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NUMERICAL INVESTIGATION ON RESPONSE AND DAMAGE OF
NUCLEAR CONTAINMENTS UNDER AIRCRAFT IMPACT

CAO lJian-wei , FANG Qin , GONG Zi-ming , WU Hao

(College of National Defence Engineering, PLA University of Science and Technology, Nanjing 210007, China)

Abstract: In order to analyze the protection performance of nuclear containment under the impact of
commercial aircraft, the refined finite element models of aircraft MA600 and nuclear containment are established
in this paper. The impact process is simulated by using the commercial finite element software LS-DYNA. The
structural integral displacement and local failure modes of the containment are analyzed. The results show that the
peak load of MA600 on the nuclear containment during the whole process is mainly caused by the impact of
wings and engines; the impact load-time curve of the MAG600 is similar with that of the Phantom F4 and Boeing
707, but the time duration and the peak load are different; under the normal patrol velocity, the local deformation
of nuclear containment will exceed the allowance value in current criterion, as a result, the obturation performance
of nuclear containment will be affected due to the serious local damage; the actual dynamic behaviour and failure
of nuclear containment cannot be evaluated by applying the impact load directly on the nuclear containment.

Key words: nuclear containment; aircraft impact; refined analytical model; numerical simulation; damage

BRI 2 AT MR I, B PRI ADINA R A PR TR 28 L% it
gy BREIR, HERRRAENER, N e se s WU O A7 80N M4 R N AT T
UL Py ob 3 o A s R A S B ME 2 axse e M, HehdE e BCR VB IR I RIE B e, 453
EhE S T AR Rt T e AR TRAFRMB. W FRRRBR S Iy T R,

Wk H e 2013-03-27; BXHH: 2013-06-23
WIER: 7 F1962—), B, wmEEHA, #%, HL, WS, AR MNE TR 7 (E-mail: fangqinjs@139.com).
EFFAr: WEH1987—), 5, WHRIEA, midA4, WP TR 70(E-mail: caojianweipla@]63.com);

FAMW1975—), 5, WEEAAN, BIER, FL, AWFER TSI L (E-mail: gongziming@sohu.com);

R R1981—), T, BN, YW, Wit WEEdER T LRSS A ST 5T (E-mail: abrahamhao@126.com).



64 T 1%

N

T Hh 22 4 50 5 TR o X P I 1) ) 0 Sl 2 1 RO L
WL, TAERS X PLAMRTE AN )8 AR
P, BT AN X 2 A ST AR IE B R . Frano
BT DUARA [R) G AR F8 ot o Ay 2 B
I 308 2o BB A ADLGT DY o ey 28 pR B R AR OO0 T 224
TN KA AR BUHEAT X EE b . E RS
16 B T A% 22 4 U ep R0 1R s 4 A 47 8 R 201
ot AR, AL T RS IR e A e A PR
M, BT AR EE L AR Ay TR AR AR
Wt BILEER, i ai REY, LR %4
FAE/N LS S AT DR A e R, EE A
MU TS R AR TERIR . 2 R %D
iz DYTRAN ¥fF50#r 17 kb 22 27 130 /)
SRR, LR AR [R] o & s K T A S B
LMRAL, T IR AR TR ] S T ) R R
k. Igbal 25°%E F ABAQUS #AF X & 707 K
MU % 22 2 e AT BUE R, KM Riera J7H2E
BRI N PR 2 B Randk, %5 EEN
SMERINE, 38T T 2 e S AR T A B
Bangash! V& 37 7 KUK S} L5 4% 22 42 5 RS 4B AL
HRR oA, @ik ISOPAR #A:x i i i FE b1 T4
EARAN, X 22 42 Fe il U e 2 32E AT 43 4t Masahide
gy T 747 A IRJTEAL, SRA AUTODYN
BT e o VR e L B DUREAT A, FERE AN
EIENE YA WHESOE e i A

CLEA#T AT UE H, CHEM AR EZ RABIE
S )KL o AT - TR) BR HORHf R b L T e 4
FEIPER, d e ORI T LAY 1 i i o A 2
Fo3 M 2 A 5E N AR A 2 W, . SERr L,
SR FH Ar 8- 1] B8 K00 28 (1) 77 VA AR R B SR B A 1
6, faf #-IF 18] ek BOME AAERR R T s LR, A EifE A
AR E WAREARORBENLYE: Fa, Wl X
() Jry s A0 A BB HE DL VPAl

