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Thermal Deformation Analysis of Crane-rail in Bituminization Facility
- Elasto~Plastic Analysis due to Thermal Beformation of Crane-rail Beams in Bituminization Facility —

Norio Ueda™
Tetsuji Motonaga®

ABSTRACT
Crane-rail support beams in Bituminization Facility were deformed (had residual strain) after explosion
and fire accident. It is supposed to be a phenomena which is caused by thermal effect after Asphalt drum fire
accident. This is to estimate the mmber of drium burned through the comparison between analysis results and the
actual deformation.
Thermal transient analysis followed by Elasto—Plastic Analysis were performed under various conditions in
the number of drums burned, the position of drums burned, the cooling conditions and the beams support conditions.

(1) Thermal transient analysis

In the case that two(2) drums are burned simultaneously, the temperature is reached 1250°C which is
close to the melting point of 1300°C. Therefore it is concluded that two(2) drums or more did not caused
fire simultaneously.

The difference of heat transfer coefficient of support beams between Skcal/m2°C and 10kcal/m2°C makes
only 8% difference in metal temperature and it is concluded that twice of heat transfer coefficient has less
effect in the maximum metal temperature. ’

(2) Thermal Elasto-Plastic Analysis

The north side support beam deformed 60mm upward actually. On the other hand, analysis results showed
minimum deformation of 35.6mn, maximum deformation of 186. 6mm and well simulated the deformation tendency.

The south side support beam deformed 100mm horizontally. On the other hand, analysis results showed
76. 4mm deformation horizontally and 251.8mm upward at the same time. The analysis could not simulate
sufficiently the actual phenomena.

Work Performed by Hitachi, Ltd.under contract with Power Reactor and Nuclear Fuel Development Corportion
PNC Liaison : Investigation Group for Bituminization Facility Accident

*  Hitachi,Ltd. Hitachi Works Back End Center Back End Project Sect. ]
#* Hitachi Engineerring Co.,Ltd Second Consulting Engneering Dept Design Analysis Engneering Sect.
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3 3600] 1.000E-06] 2 | b 1 2.389 5677 1.577E-06 S 3000 ;
2 b 3013 3569] 9.914E-07] 3 | < | 251 5143 1.429E-06 = —&— RAERDS5
3 c__| 3.246 3075 8.542E-07] 4 d | 2.804 4121 1.1456-06 % 2000 M —a— BRI
4 d_ | 3.601 2492 6.941E-07 3 3600] _1.000E-06 &
5 e | 4.046 1979] 54986-07| 5 | e [3275 3115] _8.653E-07
5 1296{ 3.600E-07 5 1206] 3.600E-~07 1000
7 661] 1.836E-07 7 661] 1.836E-07 ——a
g 400[ 1.111E-07 ] a00] 1.I11E-07 0
0 2 4 8 8 10
S Lt IS OIER (m)
s mdh R (TYPE-1 SLBIL—)
4000
AN BB | MRE A BSOS ADE| B W B . 3000
{m} |{kcal/m2h)|(kcal/mm2s) {m} [(keal/m2h} (keal/mm2s); S
3 3600 _1.000E-08 3 3goo| 1000E-05] E 2500
i | 3.007 3583]  9.953E-07] f | 37i5 2348 652iE-07 = o~ BSOS
e | 3.285]  3002] 8340E-07] 2 | g | 3.749] __ 2305{ 6403E-07] <= 2000 \ —-—gﬁim
h_ | 3926 2102 5839E-07] 3 | h | 4.145 1886] 5.238E-07 +B‘§ 1500 il
|| 4.786 1414] 3.929E-07] 4 1| 4815 1398] 3.882E-07 i '-\
5 1286] _3.600E-07 5 1296] _3.600E-07 & 1000
i | 5769 974 2704E-07] 5 | | | 5.663 1010] _2.806E-07 \-\
7 661| 1.836E-07 7 661] 1.836E-07 500 —
] 400 1.111E-07 g 400 1.111E-07 0
0 2 4 8 8 10
RS LENSOIEHE(m)
M Hdh i (TYPE-2 HfIL—IL)
Type-1—f | 1 | | ]
GEfIL—I) 5 b ¢ d a
©os
Oo
f 4 h i i
Typa-2—| [ ] | ]
(B RiL—JL)

-5 BIETILICHEZLBE (5—249)



—F 1 —

F23-1 B (Ss41)

