41 
cfl^4 4-4- s-*n4 0.5. <$t££. 4)4 ^ 5J71-44 1 4 4 £ £ £ 2 : 4 £ 4 
4 4 - 4 4 §>4-; ^ 1 4 4 ^ 4 4 7 ^ - ^5.7} ^ o ^ ^ 4-ieVs.s. :a£41 
4 4^- 4=4.4 nfl̂ ofl 4 4 4 ^ 38°c4 i £ £ 4 2:̂ 141 4 4 4 *114£ £ 
*3414. 

LS-DYNA3D4 ABAQUS/Explicit4 4 4 1 - 4 ^ 4 J±# 4 4 4 4 4 £ 
4 £ £ £ 1 4 4 =L^ 4.3-34 4 4 LS-DYNA3D414 4 4 4 4144 £ 
4 4 4 - A J 4 £ 4 £ 4 1 : 4 £ 1 4 . 4 # 4 4 ^ £ 4 4 4 4144 £ 4 4 
10% #441 £ 4 £ ^ £ 1 4 ^ £ 5 . 4 4 *1144 4 4 4 £ ^7>#4. 
ABAQUS/Explicit£ 44*J *1144 4 4 4 £ £ £ * J 4 4 4 £ ^ 4 4 1 4 £ 
J i 4 4 4 ^£41 4144 £ 4 4 4 4 1 £ 4 £ £ 4£*14. £ *114s£l 
4 4 £ l ^ £ 1:4414 4 £ # 4-4 7^4 £ - ^ 4 4 4 £ 1 4 . 4441 
4 4 ^1£44 4 £ £ 4 £ 4 AA. 
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3 4.3-1 4£€4 4£H4 44£4 

£444 
£^44 
^AAA 

Max. effective stress (MPa) 

Inner shell 

ABAQUS 

183.1 

155.8 

259.8 

LS-DYNA3D 

206.9 

158.6 

258.1 

Outer shell 

ABAQUS 

291.4 

267.3 

848.3 

LS-DYNA3D 

265.4 

269.6 

677.1 
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l. £44 £ 4 4 4 41444 

LS-DYNA3D *11444 4 £ € 4 44 Von-Mises £ 4 £ 265.4 MPa4 
91JL, 4£H4 44 Von-Mises £ 4 £ 206.9 MPa£ £444$: 324 MPa 
i±4 4 £ £§!£ iLli, 4 4 ^ 4 4 4 4 4 £ ££4 £ 4 4 1 4 . ^ 
4.3-441 4 4 4 £4 4 4 £ # 44^-# 0.7 msec^ ^rfll- 4-l=-# £ 2 
msec414 ££4 44 ^ 4 4 £ 4 £ 14. 

ABAQUS/Explicit *114€4 LS-DYNA3D4 44 £ 4 4 € 4 * 1£ 
£ 114. £ 4 £ # 4 i # 4 £ ^ 4 44 Von-Mises £ 4 £ 183.1 MPa 
41:n., 4£H4 £ 4 £ 431 291.4 MPa£ 4£414 . 4£ £ £ £3431 
&H4 4 £ SM&J* £4 4 4 £ £ LS-DYNA3D4 44 £ 1 4 4 4 $ 
A. ZL^A ^-4 4.3-2414 1 £ 1£4 ABAQUS/Explicit4 *H4^4414 
*r £44 £44 £ £ 4 4 £ 4 £ £#£4 4 S4414 4 4 4 £ 4 £4 
4 #Ai<4£r 4£ £ £ 14. o. 4££ #*r3^l: ^ 4 - 4 4 - s 
ABAQUS/Explicit4l 4 ^ 4 <^£ *i /Aiifl4l4 3.44 £ 14 41 £4 
4. £4 4 4 £ £ 4 4 ^ 4 0.8 msec414 4 4 1 4 £ # £ LS-DYNA3D 
4 447>4£ 2 msec 4££4 ££4 4 4 ^ 4 4 £ 4 £ 14. s t 
ABAQUS/Explicit4 447> LS-DYNA3DH4 i l£4££ A7\A±r ̂ .g-
4 £ 14. 
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Cmrtotn at hffecttv* St m» (v m) 
rvtmnc* *twi surlaca 
i«n-1»0e4, at afamf 29114 
ma*-4SS31Z**#X at atom* Z3310 

(a) £ 4 £ 4 4 4 4 effective stress contour 

300 

—■—Inner shell 
—o— Outer shell 

0 000 0 001 0 002 0 003 0 004 0 005 0 006 
Time (sec) 

(b) £ 4 £ 4 4 4 4 effective stress A-

ZL& 4.3-1 £ 4 £ 4 4 4 4 LS-DYNA3D 4 4 4 4 
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c lis 
(Ave. 

B 

Max 
at 

Mm 
at 

TZ 
+2 
+ ?. 
tl 
+1 
+1 
+9 
+6 
+3 
+1 
+3 
el 
+1 
el 

es 
Crit.: 7 
679e+'J8 
373et08 
C66e+08 
760C+08 
453e+08 
147e<08 
840e+08 
S34e+08 
227e+08 
209e+07 
145e+07 
030e+07 
602e+05 
679e+08 

■ > * ! 

em 1604 node 
602et05 
ere 29824 

2237 

node 33546 

(a) £ 4 £ 4 4 4 4 effective stress contour 

400 

0 U-

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 

Time (sec) 

(b) £ 4 ^ 4 4 - 4 - 4 effective stress 4 £ 

ZL& 4.3-2 £ 4 ^ v + 4 - 4 ABAQUS/Explicit 4 4 4 4 
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—■—Kinetic energy 
—o— Internal energy 

.o-o-0 

0 002 
Time (sec) 

(a) LS-DYNA3D 

-Kinetic energy 
- Internal energy 

0 002 
Time (sec) 

(b) ABAQUS/Explicit 

ZL% 4.3-3 £ 4 £ 4 4 4 41414 4144 4-
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40 

3.5 

3.0 

I" 
<D 
e 2.0 

I
1 5 

£ 
~ 1.0 

0.5 

' 1 ' I ' 1 ' I 

- / \ 
{ \ 

' 1 ' 
—■—Impact force 
Max impact force 
3 89MN at t -0 7msec ' 

• 
\ 

1 \ - 1 \ 
1 \ 

- / \ 
- / \ : 

■1 \ -
■ ! \ 

/ V. / ""•—... ' . , . . . . . , . "!--.... 
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 

Time (sec) 

(a) LS-DYNA3D 

4.0 

3.5 

3.0 

I" 
<D 

y 2.0 
o 
u. 
I 1-5 
— 1.0 

0.5 

0.0 

-1 ■ 1 ■ 1 ' T -

/ \ 

\ 

—■— Impact force 
Max impact force 
3 58MN a( 1=0 8msec 

0.0000 0 0005 0.0010 0.0015 0.0020 0.0025 0.0030 

Time (sec) 

(b) ABAQUS/Explicit 

ZL& 4.3-4 ^ 4 ^ 4 4 4 *114 4 4 ^ 4 4 A-
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2. ^ 4 4 ^ 4 4 4 41444 

LSDYNA3D 414 4 4 4 4 VonMises g4^ 4 ^ €414 269.6 MPa 
AA^L, ifl^ €414 158.6 MPa£ g4 4 « 324 MPa£4 45x£H£ 4 
4 4 4 4 4 4 x 1 4 . 4 ^ € 4 §34 ^ 4 4 4 4 1 4 iHS4fe g4£4 4 4 
4 £ 4fHr ^ 4 4 4 4 4 4 ^7}=i <dA 4 4 € 4 314414 ^44fr # 
4 f ^ 3 } i 917} 41^44. =irl 4.3741 31^ ^ 4 4 ^ 4 4 4 4 £4§4 
4 ^ # 4 4 1 4§4fe ^ 4 4 4 4 4 1  4 4 £ 4 0.23 msec4H 17.8 MN41 
4 4441 4^ $■ 34 A±A^ 0.6 msec4^Jf4fe ^ # 4 ^A^ A 
^ 31A. ^ J 4 4 4 l 4 ± r ^ 4 4 4 4 ^ AA # 1 ^ 4 4 f  i 44 ^7\7\ # 
4 4 4 Q^ 4 4 ^ 4  r 4 4 4 £ 4 ^ 4 4 4 4 ^7}4xl4 A&A 4 £ £ 
4 4 4 4 . 

ABAQUS/Explicit *11444 ^r 5 J44 S t LSDYNA3D4 4 4  ^ 4 4 
4 4 # A^ ^ 9X9iA. g4# 4 4 £ 4 ZL& 4.364 4 4 4 ^ €414 4 
4 VonMises g4 4 267.3 MPa4&Ji, 4^ € 4 H 4 r | 155.8 MPa£4 
4 4 4 4 ^ £ 4 4 4 4 x 1 4 . ^ 4 4 4 4 ^  4 4 4 ^  4 £ £ lH)4Sr ^ 4 
4 ^ 4 ^ g4^ &^ 4 £ £ 4 4 4 : 4 . ABAQUS/Explicit4 ^ 4 4 4 £ # 
4 4 £ 4 0.2 msec4l4 4 4 15.24 MN41 4 ^ ^ 0.6 msec4l4 f ^ 4 # 
4§ 4 r 9XA. 

3. ^ 4 4 45° 4Af44 4 4 4 4 

LSDYNA3D *11444 4^f € 4 4 4 VonMises £4£ 677.1 MPa 
O}9XJI, AT € 4 4 4 VonMises g4^ 258.1 MPa 4x14 ^ 4 4 4 4 
£ £ ^ 4 4 ^ 4 9m414 4444 ^ 1  4 4 ^ 4 1 4« ^ 4 ^ 2 j o 
£ 4^4 4 ^ 4 4 ^ 41: 4l#t ^ 4 4 . ^ 4 4 4 4 4 4 4 4 4 4 ^ 
324 MPa 4^41 4 £ £ £ 4 4 4 4 i 4 4 4 4 . 

ABAQUS/Explicit *11444 4 4 € 4 4 ^ VonMises g4^ 848.3 
MPa A A 31, 4 4 € 4 4 4 VonMises  ^ 4 ^ 259.8 MPa AAA. 
LSDYNA3D4 4 4 7 > 4 £ 4 4 €414 4 ^ 4 £ £ 4^1 4144 ^ 4 £ 
4 4 4 € 4 g4^ 324 MPa^ 4 ^ 4 ^ r ^ 4 4 4 £ £ £ 3 4  4 * H 4 £ 
4 4 4 4 4 4 4 ^ 4 £ £ 3j714x14. 
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LS-DYNA user input 
Hon- 0.000593 
onu rc 1EftoclM s u a (v-m) 

j . « t * » i w a » i 

4 «- € 4 4 4 ^ - ^ : 269.6 MPa 
ifljf ^ 4 4rfl-g-4 : 158.6 MPa 

-g-4 4 4 : 324 MPa(=0.7Su or 2.4Sm) 

ZL& 4.3-5 ^ 4 ^ 4 4 4 LS-DYNA3D *11444 (stress contour) 
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S, Mises 
(Ave. 

~ - +6 
Max +2 
at el 

Min +6 
at el 

Cnt.: 75%) 
677e+08 
454e+03 
232e+08 
009e+0S 
737e+08 
564e+08 
342e+08 
119et06 
965e+07 
740e+07 
514e+07 
289e+07 
3246+05 
.677e+08 
em 1601 node 
.324e+0S 

2234 

em 25911 node 24591 

4-r- € 4 4 4 - 5 - 4 : 267.3 MPa 
4 4 € 4 4 4 - 5 - 4 : 155.8 MPa 

- § - 4 4 4 : 324 MPa(=0.7Su or 2.4Sm) 

ZL& 4.3-6 ^ 4 ^ 4 4 4 ABAQUS/Explicit 4 4 4 4 (stress contour) 
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18 

16 

14 

12 

10 

8 

6 

4 

2 

0 
0 0000 

. . . 

i ' i 

\ 
\ 
\ 
■\ 

1 
1 M 

—■—Impact force 
Max impact force 
17 79MN at t=0 23msec 

1 
■

 
1 

■
 

1 
■

 
I 

i—
[--■

--T
 

1 
1 

1
—

 

0 0002 0 0004 0 0006 

Time (sec) 

(a) LS-DYNA3D 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 
0 0000 

i ■ i ' i 
■ 

J! 

—■—Impact force 
Max. impact force 
15 24MN at 1=0 2msec 

!\ 
. / 1 : 
■ 

-

I / \
r
"~\ 

1 ' ' ■ 

k \ 
\ 

- ' ^ -
; \ ■ ■ ■ 

I "^ 
.A: , , ,v_, , . 