W& BUE B T A e R T B R R, R
FHAR 4 A AT PR G R AR R RIS T SR ASE U 2 o —
Tl B AT T T B o A SCRAE P58 KL B A%
LRFENFT R, FA AU A& B LE 25
), 22 A e A R A A A TR R A TR 74N
HORIAR A LA =N 50 o I E SRS AL AT PR TR
A, JFRH LS-DYNA A R 7o x4 Fi i
AT RN, oo I R b RO 2 A S e N R A5
WEIRHEAT b s FEBEIERE b, 6 BB AR 2 1)
2-INF ] bR 0 h B A T 22 42 5 R e 8 K 453 493 e R

BT T 0T, vHe T BA B AR b iR LR
1 tERE
1.1 #FHAXNEHBEZREFTAHEAR

T AR VG R L I N HE ) s 2 AR N
TR, B B RE TR R AR R 2 BRI AR A, AR
37.0m, & BE S PR TRE IS 0.9m, & BE 51 8N 44.6m,
HAE 6mm J5 84 4o B4 8 76 Rt N R L
(B 1), fRIEEIR A TN, J1 AR SR 58 36004 [E /EFREE I
AT RE R [N 5 B TR AN RS o —, el 5T
BE U FAE, EETASRIERLHHA. 5
TAIAR 450 R BN A TR TR, IREME AN B
(I SGIAL . TR R LET 2. KA A
VG E EFER P 600 KL, 1% KHLENE
WER L e AE KRERNEH, KFES
Hanr: B 29.2m, Yl 8.85m, HlK 24.7m, H
#H 14000kg, H AIKHIEE 514km/h,

)

44.6m

37.0m 0.9m

K1 e R rEE

Fig.1 The size of nuclear containment

B2 TS S AR
Fig.2 Vertical view of prestressing system
12 REFRBETREXHRTEE
MRS R L 2 5 R, BN TR e R
RIS HEAR SR B TIA(E 3(a)), HRETTHERE &
TR, BIoR N 600mm*600mmx 100mm (3
o T BEBE ST [ ), ) T2 BE e J o oy X Ak AT =)



T &

VAR 65

InE (B 3(b)), b ey EERE B 10m b %
30m 4b, 0SS 100mmx100mmx100mm. HT
L3 AN 1A B RO R A HLs ORI N SRR ]
TR A TR A LR AR A, R 1.2%00
i

(a) (b)
B3 AR R i o A PR e AR AL
Fig.3 The FE model of reinforced concrete
1.3 FNDRMRERTRE
e A% Fi i 22 A e SR B = AR [ T 22 425

HAETR PR AR & E A3 DA A BRI,
LS S BT — TN R R ARSI E L, A 2
I o UNE 9 40 PR FR) Ao B K T T AT B AT
TP, HAT BRI LI 4. T )RR AR
R B, A5 BTN AN AR 5 VR e KRG 4
TERE o THUNL )B4 s Ve e = B e 1) 70 X A i 3
W RIFRE P AR T .

B4 TN ik FR AT E K
Fig.4 The plan of prestressing system

L4 KHARTRE

KA R d e T (B 5) SR FIT(A 6)
A Fen BB S PR SRS, Rt
TR KN 2. CHLA IR IeR H %
RPNy, EEN 13t ZEMNAE K
2925 TAHERTTR 22 TIAFE R TT. A BR T AL Y
MR RE T, R ECA R TR S AR R Y

JCIAGE A — AL (Part), IR ILA 1437 A
4 (Part), FEHITTH 416 NMES (Part), FMES
(Part) 1 5.0 RS AN [FE I 3 SEBR1E DLIE HL . RATLAR
R i B A S SRS R R —2, RUET
RHVHE PR TR AT 5 B o 8 3R AT Ji o B (A
I, TRHLA R AE R T B IR R U 145m)s,
e ML TAT T i a6 B o e A Se i R, e
i JEE LA T L v B2 20m( & 7)

5 RHUBEA TR
Fig.5 The shell elements of the plane

7

Ko NSRRI ICH
Fig.6 The beam elements of the plane

K7 el T e A R T
Fig.7 The FE modle of the plane crashing on the containment



66 T s

&
4k

1.5 M EBRTER

GRS HL R e A R A B G 4, B AR
IR AT A RE, (HR A EIRT ek
gERPERE RO ME PO . ik P S B T DL AR A L
4, ST R IS bR TR 6mm. BSR4
PR, e i B b ) e o X S AT SR s, g
TE R A 22 A e AN VR Bk T 3 40« AN FEL 5 B T 54N
TR 2 A 5 i L E VR SR T R
2 MRMERIRITESH
2.1 WERREL

