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Numerical Simulation of Scale Model Test for Radioactive
Material Transportation Container

LAN Xiao', MENG Dong-yuan®, LI Guo-giang®, LI Zhi-giang"*'™'°
(1.Taiyuan University of Technology a.Institute of Applied Mechanics and Biomedical Engineering b.Shanxi Key
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ABSTRACT: The work aims to study one scale model to replace the prototype for the test, so as to solve the difficulty in
the drop impact test for the prototype of radioactive material transportation container. The scaling law for scale model was
derived from the Buckingham "IT theorem" in the dimensional analysis. Taking the simplified cylindrical radioactive ma-
terial transportation container as an example, the dynamic responses of its prototype model and quarter-scale model drop-
ping to (colliding with) the rigid ground were numerically simulated by ABAQUS dynamic display algorithm under the
accident conditions, from the height of 9 m with bottom angle drop. The change law of mechanical properties (including
the strain, stress and acceleration at key positions as well as the contact force with the rigid ground) was well consistent
with the theoretical analysis results. In certain scale range, the scaling law is applicable for the test of scale model of the
radioactive material transportation container and can provide scientific basis for the alternative experiment of
nal container.
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Tab.3 Mechanical properties of metal material

MEZF pAkgm>) E/GPa u 0/GPa 0,/GPa

0CrigNi9 7930 195 0.3 205 520

16MnDR 7850 206 0.28 315 517
Pb 11 370 1572 0.42 2.5 3.4

R4 EHMARRNFERE
Tab.4 Mechanical properties of larch

g3l E/GPa G/GPa u p/(kgm™>)
Nz 17.06 0.67 0.335
$i [ 42 £ 1.42 1.17 0.490 622

1 7] 5% 4L 0.68 0.066 0.0296

2.3 WBEFHMEMIZE

s A Ak e P LE , ORI AN
9m 7 AR, EHUEZ (vo) N 133 m/s. BRiE
A RE VR PRI A oh il , A58 L O S5 IR A R 2T BT
T, 7L 5 e TE ] f o 66.4°, DLIAT 3. A
A5 R SRe T T X T2 A R A LS 3G &, S
TRE AR B IR K B 2 AN S R i T UL 4
e 1 AL TR A e oT 5 I A A AL B
A2 LT BRI A A S 5E B B i A S AL

P 3 AR A ol B o T 5 A6 R

Fig.3 Computation model of with container bottom angle
impacting the rigid ground

Befuhri2

ALY FE AR RATTERESULIILN]

Hefil i1

K4 RHEALE
Fig.4 The key location

3 HELEREN

R P 80 285 0 U580 X TSR R 47 LB R PR AT IS A
PR wh i b, AT 2 AR S P T A
fish J3 LA B S B B R N g AR RN JRE 2 T ) A
UK FR o

3.1 REGIE

N T BB EUR A MER P, 25 T R A4 L
BERAE B ol 2 b R AR RE RS ALt 2k, ILIAT 5.



- 68 - f B TR 2018 4E 7 A
160
140 k=
120 -
—— FERLAE
— 100~ — Wk
ﬂﬂ%ﬂ 80 —— ZhEk
= — BEER
60 |-
40
20 B 1 1 1
N I e 0 2 4 6 8
v 5 10 15 20 25 30 35 At 8] /ms
At [A]/ms a JER)
a 350
24
2.1
1.8
= 1.5F —— FEHBE
LR TPN S — Wi
= — Rk
09} —— HEEE
0.6
0 , , \
0.3 0.5 1.0 1.5 2.0
0 At &) /ms
2 4 6 8 10 12 14 16 18 20 22 b 47 AR
Py F/ms Bl6 iy R 2
b 45 b

Kls REREREM FEHIL

Fig.5 Energy history curves of the system
ATLAE Y, ISR R G S RE IR TE, ARIAE
A S REE I LU /INT 10%, SoiiE 1 3SR iy rlSEE

3.2 i Rz3EE S

T HEIED 53 50 15 RO T2 ) 5l 00
W 6. M8 6 FTLAE th, Bk il b 4 L 2 fi
TITE 1.4 ms BEAZIEAR, 3069 No JFUALAHE AR )
E 5.6 ms B IR BIWEAE , Sy 4951.7 N 4 AR 11 i 5
52 4 1l 5 M T A IR 9] 70591 O 1.8 R 7.2 ms 4 LU ASEAY
Tl 3 W (R RSB 1716, B4R 4R 2 s [0 LA R i) A