0 0002 0 0004 0 0006 0 0008 0 0010 

Time (sec) 

(b) ABAQUS/Explicit 

ZL& 4.3-7 ^ 4 ^ 4 4 4 41444 ^ 4 4 4-
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LS-DYNA user input 
Time- 04036 
Contours of Effective Stress (v-m) 
reference stwf surface 
nwt-1302S3, at etero* 15609 
ma«-;j3313e.«W, at elenu 1611 

(a) ^ 4 4 45° 4 A f 4 4 4 effective stress contour 

700 

600 

ro 
n 
^ 
w 
CO 
0 

W 
<D 
> 
o 0) 
a= LU 

600 

400 

300 

200 

100 

0 

I 

—o— Inner shell 
Max. effective stress 
258.1MPaatt=4.8msec 
- ■ - Outer shell 
Max. effective stress 
677.1 MPa at t=1,9msec 

zA 
%^A\ : 324MPa (0.7^Su) ° 

" \ 

_/"~ 

S 
JL _1_ 

0.000 0.001 0.002 0.003 0.004 

Time (sec) 
0.005 0.006 0.007 

(a) - f 4 4 45° 7% A4«r4 effective stress 4 

ZL% 4.3-8 ^ 4 4 45° 7iAAA LS-DYNA3D 4 4 4 4 
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S, Mises 
(Ave. Cnt.: 75%) 

+8.483e+08 
+7.776e+08 
+7.069e+08 
■+6.363e+08 
+5.6S6e+08 
+4.949e408 
■+4.242e+08 
•+3.535e+08 
+2.828e+08 
■+2.121e+08 
+1.415e+08 
■+7.077e+07 
+8.198e+04 

Max +8.483e+08 
at elem 21811 node 25145 

Min +8.198e+04 
at elem 39999 node 45039 

(a) ^ 4 4 45° 4 A > 4 4 4 effective stress contour 

to 
Q. 
CO 
CO 
OJ 
W 
CD 
> 
o 
CD 
8= 
UJ 

900 

800 

700 

600 

500 

400 

300 

200 

100 

„o° 
^ 

I ' I 
o 0 o o o o o o o o o 0 o 

\ 
\ 
\ 

1 1 ' 
—■—Imer shell 
Max. effective stress 
259 8MPa at t=31msec 
- 0 - O u t e r shell 
Max effective stress 
848 3MPa at t=3 6msec 

Su=517MPa \ fX °o°ooooOooO' 

e ^ § . ^ l : 324MPa (0.7*Su) 

.S" 
sm \ 

s 
■■..—■■* i 

0.000 0.001 0.002 0 003 0.004 0.005 0.006 

Time (sec) 

(a) ^ ^ : 4 45° 7JAI-4-4-4 effective stress A^ 

ZL& 4.3-9 ^ 4 45° ^AAA ABAQUS/Explicit A AAA 
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41 4 A %nq ^ 'AAA *VAAA 

A AAA A LS-DYNA3D4- ABAQUS/Standard4 AAA A AAA A 
A AAA AAA 7]^A%i A. 10 CFR Part 71.73^ 7fAj-Al-j7S?d<»il tflgfl T\ 
^-4-75f4^4- ^ ^ 4 ^ 4 4-7114^^011 AI *34 4 4 *>4-JI 4 ^ 4 4 &A. 
ZLA AAA AAA A A AAA £ ^ - § - 4 ^ AAA A A A%A%A 4*11 
£AA °g^ ^ ^ 7 l £ 4 ^ ^ no\*dA. 3.AA, £AA <QA & £ £AA 
7]7\ AAAA AAAAA. AAAA 9m ^HT^-STTT £#-§-4 AAA ^A 
A^A A°-AA SM nfl^-44-. ^4^o f l ^y i -g .4^ ^ 4 | / o r o S 4^.4. 
4:4-. 4 - ^31^ 4 ^ -f-^oflAj < g ^ ^ <d<LAAA AAA AA AA A 
£A AAA AAA^A^ ZL 37}^ AA. tAA^AA ^ 4 ^ 4 A^A 
# 4 * H ^ l 7 r AAAA 4 ^ # AAAA ^A %SLS, ^AAA A&AA. A 
^4tg<4 4 sn £«Kg-4 AAA ^AA^-S. AAA A ZL ^A7\ ^ M < > U 
Afl*>4 47l A^A ^ f4?gci i 4*1- ^4-71- 3A QA. AAA AAA AA 
A A ^ <$*&% AAA QC-B-zL £#,§- 01̂ 1 go. ^ ^ o i ^ . g ^ c ^ 

AAA am. 
1*114^ 3̂ > 1AAA A^A #£., AA, 4 4 1 3 ^ : 4 - ^1 4 ^ *. 

SLAA^-SLA 414^ 4- Jf-^4 ^ 5 L « . i # <u-4-44 4*11 AAA AA. A 
£-4 su*} o. cgS|)^o]i4 §̂11̂ 1 - ^ ^ H . ^ 0 1 1 oî v 4)4^5. 2A AA°-S. £ 

AAA A^AAA 3SmJi4- AAA AA3. fl-^*l-:ii AA. AAA AAA A 
A^AA ^A AAAAAA AAAA AA. AAAA 2A ^ ^ - S £AA 
fe AA^ 2-AA 7)AAAA ^AA AA^AA 3A °§AA AA AAA 
7] 41^44-. ^§1144 ^ 4 * v %°. < i ^ t £ 4 - 4i$;-8r #>8#°-^ 0 1 ^ 
A AA. AA £5LA A^ AAAiAA^-S-, AA)A An 9l°-A ^AA A 
A A A A AA. ABAQUS/Standard *114 <*AAA AAA AAA &±% 
A>-g-«floi: jt3it LS-DYNA3DOH451 AAAA A A AA l i t Af-g-^4 
A A. ¥ S.^ZL^ 3.^ 1*1144- AAA AAA A A implicit A^A A A 
A A AAA A^AA. 

AAA7} A 1*114^ 3 A A7\A A AS. &AAAA0 CFR Part 71, 
IAEA ST1). ^A AA^ AA AAsA AAAA 4Jftll7l^-3£^l 4 t r ^ 
AoHvEfl*ll^M:ii, #*ll AAA 800°C4 sJ-AflAfjL^dAA 3 0 ^ ±%AA %" 
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^ * 1 1 * H 4 ( ^ 4.4-1). 4A14-5-3L 41 #41 AAA AAA7]£SLAA A<& 
AAAA AAAA. A A7\A AAA AA AAAA £AA, AAA^-S. ^ 
^AAA AA. 3-A3 ^-^AAA A AAAA ASLA AAA7] 4 ^ ^ 
3A AAAA ^A^ASLAA A A 0.93S.S. A7^\3 A3, 800 °C AAA 
3Et7dA TiAAxr 0.8S T J ^ U AA. ^A A^-AAA AT A: A A A 
800 °C 4-AllA}jiS7ioii tfl 41 AA A A A A A^A3 AA. 

1 4 1 4 ^ AAA 4 4 ^ ^%7\A7] AA 198BAA A*$A AAAAi^ 
4.4-2)4 4 ^ 4 x 1 4 . 

A^AJr̂ tiVSTi A^- AAA AT • h = IM AT033 (4.4-la) 

71-^42.2:7i A^ AAA AT ■ h = 0.0845 AT033 (4.4-lb) 
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LH¥°I ^AtAig^oj gmgoHi ojsh %j\ §ArArE}] ( t=0) 

S 3 : TXL^^LL^ 38°C, EHgf^AH 231 W/m, * » ^ § H | g 7kW 

800°C sWHSa CH# & ^At I 2 i (t=0.5 hr) 
S a : 800°C gtXHg£, BTM 0.8, ^ f fg . g j l l l 7kW 

SFAW X t ^ ^ ^ S a (t=0.5 ~ 6 hr) 
S 3 : ^ S £ £ 38°C, EHSM^AH 231 W/m, ̂ s §TJ|« 7kW 

^ 4.4-1 £#-§-714 = s ^ ^ 4 £ 
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900 A 
^ S k f W 1988.11.19. 

g=^ 1.0 ~4 .0 m/sec 

ZL& 4.4-2 KSC-4 £ # - § - 4 4 800°C 4 4 1 4 ^ T J 4 
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1. 1*114 

ZL& 4.4-3£ LS-DYNA3D4 1*11^ ^ 4 4 44°fl AAA 4 4 A 7AA 
4 . 2:71 ?£AAA AA T AAA a#£T£(145.9°C)7l- 800°C 4 A 1 1 2 : 4 £ 4 

^ 4 * 1 A^AA 30£ ^-A 535.9°C4A! £ 4 4 4 . 30£ 4 £ ^ 4 4 * j £ 4 
4 £ i 4 £ £ - £ 2 4 4 4*1 £ 4 4 4 ^ 4 3 * 1 4 2AA 4 £ £ 3 £ ^ 4 4 
4 4 44*11 4 AA £ £ 91A. £ 4 4 4 4 4 £ £ £ £ resin£££ AA 
4 ^ £ 4 4 * &AA & £ AA A A AA. AAAs. AAAA 4 £ 64 
4 £ 4 4 ^ £ £ 260°C£ 4*14 4£^(327°CH « 4 4*1*1 £ 4 s s 4 
AAA3 *> £ $14. AAA £ 4 4 £ ^ 4 4 £ ^ 7 r 4£°fl 4*A4 AA^ 
AAAA AA 4 4 4 £ AAA resin4 1 4 ^ 4 4 44^1 ^ £ 4° l AT 
s. AAAA £ 4 4 £ AA A £ °AA. =IAA BL?\ ^iAAAAAAAA A 
«-4 £ 4 1 4 £ 4 £ £*114 AAs. A AAAA AA A A AA. ZL% 
4.4-4£ LS-DYNA3D4 AAAA 4 # ? H 4 4 4 £ £ £ £ i £ 44M131 
9XAA =L% (WAA AAA AA AAs. AAAA £ £ £ &AT3 A3 ZL 

% (AAA 6AAA ^ 4 4 * j £ 4 AAA £ t £ i 7 f 4 * J 4 4 A A £ £ 
AA. 

ZL& 4.4-5£ ABAQUS/Standard4 * f l 4 4 4 £ A 1 * H t f l ^ 4 4 ^ ^ 
4 4 . LS-DYNA3D4 447>4S 800°C AA^A^A ^ c 7 | . ^ 3 4 AT^ 
4 £ A A £ £ A3 AT 2 4 4 ^ O L £ ^ 4 ^ 4 - 4 4 4 o} 4 ^ 4 ^ 
^ 4 4 4 4 44*114 AA A £ 9XA. 6471-4 1*1H£4 *HI*H4 4 £ 
4^1££- 250°C3L ££Aj 327°CiL4 4̂ 11 4 £ 4 ^ 4 . ZL^ 4.4-6£ 
ABAQUS/Standard4 *H444 4 471H144 ^ f ^ S ^ I f 4341 Ji $1 
4 . LS-DYNA3D4 4 4 7 > 4 s 47112:4 £ 4 4 £ 4 £5L7} A AS- AAA 
± AA M- T 913 6AA ATA AAA £ ^£S7 l - A^iAA AA £ £ 
$14. ZL& 4.4-74 iL4 4£a^°llA-l ABAQUS/Standard4 447f 
LS-DYNA3DiL4 800°C 47,14 ̂ £4°1 l£ £T1] 4 4 4 ^ 1 4 £ ^44* j ° l l 
A A LS-DYNA3DiL4 4 £ £ - £ £ £ £ £-A3 AA. AAA AASLAA 

A A * f l4£4° l l£ ABAQUS /Standard7l- LS-DYNA3DJ5L4 i l £ 4 ^-S % 
7}A3 AA AA A £ 4 4 . 

ZL$ 4.4-8~10£ 2:42:44 4 4 *ll4, 800°C 30£ 1*114, 6 4 4 AA 
AAA A AAAA ABAQUS/Standard4 LS-DYNA3D4 4 4 £ A^-A 
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444. A A ^ 4 4 s £ £ 4 4 4 4 A^AA £ £ £ i £ AAA3 A 
4. 44, ZL& 4.4-84 44iL4 i£42:4^1 44 *fl4H4 LS-DYNA3D7} 
4 20°CAj£ £T!1 £ i 4 £ AA A £ AA. fuel baskets 4 4 4 A As. 
A AAAA 4 4 AAA %-AA AAs. 4447r£ AA iL°U 44. =L% 
4.4-9£ 800 °C 30£ 4 All 2:4 AT A £ 4 4 4 4 #7j«0i-i£ A £ « i t 4 4 
A3 AA. ^42:4*1144 447>4^ LS-DYNA3D4 4^7} 20°CAj£ ^ 
711 £ S 4 4 4 4£S4^4°llAi£ ABAQUS/Standard<̂ 1 Â  M27d°l J±£ 
4SLS. A7\A^ AA A T AA. ATA 44 ATS. 4 4 4 4 4 4 resin 
°11 4*11 4 4 4 4 4 4 4 £ 4 4 4 £ 44. 444^-3- ^ 4.4-104 64 
4 A>4^4 £ £ 4 4 4 4 A<iA^ £ £ £ i * 444:2- 44. 14 v}& 
7\AS. LS-DYNA3D̂ lAi ABAQUS/StandardJi4 4 4 ^ £ £ £ £ J±4 -̂
44. 4 4 4 ZL T | ^ £ 3= ^^ZL^O114 4£ 4 4 4 A3 44 4 4 4 £ 

44. 
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3 4.4-1 1*114 4 4 

\ 

Fuel basket 

Lead shield 

Inner shell 

Resin shield 

Outer shell 

4 £ £ 4 4 4 £ £ (°C) 

?§AAA 

DYNA3D 

259.0 

182.0 

175.4 

174.9 

145.9 

ABAQUS 

181.5 

115.8 

109.5 

109.2 

77.2 

800°C 4 4 2 4 
30£ £ 

DYNA3D 

254.4 

185.3 

188.8 

531.6 

535.9 

ABAQUS 

181.5 

121.8 

139.8 

738.8 

742.5 

38°C ^ 4 2 4 
644: £ 

DYNA3D 

280.1 

222.8 

214.8 

214.3 

165.8 

ABAQUS 

228.1 

167.7 

161.0 

160.6 

106.3 

- 84 -



o 

i_ 

Q. 
E 
<u 
h-

550 

500 

450 -

400 -

350 

300 

250 

200 

150 

100 

I ■ i ■ ' 
—■'—Outer shell 
—o— Resin shield (center) 
—□— Inner shell 
—• — Lead shield 
—■ — Fuel basket (center) 

■B'a-ffl-a a-a-a a-a-a a-a a-a-a a-a-a a-a-a a-a-a a-a-a t 
■°°-o-oo-o-oo-o-o^ J: 

0 o-o-o o-o-o« 
-°-° o-o-o O-O-O O-O O-O-O O-O-O 0-0-, 

2 3 

Time (hour) 

ZL& 4.4-3 LS-DYNA3D 1414 4 4 I 
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L K 

' * * ^ % S I ^ 

J* 

(a) 2 : 4 ^ 4 tfl4 £ £ £ £ i 

8fk 
L, 

(b) 800°C 4A112:4 30£ £ £ : £ i 

—»* 

(c) 6 4 4 ^ 4 £ £ s . £ i 

^ 4.4-4 LS-DYNA3D 1*114 4 4 II 



800 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Time (hour) 

ZL^ 4.4-5 ABAQUS/Standard AAA 4 4 
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(Ave. e r i c : 75%) 
+1 919e+02 
+l.B16e+0Z 

+l"609e+02 
+1.506*+O2 
+1.403e+02 
« .30Dr t02 
+1 197e+02 
+1.094e+02 
+9.912C+Q1 
+».882e+01 

»s!821e+Gl 

(a) 2:71^4 414 £ £J £ 5 . 

