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U FHFINGE ) e HEHT AR K 84T 1A AR

T 0 WU - TR 5 1 41 5 5% Hi ( concrete-infilled double steel corrugated-plate wall, CDSCW ) J2&— Ff 5 7
BOO F3AE A, iz SOBUN B 3 2ok 3 2 5 TR R % UG o R X T A% G B A TR BB - A R T BUAN
M -1 Bt 1+ 2H & 5% A (profiled double-skin composite wall, PDSCW ), CDSCW it 7823 & FE 8 1 0 5t Fir 1 B
FNREE A PUEPERR, 1AM NI MR R 15 2R IR T, BRI | FERERE J1 LU KT RE
PERE. Wang &S VAT T BT CDSCW A9 A 1158 B 12 117 3, 38 3 3 36 RN S (BT 5% T il e
FS I G T B AR a9 B SRAL R AN AT 5 B, JR45 1 T T AU AL CDSCW 1Y 5L 1 Jefh oty for 2. 25 it
1R A K 25 it 4% Jes i ) SRR

H T, £ X CDSCW LR M B M b it ik By s 3 o ARBF SR U TT R TR BE 1= | I S0 b bt
PEREIR YR LA S CDSCW 13T 7 1 K15, 4347 I R 1 CDSCW 4 3 5 1 A sl 285 i iz, 1) FH A BR ot
M ANSYS/LS-DYNA 43| 37 CDSCW FI PDSCW (145 R CH AL, it HeBIF ST HATHE B8 71, I Ml e
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1.1 R IEHER

HE IJGI/T 380—2015CHIHR BY 785 £ AR AR YO B i F Al /E T CDSCW, 2 AN A48 7Y 53 51
CDSCW1, CDSCW2, i 4 i JE IR e ROsF UL PR 1, 8580 Al &5 B i Bt + PDSCW A JE JE ¢, =90 mm, i /&
JGI/T 380—2015 H 25< 1, /i, <100 HYEER (1, A FRPHRIELE) . CDSCW1 HYF- i R Sk T4 & UL 2,
CDSCW2 5 CDSCW1 {1 N ~F M A 4T [l BE AR [R], CDSCW2 MR ET 4 B AE | R iR sU A 54

= | Nl e U
- <75(105 3
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3% 25
B Y e
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—/ of |

(b) CDSCW2
Pl 1 CDSCW [y (f4L: mm)
Fig. 1 Cross-section of CDSCW (Unit: mm)
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XFFEAb . R 40 IR EEL, RIRFHI/E 3 4 150 mmx150 mmx150 mm JR&E F AR AR 1F, HEE 1730 E 5,
TRBE T 0 SR BE Y N 52.4 MPa. SN R Q345 RV, W1 E) 3 NG LEHEAT A R 5, iR
PP S A 208.41 GPa, Ji il BE M R 367.33 MPa, HiL 58 FE #4114 462 MPa.

(b) Physical object of CDSCW1
2 CDSCW1 - A S 52 (B mm)
Fig. 2 Layout and physical objects of CDSCW1 (Unit: mm)

1.2 R ERMLER

ST AR W 5 Ak ) AR AT CDSCW N XA Lo s 57 B I 2, Xf CDSCW 147 3 8 1 1, 36
A8 AR A 3 TR o IR CE AR 2 AR AR b K 25 R B R T RO IE
J7, A AR A B IR B R AE Pl 5400 mm Ab o BEAESE, WA BS TR AR AR EE . SR S kg
TNT S4T30 K, KE25 70 B il v o0 10005 49 650 mm,