Bk B 1433 Binim®R
(°C) | p (kgf/mm3)|c(kcal/kegf’C)| A (kcal/mms°C)
21 1.85E-06 0111 1.027E-05
221 1.19E-06 0.126 9.219E-06
527 7.70E-06 0.149 6.616E-06
- F3-2 SEEEHHARE(SS41)
mE [ voUR | RK7PULtk EhpsoRA BERED [ TRE{L iR
(°C) | E(kgf/mm2) v(—) a (mm/mm°C ) | o y(kef/mm2)| Et(kgf/mm2)
RT(20) 18706 0.3 1.24E-05 28.7 10
100 18531 0.3 1.29E-05 26,2 1.0
300 16974 0.3 1.50E-05 16.69 881.1
500 13599 0.3 1.51E-05 13.1 398.5
600 11147 0.3 1.59E-05} 5.26 173.5
900 5500 0.3 1.76E-05 1.34 12.4




ANSYS 5.3

JUN 10 13997
11:47:33

1

PLOT NO.

ELEMENTS
. TYPE NUM

=1

1
1

b4

Al

DIST=1404
XF

-1752

2090

-1084
PRECISE HIDDEN

YF
ZF

A: X, Y. ZHREE
B: Y. 2 AMBIE

C: Y AhMIERE
D: X, Y HMESE

Type-1 CASE-1  Tharwal Sxraas

o he

e 27 v— 2 L — AR R

H3—6
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ANSYS 5.3
JUN 10 1997
11:50:

PLOT NO.
ELEMENTS
TYPE NUM

-1
1
1

XV

YV
A"

DIST=2380
XF =2708
YF =2090
ZF =-2216
PRECISE HIDDEN

.MW\&

X, Y. 2 HEIEE

Y. ZARIERE
Y HEEE

A
B
c
D

X. Y AREE

Casma-Rall Typa-) CASE-Y Theamsl Shdais

Y L— > LR

B3—-7




ANSYS 5.3
JUN 18 1997
10:04:53
PLOT NO. 1
NODAL SOLUTION
STEP=20

SUB =1
TIME=7200
TEMP
TEPC=27.061
SMN =184.631
SMX =455.023
184.631
214.674
244.718
274.762
304.805
334.849
364.893
394.936
424.98
455.023

184.631
214.674
244.718
274.762
304.805
334.849
364.893
394.936
424.98

455.023

4«@,{

Rd-1-1 #—3 1427 v—>y L —n 2% OBREST
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ANSYS 5.3
JUN 18 1997
10:10:00
PLOT NO. 1
NODAL SOLUTION
STEP=20

SUB =1
TIME=7200
TEMP
TEPC=24.994
SMIN =348.752
SMX =801.581
348.752
399.066
449.381
499,695
550.01
600.324
650.638
700.953
751.267
801.581
348.752
399.066
449,381
499.695
550.01
600.324
650.638
700.953
751.267
801.581
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Ha-1-3 b2 3L L L LRSI DIREE 5T

ANSYS 5.3
JUN 18 1997
10:10:54
PLOT NO. 1
NODAL SOLUTION
STEP=20

SUB =1
TIME=7200
TEMP
TEPC=7.238
SMN =361.376
SMX =706.01
361.376
399.669
437.962
476.254
514.547
552 .84
591.132
629.425
667.718
706.01
361.376
399.669
437.962
476.254
514.547
552,84
591.132
629.425
667.718
706.01




4-1-4 DR AAERIZ e LV 2RI DR

kil

ANSYS 5.3

JUN 18 1997
10:13:28

PLOT NO. 1
NODAL SCLUTION
STEP=20

SUB =1
TIME=7200

- TEMP

TEPC=8.378

SMI =367.608
SMX =732.308
367.608
408.131
448.653
489.175
529.697
570.219
610.741
651.264
691.786
732.308
367.608
408.131
448.653
489.175
529.697
570.219
610.741
651.264
691.786
732.308
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ANSYS 5.3
JUN 18 1887
10:11:44
PLOT NO. 1
NODAL SOLUTION
STEP=20

SUB =1
TIME=7200
TEMP
TEPC=9.843
SMN =500.493
SMX =1250
500.493
583.785
667.078
750.37
833.663
916.855
1000
1084
1167
1250
500.493
583.785
667.078
750.37
833.663
916.955
1000
1084
1167
1250
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BA4-1-6 7—R T2 L— L— A 2RRB ORE ST

ANSYS 5.3
JUN 18 1997
10:12:36
PLOT NO. 1
NODAL SOLUTION
STEP=20

SUB =1
TIME=7200
TEMP
TEPC=5.471
SMN =368.205
SMX =647.421
368.205
399.229
430.253
461.277
492 .301
523.325
554,349
585.373
616.397
647.421
368.205
399.229
430.253
461.277
492 .301
523.325
554.349
585.373
£16.397
647 .421