(b) 800 °C 4AH 2 : 4 30^ 

(Ave. C t i t : 7St) 
+7.474e+Q2 
+«.942e+02 
+6 « l e + 0 2 
+S.879e-t02 
+5.348e+02 
+4 816e+02 
+4.J84e+02 
+3.753e+0Z 
+3.221e+Q2 
+2.G90C4O2 
+2.158e+02 
+1.627e+Q2 
+1.09Se+02 

A C H 

(Ave. C t i t . : IS 
+2.392e+02 
+2.270e+G2 
+2.l47e+Q2 
+2.0JSWO2 
+1.903e+02 
+1.7Ble+02 
+l.G5»e+02 
+1.537e+0Z 
+ 1 . 4 1 5 * « 2 
+1.293c402 
+1.131e+02 
+1.049e+Q2 
+9.26Be+01 

(c) 6 4 4 ^ 4 £ £ £ £ S 

^ 4.4-6 ABAQUS/Standard AAA 4 4 



800 
■— ABAQUS/Standard result of outer shell 
o— LS-DYNA3D result of outer shell 

1.0 
Time (hour) 

ZL^ 4.4-7 LS-DYNA3D4 ABAQUS/Standard4 AAA AAA^-

- 89 -



o 
(D 
i_ 
3 
2 
o> Q. 

0) 

270 

240 

210 

180 

150 

120 

90 

P°OOo ( 

'-■-■-•-, 

60 -

30 -

"a 

"o, 
o, 

v °-
"v_ o. 

■ii 

'°toOooo, 

- ■ - ABAQUS/Standard 
- o - LS-DYNA3D 

Fuel basket 

Inner shell 4 
\ 

'OOOOOOOOOOOOOOO, 

Lead shield 

Outer shell -

0.0 0.1 0.2 0.3 0.4 

Radial Distance (m) 

■v 

Resin shield 

0.5 0.6 

ZL& 4.4-8 ^4^4^ 44 *l!4 £ £4444 4444 £H£i 
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700 
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03 

200 

100 

n 

1 I ' I 

-

- ■ - ABAQUS/Standard 
- o - LS-DYNA3D 

|P0-0 0-0-0-0 0 0 O . 0 . 0 o 0 

*
0a00

'°'
0
'
0
-

ao
-°-o.oc 

— — . 

Fuel basket 

• 1 i 1 

1 ' 
Inner shell —v 

0OOOOOOOOOOOOOOOOOOOO< 

■■■■■■■■■■■■■■■■■■a 

Lead shield 

i 

\ 

1 1 ' 
Outer shell—y ; 

> : 

/ : 
/ 
/ hs-w 

I ■ 
/ / -4 -

>0-0-O0-O0-0-0'
0 / 

/ 
■■■■■■■■■■ 

Resin shield 

0.0 0.1 0.2 0.3 0.4 

Radial Distance (m) 
0.5 0.6 

ZL% 4.4-9 800°C 30£ 7}9l £ £ 4 4 4 4 4 7 J 4 4 £ £ £ i 
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o 
0) 

ro 
CD 
QL 
E 
CD 
h-

300 

270 

240 

210 

180 

150 

120 

90 

60 

30 

r—-̂. 
JCOOO-OOOor 

° % 

V 
X 

-■-ABAQUS/Standard 
-0-LS-DYNA3D 

Fuel basket 

0 
0.0 

Inner shell 

N 

30000t>0-0-l 

Lead shield 

Outer shell -

0.1 0.2 0.3 0.4 

Radial Distance (m) 

Resin shield 

0.5 0.6 

ZL% 4.4-10 644 44*34 £ £^£44 4^4^ £ £ £ i 
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2. 4£4*1H 

1£4 AAA AAA°-S-TA AAA £si££i 4*11 AAA T^AA 

A. A, AAAA AA&A 1 £ ^ * 1 H 4 °d4&°-3- *l--§-£l&4. SI4, 1*11 
4 4 <i£4«ii44 s.Qo) 4 £ AA AAA AAA: £ « A 1 4 . 3 4.4-2£ 
LS-DYNA3D4 ABAQUS/Standard4 1£4*1H AAM: A^A AAA. 
LS-DYNA3D£ 4 AAAA s.^- 4 £ £ 4 414MPa£3SmHl ^ 4 4*1*1 
£4£r 1 4 1 . ^ 4 J L ^ 4 . SE4 ABAQUS/Standard4 4 4 £ ^ £ ^ 4 4 
£ £«Jr£44 cfl££oil4 4 £ £ 4 i L 4 ^-£ &£ 4 £ 4 J I ^4-. 4 4 4 
800°C 4A112:401 £^r£7Hl 4 4 £ 1 ^ £ A A3 AAA AA. ^ 
4.4-ll£ 800°C 30£ 4A112:4 £ £H£S^1 A A AAA AAAA^t 
effective stress^ AAA ^ 4 4 . n^ tH^S . 4 £ 4 ^ 4 4^1 4 ^ ^ 
2:Afl(fuel basket, inner shell, outer shell)7> 4 £ °^AA ^ 4 £ AA A £ 
AA. 

3 4.4-2 1£4* l l^ AA 

\ 

Fuel basket 

Inner shell 

Outer shell 

4 jfw.4 4 4 - ^ 4 (MPa) 

^AAA 

DYNA3D 

150.6 

151.9 

160.8 

ABAQUS 

192.0 

177.3 

208.2 

800°C 4 4 ^ : 4 
30£ £ 

DYNA3D 

149.7 

149.7 

112.8 

ABAQUS 

208.0 

179.1 

243.3 

38°C ^ 4 ^ 4 
6 4 4 £ 

DYNA3D 

141.1 

142.1 

156.4 

ABAQUS 

244.3 

143.8 

472.1 
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Cmtoon or tff«ctiv% j h u (v m] 
Mto-CU^r al atom* Graf* (jj*1 

49.7MPa 112.8MPa 

(a) LS-DYNA3D 4 1 4 4 4 

S/ H13ea 

■ - + 3 

Q34e+08 
834e+0fl j 

D35e+fl8 

647*+06 j 

Step. Step 
Increment 
Penary ¥a: 

208 MPa 179.1 MPa 243.3MPa 

(b) ABAQUS/Standard 4 1 4 ^ 4 

^ 4.4-11 800°C 30£ AA^A £ £ £ 4 4 ^ 4 4 

4£4 AAAA 
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All 5 S" ^ S ^ o l M 3-E.2] A[^^MX[ 

41 i ^ : f 4 4 4 ^4*114 3-^A 4~g-44 

44 34£ f-Sfl LS-DYNA3D4 ABAQUS/Explicit£ £4£44 £44 
4 £4*114̂ 1 3444£ AA AAA. A AAA^ £4£44 £444 
£4*114 as.Ai-g-6fl 44 44^1 tflsfl 44444. 

ZL& 5.1-1£ £4*11^ *££ £44 444. 44 £3*114 SE.# 
AAA3 AT [5-A^l [AAAA]A £ 4 [AAl [AA]A 3% £ 4 ^ ^ 
A A A £444. [5L4 ]̂<i4 £-£ £££ 3AAA A A # 4 4 ZL^A 
44 414011 ^A4£ A144 4^-4 44^£4^5L £4471 41£<̂1 *114 
1̂ £ 44£ 444 &£ £££ 4£4 A A S-4£ AAAA A A AA 

AAA. £444 £3*11451 AAA^ ^AAAA 441 £44 44*114 £ 
4*1£ AAA 3A &4 A&A £4444 A,AA £££ £14T11 AA 
As. £444. =iA3 £44£Afl4 4£°ll 314 444£ £44SLS. 7\A 
4T14 *E£ £44£A-H» £444 E | ^ ^ «1144451 *fl444°ll£ 
£ <344 444 &£4(4, £4£44 9m 44*11 Ĥl 4 £ £34£AH4 
444£ :n444 A^A AAA A ^ 444 4). 4£4 £4£ TA7\ 
A3 £444^1 ^AA £ <$*%•%: AAA ^^LBS. 3.AAA 414 44 £ 
£444. 4£^1 A^SiA SLA AAAA^-S 7^44 S_AA AJ444JL; 

£4£44 A^SLAA ££4 4£*11 1/2S.AA AAAA. A^A $AA 
a.€s.£4 AAA A&A 1441£ 4^44. °^44°ll4£ 3^124, 
4£a4, AHS4 AAA ^4^1 4434£7rl- 44*114 44. 3 5.1-14 
3 5.1-2£ £444 £4*1^1 44 LS-DYNA3D4 ABAQUS/Explicit4 
44^445- <̂ 144. 91AAAA AAA #4 4 *114£ A3 444£ 4 
4*114 44. %-AAA 44£ AAA 4££ 44*11 ££<>11444 ATAA 
A7\ il£4^. 4£ 7\% 4444. AA AAA £44 AA AA o. 4^ 
71- io%44°ll 444 *H4°11 44^4 44^- 444 £ 44. 42:414 4 
AAAA £4£ 1444^44 J I 4 4 4 £ AA 2.4Sm£ 44 444 4 
3 1 A > 4 £ 4 4 ^-4£^£ 4*11 ^-444 3.6Sm£ 44 444 44. 21 
4 4^44(4*1!:, 7>££)44 44 AA 4^44^1 «U 314 £A44. 
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3 5.1-1 £ 4 4 4 £3*114 LS-DYNA3D 1 4 4 1 A 

^n 
a 3 

*i-^ 
^d 

■i-AJSJt 

LS-DYNA3D ^ ^ 

*BOUNDARY_SPC_SET 
$ NSID CID DOFX DOFY DOFZ 

l O I O 
*BOUNDARY_SPC_SET 
$ NSID CID DOFX DOFY DOFZ 

2 1 1 1 

*INITIAL_VELOCITY_GENERATION 
$ ID STYP OMEGA VX VY 

3 3 0.0 -13.3 0.0 
$ XC YC ZC NX NY 

0.0 0 0.0 l.O LO 

*MAT_PLASTIC_KINEMATIC 
$ MID RO E PR SIGY 

23 7910 1.870E+H 0.32 2.58E+8 
$ SRC SRP FS VP 

0.0 0.0 0.0 0.0 

3H23 <y 

DOFRX 
l 

DOFRX 
l 

VZ 
0.0 
NZ 
l.O 

ETAN 
1.89E+9 

DOFRY DOFRZ 
0 l 

DOFRY DOFRZ 
l l 

PHASE 
0 

BETA 
0 
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3 5.1-2 £ 4 4 4 £4*114 ABAQUS/Explicit 1 4 4 1 A 

4 ^ 
s.d 

# A J # 

ABAQUS/Explicit o g 4 4 1 4 1 £ £ 

♦BOUNDARY 
YSYMM, YSYMM 
FIX, ENCASTRE 
REF..NODE, 2,3 
REF .NODE, 4,6 

♦INITIAL CONDITIONS, TYPE=VELOCITY 
REF_NODE, l, -13.3 

♦SOLID SECTION, ELSET=STEEL, MATERIAL=STEEL_PLASTIC 
♦MATERIAL, NAME=STEEL_PLASTIC 
♦ELASTIC 
187E9, 0.3 
♦DENSITY 
7913, 
♦PLASTIC 
258.4E6, 0.0 
1033.9E6, 0.403 
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5H^j3E£| £§H 

t 
D a si 

+ 
t=) — l i i f ^ 

1 
5H ^ 

+ 
a ai-

Explicit gJS : ABAQUS/Explicit, LS-DYNA3D 

© §&£ | 9 © ¥A| J fe (BB^M 2mm,4mm) 
® PISZSTHS ois& 'A esis 

® 33I3S2J : half modeling, contact 
© 8r#£2! : ? B ° I 2 J I ^ £ (13.3m/s) 

® CHIUXI a^SfPJ : SSOIIUXI, LH¥01ILiXI (0\\L-\X\^M 10%) 
© a ^ a J I S I S ^ <2.4Sm 
© 2f ̂ |x|0||AH£| aa2 f 4 ! S S 3 K B § » , ^ £ ) 2 . HIS 

nfj 5.1-1 £ 4 4 4 £ ^ 4 ^ procedure 
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7]) 2 A 1 ^ 1-g-^ ^ 4 3-^-A 4 -§ -44 

AA 44 £ £*11 LS-DYNA3D4 ABAQUS/Standard£ £4£7l^ l A A 
q ^ oi°.Bi f%Mo\] 7J*dAAA AA 4 4 4 . £ AAAA £4£7l<>! 1*11 
M ^ < i£^ Sfl^ S^A>-g-o]l di^- ^^Hi tflsfl ^51444. 

n ^ 5.2-14 5.2-2£ AAA A AAA AAA * £ £ ^-AA AAA. £ 
AAA^ v}$-7}A£- 3 - 1 - 4 ^ 4 3 1 £ [5-AAl, i°^AAA]A TA, [4 
4], [ 4 4 ] ^ 3i4 £ 4 ^ AAA 1 £ 1 4 4 . ^-AA 3.AA 4 ^ , AA2, 
A, 4 £ S 4 ZLA3 AS.A %A&A AAA A AAA AAA 3 4 4 2 - £ 
1 ^ £ H 4 4 4 . 

AAA 3.B-A 4 ^ 1 4 ABAQUS l̂ A A Standard2.1-£ 4^*114 4 
3 LS-DYNA3D£ 1^41^1 A^A 1*11 A A AA3 44*114 4 4 . 4 
AA 2 . 4 ^ 1 4 £ 4 £ 7 l 4 £ ^ 4 £ £ £ £ 4 1 4 4 1 £-M-7l A^A 
AA AAA £ 1 4 2-41 4-3-44. 4 ^ 4 £ 4 £ 2.4<H1£ ZL$ 5.2-3 
4 4*1 244 4 4 tn^jE-t, 244 £ 31^2.4, 344 ^ 2 . 1 1 4 £ 4 
£ 4 4 . 3L4 AAA -S-i£ £^*1H4 4 £ AAA AA -3-^£ 4 £ 4 4 
*dA. AAA 1^41°11£ 4£2:4^l^i £4£7 l 4£^ l £*144 4£^ l 
tflif- ^ £ 4 - ^ 4 1 £«l-57ll AAA913, As.AAAA^ ££-^1 4 £ «11 
4 14£J£7> £sioil rrl-4 ^£s l4£7r l - 44*114 4 4 . 3 5.1-3£ 1*11 
AAA 7}A £-&4 4 £ 2 : 4 i tfl4 A^t LS-DYNA3D4 ABAQUS 
/Standard^ A A AA A A AAA. 3 5.1-4£ AAAA A A ^AAA A 
A^ A^A AA^A AAA AAA. 1 ^ 4 4 £ AAA £ £4£7 l * i <g 
4 4 £ 34̂ 11 S. AAA AAA £*S44. A A ABAQUS/Standard l̂ 4 £ 
[steP]14£ ^AA^ AAA 1AA 1^44^14 4 431^1 *114£ £ 4 3 
I S 4 £ 4*14 LS-DYNA3Di4 4 43144 1 ^ 4 4 4 3AA\ 4 ^ 
£ 5fl^£ £^114 4 4 . 4 4 4 4 £ 4 4314 £ £ . 4 4 4 A^AAA A 
s # £ 4 4 4 1 - 3A A £ 44 . ^-AA A^AAAA & £ ^£°11£ ^ 
7}^7dA AA ^ 4 4 ^ 4 4 ^ 1 447> AA, AA, 42- 4 4 4 ^ 1 ^ 4 31 
4 4 4 4 4 £ T - 1 1 A5.AA 4 4 . 