N
y |

Explosion
center
N 8 Steel support

PCB pressure
transducer

3 REAE

Fig.3 Experiment setup

1.3 REERKESH

TEICT B O SR AL RS | A0 T TR O A B A | YRLE VR BRI SR I A R Y B v
B, %A bR E O B 2R Bk AR Wang 8P FIRE XGRS . B 4 B T
CDSCW1 Ry ik .t & 4 nT %0, ik CDSCW I (45 455 U5 9N 1) (y T 1)) R 1) (e 7 1)) HRois 2R e A
SRR, RS, A 1 1) 25 AR TR, B v 0 T TR O R — R K R R ) S A, S 1) R R T B N B
Hp ] 7 3t 2 /N (UL IET 4(a)) o A 3l 300 8 T U ) — 4> 280 mmx 150 mm B X3, AT LAYE Wi &, 0
WO BT 1) B AE A A, FE SR KEVE T TR 1 22 PR MR IE R ) 44, FE R A VR F R IR BE - 32 Hr
W YR B2 1) 4 4% (DL IE] 4(b)) o IR0 A9 5 P AR A 07 #%  120.0 mm (UL & 4(c)) , B KE I iR A0 B R 58
U, A RS R 3
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Kl s s Tk CDSCW2 [ IR . I S al s, SE R KEVE T, i1 CDSCW2 &4k ) 25
MASTE, IREE + T 8=k Z hihi 07, 7285 PO Il — 4 N FIE B ) 244 (LR S(a)) . TR EE £ 1A%
P DR 3 A A o o e 4 TR 9 R T O 22, YRR 5% S I E AL N A0 A S 2 0 R R e R
GBI T R DA e i R SR A /N (L PR S(a) o 32 P s T R R R PR O VE R B 4
i) 4k, U HAE AT T A ML A — I AL, TR 2 B ™ (LR 5(b)) o FEIRAE S —,
TREE L WETE, 2B M R B, 2 R AT AR, I A AR B R IR AR TE (UL S(c)) o JBE 7 M A X2 Bl
TREE LRI E AR ST, S BON BIMGE A e 4T 45 i AT, BRI, R T e 8 0o S el iR 00 85 h 3R A
fiFH 95.0 mm, HEXEJE, CDSCW2 il B (AR M4 4

CDSCW2

DSCWIf

(a) Overall view (a) Overall view

B - CDSCWI CDSCW1
(b) Cutting view (c) Side view (b) End view (c) Side view
4 CDSCWI M timsin K5 CDSCW2 HyHiifimi iR
Fig. 4 Damage of CDSCW1 Fig. 5 Damage of CDSCW2

ZE B R, IR R EE IR, i CDSCW1 Fil CDSCW2 (3 (K25 I JE A — %, CDSCW1 (1% h
TREE + 4% 55 5 KT CDSCW2, CDSCW 1 )il T Vi 5 £ 138 ) 24 4% 25 20(8 45) £ T CDSCW2(7 %),
CDSCW1 [ H 5k R i )& CDSCW2 (1985 HER R LS 1Y 1.26 £% . UL AT 1, CDSCW2 1% (A4t 25 W1
JE KT CDSCW1, A R EE + 7 8 A R (L 58) T, 38 ik SCR JE B A &R 7 CDSCW 1 T 1
fE. AT CDSCWI1, CDSCW?2 Y iR S0 B B, A TR 15 M B, PR 25 IR TR

2 HEEM

21 ABIRTER

I FAT B i B H -BR$7 (arbitrary Lagrangian-Eulerian, ALE) i BRIC/ M1 ik €712 v FH T 451
UERERE 3BT ALE J5 ik il 22 7 25 SCBRPL IS, A8 AR K, 1530 %) B () O AR BRARE 384, b b,
THEN B2 A% RSP 52 . CONWEP #2 7 R Hl G #*LOAD_BLAST_ENHANCED (LBE) .
*LOAD_BLAST SEGMENT_SET #F 47 BRTE 58 K 4 A N 4%, 1207 v6 KRR Bt vy H A J8 16 09 28 U8, b
U AT LA 2o R J7 4% )2 (ambient layer) £ 2] HAR{R Lo 7825 K3k b, fff B 5G4 ¥ *CONSTRAINED _
LAGRANGE_IN_SOLID #E 47 it [& #545 1155, R H 8 *CONTROL_ALE & ¥ ik ). 8% Y
ALE J57 i, 5 A8 25 17 #5323 S, AR TiHE D, XHE R i AR K # 8 .