ANSYS 5.3
JUN 18 1997
10:14:57
PLOT NO. 1
NODAL SOLUTION
STEP=20

SUB =1
TIME=7200
TEMP
TEPC=31.604
SMIN =94.559
SMX =276.265
94.558
114.748
134.938
155.128
175.317
185.507
215.697
235,886
256.076
276.265

94.559

114.748
134.938
155.128
175.317
195.507
215.697
235.886
256.076
276.265

H4-1-7 r—A 1B L —2 LV 2R % ORES:
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4-1-8 H—Z 287 L — 2 L— L 2B DB E S

ANSYS 5.3
JUN 18 1987
10:16:02
PLOT NO. 1
NODAL SCLUTION
STEP=20

SUB =1
TIME=7200
TEMP
TEPC=26.45
SMN =159.806
SMX =530.268
159.806
200.968
242 .131
283.293
324.455
365.618
406.78
447.943
489,105
530.268
159.806
200.968
242.131
283,293
324.455
365.618
406.78
447 .943
489.105
530.268



M4-1-9 #—R3EMI L—2 L— L 2BH% ORESH

ANSYS 5.3
JUN 18 1897
10:17:20
PLOT NO. 1
NODAL SOLUTION
STEP=20

SUB =1
TIME=7200
TEMP
TEPC=4.855
SMN =257.548
SMX =506.094
257.548
285.164
312.78
340.396
368.013
395.629
423.245
450.861
478.478
506.094
257.548
285.164
312.78
340.396
368.013
395.629
423,245
450.861
478.478
506.094




FA4-1-10 7 —R 47 V— 1 L— 28585 DR EE4SAD

ANSYS 5.3
JUN 18 1997
10:18:33
PLOT NO. 1
NODAL SOLUTICN
STEP=20

SUB =1
TIME=7200
TEMP
TEPC=4.271
SMN =257.864
SMX =489.349
257.864
283.585
309,305
335.026
360.746
386.467
412,187
437.908
463.628
489.349
257.864
283.585
309.305
335.026
360.746
386.467
412.187
437.908
463.628
489.349
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x® 42 HBMEROELD
Bitr—2R R =8 KRB ERE (mm) RE
el L —JL SXOKE) Y (rE)|  (°C)
CASE-1 TEOH AR 2R 13.7 222.0 455. 0
bk otk y 11.2 35. 6 20.0
CASE-2 TE. fIEAR IR 17.8 526. 8 801.6
: mH% -38. 1 186. 6 20.0
CASE-3 TE. fldAR 2B 24.8 462.5 706. 0
{4 HEN (h=5, T=400°C) A% -23. 2 154. 0 20.0
CASE-4 |Tm. & AZ(Di=1h, 05=1n)| 285 22.7 460.0 732.3
fit [ 24 (h=5, T=400°C) % -33.0 155. 8 20.0
CASE-5
CASE-6 CASE-3MD A Bh#2{% 25 - - 1250. 0
Pl - - 20.0
B r—X TR IKEE FH= (mm) BE
[k e 1% SXUKE)|sY (88E) (°C)
CASE-1 BEOH AL Pl AT IR -32. 4 380. 6 276. 3
A% -10.7 51.0 20.0
CASE-2 THE. fEAR 2R -50. 7 861.8 530. 3
AHg —-22. 6 184.0 20.0
CASE-3 TH. #mALR 2R ~H2. 2 900. 5 506. 1
{1 L &L (h=5, T=400°C) e alkea -23. 2 153. 6 20.0
CASE~4 |T@E. BIEAZ(DI=1h, D5=1h)] 2E:fE# ~49. 6 884. 4 489. 3
fhid ik Eh (h=5, 7=400°C) A% -26. 3 143. 9 20.0
CASE-5 CASE-3D L k14HIM Pk -521. 4 598. 9 506. 1
ko ke 4 76. 4 251.8 20.0
CASE-6




1 2 ANSYS 5.3

5 JUN 4 1987
15:52:48
PLOT NO. 10
DISPLACEMENT
STEP=21
SUB =4
TIME=21
RS¥S=0
DMX =37.312

*DSCA=1

Xxv =1

Yv =1

v =1
DIST=1409

XF  =-1747

YF =2107

ZF =-1084
PRECISE HIDDEN

WIND=2

4 DSCA=4.671
XV =1
DIST=1917
XF =-1726
YF =2171
ZF =-1084

WIND=3
DSCA=4.671
v =1
DIST=162.29

===
fim—

Srcc
==

e

an e

Pl
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R4-2-2 Z—2A 0407 L—v L —VAREERE