AAA 3E.A AA £ t 1*11^4 AA7\AS- ABAQUS£ Standard 2. 
^ 4 4^1*114 A3 LS-DYNA3D£ implicit4^^-S £ ^ * l l ^ £ £*344. 
AAAA £ £ 4 4 ^ 4 1 £ ^ A^3LA<L$- AAAA AZA 442 .4 
£ <£AA 3.AA £1*114 4 4 . 1£?1*11^£ A3iAAl7i ^£^1 A ^ 4 
A^ 144^*114 £.4i4 £ 1 4 AA AAAA 4 4 . 3 5.l-5£ AAAA 
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AA AA 4413 4̂ (implicit 4 4 4£^4, 3 31S4H AA AA Ji 
A3 AA. 4£3*114£ 1*1134 AA7\As. £ 2 i ^ ^ t^v^ ^SM-
A&s. AA. ££-̂ 1 4^31 AA AAA £2 4*14 ££34 AAAA 
AAAA AAA £ 4 344 4413 ATA 3 5.1-6*13 £2.̂ 1 ££3 
1 4431£, S 4 £ 4 1^431£, hardening31£1 4£*114 44- AAA 
A 4444£ £3444 447r4^ 34331^1 443£ 4444 44. 
ASME £3°fl 4£ AAAA 431 £ 3Sm14. 
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3 5.1-3 AAAA A A A^2LAA 1 3 4 1 A 

4£^4 

1 « 

t f l ^ 

£ £ 

LS-DYNA3D 

ABAQUS 

LS-DYNA3D 

ABAQUS 

LS-DYNA3D 

ABAQUS 

3 4 13 4 1 
♦boundary _flux_set 

10 
$ kid MLC1 MLC2 MLC3 MLC4 

1 -428.4 -428.4 -428.4 -428.4 

♦DSFLUX 
HF, S, 428.4 

*boundary_convection_set 
1 

$ hlcid HMULT TLCID TMULT 
- 3 0.0845 1 1073 

♦BOUNDARY 
AMBLNODE_ALL, 11, ,38.0 
♦SFILM 
SKSC4, FNU 

♦boundary _radiation_set 
1 

$ RFLCID RFMULT TILCID TIMULT 
2 4.536e-8 2 1073 

♦BOUNDARY 
AMBI_NODE_ALL, 11, ,38.0 
♦RADIATION VIEWFACTOR, CAVITY =CAV2D, SYMMETRY=NSYMM 
♦RADIATION SYMMETRY, NAME=NSYMM 
♦REFLECTION, TYPE=LINE 
0.0, 0.0, 0.81, 0.0 
♦REFLECTION, TYPE=LINE 
0.0, 0.0, 0.0, 0.81 
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3 5.1-4 £2<>ll 4 £ 1 3 AAAA 1 3 4 1 A 

A £ 

LSDYNA3D 

ABAQUS 

£2ofl tr}€ ^AA A 

♦MAT_thermal_isotropic_tdJc 
1 7910 

10 11 
♦define_curve 
10 

25 463 0 
0 470 0 

21 3 477 5 
1213 509 4 
232 4 532 1 
343 5 549 4 
454 6 563 4 
565 7 573 1 
676 8 584 8 
787 9 5915 
800 0 592 0 

♦define_curve 
11 

25 13 5 
0 14 0 

213 14 9 
1213 16 6 
232 4 18 4 
343 5 201 
454 6 216 
565 7 23 2 
6768 24 8 
787 9 26 1 
800 0 26 3 

♦MATERIAL, NAME=STEEL 
♦DENSITY 
7913 0, 
♦♦ define thermal conductivity that depends on temperature 
♦CONDUCTIVITY 
13 4, 0 0 
17 71, 200 
20 46, 400 
23 90, 600 
25 96, 800 
*♦ define specific heat that depends on temperature 
♦SPECIFIC HEAT 
504, 0 0 
522, 200 
540, 400 
558, 600 
576, 800 
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3 5.1-5 4£3*114£ A A 1 3 4 1 
4 £ 

Implicit 
33 

3,d 

^d 

LS-DYNA3D 

ABAQUS 

LS-DYNA3D 

ABAQUS 

LS-DYNA3D 

ABAQUS 

3 4 °d 3 4 1 
*control_implicit_general 
1 4 , 
*control_implicit_linear 

*controLirnplicit_auto 
o, 

*STATIC 
1.0, 

♦include 
temp_load.k 

♦TEMPERATURE, FILE=HEAT-1, BSTEP=1, BINC=1, ESTEP=1, EINC=1 
♦TEMPERATURE, FILE=HEAT-1, BSTEP=2, BINC=1, ESTEP=2, EINC=111 
♦TEMPERATURE, FILE=HEAT-1, BSTEP=3, BINC=1, ESTEP=3, EINC=106 

♦BOUND ARY_SPC_set 
1 0 1 1 1 1 1 

♦BOUNDARY 
XSYMM, XSYMM 
YSYMM, YSYMM 
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3 5.1-6 £2^1 4£ 3 313 ££41 1341 A 
A £ 

LS-DYNA3D 

ABAQUS 

4 4 13 41 
♦MAT_ELASTIC_plastic_thermal 
SMATERIAL NAME outer shell 

1 7910 
-25 2111 9333 20444 31556 4266 5377 6488 

$ young's modulus 
195 2e+9, 1911e+9, 183 4e+9, 175 2e+9, 166 le+9, 1569e+9, 147 7e+9, 1386e+9 

0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 
$ thermal expansion 
14e-5, 1427e-5, 1507e-5, 1 615e-5, 1 696e-5, 1 748e-5, 1 8e-5, 1 836e-5 
$ yield stress 
210 e+6 20689e+6 172 46e+6 142 4e+6 12557e+6 11586e+6 10762e+6 65 24e+6 

$ plastic hardening modulus 
9e+9 8 981e+9 8 358e+9 7627e+9 7 410e+9 7209e+9 6 667e+9 4 815e+9 

♦MATERIAL, NAME=STEEL 
♦ ♦ define elastic modulus that depends temperature 
♦ELASTIC 
195 02E9, 0 3, 2111 
193 75E9, 03, 37 78 
190 90E9, 0 3, 93 33 
186 69E9, 0 3, 148 89 
183 26E9, 0 3, 204 44 
175 03E9, 0 3 , 31556 
166 01E9, 03, 426 6 
156 80E9, 0 3, 537 7 
♦* define plastic that depends temperature 
♦PLASTIC 
206 68E6, 0 0, 21 11 
516 75E6, 0034, 2111 
206 68E6, 00, 37 78 
516 75E6, 0 035, 37 78 
172 28E6, 0 0, 93 33 
489 22E6, 0 037, 93 33 
155 04E6, 0 0, 148 89 
454 72E6, 0 038, 148 89 
142 59E6, 0 0, 204 44 
443 74E6, 0039, 204 44 
125 44E6, 00, 315 56 
437 57E6, 0 042, 315 56 
115 74E6, 0 0, 426 6 
43198E6, 0044, 426 6 
10751E6, 0 0, 537 7 
397 59E6, 0 043, 537 7 
♦DENSITY 
7913, 
♦♦ define thermal expansion that depends temperature 
♦EXPANSION 
14 24E 6, 2111 
1445E-6, 37 78 
1507E 6, 93 33 
15 66E-6, 14889 
1615E 6, 204 44 
16 96E 6, 31556 
17 48E-6, 426 6 
1800E 6, 537 7 
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5H*j3E°l Mm 

1 
g a g 

* 
o i a g i o i 

+ 
5H * ! 

X 

a a 

Implicit mm ■ ABAQUS/Standard, LS-DYNA3D 

LH^LOJ 2| ¥ « s s s r g g g o i g S -» gXII BSTJr SSJ& 2 1 

CD 2 ! £ ! § : 2xlS! 9 S CHS, 2Xr@ ^ CHS, 3Xm 
ro\ O^AHXH • WSHAHrWI :*H5r5t O^AHEHfl l 2 ^ 0 

© 33||iE21 : Vi2 i !2 | 93113011 B§93f lS21 
©mesa; LH^-MJUS 

S j ^ - r j s ^ a (CH^31l4i/i = 1.4Ar
a33

f 6 = 0.0845^° " ) 

^ A E 2 d (&Ar§ 0.93, 0.8 ) 

® XH£S£ : S20II Q>g d i g , S S £ £ 

Steady state 5H î " ► 800E SHH528H*! - ► a 2 | £ 2 SH*! 

® 2| B3| |^ £233 ,21- *JS&2r2| UIH2 
© S&&EH oH ĵ 32121- ^ S ^ 2 r 2 J b i n * S S ^ c o j A J £ | £ g g 

3 . ^ 5.2-2 1 4 * 1 procedure 
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oH^3H£| 6J 

1 
eis 

t 
°j^§i°i 

+ 
5H &! 

+ 
3 2[ 

EH Implicit gJS : ABAQUS/Standard, LS-DYNA3D 

® g^iisa -• s s ^ enroll s ^g g^iisa 
© § r g S 3 : 861^21 2| e^ l lg SEGIOIEPI- ArgH 

© A W S £ : S20II CTJg & S ^ I ^ , SS§r?JI4= 

3 ^ 3 3112| S ^ <3*Sm 

ZL& 5.2-3 1 4 ^ 1 * H procedure 
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(a) 2Xr§! 3 S EH (1/4S&) (b) 2X1S s n 

(c) 3xF°J □ cai 

ZL& 5.2-4 ^-4-g-l 4*114^1 4 4 - 4 ^ ol i=. a ell 
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41 6 ^ ^ Er 

l. 4 ^ 

4 4 4 1 1 4 £ 4 4 ^ « J 4 S ^ 4 ^ 1 £ 4 4 7 1 1 ^ 4 4 4 ^ ^ 4 4 4 4 
4 4 ^ l -g -14411 314 4 4 4 4 A7\AA AA T T T 1 U 4 4 *fl4^-4-i: 
£ 4 4 4 ^ - 1 , £ 4 4 1 1 ^ 4 4 4 #3*1144 4 4 4 A 44^*11411 A 
4 4 AA^S-ZL^A 2LA A £ 4 4 4 : 2 , 4 ^ 4 * f l 4 3 2 ^ 4 3 4 4 £ 4 
4 1 1 4 KSC-4 £ 4 4 1 1 1 AA AAA T*$A3 ZL # 4 4 4 * j 7 r 4 1 
ABAQUS4 LS-DYNA3D71- ^AAA, 4*114 4 4£^*11411 4 4 4 7 r l 
7 ^ ^ 4 4 4 . ^ 4 4 4 ^ 4 4 4 4 A 44^*11411 AA T T 4 J I 4 1 1 £ 

IAEA Safety Standards Series No. ST-14 Regulatory Guide 7.8*11 7}<tA 
4 4 4 £ 4 4 4 : 2 - , *114-£-411£ Regulatory guide 7.611 4 # ^ 4 4 4 £ 
4 4 4 4 . ^ 4 4 4 ^ 3 44-3.^*1144 1*11 ABAQUS/Explicit, LS-
DYNA3D, DYTRAN4 £ 4 4 4 : 2 , 4 4 4 A AAA 44^ .^*114£ 1*11 
ABAQUS/Standard, LS-DYNA3D, ANSYS, NASTRAN4 £ 4 4 4 4 . A 
T A 4 4 1 1 4 £ ^ 4 4 4 ^ 4 4*114 4 AAA *H47l^gr 7fl^44 1 
*ll KSC-4 £ 4 4 7 l s 4 ° l l AA ABAQUS4 LS-DYNA3D1- 44*11 *H44 
1 * 1 4 4 4 4 . 

KSC-4 £ 4 4 7 H 1 A A TAAA # 4 4 4 AAA AAAA LS-
DYNA3D4 ABAQUS£ 1 1 4 AAA AAA ^ s z i ^ 4 4 £ A A 3 ^ 4 
4 4 . AT 54114 4AAA AAA 4 4 1 - 4 4 - ° ^ 4 4 - ^ i *114^2.1 
1 ^ 4 1 1 AA 4 4 4 4 1 - 4 4 4 1 4 . 