FIH ANSYS/LS-DYNA FEZE 4 3 37 CDSCW AT FRITAE I, ANl 6 s . A3 BR TA 35 % 1 K
J7 A B SR, 0 S R DY TR FH [ A 24 R, A S AR 5 0 S0 B A 22 R SR 1 B0 T TR i B3 (*CONTACT _
AUTOMATIC_SURFACE_TO_SURFACE ), #4089 32 JiE 5k 44k Z [ W VE 5 B 50 i i 7 45— 3K
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TREE+ . S 2R AT SOLID164 ookl 77, Btk 4] SHELL163 #oc k] 7y, #2 %] % ] LINK160 5.
JelN gy o AT S B SO AR R T g% 4, i JCHE iR *CONSTRAINED_BEAM _IN_SOLID & A
REE T, a5 S 3 1 4R FH G I i B4 . LBE Bk % 24260 W] DL i 6y % 45 555 A 7 425 o g A 42 fi
IR HE TS (00 B (AR JRy 35 i 1N, 6 426 TR 858 7 s 0 17 A8 2 PRI 0 BT a0 405 R B, 9% 0k O A R0 E Bl
B BIE

Explosion center

Common node __— |

Air bursting connection

surface Non-reflection

Non-reflection boundary

boundary

teel support Component meshing

e HRITHR

Fig. 6 Finite element model

22 MRER

K&C(Karagozian & Case) B #4730 Pl 5 5 25 ] TR 4DLTR 6 - 7 08 6 AR oo £ 2801 A9 458 403 3800
R T R BE AR = AR R B R AR AR | B RO 2L, A R E bR R O () K&C BEALET,
20 SO AR AR AT 430 2R HI#*MAT_NULLP? | *MAT_PLASTIC_KINEMATIC, *MAT_JOHNSON_
COOK™ *MAT_PLASTIC_KINEMATIC BAIC 31 ik o JREE + 19 R ZA RS HC 5] F 3£ 1, Hr
p. FIREE BB, £ RIRGE BRI, £ IR EE BRI, pu RIREE R IARAEL, b, b, TN by 430 R
) 406 5403 400 8 2 8 4 A4 A S BORTAR TR REURE L B 3 005 2 88, A, SR R B, o
a, My R IR EE R 73 5, B9 R T Q345 9. S PER & E=208 GPa, Jii IR 38 ¥ £,,=367 MPa, 1z fR#i
PLHRJE f=462 MPa, JEIELFSHC. BETHE p=7.8 g/em?®, FRIERE E=200 GPa, AN HE 14,=0.30, Ji I} 35
J¥ £,=400 MPa,

®1 BRIFEMHSHY

Table 1 Mechanical properties of concrete

pJ(gem™) f/MPa f/MPa U b, b, b, A, @ @, a,

2.408 524 42 0.19 1.6 2 1.15 8.7x107° 3 0.294 1.86

2.3 UM A

X A R OTAR A A TSSO S BT, DA A A KN ol i R ARG, A5 LT 458 76 0 5 28
I TR RUSE A TR B A A 8 T A RS /N 223 A3 Tk RS B RS A0L 45 SR 85 Oy W 4 5 BB A4 5 5
5 22 T B4 R X 35 22 i 2 IR RS /N i /s o 3R A RS R 40 310 5L 6., 8. 10 mm, oAt 9 4%
SF 10 mm B, A PR T B8 45 2 ) CDSCW 1 B5 /R R A9 b P o A5 7% - i Ja) il 2k 4 18 7 F s
25.0 ms I, RIA% RSF43 5020 5. 6. 8. 10 mm f, CDSCW1 A5 rh 5% A7 #3912 112.0. 109.0., 78.3 Fil
41.6 mm. Z5A 5 ETHAROR AU B, i1 i A% R SE R B 6 mm, SEB A7 PR eI RN 5945 2] Y CDSCW I
B3R A7 F% (109.0 mm) 55645 5 (120.0 mm) W) & 5 4F (R 228 9.2%) o
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0
—— 5 mm
—20} —— 6 mm
—— 8 mm
40r 10 mm

) B Ng— Approximately 28h 509

Ap)

