%324 AW wOE 5 W ik Vol. 32, No. 4

2012 %7 A EXPLOSION AND SHOCK WAVES Jul. s 2012

XEHS: 1001-1455(2012)04-0404-07

1A T T D 55 5 4 0 20 0 WL Rt R

BAf, TAHE

(MR ol K2 2 AR AR 2B, R IE VL MG /R ¥ 150090)

FE: DA MRITHM ANSYS/LS-DYNA A TV-A #5740 m §5 4 K8 A 5 2Bk M 72 78 0y TNT 4
Y Aaf 26 R S A0 A0 PR T HU(E 20 BT AR D . 7 X 5% 45 44 25 21 8 43 ) B DG S B M AR 4 36 R 5 5 50
E RS RT3 5 K00 4 2L 5 0 ) B e o R 46 O T R AT T RR L DRIE T A BR T B ) A T RS B S T AT,
T LA T 2 R o B A e HL R R R B TR AR 5 RS AR A AR TR SR R B L K IR B DL
2R T W JEE J3E T 14 55 A B K i) R R 5 LR TET AR PR Sy I S 5 4 1 T O =L R SR T R TR AR T R 8 T I 450 K
F1A3 A IR 1A 5 S 45 R e 1 1) S0, B T e B I A BV R K B L I S 45 4 1) Bt g g 4 B L
A 11 22 TR IR A O SR, hy I 4 ) A B B AR B B A R A T AR B

KR . ARS8 S s ANSYS/LS-DYNA ; W58 45 #) 5 it 15

FESES: 0342 E#RZERKE: 13015 MEARERRG: A

Hfip, 4t SR A A MR ME 2B T S R R e 2 R i T AREE TR ERE
TE R AR R 0 5 R L A2 M R KR R o B TR T AT R A BT R TR 3 U N A 2 AR A
AT 28T 1 g g R R L 7 AR R A TR A L BRI R 5 A R A e R B 5T R AR R FE S MR R
R TR HE SR URAE JRZE 1 X T R A2 R K A R K B S (R S5 A I R D X R R 5 R
N SR R X 7 235 ) ST T I 018 77 0 2 4 W A L T A

A, AU ANSYS/LS-DYNA B f4F sy vty TNT BYEM 8 4E H T 40 m 5B Ry KS AU 8 2 5k
T P 56 (ARG 240 Ak A BR TR Y, ) 2 ) 5T ALE B30 40U e o o 10 7 25 Kb A A% 46 . R UL 81 65 35
AL K o 5 5 A P A VR L T R TR TR R IR B0 I 11 A S X 4t A T ) S

1 ARTEBREIRSEHER

1.1 HHME[ER

5 P T 5 235 R T B A 2 TR) K PR IR 24 K 24 3 1 &5 4 o
NS L B A PAAE T ) St B L DA 2 R L B 1/ 4 A R AT A
L, fi L 28 SRV B A 20, 4 m (KD X 20, 4 m(58) X19. 8 m
(B 28 SRR 0 A PRGBS R AN & 1 s, KE25 s <At

0.3 Mm——
AR 8 W5 £ Solid 164 HoT, AT s BA 9 A H | B,
G302 3 A5 I LA R AN B K 25 A SR ALE v(z}a{'?gclllagl]}i):i
(arbitrary Lagrange-Euler) 8 ¥, B %4545 T Lagrange B
A Euler B35 090 8, e il T AR KR AR T 51 19 A BRI M 4% 0.05 m —54g
- W AR ) U, B3 S A LR K op o B AE A P AL . B 1 28 SR HE 257 BR T A

P T ol ol S (R T B L ) S g A o L A AR Fig. 1 Finite element of air and explosive
DAL I 4R 77 A% 30 43 B >R ¥ 722 0 A% ) 43 07 =X CUL BT )L 7E T

» UFRHEEA: 2011-04-09; fEEIHEE: 2011-10-24
EEWAB: BERHARF#ILLTH (50978077)
EEB N BAEMA971— & 4, Bl R,



5% 43 B A MR M AT 28T IO 5T 45 M 1 3 g i R % T AR R 405

B B 5 58 /0N 1) b AR S A (0. 05 ), Bl 25 L A7) 85 1 184 o, 2 < D ks R ofe ik K, 31— L A7)
JEPRFEARAE (0.3 m) o A SCH R A AR A% ] 43 T =X AT L {of 0 {1 R A 20T AR Ak 1 Hb T 0 R
JE  SCRT R KU/ B TT B 1 8 TS (]