^ 4 4 4 ^ ^ ^ 4 o H 4 ABAQUS/Explicit£ 4 4 4 £ 4 4 4 4 1 4 2 ^ 
^^-^A 1 4 4 4 4 T A3 LS-DYNA3D1 AA&A £.TA°-S- AAB. 
A(3 6-1) LS-DYNA3D£ hourglass energy!- f-*fl 4 4 1 4 3 4 4 4 4 
4 A AAA. 800°C 4-^4-^111 AA £ 4 - § - 1 1 4*114114 ABAQUS/ 
Standard^ LS-DYNA3D11 1*11 A A A AAAASLAA 424?11 A7}A 
A3, A AAA A A A £ 4 4 1 4 1*1140114 LS-DYNA3D71- ABAQUS/ 
Standardii4 i L ^ 4 ^ ^ 3 J7>4^ 4 4 4 ( ^ ^ 6-1). 
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-■-ABAQUS/Standard result of outer shell . 
—o— LS-DYNA3D result of outer shell 

" 

\ 

^ 
^ ^ 1 ^ 

-

-

- — - o ^ ^ 

05 10 
Time (hour) 

zi& 6-1 4*114 4 4 1 5 1 

a 6-1 ^ 4 4 4 ^AAAAA AAAAA «ls 

^144 
^^44 
7 3 4 4 4 

Max. effective stress (MPa) 

Inner shell 

ABAQUS 

183.1 

155.8 

259.8 

DYNA3D 

206.9 

158.6 

258.1 

Diff.(%) 

-12.9 

-1.8 

0.6 

Outer shell 

ABAQUS 

291.4 

267.3 

848.3 

DYNA3D 

265.4 

269.6 

677.1 

Diff.(%) 

8.9 

-0.8 

20.2 

„. T-\ :« = IQA _ Effective stress using LS-DYNA3D x ,™ 
Effective stress using ABAQUS/Explicit 
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H 1-1 ^ 4 4 4 4 #1*114 LS-DYNA3D 4 4 1 1 4 s 

* KEYWORD 

*CONTROL_TIMESTEP 

$ DTINIT TSSFAC 
0 0 090 

*CONTROL_HOURGLASS 
$ IHQ QH 

1 010 
*CONTROL_BULKJVISCOSITY 
$ Q2 Ql TYPE 

15 0060 1 
*CONTROL_SHELL 
$ WRPANG ITRIST 

20 0 2 -1 
*CONTROL„CONTACT 

RWPNAL ISLCHK 
0 0 
USRFRC 

0 
DFRIC 
0 0 

ISDO TSLIMT 
0 0 0 0 0 

DT2MS LCTM 
0 

ERODE 
0 

MS1ST 

IRNXX ISTUPD 
0 

$ 

$ 

SLSFAC 
010 

USRSTR 
0 

$ SFRIC 
0 0 0 0 0 0 

*CONTROL_ENERGY 
$ HGEN RWEN 

1 2 
*CONTROL_OUTPUT 
$ NPOPT NEECHO 

0 0 
$ IPRTF 

0 
♦CONTROLTERMINATION 
$ ENDTIM ENDCYC 

0 
NSBCS 

10 
EDC 

00 

SLNTEN 
1 

NREFUP 
0 

SHLTHK 
1 

INTERM 
0 4 0 

VFC 
0 0 

RYLEN 

IACCOP 
0 0 

THEORY 
2 

PENOPT 
1 

XPENE 
0 

TH 
00 

BWC 
1 

THKCHG 
1 

SSTHK 
0 

MITER 
0 

ORIEN 

PROJ 

ECDT TIEDPRJ 

TH_SF 
0 0 

0 
PEN_SF 

OPIFS 
0 

IPNINT 
100 

IKEDIT 
5000 

IFLUSH 

ENDMAS 
0 0075 
-+ 1-

0 

$ —+- -1 + 2 
*DATABASE_GLSTAT 
$ DT 

0 0003 
*DATABASE_MATSUM 
$ DT 

00003 
♦DATABASEJtCFORC 
$ DT 

00003 
*DA1 ABASE.ELOU r 
$ DT 

0 0003 
$ -+ 1- -+ 2 -

$ 
$___+_ — 1 +___ 2 — 

DTMIN ENDENG 
0 0 0 0 0 0 

■-+ 3 — + 4 + 5 — + -

DATABASE CONTROL FOR ASCII 
- + 3 + 4 — + — 5 — +-

t — - - 7 

-+— 3 - + 4 + 5 - - +— 
DATABASE CONTROL FOR BINARY 
-+ - - 3 + - - - 4 + - - - 5 - + 
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*DATABASE_BINARY_D3PLOT 
$ DT/CYCL LCDT BEAM NPLTC 

0 0003 0 0 
*DATABASE_BINARY_D3THDT 
$ DT/CYCL LCDT 

0 0003 
$___+ 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ DATABASE EXTENT CARDS 
$___+ 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
*DATABASE_EXTENT_BINARY 
$ NEIPH NEIPS MAXINT STRFLG SIGFLG EPSFLG RLTFLG ENGFLG 

0 0 3 1 1 1 1 1 
$ CMPFLG IEVERP BEAMIP DCOMP SHGE STSSZ N3THDT 

0 1 0 0 0 0 2 
$___+ 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ DATABASE HISTORY CARDS 
$ — + 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
*DATABASE_HISTORY_solid 
1601,1602,1611,1612,3208,3209 
$___ + 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ PART CARDS 
$___+ , + 2 + 3 + 4 + 5 + 6 + 7 + 8 
*PART 
$ PID 

1 
*PART 
$ PID 

2 
♦PART 
$ PID 

3 
*PART 
$ PID 

4 
*PART 
$ PID 

5 
*PART 
$ PID 

6 
*PART 
$ PID 

7 

SECtD 
1 

SECID 
1 

SECID 
1 

SECID 
1 

SECID 
1 

SECID 
1 

SECID 
2 

MID 
21 

MID 
22 

MID 
23 

MID 
24 

MID 
25 

MID 
26 

MID 
1 

-1 +-

EOSID HGID GRAV ADPOPT 
0 0 

EOSID HGID GRAV ADPOPT 
0 0 

EOSID HGID GRAV ADPOPT 
0 0 

EOSID HGID GRAV ADPOPT 
0 0 

EOSID HGID GRAV ADPOPT 
0 0 

EOSID HGID GRAV ADPOPT 
0 0 

EOSID HGID GRAV ADPOPT 
0 0 

+ 5 + 6 + 7__. 

TMID 

TMID 

TMID 

TMID 

TMID 

TMID 

TMID 

-2 + 3 + 4 + 5— 
SECTION CARDS 

_2 + 3 + 4 + 5— 

AET 
0 

$ -. 
$ 
$-—+ 1 
*SECTION_SOLID 
$ SECID ELFORM 

1 L 
*SECTION_SHELL 
$ SECID ELFORM SHRF NIP PROPT QR/lRID 

2 2 08333 5 00 00 0 
$ Tl T2 T3 T4 NLOC 

00030 00030 00030 00030 0 
$___ + 1 + 2 + 3 + 4 + 5 + 6- -

MATERIAL CARDS 
$-__+ 1 + 2 + 3 + 4 + 5 + — 6 — 
*MAT_RIGID 

7— 

ICOMP 
1 

SETYP 

-7— 

-7— 
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$ MID 
1 

$ CMO 
10 

$LCO_OR_Al 
00 

RO E 
7910 0 1870E+11 0 32 

CON1 CON2 
50 70 

A2 A3 
00 00 

PR 

*MAT_PLASTIC_KINEMATIC 
SMATERIAL NAME balsa wood 
$ MID RO E 

21 1602E+02 6 782E+08 
$ SRC SRP FS 

00 

049 

00 

VI 
00 

00 

V2 
00 

COUPLE 
00 

PR SIGY 
1364E+7 

VP 

V3 

ETAN 

M 
00 

BETA 

*MAT_PLASTICJONEMATIC 
SMATERIAL NAME Red wood 
$ MID RO E 

22 3 764E+02 1 563E+09 
$ SRC SRP FS 

*MATPLASTIC_KINEMATIC 
$ MID 

23 
$ SRC 

0 0 

RO E 
7910 0 1870E+11 

SRP 
0 0 

FS 
0 0 

*MAT_PLASTIC_KINEMATIC 
$ MID 

24 
$ SRC 

0 0 

RO E 
1710 0 3 860E+09 

SRP 
0 0 

FS 
0 0 

♦MATJPLASTICJONEMATIC 
$ MID 

25 
$ SRC 

0 0 

RO E 
7910 0 1870E+11 

SRP 
0 0 

FS 
0 0 

*MAT_PLASTIC_KINEMATIC 
$ MID 

26 
$ SRC 

0 0 
$ — + 1-

$ 
$ — + -—1 

RO E 
11100 0 9 900E+10 

SRP 
0 0 

— + 2 -

— + 2 -

*SET_NODE_LIST 

$ SID 
1 

$ NIDI 
11 

DA1 
0 0 
NID2 

22 
$ ■JH^Jsf 
*SET NODE.LIST 
$ SID 

2 
$ NIDI 

67 
75 

DAI 
0 0 
NID2 

68 
76 

$ ^ 4 ^ s f 
$— + 1 
$ 
$ - +- - 1 

- 2 -

— + 2 -

FS 
0 0 

— + 3-

PR SIGY ETAN 
049 450E+7 0 

VP 
0 

PR SIGY ETAN 
032 2 580E+08 1 890E+09 0 0 

VP 
0 0 

PR SIGY ETAN 
0 35 6 050E+07 4 500E+08 0 0 

VP 
0 0 

PR SIGY ETAN 
0 32 2 580E+08 1 890E+09 0 0 

VP 
0 0 

PR SIGY ETAN 
0 40 6890000 0 1830E+08 0 0 

VP 
0 0 

+ 4 + 5 + g_ . 
NODE SET CARDS 

- + 3-

DA2 
0 0 

NID3 
33 

DA2 
0 0 

NID3 
69 
77 

- -+ — 3-

+ 4 + 5_ —+__ _g__ 

DA3 DA4 
0 0 0 0 

NID4 NID5 NID6 
44 55 66 88 

DA3 DA4 
0 0 0 0 

NID4 NID5 NID6 
70 71 72 73 

144 145 146 147 

._ _+_ —4 + — 5 — +_- g__ 
BOUNDARY SPC CARDS 

- -+ — 3 -.— +__ _4_ _ + — 5 + __ g _. 

BETA 

BETA 

BETA 

BETA 

BETA 

- + 7-

-+—-- 7 -

NID7 
99 

NID7 
74 

148 

+ — 7-

- + 1-
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*BOUNDARY_SPC_SET 
$ NSID CID DOFX DOFY DOFZ DOFRX DOFRY DOFRZ 

1 0 1 0 1 0 1 
*BOUNDARY_SPC_SET 
$ NSID CID DOFX DOFY DOFZ DOFRX DOFRY DOFRZ 

2 1 1 1 1 1 1 
$___+ ! + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ INITIAL VELOCITY CARDS $ 
$___+ j + 2 + 3 + 4 + 5 + 6 + 7 + 8 
*INITIAL_VELOCITY_GENERATION 
$ ID STYP OMEGA VX VY VZ 

3 3 0.0 -13.3 0.0 0.0 
$ XC YC ZC NX NY NZ PHASE 

0.0 0.0 0.0 1.0 1.0 1.0 0 
$—_+ 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ CONTACT CARDS 
$ — + 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
*CONTACriAUTOMATIC_SURFACE_TCLSURFACE 
$ SSID MSID SSTYP MSTYP SBOXID MBOXID SPR MPR 

3 7 3 3 1 1 
$ FS FD DC VC VDC PENCHK BT DT 

0.0 0.0 0.0 0.0 0.0 0 0.0 0.10 
$ SFS SFM SST MST SFST SFMT FSF VSF 

1.0 1.0 0 0 0.0 1.0 1.0 1.0 1.0 
$ SOFT SOFSCL LCIDAB MAXPAR PENTOL DEPTH BSORT FRCFRQ 

0 0.10 1.025 0.0 2.0 0 1 
$ PENMAX THKOPT SHLTHK SNLOG ISYM I2D3D 

0.0 0 0 0 0 0 
$__„+ 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ NODE INFORMATION 
$___+ 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
*NODE 
$ NID X Y Z TC RC 

1 0.3437005 0.3436975 2.405 0.0 0.0 
2 0.36663 0.31685 2.405 0.0 0.0 

$___+ 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ MASS ELEMENTS 
$___+ , + 2 + 3 + 4 + 5 + 6 + 7 + 8 
*ELEMENT_MASS 
$ EID NID MASS 

60000 50252 250.0 
$ — + ! + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ SHELL ELEMENTS 
$___+ 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
*ELEMENT_SHELL 
$ EID PID NIDI NID2 NID3 NID4 

50001 7 50001 50002 50023 50022 
$ «r-^J^ 
$^ - - + 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ SOLID ELEMENTS 
$ ___ + 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
*ELEMENT_SOLID 
$ EID PID NIDI NID2 NID3 NID4 NID5 NID6 NID7 NID8 

1 1 1 2 13 12 78 79 90 89 
2 1 2 3 14 13 79 80 91 90 

$ ° J^ -^5 f 
*END 
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TA 1-2 ^ 4 4 4 #4*114 ABAQUS/Explicit 4 4 ° ^ 4 4 5 

♦HEADING 
2001 12 28 fnday 
ABAQUS 6 2-2 
Impact analysis of the plate drop analysis for the KSC-4 
1/2 symmetnc model 
honzantal drop of the plate 
SI umt(meter, kg, N, sec) 
♦INCLUDE, INPUT=hor_model INP 

** Analysis model data ** 

♦♦ define ngid body 
♦RIGID BODY, ELSET=RIGID_PLATE, REF NODE=60000 
*♦ define mass of rigid plate - > 250 kg 
♦MASS, ELSET=MASS 
250, 
♦* define material properties of the KSC4 
*♦ STEEL - > SA 240 TYPE 304 
♦ SOLID SECTION, ELSET=STEEL, MATERIAL=STEEL_PLASTIC 
♦MATERIAL, NAME=STEEL_PLASTIC 
♦ELASTIC 
187E9, 0 3 
♦DENSITY 
7913, 
♦PLASTIC 
258 4E6, 0 0 
1033 9E6, 0 403 
* ♦ 

♦SOLID SECTION, ELSET=LEAD, MATERIAL=LEAD 
♦MATERIAL, NAME=LEAD 
♦ELASTIC 
98 98E9, 0 4 
♦DENSITY 
11070 0 
♦PLASTIC 
689E6, 0 0 
34 45E6, 0 15 

♦SOLID SECTION, ELSET=RESIN, MATERIAL=RESIN 
♦MATERIAL, NAME=RESIN 
♦ELASTIC 
3.86E9, 035 
♦DENSITY 
1710 
♦PLASTIC 
6050E6, 0 0 
72 34E6, 0 0075 

♦SOLID SECTION, ELSET=BALSA_WOOD, MATERIAL=BALSA_WOOD 
♦MATERIAL, NAME=BALSA_WOOD 
♦ELASTIC 
067E9, 0 49 
♦DENSITY 
163 
♦PLASTIC 
1 36E7, 0 0 
1 36E7, 0 68 

♦SOLID SECTION, ELSET-REDJWOOD, MATERIAL=RED_WOOD 
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♦MATERIAL, NAME=RED_WOOD 
♦ELASTIC 
1.56E9, 0.3 
♦DENSITY 
350 
♦PLASTIC 
4.50E7, 0.0 
4.50E7, 0.67 

♦* define initial velocity of the plate - > 9m drop : 13.3 m/sec 
♦INITIAL CONDITIONS, TYPE=VELOCITY 
REF_NODE, 1, -13.3 

♦♦ define boundary condition - > symmetric, clamped 
♦BOUNDARY 
YSYMM, YSYMM 
FIX, ENCASTRE 
REF.NODE, 2,3 
REF.NODE, 4,6 

♦♦ define contact surface 
♦SURFACE, TYPE=ELEMENT, NAME=OUTER_SHELL 
ECONT, SI 
♦SURFACE, TYPE= ELEMENT, NAME=RIGIDJ3LATE 
RIGIDJTATE, SNEG 

♦ ♦ Analysis history data ♦♦ 

♦STEP 
♦DYNAMIC, EXPLICIT 
, 3.0E-3 

♦♦ define of the contact conditions 
♦♦ slave surface - > outer shell 
♦♦ master surface - > steel plate 
♦CONTACT PAIR, INTERACTION=INTER-l, CPSET=CPSET-1, SMALL SLIDING 
OUTER_SHELL, RIGID.PLATE 
♦SURFACE INTERACTION, NAME=INTER-1 
♦♦ friction between steel plate and outer shell is ignored 
♦FRICTION 
0.0, 

♦♦ define output request 
♦RESTART, WRITE, NUM=60 
♦OUTPUT, FIELD, VARIABLE=PRESELECT, NUMBER INTERVAL=60 
♦OUTPUT, HISTORY, TIME INTERVAL=0.5E-4 
♦NODE OUTPUT, NSET=REF_NODE 
RF1, 
♦CONTACT OUTPUT, CPSET=CPSET-1 
CFN, 
♦ENERGY OUTPUT 
ALLIE, ALLKE, ETOTAL, ALLPD, ALLIE, ALLVD, ALLAE, ALLSE 
♦END STEP 
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4 4 1-3 4*114 LS-DYNA3D 4 4 ° d 4 4 5 . 