Midpoint displacement/mm
|
e}
S

proximately 67 h

03200093097~
—140 + 999%™ Approximately 96 h
0 5 10 15 20 25
Time/ms

7 = s

Fig. 7 Spatial discretization analysis
3 HEREMIEUER XL 5

3.1 HEWIE

Henrych®™ 7 Kt SR XF I 0 Bl L, #9814 P K oo Bl E AS ) L 0B B R a2 A X
1.407R™" +0.554R >~ 0.035R° +6.25x 10*R*  0.1<R<0.3

Pm=10.619R" —0.033R+0.213R™ 03<R<1.0 1)
0.066R™" +0.405R™? +0.329R™ 1.0<R<10.0

St po FUB I R=HIW g LIRS, oo,
HOWBREE, 7 TNT 0, A58 A o 5 0081 o Numerical
FEJ) i85 PCB 2 B o 5400 mm, I £ 006 o | Ambient layer
B R=3.158 mkg", 30 (1) W78 p,=0.072 MPa, 5 2,0, 2| B L Air domain
00 VI 78 19 WE R J7 0.080 MPa( LI 8) M1 % - B |
10%, 1 I T 1P o o g oo L o

oyl — 45 0 BRI 9 B, BUAS A 0 0 poundary
Oy A 57 AT WE U, AL Sy A ool
PCB Ak H I Jy I R Zk . APl 8 3% , ik 0 0 002 0 00 08 10l

Time/ms

E 48 KN 0.080 MPa, (B #5101 4% 5 4 0.076 MPa,
AR 22 0 5%, B 2s 1 550 (1) 59315 &%
(0.072 MPa) #H 2% 4.17%, Ui 1% F LBE B L&A
Y
32 CDSCWI1 HHERMER o
321 RBELTHGBAOHN

CDSCWI [ RGN 9 Frm o SR KE T, M KE = A8 0 F 400 U 17 e 303 1 I S A, B i
AL AT IR, T R B o SR (e Ik (o TR R A 9 AR R e R TREEE - DA i YR i )
R AL B AW IR, TR T R X R RS IR EE AR At s P AL 2 S R O — A TE Y
) S48, 4L IRHIT X R B 5 RS SR U SRR e S 5 5, i Ak ) S AR TR

CDSCW1 (IR BE W05 W& 10 Fi7s o 25.0 ms BF, 85 KE P2 Az e 46 % 0 814 3 0 1) R 2 il 28 98,
F8 5 T X IR R ) 2 R AR 55 PR T IREE - BB SiR B AIK, Bt PR A R P A A, O i
A Ah HEE 2 % 9 ) BT S Ak, H Uk 48 4D TR B b 2 B 0, B RO B AT A R A 2 4k, 5k ek
CDSCW1 #1280 mm>150 mm HiJE DX 3 1 -7 I SLA% AR X 1 5 76 PR g SZ 740 I HE B0 2 S e B I 1Y)

8 PCB sk iR 2

Fig. 8 Pressure time history curve of measuring point PCB
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B 1) BT VISR 5 0 T VR R - A 5 b B 400 mmx 1 000 mm R TE 2 BLAE IR . 7EAR ST 5 TR B 4 i
A ST R R EE AT . R MIE S BOR BE L BOIA S OTMER, ke ET A SR E /N L. 1
P BUM AR SR ET YIRS AR T, IR BE B R 9% 2RIk, BUr MR T BURTERE, 820 WOl TR fE
i, A B TR A R AR TERE . X S IR AR )& BT .

Vertical crack

,,,,,,,,,,,,,,,,,,, s z X
¥ Steel sheet concrete separation CDSCW1 ‘/

9 CDSCWI ikfFi e fRsif
Fig. 9 Overall damage of CDSCW1

Effective
plastic strain

0.5 ms 5.0 ms 10.0 ms 15.0 ms 25.0 ms
(a) Blast side

0.5 ms 5.0 ms 10.0 ms 15.0 ms 25.0 ms
(b) Rear side

5 10 CDSCW1 JR#E + 1A R M py AF
Fig. 10  Effective plastic strain of the concrete in CDSCW1