ANSYS 5.3
JUN 5 1997
09:52:52
PLOT NO. 10
DISPLACEMENT
STEP=21

SUB =5
TIME=21
RSYS=0

DMX =190.385

*DSCA=1

X =1

Yv =1

Zv. =1
DIST=1420

Xr =-1770

YF =2182

Z¥ =-1084
PRECISE HIDDEN

WIND=2
DSCA=.915515
X =1
DIST=1917

XF =-1768
Yr =2174

ZF =-1084

WIND=3
DSCA=.915515
zv =1
DIST=163.408



10
DISPLACEMENT
21

STEP
SUB

5

21
RSYS=0
DMX =155.693

ANSYS 5.3
JUN 6 1997
11:58:41
PLOT NO.
TIME=

1
1
1
1
1414
-1763
2166
-1084
PRECISE HIDDEN

*DSCA
XV
YV
VA
DIST
XF
YF
ZF

WIND=2
DSCA=1.12
v =1

1917

DIST=
XF
YF

-1764
2175

-1084
3

DSCA=1.12

ZF
WIND=

=1
DIST=164.243

yAY)

a X

[

b

I
I
]

ol

i ] 1

1| 1

! 1

1 1
=

4-2-38 r—2 37 V— L — VERBEEFH




1 5 ANSYS 5.3

: v JUN 9 1997
! | 15:14:13
PLOT NO. 10
DISPLACEMENT
STEP=21
SURB =5
TIME=21
RSYS=0
DMX =159.265

*DSCA=1

v =1

Yv =1

v =1
DIST=1418

Xr =-1767

Y& =2167

ZF =-1084
PRECISE HIDDEN

WIND=2
DSCA=1.05%4
v =1
DIST=1917
XF =-1769
YF =2174
ZF =-1084

WIND=3
DSCA=1.094
zv =1
DIST=163.239




ANSYS 5.3
JUN 5 1997
13:11:05
PLOT NO. 10
DISPLACEMENT
STEP=21

SUB =4
TIME=21
RSYS=0

DMX =52.045

*DSCA=1

v =1

Yv =1

Zv. =1
DIST=2384

XF =2703

YF =2115

ZF =-2216
PRECISE HIDDEN

WIND=2
DSCA=5.759
Xv =1
DIST=3298
XF  =2677
YF =2235
ZF  =-221¢6

WIND=3
DSCA=5.759
v =1
DIST=231.924



R4-2-6 »—X 2R

sy

I
I

A7 L— L — LR

ANSYS 5.3
JUN 6 1997
10:16:45
PLOT NO. 10
DISPLACEMENT
STEP=21

SUB =7
TIME=21
RSYS=0

DMX =185.261

*DSCA=1

v =1

Yv =1

v =1
DIST=2389

XF =2697

YFP =2181

ZF =-2215
PRECISE HIDDEN

WIND=2
DSCA=1.618
Xxv =1
DIST=3287
XF =2690
YF =2237
ZF =-2215

WIND=3
DSCA=1.618
zv. =1
DIST=234.,105



M4-2-7 7 —23X 3]

SH2 L— L — A B EETHE

ANSYS 5.3
JUN 6 1897
15:00:45
PLOT NO. 10
DISPLACEMENT
STEP=21

SUB =7
TIME=21
REYS=0

DMX =155.276

*DSCA=1

v =1

YV =1

v =1
DIST=2389

XF =2687

YF =2165

ZF =-2215
PRECISE HIDDEN

WIND=2

DSCA=1.93
v =1

DIST=3297
XF =2686
YF =2236
ZF =-2215

WIND=3
DSCA=1.93

Zv =1
DIST=234.281
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25 TH gL S B S A smRTu SRR,

ANSYS 5.3
JUN & 1937
18:30:10
PLOT NG. 10
DISPLACEMENT
STEP=21

SuUB =7
TIME=21
RSYS=0

DMX =146.25

*DSCA=1

v =1

YV =1

Zv =1
DIST=2390

XF =2695

Y¥ =2160

ZF =-2215
PRECISE HIDDEN

WIND=2
DSCA=2.05
v =1
DIST=3297
XF =2682
YF =2235
ZF =-2215

WIND=3
DSCA=2.05
Zv =1
DIST=233.56
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ANSYS 5.3
JUN 17 1897
18:46:34
PLOT NC. 10
DISPLACEMENT
STEP=21

SUB =9
TIME=21
RSYS=0

DMX =262,574

*DSCA=1

Xv =1

Yv =1

Zv. =1
DIST=2413

XF =2743

YF  =2214

ZF  ==-2217
PRECISE HTIDDEN

WIND=2
DSCA=1.142
v =1
DIST=3299
XF =2748
YF =2231
ZF  =-2217

WIND=3
DSCA=1.142
Zv =1
DIST=229.199%
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