♦KEYWORD 
♦include 
temp_conv.k 
$ — + 1 + 2 + 3 + 4 + 5 -

$ 80051 j a -M- iSa r iflfMi?!0)] £)t r *B^ 
$___-+ 1 + 2 + 3 + 4 + 5-

♦controLsolution 
1 
♦eontrol_thermal_soIver 
l,0,3,1.2e-7 
♦control_thermal_timestep 
0,1,70 
♦CONTROLJTERMINATION 
1800 
$ — + 1 + 2 + 3 + 4 + 5-

$ (4) DATABASE CONTROL CARDS 
$—.+ 1 + 2 + 3 + 4 + 5-

♦DATABASE_GLSTAT 
36 

♦database_tprint 
36 

♦DATABASE_BINARYJ33PLOT 
36 

♦database_extent_binary 
0 0 3 0 1 
0 0 0 0 0 

$^„_+ j + 2 + 3 + 4 + 5 -

$ (6) DEFINE PARTS CARDS 
$___+ 1 + 2 + 3 + 4 + 5 -

♦PART 
1 1 

1 
0 

g 

— 6 

— 6 

— 6 

♦PART 

♦PART 

♦PART 

♦PART 

♦PART 

2 2 

3 3 

4 4 

5 5 

6 6 
j _ _ _ + 1 + 2 + 3 + 4 + 5 + 6 
$ (7) MATERIAL CARDS 

$ _ _ _ + , + 2 + 3 + 4 + 5 + 6 
♦MAT_thermaLisotropic_td_lc 
SMATERIAL NAM&outer shell 
$ TMID RO TGRLC TGMULT 

1 7910 
10 

:define_curve 
o 

11 

X 

-25 
0 

21.3 
121.3 
232.4 
343.5 

y 
463.0 
470.0 
477.5 
509.4 
532.1 
549.4 
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4546 
5657 
676 8 
787 9 
8000 

♦define_curve 
11 
$ X 

-25 
0 

213 
1213 
232 4 
3435 
4546 
5657 
676 8 
787 9 
8000 

$___+ ___i + 2 
♦MATJhermaLisotropic 
SMATERIAL NAME copper 
$ TMID RO 

plate 

5634 
573 1 
5848 
5915 
592 0 

y 
135 
14 0 

14 9 
166 
18 4 
201 
216 
232 
248 
261 
263 

3 + 4 __ 

TGRLC TGMULT 

- 5 —+ — 6-

2 8830 
$ capacity conduct 

42012 52 
$ 
♦MATJhermaLisotropic 
SMATERIAL NAME resin 
$ TMID RO TGRLC TGMULT 

3 1680 
$ capacity conduct 

612 0 65 
$ 
♦MAT_thermal_isotropic_tdJc 
SMATERIAL NAME inner shell 
$ TMID RO TGRLC TGMULT 

4 7910 
10 11 

$___+ 1 + 2 + 3 + 4 — 
♦ M AT_thermal_isotropic_td 
SMATERIAL NAME lead 
$ TMID RO TGRLC 

5 11070 
Stemperature 

-3 0 200 327 5 
Sheat capacity 

1296 1296 1368 1404 
Sconductivity 

34 6 34 6 317 18 0 
$__ + 1 +_ _ 2 - -+ - - 3 

♦MAT_thermal_isotropic_td_lc 
SMATERIAL NAME fuel basket 
$ TMID RO TGRLC IGMULT 

6 7910 
10 11 

$- +-- 1 -+ -2 - - + - 3 - + - 4 - - + 5 - + - 6 - * -7 
$ (71) SECTION CARDS 
$ „_ + , — + 2 - +— 3 - + - - 4 — +— 5 - -+ — 6 - + -7 
♦SECTION_SOLID 

TGMULT 

5 400 

144 

16 8 
+ — 4 + -

600 

148 

150 
- 5— 
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SPROPERTY NAME outer shell 
$ SID ELFORM AET 

1 1 
♦SECTION SOLID 
SPROPERTY NAME copper plate 

$ SID ELIORM AET 
2 1 

♦SECTION.SOLID 
SPROPERTY NAME resm 
$ SID ELFORM AET 

3 1 
♦SECTION_SOLID 
SPROPERTY NAME inner shell 
$ SID ELFORM AET 

4 1 
♦SECTION.SOLID 
SPROPERTY NAME lead 

$ SID ELFORM AET 
5 1 

♦SECTION SOLID 
SPROPERTY NAME fuel basket 

$ SID ELFORM AET 
6 1 

$ - +— i - + — 2 —+- -3 +- 4— +— 5 -

$ (8) NODAL POINT CARDS 
$ - - + - l -+ -2 -+ 3 - - + — 4 - - + —5 
♦NODE 
$ NODE X Y 

1 000000000E+00 596900000E+00 OOOOOOOOOE+00 
2 llOOOOOOOE 01 596900000E+00 OOOOOOOOOE+00 

$ "J^sf 
$___+ __, _+ __2_ _+ 3 — + _4_ +— 5 -
$ (9) SOLID ELEMENT CARDS 
$___+ ___, ___+ 2 — + — 3 — + — 4 -+ -5— 
♦ELEMENT.SOLID 
$ EID PID Nl N2 

3892 1 1 
3893 1 4075 

$ al-Sr^5r 
$— + — 1 —+ —2 -

$ 
$ 
$ 
$ - + —1 —+ —2 
♦SET.SEGMENT 
S'SEGMENT SET 
$ SID DAI 

1 0 0 
$ Nl N2 

3 1 
4078 4075 

SHj-f^Sf-

$ + - 1 + - 2— 
$ 
$- + - 1 + - 2 -

♦SE T SEGMENT 
S'SEGMENI SET 
$ SID DAI 

10 0 0 

8 
4076 

—+ —3 

N3 N4 N5 
9 3 4075 4076 

4080 4078 4063 4070 

— + - 4 — + 5 + 

SEGMENT SET CARDS 

-+ -3 

DA2 
0 0 

N3 
4075 
4063 

+— 3 -

—+ - 4 - +- 5 — + -

DA3 DA4 
0 0 0 0 

N4 AI A2 
4078 0 0 0 0 
4065 0 0 00 

- + — 4 - +■ 5 - + -

SEGMEN r SE f CARDS 
- + — 3 -

DA2 
0 0 

- +-- 4 - + 5 - + -

DA3 DA4 
0 0 0 0 
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$ Nl N2 
3852 3855 

$ Si-^jsf 
♦SET.SEGMENT 
$"SEGMENT_SET 
$ SID DAI 

11 0 0 
$ Nl N2 

3940 3994 
$ #^*8^ 
♦SET.SEGMENT 
$"SEGMENT_SET 
$ SID DAI 

12 0.0 
$ Nl N2 

3941 3940 
$ «V-H-^^ 
♦SET.SEGMENT 
$-SEGMENT_SET 
$ SID DAI 

13 0 0 
$ Nl N2 

3885 3884 
$ B r ^ S f 
$___+ , + 2 -

$ ^ 
$___+ 1 + 2 -

♦boundary_flux_set 
$ ssid 

10 
$ Icid MLCl 

1 -428 4 
♦boundary _flux_set 
$ ssid 

11 
$ lad MLCl 

1 -428 4 
♦boundary _flux_set 
$ ssid 

12 
$ Icid MLCl 

1 -428 4 
♦boundary _flux_set 
$ ssid 

13 
$ Icid MLCl 

1 -4284 
$ ^ _ _ + j + 2 -

N3 
12991 

DA2 
0 0 

N3 
13479 

DA2 
0 0 

N3 
13304 

DA2 
0 0 

N3 
13129 

— + 3 

— + 3 

MLC2 
-428 4 

MLC2 
-4284 

MLC2 
-428 4 

MLC2 
-428 4 
— + 3 

$ -M?H tfltr «" 
$ ^ _ _ + , + 2-

♦define_curve 
1 

0 
100000 

$ — + 1 + 2-

$ -M-4 
$_„_+ 1 + 2 -

♦boundary_radiation_set 
$ ssid 

1 

— + 3-

— + — 3 -

^7d 
— -+ 3-

N4 AI 
12974 0 0 00 

DA3 DA4 
0 0 0 0 

N4 AI 
13304 0 0 00 

DA3 DA4 
0 0 0 0 

N4 AI 
13328 0.0 0 0 

DA3 DA4 
0 0 0 0 

N4 AI 
13131 0 0 0 0 

+ 4 + 5_-_ 

+ 4 + 5___ 

MLC3 MLC4 
428 4 -428 4 

MLC3 MLC4 
428 4 -4284 

MLC3 MLC4 
4284 -4284 

MLC3 MLC4 
428 4 -428 4 

+ 4 + 5 
T 

+ 4 + 5 

1 
1 

+ 4 + 5_-_ 

+ 4 + 5 

A2 

A2 

A2 

A2 

- + — 

- + — 

+ — 

- + - -

0 0 

0 0 

0 0 

0 0 

- 6 — • 

- 6 — 

- 6 — 

- 6 — 

- 6 — 

6- -

A3 

A3 

A3 

A3 

- - + — 

- - + - -

. _ + — 

._ + — 

0 0 

0 0 

0 0 

0 0 

— 7 -

— 7 -

— 7 — 

— 7 — 

— 7 — 

— 7 — 

A4 

A4 

A4 

A4 

— + - — 

— + - - -

— + - - -

— + - - -

—8 

—8 

—8 

—8 

—8 
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$ RFLCID RFMULT TILCID TIMULT 
2 4 536e 8 2 800 

$ - - + - - 1 - - - + - - 2 - + 3 - — + - - - 4 - +-- 5 -+ 6 - + - — 7 — 
♦defme_curve 
2 

0 0 
1 1 

100000 1 
$__^+ j __+ 2 + 3 + 4 + 5 + 6 + 7 — 
$ t f l i t i S 
$___ + !__ + 2 + 3 - - + — 4 + 5 + 6 + — 7—-

♦boundary_convection_set 
$ ssid 

1 
$ hlcid HMULT TLCID TMULT 

-3 0 0845 1 800 
$—+ i + 2 + 3 + 4 + 5 + 6 + 7- -

$ -&-5!°l] tfl»V #4= (= Temp-0 33) 
$_ _ + — i +___ 2 + 3 + 4— + 5 + 6 + — 7 — 
♦define_curve 
3 

0 0 
10 2137962090 
20 2 687446941 

$ ^-^33= 
♦END 
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4 4 1-4 4*114 ABAQUS/Standard 4 4 ^ 4 4 5 . 

♦HEADING 
♦NODE, NSET=NODE_ALL, SYSTEM=R 

1, 0.5889, 0.08843838, 0. 

4761, 0.81, 0.04, 0. 
♦ELEMENT, TYPE=DC2D4, ELSET=OUTER_SHELL 

1, 1, 14, 12, 2 

♦NSET, NSET=KSCLNODE_ALL, GENERATE 
1, 4677, 1 

♦NSET, NSET=AMBI_NODE_ALL, GENERATE 
4678, 4761, 1 

♦ELSET, ELSET=KSC4 
OUTER.SHELL, COPPER_SHELL, COPPER.PLATE, RESIN, INNER_SHELL, LEAD, FUEL_BASKET 
♦ELSET, ELSET=HF_S1 
4235, 4236, 4237, 42138, 4239, 4240, 4241, 4242, 4243, 4244, 4245, 4246, 4247, 4248, 4249, 4250 
4251, 4252, 4253, 42154, 4277, 4278, 4279, 4280, 4281, 4282, 4283, 4284, 4285, 4286, 4321, 4323 
4324, 4325, 4326, 4327, 4328, 4329, 4330, 4331, 4332, 4343, 4345, 4346, 4347, 4348, 4349, 4350 
4351, 4352, 4353, 4354, 4369, 4370, 4371, 4372, 4373, 4374, 4375, 4376, 4377, 4378, 4379, 4380 
4381, 4382, 4383, 4384, 4385, 4386, 4387, 4388 

♦ELSET, ELSET=HF_S2 
4299, 4301, 4302, 4303, 4304, 4305, 4306, 4307, 4308, 4309, 4310, 4445, 4446, 4447, 4448, 4449 
4450, 4451, 4452, 44133, 4454 

♦ELSET, ELSET=HF_S3 
4423, 4424, 4425, 4426, 4427, 4428, 4429, 4430, 4431, 4432, 4434, 4456, 4467, 4468, 4469, 4470 
4471, 4472, 4473, 4474, 4475, 4476, 4478, 4489, 4490, 4491, 4492, 4493, 4494, 4495, 4496, 4497 
4498, 

♦Elset, elset=__M15_S2 
48, 

♦Elset, elset=_M15_S3 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 24, 25, 26, 27, 28, 29 

30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45 
46, 47, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60 

♦Elset, elset=_M15_S4 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 61, 62, 63 
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79 
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94 

♦Elset, elset= M16_S2, generate 
4499, 4518, 1 

♦Elset, elset= M16_S4, generate 
4520, 4539, 1 

♦SURFACE, TYPE=ELEMENT, NAME=HF 
HF_S1, SI 
HF_S2, S2 
HF_S3, S3 
♦SURFACE, TYPE= ELEMENT, NAME=SKSC4, PROPERTY=RKSC4 
_M15_S2, S2 
_M15^S3, S3 
__M15_S4, S4 
♦SURFACE, TYPE= ELEMENT, NAME=SAMBI, PROPERTY=RAMBI 
_M16_S2, S2 
_M16^S4, S4 