322 IRIEMR R 43

CDSCWI1 JZEFE NI 11 Fizn o R8I B 7E 108.6~120.7 mm 2 [8] 3 3l, KA X 8 L f 24
460 mmx1000 mm, 5K K45 H 500 mmx1000 mm $HEIT . R PELCH MR A0 S RS R 121.0 mm, B
KERANIE N 109.0 mm, FiXEH 120.0 mm A 22 9.2%, 52250/, 1 22 ) A D IR 2 AR e AR 1
CDSCW 1 ARSI A bk, £7 76 fiI VR 1R 22 R dR Bl B 53 40, A BR TR b i 5T 5IRBE LB 200K L R
e BB MR 5 S 8 P T TR o [ S5 B 1 AT — 18 25 o IR R IR AR T B B S I 25 R W) S A, R RS
AR AR VESE 4, BA — o SRR HE T .
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s S S —— S —
0 —12.1 241 -362 —483 —604 —72.4 —-84.5 -96.6 —108.6-120.7

Displacement/mm

— ~
ﬁﬁ/ 460 mm e E ol CDSCW1
Base oo SA £
- 5 —40
8
g —60
o
,_é’ —80 CDSCW1
k] Residual displacement
R . N 1090mm
k=)
S 120
Maximum displacement 121.0 mm
— 140 1 1 1 1
CDSCWI ; 0 5 10 15 20 25
Overall deformation of CDSCW 1 Time/ms

El 11 CDSCWI [yAsTE
Fig. 11 Deformation of CDSCW1

3.3 CDSCW2 B EREINGE R o4

331 REImGoH

CDSCW2 Ay AR5 a1 12 Bz o iR SR 2 R 25 i A8 98, 78 P47 F A il 958 1 AN A4,
TRBE A 77 AE B ) 24 (1] 12 v A X)) #F A Fal — D0 T 325 v DX, YREE - i (&1 12 v B X)) 5 ZE 2431
i T, 22 45 158 1) 4 4% (K] 12 v C IXFI D X)) S 7 I A5 VIS AR A B 7 ] o 18 1) 2448 7= AR i SR DR, 43
K J5 PLAR I A 3 A b T AR 1, 7E AR 55 AL TR BE - 2 Bk IR o A BROTALILY B H i fe ST R A
TS DL LR B0 45 ™ I P, ARARCER AN I G A A P A A TR 22, T BB X TR - 0 2 SRR
S AL, AR 3R IS b 1 AN AR S TR e 2 B R BRI R R, YA . AR AR AR RS £ T X TR
- B S BR 2 SR HE AR LA, (L R i R R BT R BTG . K2 BB VR T A Bl IR R Y
e, WE R A By R, DAL IR AN A B B A R 20 AR 1 Fh i R R TR R e, D BRI TR B O s BRE
Kt

Effective

K12 CDSCW2 HyEE{A#;
Fig. 12 Overall damage of CDSCW2
WAl 13 7, 25.0 ms B, CDSCW2 4145 T TR 356 1 76 I 0 2 JC ] 043 477, I8 4 A YR8 - 025 v DXl 1)
2 IR, 1) R BE T 32 ROBE IR, T bR TR B A e b ) BB ) S22 R IR, N e TR Bk s R A, SORE
ATREE T BT VTN . AH b CDSCW1, CDSCW2 W %E + i B2 0 =, IR fg Sy o . [Altk, CDSCW2 i
SRR BE L 5%, 5 R TR BE T 32 P IR, (B IE L CDSCW 1 BRAE () DX PR VR 6E 4= 32 e dn .
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Effective
plastic strain
2.0
1.8

10.0 ms 15.0 ms 25.0 ms
(a) Blast side

0.5 ms 5.0 ms 10.0 ms 15.0 ms 25.0 ms
(b) Rear side

P13 JREE A ROBMERNE (CDSCW2)
Fig. 13  Effective plastic strains of the concrete (CDSCW2)