P

JRALAIAY 1/4, iZ%%E*BfMY&ﬂUIL:E, 1T, =
v, T, tv,
o 1, ==

PR Ml 1 S35 2 AR 7 e R R AL
B 7. BB 7 AT, ARl 1 AR JIFE 6 ms BfIk
FEAE, M 725 MPa, 7.2 ms 5 197 MPa, 45 AR
FEfl 1 BN IFE 1.5 ms BHAEIIE(E, 4 732 MPa, 7E
1.8 ms H>4 198 MPa, JRAIESM S 2 (IR JI7E 5.65 ms
A EEAE, h 260 MPa, 7.1 ms 4 102 MPa, 45t
R fh 15 2 49 % FI7E 1.4 ms ISR, g 270 MPa,
1£ 1.8 ms A 103 MPa. FHI, 45 HARES 55 0 b fih ok

BRI AI . SAREI 77, = T2 k3%,

E

N F1/MPa

Fig.6 Contact force history curves

800 [
700 |
600 |
soot/ |

400
300
200
100

300

250
200
150 ¢
100 [

50

K 7

Fig.7 Stress history curves of different contact

— L
e o R

Bif [E]/ms
a BifpS1

2 4 6 8 10
Bif []/ms
b B2
TR AR AN [) 422 fi 5 7 Rz 7 B 7 e 2

points for two models



$39% HF 13

WA WO s i 7 A A6 HRE R (0 A AL

£ 69 -

PRI TR 22 ik o 1 542 ik e 2 %) o 2 s R i 2 DL )
8. FHIE 8 WIHN, JHAUEEfhA 1 #F 5.2 ms BINAE K
0.195. 45 FLAHIAE 1.3 ms B A8 Ky 0.202, PHAR 12
fih s 2 A4 IAE 13.0 F1 5.2 ms Ik S B (Y,
4 0.000 55, FUL, PR EAT A B RAE, SHRL
W 11, = ¢, W .

0.25
020 [ s s e I I T
— YRLLEERL
Bl 0.15 - ER
‘]2‘
0.10
0.05 "
0 2 4 6 8 10
B+ (8] /ms
a Befilsl
6
5t -- JRE
— GRHER
« 4r
(=]
X 3}
2
2ot
1 L
0 2 4 6 8 10
B [E]/ms
b Hfilpi2

P 8 AR RS [ 4 fh el g 10 228 I A ot 2%
Fig.8 Strain history curves of different contact
points for two models

PR AN [) 2 i o P o 5 s A T 26 LI 9 P IR

9 TJ AT, 45 FAS RS BE Ao 1 A F K IR FEE A 165.03 m/s?,

TR B I S g 41.26 m/s?, 24 LAY 1/4. 4

FUASE R Bz ko5 2 A B AN Ry 245.07 my/s®, TR ) B

FANGH L Hy 73.84 m/s®, WEAR T4 FUARRLE) 1/4, X2

TR FEAETT A 2 e AU B A K, TR AR AE
voTy v,

T, =~ A1, 45 HORSRY s B 2 SRR M (MK
Yo

F 1) A%, SEIEERILAR—FL,

PR R TR AN (] 422 ik o, 1 57 B B AR R 2 DL IR 10
P10 AT, 45 HO R TR 422 fnk i 1 A e K28 R 2.53 mm,
JE I i KA R 10.49 mm, 246 LRI 4 4%
PR fh s 2 A B KA ES N 4.26 mm, SRR A B KAz
%R 16.77 mm, Z4FCBIAIRY 4 4%, ML AHLIAEN]

1, :57 45 IR B (08 24 JEE L 19 1/ 15

180
150 F — ZELhAERY
120 | e JE

90
60 |
302
04|
03}
02}
0.1}

SR /(m - s2)

oL P AT

-2 0 2 4 6 8 10 12 14 16 18 20 22
fit ] /ms

a Befilpl

2407 — LA
200 o RA

160

120

HEE (m - 52)
3

N
=)

0 "’l‘m'\ WY
-2 0 2 4 6 8 10121416 18 20 22
Fif ] /ms

b Hefihei2

PO ISR AN [ o fh o i B8 I 7 ol £
Fig.9 Acceleration history curves of different
contact points for two models

12
— R
wor e TR
5 |
\‘5\& 6 I/
b y
4t
i /
0 N ; L
5 10 15 20
B} 8] /ms
a Bl
20F
15+
R 10
ﬁ
5 L
0 1 1 1
5 10 15 20
B} [a]/ms
b B2

P10 PSS TR A ] 42 fh 5007 B P e ol £
Fig.10 Displacement history curves of different
contact points for two models



- 70 - o T

2018 4F 7 H

4 L5k

N (T 0 oo i s 4 4 LR T I
Heil e HEARAT A, TR 1/4 45 LURTRY A /2 LT
AAF BARGH R LA, AR A RESE 7L L Al
L MR MR B AR B R R R
BN — B4 HEIEEIN, 4 BRI R 0 15 4L
TRV . AR . PR BE | e ful 1 R RS A5 5 L
BRI E FE

SCPALTS R LURRL, R — 2D B IR 2 Y
/N, LI SE fe /N EE BIRSERY XS 2 B 22
AHAEEERE L 5350, B IERIERHN, #8
(4 1122508 e AR B2 A, X 48 RS T RSLADL 46
Kooy e —Se M, XA U AT IR, X2
NI E A

EEPEE

(11 5Kk, B, Fon, 55 U Y s f bt K
TAESER[I]. fat B4 @R, 2010, 30(6): 1—6.
ZHANG Lei, ZHAO Bing, WANG Xue-xin, et al. Pro-
gress in Demonstration Test for Radioactive Material
Transport Packages[J]. Radiation Protection Bulletin,
2010, 30(6): 1—6.