♦SURFACE PROPERTY, NAME=RKSC4 
♦♦ define surface emissivity of the KSC4 : 0.8 
♦EMISSIVITY 
0.8, 
♦♦ define surface emissivity of the ambient : 1.0 
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♦SURFACE PROPERTY, NAME-RAMBI 
♦EMISSIVIT Y 
10, 
♦CAVITY DEFINITION, NAME-CAV2D 
SKSC4, SAMBI 

♦♦ Matenal properties of the KSC4 ♦♦ 

♦SOLID SECTION, ELSET=OUTER„SHELL, MATERIAL=STEEL 
♦SOLID SECTION, ELSET=INNER_SHELL, MATERIAL=STEEL 
♦SOLID SECTION, ELSET=FUEL_BASKET, MATERIAL-STEEL 
♦MATERIAL, NAME=STEEL 
♦DENSITY 
7913 0, 
♦♦ define thermal conductivity that depends on temperature 
♦CONDUCTIVITY 
13 4, 0 0 
17 71, 200 
20 46, 400 
23 90, 600 
25 96, 800 
♦♦ define specific heat that depends on temperature 
♦SPECIFIC HEAT 
504, 0 0 
522, 200 
540, 400 
558, 600 
576, 800 

♦SOLID SECTION, ELSET-LEAD, MATERIAL-LEAD 
*♦ lead shield 
♦MATERIAL, NAME=LEAD 
♦DENSITY 
11350, 
♦♦ define thermal conductivity that depends on temperature 
♦CONDUCT IVITY 
346, 0 0 
31 7, 200 
18 0, 327 
16 8, 400 
*♦ define specific heat that depends on temperature 
♦SPECIFIC HEAT 
129 6, 0 0 
136 8, 200 
140 4, 327 
144 0, 400 

♦SOLID SECTION, ELSET=COPPER_SHELL, MATERIAL=COPPER 
♦SOLID SECTION, ELSET"COPPER_PLATE, MATERIAL=COPPER 
♦♦ copper shell, copper plate 
♦MATERIAL, NAME-COPPER 
♦DENSITY 
8800 0, 
♦CONDUC nVIT Y 
52 0, 
♦SPECIFIC HEAT 
420 12, 

♦SOLID SECTION, ELSET-RESIN, MATERIAL-RESIN 
♦♦ resin shield 
♦MATERIAL, NAME-RESIN 
♦DENSITY 
1680, 
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♦CONDUCTIVITY 
0.65, 
♦SPECIFIC HEAT 
612, 
** = = =: = = ==: = =: = = ==:=:=:=:=: = = = — = = = - = = = = = =: = = = = ** 
♦SOLID SECTION, ELSET=AMBI, MATERIAL=AMBI 
♦♦ outside ambient 
♦MATERIAL, NAME=AMBI 
♦DENSITY 
7913.0, 
♦CONDUCTIVITY 
13.4, 
♦SPECIFIC HEAT 
504, 

♦* define Stefan-Boltzmann radiation contants : 5.9967410"-8 
♦♦ define temperature of absolute zero : -273 
♦PHYSICAL CONSTANTS, STEFAN BOLTZMANN=5.6697E-8, ABSOLUTE ZERO=-273.0 
♦* define initial temperature ksc4 and outside ambient 
♦INITIAL CONDITIONS, TYPE=TEMPERATURE 
KSC4_NODE_ALL, 0.0 
AMBI_NODE_ALL, 0.0 

♦* Analysis history data ♦* 

**************************************************** 
♦ ♦ STEP 1 ♦♦ 
**************************************************** 
** 
♦ ♦ definition first step : natual convection and decay hear in the fuel basket 
♦STEP, INC=500 
♦♦ 1st step - > stedy state condition 
♦HEAT TRANSFER, STEADY STATE 
1.0, 
♦♦ define temperature of the outside ambient - > 38.0 
♦BOUNDARY 
AMBLNODEJUX, 11, ,38.0 
♦♦ define load condition : decay heat in the fuel basket 
♦DSFLUX 
HF, S, 428.4 
♦♦ define film coefficient of surface of KSC4 
♦SFILM 
SKSC4, FNU 
♦♦ control cavity radiation and viewfactor calculations 
♦RADIATION VIEWFACTOR, CAVITY=CAV2D, SYMMETRY=NSYMM 
♦RADIATION SYMMETRY, NAME=NSYMM 
♦REFLECTION, TYPE=LINE 
0.0, 0.0, 0.81, 0.0 
♦REFLECTION, TYPE=LINE 
0.0, 0.0, 0.0, 0.81 
♦RESTART, WRITE, FREQUENCY=5 
♦OUTPUT, FIELD, VARIABLE=PRESELECT, FREQUENCY=5 
♦ELEMENT OUT 
TEMP, 
♦OUTPUT, HISTORY, VARIABLE=PRESELECT, FREQUENCY=5 
♦NODE FILE, NSET=KSC4_NODE_ALL 
NT, 
♦END STEP 

♦♦ STEP 2 ♦♦ 
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♦♦ define second step temperature of outside ambient - > 800 C 
♦STEP, INC=500 
♦HEAT TRANSFER, DELTMX~10, END=PERIOD 
10, 1800, 10E-15, 1800 
♦BOUNDARY 
AMBI_NODE_ALL, 11, ,800 
♦RESTART, WRITE, FREQUENCY=5 
♦OUTPUT, FIELD, VARIABLE=PRESELECT, FREQUENCY=5 
♦ELEMENT OUTPUT 
TEMP, 
♦OUTPUT, HISTORY, VARIABLE=PRESELECT, FREQUENCY=5 
♦NODE FILE, NSET=KSC4_NODE_ALL 
NT, 
♦END STEP 

** STEP 3 ** 
**************************************************** 

♦♦ define third step - temperature of outside ambient - > 38 C 
♦STEP, INC=500 
♦HEAT TRANSFER, DELTMX=10, END=PERIOD 
10, 19800, 10E-15, 19800 
♦BOUNDARY 
AMBLNODE.ALL, 11, ,38 
♦RESTART, WRITE, FREQUENCY=5 
♦OUTPUT, FIELD, VARIABLE=PRESELECT, FREQUENCY=5 
♦ELEMENT OUTPUT 
TEMP, 
♦OUTPUT, HISTORY, VARIABLE=PRESELECT, FREQUENCY=5 
♦NODE FILE, NSET=KSC4^NODE_ALL 
NT, 
♦END STEP 
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1-5 444*114 LS-DYNA3D 4 4 0 v J 4 4 5 -

♦ KEYWORD 
♦controLsolution 
0 
♦CONTROL.TERMINATION 
1 
♦control_implicit_general 
1„1, 
♦control_implicit_linear 

ISDO TSLIMT DTMS LCTM 

SLNTEN RYLEN 
1 1 

♦control_implicit_auto 
0, 
♦CONTROL.TIMESTEP 
$ DTINIT SCFT 

.000 .900 0 
♦CONTROL.HOURGLASS 
$ IHQ OH 

1 .100 
♦CONTROLJBULK3TSCOSITY 
$ Q2 Ql 

1.500 .060 
♦CONTROL_ENERGY 
$ HGEN RWEN 

1 2 
♦CONTROLJ3UTPUT 
$ NPOPT NEECHO NREFUP IACCOP OPIFS IPNINT 

0 0 0 0 .000 0 100 
$___+ 1 + 2 + 3 + 4 + 5 + 6 
$ (4) DATABASE CONTROL CARDS 
$___+ , + 2 + 3 + 4 + 5 + 6 
♦DATABASE_GLSTAT 

1 
♦database_tprint 

1 
♦DATABASE_BINARY_d3dump 

1 
♦DATABASE_BINARY_D3PLOT 

1 
♦database_extent_binary 

0 0 3 0 
0 0 0 0 

$—-.+ 1 + 2 + 3 +-

ERODE MS1ST 

IKEDIT 

— 7 

— 7 

$ 
$ — + 1-

♦PART 
SHEADING 

PART PID 
$ PID 

1 
♦PART 
SHEADING 
PART PID 

$ PID 
2 

♦PART 
SHEADING 

PART PID 
$ PID 

3 
♦PART 
SHEADING 

(6) DEFINE PARTS CARDS 
- 2 + 3 + 4 — ■ 

1 PART NAME :outer shell 
SID MID EOSID HGID 

1 1 

2 PART NAME :copper plate 
SID MID EOSID HGID 

2 2 

1 
0 
- + — 

- + — 

— 5 -

— 5 -

1 
0 

— 

— 

. + _ _ _ 

. + _ _ _ 

- 6 

-6 

1 

— 7 — 

— 7 — 

3 PART NAME :resin 
SID MID EOSID 

3 3 
HGID 

GRAV ADPOPT 
1 

GRAV ADPOPT 

GRAV ADPOPT 

TMID 

TMID 

TMID 
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PART PID = 
$ PID 

4 
♦PART 
SHEADING 

PART PID = 
$ PID 

5 
♦PART 
SHEADING 

PART PID = 
$ PID 

6 
$-—+ 1 — 
$ 
$ — + 1 -

4 PART NAME inner shell 
SID MID EOSID HGID 

4 4 

5 PART NAME lead 
SID MID EOSID 

5 5 
HGID 

GRAV ADPOPT 

GRAV ADPOFI 

6 PART NAME fuel-basket 
SID MID EOSID HGID 

6 6 
-+ 2 + 3 + 4 + 5 

structure MATERIAL CARDS 
-+ 2 + 3 + 4 + 5 -

GRAV 

-+ 6— 

-+ 6 — 

ADPOPT 
6 

+ 7— 

—7— 
♦MAT_ELASTIC_plastic_thermal 
SMATERIAL NAME outer shell 
S MID RO 

1 7910 
$ t l t2 t3 t4 t5 t6 t7 t8 

-25 2111 9333 20444 31556 4266 5377 6488 
$ young's modulus 
195 22e+9 191 10e+9 183 45e+9 17521e+9 166 18e+9 156 96e+9 14774e+9 138 62e+9 
$ poisson's ratio 

0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 
$ thermal expansion 

1 400e 5 1 427e 5 1 507e~5 1 615e 5 1 696e 5 1 748e-5 1 800e-5 1 836e-5 
$ yield stress 

210 00e+6 206 89e+6 172 46e+6 142 74e+6 125 57e+6 115 86e+6 10762e+6 65 24e+6 
$ plastic hardening modulus 

9 000e+9 8 981e+9 8 358e+9 7627e+9 7 410e+9 7 209e+9 6 667e+9 4 815e+9 
$ — + 1 + 2— + 3 — + 4 — + 5 + —6 +- 7-

♦MAT_plastic_kinematic 
SMATERIAL NAME copper plate 
$ MID RO E 

2 8830 114 48E+9 
PR SIGY 

0 3 68 974E+6 
ETAN 

♦MAT_plastic_kinematic 
SMATERIAL NAME RESIN 
$ MID RO E 

3 1680 38694E+9 
PR SIGY ETAN 

035 60 50E+6 450 8E+6 

$__ + ! +___ 2 + 3 + 4 + 5 —+ 6- + 7-

♦MAT_ELASTIC_plastic_thermal 
SMATERIAL NAME inner shell 
$ MID RO 

4 7910 
$ t l t2 t3 t4 t5 t6 t7 t8 

25 2111 9333 20444 31556 4266 5377 6488 
$ young's modulus 

195 22e+9 191 10e+9 183 45e+9 17521e+9 166 18e+9 156 96e+9 147 74e+9 13862e+9 
$ poisson's ratio 

0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 
$ thermal expansion 

1 400e-5 1 427e 5 1 507e 5 1 615e 5 1 696e-5 1 748e 5 1 800e 5 1 836e-5 
$ yield stress 
210 00e+6 206 89e+6 172 46e+6 142 74e+6 125 57e+6 115 86e+6 10762e+6 65 24e+6 

$ plastic hardening modulus 
9 000e+9 8 981e+9 8 358e+9 7 627e+9 7 410e+9 7 209e+9 6 667e+9 4 815e+9 

$- + 1- -+ 2 + — 3 — + 4 —+ 5 —+ - 6 +— 7 — 
♦MAT_ELAST KLplastic Jhermal 
SMATERIAL NAME lead 
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MID 
5 

tl 
3 

RO 
11070 

t2 
21 11 

t3 
37 78 

t4 
65 56 

t5 
93 33 

t6 
148 89 

t7 
204 44 

t8 
260 0 

$ young's modulus 
1600e+9 1571e+9 15 23e+9 1489e+9 14 33e+9 13 30e+9 12 05e+9 10 88e+9 

$ poisson's ratio 
045 045 045 045 045 045 045 045 

$ thermal expansion 
2 850e-5 2 898e-5 2 934e-5 2 952e-5 3 006e-5 3114e-5 3 276e-5 3438e-5 

$ yield stress 
450e+6 4 41e+6 4 02e+6 3 79e+6 3 35e+6 2 56e+6 163e+6 0 75e+6 

$ plastic hardening modulus 
31000e+6 303 31e+6 278 32e+6 242 35e+6 19669e+6 14063e+6 7781e+6 28 42e+6 

$— + 1 + 2 + 3 + 4 + 5 + 6 + 7 
♦MAT_ELASTICj>lastic_thermal 
SMATERIAL NAME fuel basket 
$ MID RO 

6 7910 
$ t l t2 t3 t4 t5 t6 t7 t8 

-25 2111 9333 20444 31556 4266 5377 6488 
$ young's modulus 

195 22e+9 191 10e+9 183 45e+9 175 21e+9 166 18e+9 156 96e+9 147 74e+9 13862e+9 
$ poisson's ratio 

0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 
$ thermal expansion 

1400e-5 1427e-5 1507e 5 1 615e-5 1696e-5 1748e~5 1800e 5 1836e 5 
$ yield stress 

210 00e+6 206 89e+6 172 46e+6 142 74e+6 125 57e+6 11586e+6 107 62e+6 65 24e+6 
$ plastic hardening modulus 

9 000e+9 8981e+9 8 358e+9 7627e+9 7 410e+9 7 209e+9 6667e+9 4 815e+9 
$ 

_+___ 5 + 6 + 7 

_+ 5__ + g +___ 7 

$ + — - 1 -

$ 
$ — - + — 1 -

$ 
♦MATjherma! 