3.3.2 BYEM R 4y AR

CDSCW2 YA IE AN &L 14 FIf /R o KR 5 v DX ) TRL R 400405 7™ 1, W R T A 0 1) AN 43 7 1)
(AR AL ) (R T 70 TR R - v AH B 5% 5 25 AR T, T I8 U AR PP o a5 1) 5 K 8% IR A 61 6 43 1R
113.0 1 90.4 mm, 5584307 B2 iR 56 (A 95.0 mm M1 22 4.8%. CDSCW2 #& (AR V1725 i A8 1, T 37548 KA )

o D S S S ES— —— |
0  -91 -182 272 -36.3 —454 545 —63.5 —72.6 —81.7 -90.8

Displacement/mm

CDSCW2

CDSCW2
Residual displacement 90.4 mm

~120 F Maximum displacement 113.0 mm

Midpoint displacement/mm

~~~~~ 0 5 10 15 20 25
Overall deformation of CDSCW2 Time/ms

14 CDSCW2 fyA5TE
Fig. 14 Deformation of CDSCW2
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Jii, B X SRR BT K AR R B A, (HE 52 0 . CDSCW2 B AR T 88 CDSCW1 /)y, HiJF A f&
TREE 1 32 5 IX 5 38 i A i R~ el 2R 5 R P K EE RGN, $2 7+ T CDSCW2 1Y %% (R #E BE Fn b 2
fEt.

3.4 PDSCW 5 CDSCW B9ttt 95 #f

57 PDSCW #2815 fiR, A b T RN I, HaS i (k. v, REE L 5RE
REE T 5 WM ALS | IARE S R AT R A A L BREE L 255 5E) 1 5 CDSCWIL M [F . &l 16
E 17%F T PDSCW 1 CDSCW (AR HIZE S . [l 18 iy PDSCW YR #E 11 ¥ 4 1y A% 7 [ RN g AL I o
ME 18 AT LLE H, L K¥EVE R, PDSCW X (8 A 1) 25 il A2 T, #4748 T b A O e s 42, |
A A, R R BT ES WBE RHTAR T R T BRI . 20 T B v XSV R ) 2 R AR A, him)
Z R, T L 3 B 0 S Ak, Ak thorboD T AR AT . TR E 00 37 R IR M IR X 5
800 mm, 2 CDSCW1 Fl CDSCW2 11475 J i 1k 5 + 32 $ 453 475 DX 35 58 & (400 mm) (9 2 £5 (L3 2) . 551
38 3 BOR & £ 78 S Ak 7y 35, PDSCW AR IR, Tk 4k S Kk 2k, #5145 2 )% 2 K F CDSCW. M
B 17 WTLUE R B O a5 fe R B FER A 6 B 430l R 176.1 il 175.3 mm, AH L CDSCW 1, 43-Jii] 3
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Damage Failure and Anti-Blast Performance of Concrete-Infilled Double Steel
Corrugated-Plate Wall under Near Field Explosion

ZHAO Chunfeng', ZHANG Li', LI Xiaojie®

(1. College of Civil Engineering, Hefei University of Technology, Hefei 230000, Anhui, China,
2. State Key Laboratory of Structural Analysis and Industrial Equipment, Dalian University of Technology,
Dalian 116024, Liaoning, China)

Abstract: Compared with the traditional reinforced concrete and profiled double-skin composite wall
(PDSCW), concrete-infilled double steel corrugated-plate wall (CDSCW) has better axial compressive
capacity, lateral flexural stiffness, impact resistance and seismic performance, which has broad application
prospect in ship and military field. In this paper, two types of CDSCW specimens were designed and
produced. Firstly, the damage modes and dynamic responses of the two specimens were analyzed and
compared through near-field explosion test. Secondly, the finite element model of CDSCW was established
by using ANSYS/LS-DYNA software. The damage mechanism and explosion response of CDSCW and
PDSCW under near-field explosion were studied, and the results were compared with the test results. Finally,
effects of concrete thickness, steel plate thickness and charge quantity on the anti-blast performance of
corrugated double steel plate composite wall board were analyzed. The results show that, compared with
PDSCW, CDSCW with the same concrete and component size (length and width) have greater flexural
rigidity, energy dissipation capacity, and better knock resistance performance under near field explosion.
Increasing the corrugated depth can effectively improve the anti-blast performance of CDSCW, which
provides reference for the design of anti-blast component and related engineering research.

Keywords: near field explosion; concrete-infilled double steel corrugated-plate wall; damage mode;
dynamic response; anti-blast performance
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