SCHR 12 ] B K b s i 7R B el s AT WAL BRI AT T ST R AR R T W (EDR R I A BR T T
FEER R RE 2GRN XA B0 T A SO 6 F 235 5 KE 2 A RHEE RS DR S 7 B VAR
A% T X B RUSE L1/ 4 A5 A0 1 0 A R0 A 4
1.2 MEEE

BT TNT L6 F A58 1 o, b ik ot d sy 1
PSR 40 m Y K8 B ZER M M 7C 25K 1) 1/4 A5 BROTAL AL, 5] 2
JT7R o WL AL 25 R K X I 526 25 ) 114 S5 AN R 5 i 2 0 AR 0L v g
b TET R 5E R B 10 mo e S AR TR B R M A R, R AR S B 5
G KL P UROAR Y AT T RS A AL R R S . 9 ) AT AR AT
FARFFH R D114 mm X 4. 0 mm 4N B4E R H D76 mm X
4.0 mmiNAE . SEPR TR L AT A% A 4 T 38 R R R R AR T, O R
T3 {5 Ko ST 5% e DI 8 A 45 Dt U] 4 0 oy 28 o R AR . ARL SR 5 R T Bl 2 45t A7 B R
Mr R 2Z [B] 38 33 EA2 12 mm P BIETAHE , BB — M4 1349%]  Fig. 2 Finite element of the structure
WEE 7 ANEVET . ST 4S5 R0 1 2 TR Fh R 750 400 R 3 4 ek 4
(8 o Fl T DR B ORRE B4 DO 0 5 AR X b ke 15 S AR AR Sy ol ] A8 67 Ak o 78 T 53 b A 5 IR IR B R 1 5
) 4% V- T KA 7 T R T AR AR A . 1/4 ST AR AR I I S8 AT R AR A% LA AH [R] 4 ST T o A P R
it 0.2 m & ASLIE A I , S E AR A B TR A% b JFE G B ET AR . 9SSR 1 ARG AR A% RN A AT R
Beam 161 ¥ J0, % ¥ 70 % & 7 ) 55 Y) B AF (149 5% 0 5 J2 18 AR L 5% 1A R M 1 R ) Shell 163 53
1.2 KN/ m® (1% 259 A Jo2 T8 Ao 280300 o0 Jo5 e 5 56 o 38 9 76 285 44 49 05 1, 5 i B G R ) Mass 166,

ARSCH PR 22 B SRS AR ] DUAR S SERRAE B0, O OB RLE N 15 A RO A
DA B 07 7 53 %6 Jefh IR L 3 5% i 1) B B BRL A RS AL G

o, (elpel) =o, (el [1 + (el /) JV? (D
o e SRR BIBYER AL o Ml p IR RS H 0, (ely) S A H S8V 7AF S5 0 1) Jee IR F7 . 2R FH B A4
() 490 4 et IR S 714 207 MPa, pERE RN 206 GPa, JARA FE N 0.3, B4 2 85 iy 98 17 A% 45 i, 2 Rt 1y
AR R AR R 0. 250, RIS AN B A RO M R AR A F] 0. 25 B L AN Hh BT 2, B EBE IR Y BT AR
J5 S A BRTT TS Rl M B . I TR 5 B30k FH SR B ADL E op o b 55 25 M B AR ELAE

2 ZMEh SRS E ST

2.1 XELFm
YEFE 3 FhEL RSB HL S/L WEAT AT R 1/4.1/5 F1 1/7, 3 RS R 45 M HE 104 kg FFRL
TNT(—A KBRS HA S8 TNT M & 120 k) HEKEMTEAEH Tz m R nsk 1 s, £h e, £
TR IRVE R AR o 1 e 2278 19 250 1o KBS 0] 57 A% o 0 76 AT 2 9 B T8 B0IED b A 4 FR 43 A5, o 136 I I 58
F 1 R KB b T 45 M 0 R