+ — --2- + - - -3 +- - 4 — 
thermal MATERIAL CARDS 

Lisotropic_ td_lc 
SMATERIAL NAME outer shell 
$ TMID 

1 
10 

♦define_curve 
10 
$ 

♦define_curve 
11 
$ 

RO 
7910 

11 

x 
-25 

0 
213 

1213 
232 4 
343 5 
4546 
5657 
676 8 
787 9 
8000 

x 
-25 

0 
213 

1213 
232 4 

TGRLC TGMULT 

y 
463 0 
470 0 

477 5 
5094 
532 1 
549 4 
5634 
5731 
5848 
5915 
592 0 

y 
13 5 
14 0 

14 9 
16 6 
18 4 
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343 5 
4546 
565 7 
676 8 
787 9 
8000 

$ _ _ _ + j + 2 

♦MAT_thermal_isotropic 
SMATERIAL NAME-copper 
S TMID RO 

2 8830 
$ capacity conduct 

42012 52 

+ 3-

plate 
TGRLC 

201 
216 
23 2 
24 8 
261 
263 

+ 4 — 

: TGMULT 

_5 ___+ 6 +___ 7 + 8 

♦MAT_thermal_isotropic 
SMATERIAL NAME resin 
S TMID RO TGRLC TGMULT 

3 1680 
$ capacity conduct 

612 0 65 
$ 
♦MAT_thermaLisotropicJd_lc 
SMATERIAL NAME inner shell 
$ TMID RO TGRLC TGMULT 

4 7910 
10 11 

$ 
$___+ j + 2 + 3 + 4 + 5 +- -6 + 7 + 8 
*MAT__thermal_isotropic_td 
SMATERIAL NAME lead 
$ TMID RO TGRLC TGMULT 

5 11070 
Stemperature 

- 3 0 200 3275 400 600 
Sheat capacity 

129 6 129 6 1368 140 4 144 148 
Sconductivity 

346 346 317 180 168 150 
$___+ , + 2 + — 3 + 4 + 5 + 6 + 7 + 8 
♦ M AT_thermal_isotropic_td_lc 
SMATERIAL NAME fuel basket 
$ TMID RO TGRLC TGMULT 

6 7910 
10 11 

$ 
$ _ _ _ + j + 2 + 3 + 4 + 5 + 6 + 7 + 8 
$ (71) SECTION CARDS 
$ — + 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 
♦SECTION^SOLID 
SPROPERTY NAME outer shell 
$ SID ELFORM AET 

1 1 
♦SECTION„SOLID 
SPROPERTY NAME copper plate 
$ SID ELFORM AET 

2 1 
♦SECTION.SOLID 
SPROPERTY NAME resin 
$ SID ELFORM AET 

3 1 
♦SECTION_SOLID 
SPROPERTY NAME inner shell 
$ SID ELFORM AET 
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4 1 
♦SECTION_SOLID 
SPROPERTY NAMEIead 
$ SID ELFORM AET 

5 1 
♦SECTION„SOLID 
SPROPERTY NAME:fuel-basket 
$ SID ELFORM A E T 

6 1 
$ — + j + 2 + 3 + 4 + 5 + 6-

$ (8) NODAL POINT CARDS 
$ — + 1 + 2 + 3 + 4 + 5 + 6-

♦NODE 
$ NODE X Y Z TC 

1 .OOOOOOOOOE+00 .596900000E+00 .OOOOOOOOOE+00 
2 .UOOOOOOOE-Ol .596900000E+00 .OOOOOOOOOE+OO 

$ + 1 + 2 + 3 + 4 + 5 + 6-

$ (9) SOLID ELEMENT CARDS 
$___+ 1 + 2 + 3 + 4 + 5 + 6-

♦ELEMENT_SOLID 
$ EID PID Nl N2 N3 N4 N5 N6 

3892 1 1 8 9 3 4075 4076 

$ — + j + 2 + 3 + 4 + 5 + 6 

+ 7— 

+ 7— 

RC 

<- 7 — 

+ 7 — 

N7 
4078 

i- 7— 

N8 

♦BOUNDARY_SPC_set 
$ sid CID 

1 
$ 
♦BOUND ARY_SPC_set 
$ sid CID 

2 
$ 
♦BOUND ARY_SPC_set 
$ sid CID 

3 
$ 
$___+ ! + 2 -
$ 
$___+ 1 + 2 -

♦SET.SEGMENT 
$~SEGMENT_SET 
$ SID DAI 

1 0.0 
S Nl N2 

3 1 

$___+ 1 + 2 -

$ 
$___+ 1 + 2 -

♦SET.SEGMENT 
$~SEGMENT_SET 
$ SID DAI 

10 0.0 
$ Nl N2 

3852 3855 
oV-M-Allaf 

$___+ 1 + 2 -

♦include 
tempjoad- l .k 
♦END 

DOFX DOFY DOFZ 
0 1 1 1 

DOFX DOFY DOFZ 
1 0 1 1 

DOFX DOFY DOFZ 
1 1 0 1 

___+ 3 + 4 + 5 _ _ 
SEGMENT SET CARDS 

_ _ „ + 3 + 4 + 5 _ _ _ 

DA2 DA3 DA4 
0.0 0.0 0.0 

N3 N4 AI 
4075 4078 0.0 0.0 

— + 3 + 4 + 5 — 
SEGMENT SET CARDS 

___+ 3 + 4 + 5___. 

DA2 DA3 DA4 
0.0 0.0 0.0 

N3 N4 AI 
12991 12974 0.0 0.0 

___+ 3 + 4 + 5 

DOFRX 
1 

DOFRX 
1 

DOFRX 
1 

-+ 6 — 

-+ 6 — 

A2 
0.0 

-+ 6 — 

-+ 6—-

A2 
0.0 

-+ 6 — 

DOFRY 
1 

DOFRY 
1 

DOFRY 
1 

- + 7 -

- + 7 -

A3 
0.0 

-+ 7 -

-+ 7 -

A3 
0.0 

-+ 7— 

DOFRZ 

DOFRZ 

DOFRZ 

A4 

A4 
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4 4 1-6 144*114 ABAQUS/Standard 4 4 v J 4 4 5 -

♦HEADING 
♦NODE, NSET-KSC4_NODE_ALL, SYSTEM=R 

1, 0 5889, 0 08843838, 0 

♦ELEMENT, TYPE=CPE4R, ELSET=COPPERJPLATE 
189, 204, 287, 325, 194 

ul-H-^s* 

♦NSET, NSET=XSYMM 
169, 171, 241, 1606, 1608, 1609, 1610, 1611, 1612, 1613, 1614, 1615, 1616, 1617, 1618, 1619 

1620, 1621, 1622, 1623, 1624, 1625, 1626, 2339, 2341, 2342, 3471, 3472, 3473, 3474, 3475, 3476 
3477, 3478, 3479, 3480, 3481, 3482, 3483, 3484, 3485, 3486, 3487, 3488, 3489, 3490, 4372, 4374 
4375, 4531, 4532, 4533, 4534, 4535, 4536, 4537, 4538, 4539, 4540, 4541, 4542, 4543, 4544, 4545 
4546, 4547, 4548, 4549, 4550, 4591 
♦NSET, NSET=YSYMM 

23, 25, 191, 546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 556, 557, 558 
559, 560, 561, 562, 563, 564, 565, 2189, 2191, 2192, 2472, 2474, 2475, 2476, 2477, 2478 
2479, 2480, 2481, 2482, 2483, 2484, 2485, 2486, 2487, 2488, 2489, 2490, 2491, 2492, 4374, 4376 
4377, 4400, 4401, 4402, 4403, 4404, 4405, 4406, 4407, 4408, 4409, 4410, 4411, 4412, 4413, 4414 
4415, 4416, 4417, 4418, 4419, 4441 

♦ ♦ Matenal properties of the KSC4 *♦ 
**—-==-====——————===——=————=—===~——==*% 
♦♦ Matenal behavior - > elastic-linear plastic 
♦SOLID SECTION, ELSET=OUTER_SHELL, MATERIAL"STEEL 
♦SOLID SECTION, ELSET=INNER,SHELL, MATERIAL=STEEL 
♦SOLID SECTION, ELSET=FUELJBASKET, MATERIAL=STEEL 
♦MATERIAL, NAME=STEEL 
♦♦ define elastic modulus that depends temperature 
♦ELASTIC 
195 02E9, 0 3, 2111 
193 75E9, 0 3, 37 78 
190 90E9, 0 3, 93 33 
186 69E9, 0 3, 14889 
183 26E9, 03 , 204 44 
175 03E9, 0 3, 315 56 
166 01E9, 0 3, 4266 
156 80E9, 0 3, 537 7 
♦♦ define plastic that depends temperature 
♦PLASTIC 
206 68E6, 0 0, 21 11 
516 75E6, 0 034, 2111 
206 68E6, 0 0, 37 78 
516 75E6, 0 035, 37 78 
172 28E6, 0 0, 93 33 
489 22E6, 0 037, 93 33 
155.04E6, 0 0, 14889 
454 72E6, 0 038, 14889 
142 59E6, 0 0, 204 44 
443 74E6, 0 039, 204 44 
125 44E6, 0 0, 315 56 
437 57E6, 0 042, 315 56 
115 74E6, 0 0, 4266 
431 98E6, 0 044, 426 6 
107 51E6, 0 0, 537 7 
397 59E6, 0 043, 537 7 
♦DENSITY 
7913, 
♦♦ define thermal expansion that depends temperature 
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♦EXPANSION 
14.24E-6, 21.11 
14.45E-6, 37.78 
15.07E-6, 93.33 
15.66E-6, 148.89 
16.15E-6, 204.44 
16.96E-6, 315.56 
17.48E-6, 426.6 
18.00E-6, 537.7 

♦SOLID SECTION, ELSET=LEAD, MATERIAL=LEAD 
♦♦ lead shield 
♦MATERIAL, NAME=LEAD 
♦♦ define elastic modulus that depends temperature 
♦ELASTIC 
15.71E9, 0.4, 21.11 
15.23E9, 0.4, 37.78 
14.89E9, 0.4, 65.56 
14.33E9, 0.4, 93.33 
13.30E9, 0.4, 148.89 
12.05E9, 0.4, 204.44 
10.88E9, 0.4, 260.0 
♦DENSITY 
11070.0, 
♦PLASTIC 
4.41E6, 0.0, 21.11 
16.95E6, 0.041, 21.11 
4.02E6, 0.0, 37.78 
15.50E6, 0.041, 37.78 
3.79E6, 0.0, 65.56 
13.09E6, 0.038, 65.56 
3.35E6, 0.0, 93.33 
10.33E6, 0.035, 93.33 
2.56E6, 0.0, 148.89 
9.30E6, 0.047, 148.89 
1.63E6, 0.0, 204.44 
7.23E6, 0.071, 204.44 
0.75E6, 0.0, 260.0 
4.82E6, 0.143, 260.0 
♦♦ define thermal expansion that depends temperature 
♦EXPANSION 
28.98E-6, 21.11 
29.34E-6, 37.78 
29.52E-6, 65.56 
30.06E-6, 93.33 
31.14E-6, 148.89 
32.76E-6, 204.44 
34.38E-6, 260.0 

♦SOLID SECTION, ELSET=COPPER_SHELL, MATERIAL=COPPER 
♦SOLID SECTION, ELSET=COPPER_PLATE, MATERIAL=COPPER 
♦♦ copper shell, copper plate 
♦MATERIAL, NAME=COPPER 
♦ELASTIC 
114.36E9, 0.3 
♦DENSITY 
8800.0, 
♦PLASTIC 
68.90E6, 0.0 
♦EXPANSION 
0.06E-6 

♦SOLID SECTION, ELSET=RESIN, MATERIAL=RESIN 
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♦♦ resin shield 
♦MATERIAL, NAME=RESIN 
♦ELASTIC 
386E9, 0 35 
♦DENSITY 
1710, 
♦PLASTIC 
60.50E6, 00 
72 34E6, 0 0075 
♦EXPANSION 
58 15E-6, 

♦♦ Analysis history data ♦♦ 

**************************************************** 
** STEP 1 ♦♦ 
**************************************************** 

♦ ♦ definition first step • natual convection and decay hear in the fuel basket 
♦STEP, INC=500 
♦♦ 1st step 
♦STATIC 
10, 
♦TEMPERATURE, FILE=HEAT-1, BSTEP=1, BINC=1, ESTEP=1, EINC=1 
♦♦ define boundary condition of ksc4 section 
♦BOUNDARY 
XSYMM, XSYMM 
YSYMM, YSYMM 
♦RESTART, WRITE, FREQUENCY=5 
♦OUTPUT, FIELD, VARIABLE=PRESELECT, FREQUENCY=5 
♦ELEMENT OUTPUT 
TEMP, 
♦NODE OUT, NSET=KSOLNODE„ALL 
NT, 
♦OUTPUT, HISTORY, VARIABLE=PRESELECT, FREQUENCY=5 
♦END STEP 

♦ ♦ STEP 2 ♦♦ 
**************************************************** 

♦♦ define second step 
♦STEP, INC=500 
♦STATIC 
10, 1800, 1.0E-15, 1800 
♦TEMPERATURE, FILE=HEAT-1, BSTEP=2, BINC=1, ESTEP=2, EINC=111 
♦BOUNDARY 
XSYMM, XSYMM 
YSYMM, YSYMM 
♦RESTART, WRITE, FREQUENCY=5 
♦OUTPUT, FIELD, VARIABLE=PRESELECT, FREQUENCY=5 
♦ELEMENT OUTPUT 
TEMP, 
♦NODE OUT, NSET=KSC4_NODE_ALL 
NT, 
♦OUTPUT, HISTORY, VARIABLE=PRESELECT, FREQUENCY=5 
♦END STEP 

** STEP 3 ** 
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♦♦ define third step 
♦STEP, INC=500 
♦STATIC 
10, 19800, 1.0E-15, 19800 
♦TEMPERATURE, FILE=HEAT-1, BSTEP=3, BINC=1, ESTEP=3, EINC=106 
♦BOUNDARY 
XSYMM, XSYMM 
YSYMM, YSYMM 
♦RESTART, WRITE, FREQUENCY=5 
♦OUTPUT, FIELD, VARIABLE=PRESELECT, FREQUENCY=5 
♦ELEMENT OUTPUT 
TEMP, 
♦NODE OUT, NSET==KSC43JODE_ALL 
NT, 
♦OUTPUT, HISTORY, VARIABLE=PRESELECT, FREQUENCY=5 
♦END STEP 
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