[2]  GB/T 11806—2004, JH P44 5 % i fy LR S].
GB/T 11806—2004, Regulations for the Safe Transport
of Radioactive Material[S].

3] T, A&, EEME, RS A Ak
it A [e) g T 4 2l 2 ) BRI SE[CL/ A T i 3l g
FEEAR UL, 2013
SU Bu-yun, LI Zhi-qiang, WANG Zhi-hua, et al. Investi-
gation on Dynamic Response of Radioactive Transport
Container Dropping on the Different Road[C]// National
Symposium on Impact Dynamics, 2013.

[4] DROSTE B. Testing of Type B Packages in Germany
to Environments beyond Regulatory Test Standards[J].
Packaging Transport Storage & Security of Radioactive
Material, 2013, 18(2): 73—S8S5.

[5] SEO K S. Free Drop for Castor/kn-12 Radioactive
Material Transportation Cask[J]. International Journal
of Radioactive Materials Transport, 2003, 14(2): 122.

[6] LI Guo-qiang, ZHANG lJian-gang, ZHAO Bing, et al.
Test of Type FCo70-YQ Transport Container for Med-
ical Radioactive Source in CIRP[C]// Progress in Nu-
clear Science and Technology, 2011.

[71 ZHANG Jian-gang, L1 Guo-qiang, ZHAO Bing, et al.
Safety Test for Radioactive Material Transport Pack-

[9]

[11]

[12]

[13]

[14]

[15]

ages in CIRP[C]// Proceedings of the 17th Internation-
al Symposium on the Packaging and Transportation of
Radioactive Materials, 2013.

JAEN. RY-1 B Z ks g it . iAot ().
RSB @I, 1991(5): 51—58

ZHOU Yu-qing. Design And Test of RY-I Type Spent
Fuel Container[J].
1991(5): 51—58.
ZEEHR, SKER, 1%, . FCo70-YQ B R iz
A d i PAX B[] AP, 2009(5): 352—355.
LI Guo-qiang, ZHANG lJian-gang, ZHAO Bing, et al.
Thermal Test of FCo70-YQ Container for Radioactive
Sources Transport[J]. Radiation Protection Bulletin,
2009(5): 352—355.

AR, I, KR, . O B e b
SIRE ], T REREHER, 2012, 46(S): 668—670.
LI Guo-giang, ZHAO Bing, ZHANG Jian-gang, et al.
Test for Radioactive Material Transport Package Safe-

Radiation Protection Bulletin,

ty[J]. Atomic Energy Science and Technology, 2012,
46(S): 668—670.

AR, FER, P, 5 Tl AR B IR
B R AT b i A B [T]. R BT
KEE2EAR, 2015, 46(2): 247—252

TANG Zi-qiang, LI Guo-qiang, SU Bu-yun, et al. Nu-
merical Sulation of the Impact Test under the Condi-
tion of the Accident of Transporting Cargo Bags by
Industrial Irradiated Sources[J]. Journal of Taiyuan
University of Technology, 2015, 46(2): 247—252.
BRI, 4T [M]. Jbat: dERE R R K
JiAt:, 2005.

TAN Qing-ming. Dimensional Analysis[M]. Beijing:
Press of University of Science and Technology of
China, 2005.

B2ZO6. MRS LN )M, dbat: F B
Tolb Rt 1982.

LI Zhi-guang. Similarity and Modeling (Theory and
Application)[M]. Beijing: National Defense Industry
Press, 1982.

ST IAEA. Regulations for the Safe Transport of Radi-
oactive Material[J]. American Journal of Public Health
& the Nation, 1998, 13(3): 26.

PETMS, VEE, RERREE, 2%, 160 mm Ff SRR )
VM 16MnDR [ T2 5L EREVIFE[I]. &R
BSR4 T, 2013, 41(2): 7—10.

PANG Bai-ming, XU Shao-pu, TANG Zheng-lei, et al.
Research on the Process and Structure Property of 160
mm Super Thick 16MnDR Steel for Low Temperature
Pressure Vessel[J]. Metal Materials and Metallurgy
Engineering, 2013, 41(2): 7—10.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