Table 1 Structural response for varied rise-span rates
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€,/10°* AT e BT W FE AT
S/L 0 yl.nm/Cm
CEL RGN ¥ BT J& i 4R i/ % 1P W/ % AP HBl/ %
1/4 0.027 0.014 4.065 0.116 5.08 3. 665 72.5 37.5
1/5 0.053 0.018 5.286 0.141 5.55 6. 805 79.2 45.8
1/7 0.069 0.026 5.190 0.221 5.55 8.293 90.0 71.7
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Table 2 Structural response for varied standoff distances
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1.2 0.053 0.018 5.286 0.141 5.55 6. 805 79.2 45.8
4.8 0.096 0.039 6. 880 0.206 5.55 8. 257 90. 0 75.8
8.4 0.126 0. 086 8.174 0. 275 5.70 11.765 90.0 80.0
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Fig. 4 Vertical displacement-time curve of Node 1
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Table 3 Structural response for varied thickness of roof boarding

€, /10 16T BT I FEFFF
8/mm W/kg Yimax/ CI
RFERFE B Mt J TH R e/ % 1P WLfil/ % 4P LB/ %
104 0.066 0.030 5.422 0.239 5.55 7.667 89.2 66.7
1630 0. 464 0.571 0.347°  0.224° 100. 00 8.736 98.3 91.7
104 0. 053 0.018 5. 286 0. 141 5.55 6. 805 79.2 45.8
1630 1.097 0.751 0.592°  0.032" 100. 00 27. 465 99.2 97.5
104 0. 043 0.012 5.055 0.091 5. 24 5.781 72.5 39.2
1 630 1. 699 1.014 0.939"  0.006" 100. 00 145. 162 100 98.3
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Table 4 Structural response for varied opening rates on roof boarding

R/% & /107F S ST f
RIS W RER Hefsl/ % o 1P WA/ % AP LB/ %
0 0. 208 0.063 10. 457 0. 289 5. 86 14.167 90.0 75.8
14 0.124 0. 054 7.451 0.261 5.55 8. 664 90.0 73.3
25 0.079 0. 054 4. 874 0. 287 5.55 4,929 87.5 61.7
40 0.034 0.024 3.393 0.263 5.08 3.716 85.0 42.5
50 0.023 0.013 2.908 0. 246 4.01 2.823 76.7 28.3
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Table S5 Structural response for varied opening numbers on roof boarding

n=36

€,/10 BT e 2 ot W SCAT P
U mb mx W Rk Hofl/ % S O Y AP b %
1 0.017 0.035 3.538 0.196 2.93 3.656 54.2 20.0
6 0.027 0.034 2.470 0.273 2.93 2.556 64. 2 25.0
12 0.020 0.035 2.451 0.281 2.93 6.923 70.0 26.7
36 0.023 0.013 2.908 0. 246 4.01 2.823 76.7 28.3
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Table 6 Structural response for varied opening positions on roof boarding

Position 1]

Position Il

Position [

S e,/107° BT de 2 BB T o em I 5 AT 14
W 36 K1 % i 2 T AR et/ % 1P Wi/ % 4P Fetil/ %
1 0.104 0.055 7.243 0.304 5. 24 5.377 90. 0 68.3
II 0.146 0.062 8.235 0.287 5.39 12. 451 90.0 70. 8
I 0.142 0. 064 8.172 0.297 5.08 11.512 87.5 65.0
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Dynamic response and explosion relief of

reticulated shell under blast loading "

ZHAI Xi-mei, WANG Yong-hui
(School of Civil engineering » Harbin Institute of Technology »
Harbin 150090, Heilongjiang, China)

Abstract: Dynamic finite element software ANSYS/LS-DYNA was used to set up the fine finite ele-
ment model for Kiewitt 8 single-layer reticulated shell with a span of 40 m subjected to blast loading
located at central point. The selection and determination of material parameters and constitutive mod-
els, element types, mesh dimension and generation and the application of symmetric structure were
further validated to guarantee the precision and feasibility of dynamic analysis for finite element analy-
sis. The response rules of the structure under blast loading with different rise-span rates, standoff
distances and thicknesses of roof boarding were obtained through the comparison of the plastic strain,
the plastic development degree and displacement of members. In addition, the effect of different open-
ing rates, opening numbers, opening distributions and opening positions on roof boarding on the re-
sponse of structure were also studied based on the explosion relief of roof boarding. The response re-
sults of long-span single-layer reticulated shell structure under central blast loading were summarized
and the optimal layout scheme of openings on roof boarding was put forward, which offers the theo-
retical basis for reasonable defense design of reticulated shell structure for resisting blast.

Key words: solid mechanics; dynamic response; ANSYS/LS-DYNA; reticulated shell; explosion re-
lief
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