Y 5 TR B A ORL R K&C B A (MAT
CONCRETE_DAMAGE REL3)iATHL, %44 B
AR DA I 15 B A7 2R R ABE O R Ak AN A TR e L
X T8 R EE 40 €30, €50 2%, K&C R H FH
NIREEL 3RS py JARA v, BT 50 B AT AR
RIARZRIC R 2k, WIGE B 2 E R TR R,
SEAR PR MRS E. SEHER NS5, B R
o RERS IR, IF BB A B A
PEM . SepRif il R 245t — O €50 TRk,
K&C R & LM BRI HE SN %E p=
2500kg/m’, HAA L v =02, HEIPESRE £ =
41MPa. AR EE IR SERR AR, it
LS-DYNA 1 “MAT ADD EROSION” i ¥ &
RN AR AR B TR R I L
22 TR SRR KRR R

A FETN TR AN S LR A, XA AR
A3 K, ¥R FH BB ) A 4K (PLASTIC
KINMATIC) #4181 A S AT A LA R 5 &R
FHHE T NAEFAH KA R AL RN AN PR A AN
R ESEIUANE 1, MEIRERSH C. P
WAEZH T SCHR[12], 57038 TR I K 2R 28R AR
FS BUEZ2% 1 SCHR[13].
23 A HNEGRRRETT

KM LR MM A A S e E T3
PR RE, R 1% BE 30 L (PLASTIC_KINMATIC)
MRHME R IR HAPREAR M G R . St B2 bl
MLE RAEBRARTERT, 525 eI Bt 22 RIA 3 &
oS FSUCTMT MR . WAL pe A 2 2w,
BAEZHNE 1.

3 HEAE

ASCKRH LS-DYNA FRRITH M4 Lagrangian

®1 MRERENHESH

Table 1 Computational parameters of material

plkg/m’) EIGPa v o/MPa C P FS

SINMAL LTS 7850 190 029 1480  641.0 7.3 0.01
LRSS 7850 210 029 300 404 50 08
izsmsse 2700 71 033 470 65000 40 1.0

Fi IR I Sy A T BUE AR . e F R SR TR
LSRR TG . TR )TN 5 2 A e AN i T e 1 o
JCHEAT R, A B T S AN R L N 2
SR BITILAT R, KA BT SR T N, %
A FEIREHR R A B 2R . KL S 2 T R A
P ol A 2 2%, ALEE T ORI B B, K
1 ST o I RS B S T A K K i
{10022 fih DA B "YWL B0 0 43 ) 5 22 A 7 45 o) () 4
filto B b R AL B SR R B R T
TSR K= HA G IE, 43 E 5Es o
oot B OH 4% fib “CONTACT AUTOMATIC
SINGLE SURFACE” ", 2 & %1 K ¥ 75 # T A1zt
BG5S K R A T AT, B X
HRAFAE A TTIIBR A O, BT LICR R b i 91
(CONTACT ERODING SURFACE TO SURFACE),
PATRIE BTG 2R O MR J5 - 6 () B TR SR B8 %
FEH . TR RS LR T 0.9, HAHEATIR
i)y O S NI B B o el b AL ey S v
BEATHE M. LS-DYNA A BR e b e et 5507
ETEHAN 282 WOCHR[15].

4 HELEREESH

PUF B SR WL 2 e e i &, WA
KL AR TE AR iR, FE LA b, fiK
TR A AR S R, BT 2 & T
T ARG AER S 8T, FEX LLB R o A 7 32
FORA = A7
4.1 ¥HIETER TR RIRGEEIRGRE 24
4.1.1 #HFH M

Pl 8 Sz KL o 2 A5 1A 7 IR i
2, HEE-ANPIEHIE 0.01s 24, BAMEN
2x 107N, 3K TKHUAL B T30 25 B it B 15 46 S5 W1
BMOKSEG MEREE BRI, KD
FE1x10"N _EFEET; 0.07s 2 J5 5| AR TF4h 1
T 4s5e, MEI MR E &R, A S
R GE AR 0.08s A A ik B & KA
4.82x10" N, JFHFFLEKL 0.1s MEERPE T
B 2t a2l FF%, & 0.12s 7oA BARPE



T &

FERNE, B8 PR LIb (IR S) S0mmx
S50mm>S0mm) P THE R, mILeT i, 1.2 e
(1) BT RS AT 3 A T ARORG R R

54 — IR ‘
- - - WL \
2 = — - P S A '
~ 1!
Zz I," \
S 3 !
X 3 Al !
= A
= J
= 2 I'/ |
& NERN
U -l
A\ \ JAY ./
11 A QA v/ ]
v ~-J =2
0 T T T T T ‘I -
0.00 0.02 0.04 0.06 0.08 0.10 0.12
S

K8 Bt 600 LI T /R 2
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