K TERIET A IR R E 48 B 3 for 45 1 2 25 A Wi oz 3 38 i 32
NWE EHEETER IRE

S| HAX.

X, 2R ) 2 B 55 KRBT AT BRORUJRE 1 A A 281y A 4 R 245 g iy X8 A 7 [ . e T B
2 ,2018,32(5):055101.

LIU Libin, LI Haitao, DIAO Aimin, et al. Experimental Investigation on Load Characteristics and
Structure Response of Finite-Size Plate Subjected to Underwater Explosions [ J]. Chinese Journal of
High Pressure Physics,2018,32(5):055101.

HHEZRE>

BRARRRABHEMIE.

TR A B v o 5T Bl A AR BV R BRSO
BESLAEE,BER, UEY
DOI: 10. 11858/gywlxb. 2017. 04. 013

FRE B 24 /KT 3 K v b e 2 ey B AR
FK AL BRI, D, TRAEM, BT
DOI: 10. 11858/gywlxb. 2017. 04. 014

IR SRR K AR P T A A % 114 3l 28 g 7 4

DOI: 10.11858/gywlxb. 2010. 05. 005

5 54 By X AL FULE AR S8 A R R i B AT 5
ALLT AR, BB BB, D FE
DOI: 10. 11858/gywlxb. 2011.03. 011

IR A A3 A 2 e o o 8 1 RE T 5T
A =LA L L A e, KB
DOI: 10. 11858/gywlxb. 2011. 02, 013

KT B E A VE R R KR H bR &5 4 0 o] 5 P 5T
EF kxR, FL,FXHE
DOI: 10. 11858/gywlxb. 2014. 03. 010


http://www.gywlxb.cn/CN/volumn/volumn_1282.shtml
http://www.gywlxb.cn/CN/abstract/abstract1981.shtml
http://www.gywlxb.cn/CN/abstract/abstract1982.shtml
http://www.gywlxb.cn/CN/abstract/abstract1306.shtml
http://www.gywlxb.cn/CN/abstract/abstract1371.shtml
http://www.gywlxb.cn/CN/abstract/abstract1354.shtml
http://www.gywlxb.cn/CN/abstract/abstract1710.shtml

¥32% H5M % A % H % j:li Vol. 32, No. 5
2018 4F 10 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Oct. , 2018

DOI: 10.11858/gywlxb. 20180516

K TEMETHRRE R EERFE
R G5 46 Wi Rz i 06 fF 5%

XNWE,ZEETER, THRE
Cifg ZE T2 R = AU 550 v 2= e, 4k 2R 430033)

TEE . oy o R G5 A 3 T AT B M o o 3% A R0 B e b, T L AR L AL R F 8y AR
A BRI FHEREL PREEESH, KBART K TREMBEET WA B K TE, 27T
WA RAWKRERGHEAETREEONKFT FIREM N B R ERE L, XL
R EEFHRERANEZH IR, FPRAFLSEIEERE) T, 1K E 4550 E 45
7k 3h B BB 6026 ~80 %0, i ok fUE B P 35 0. 1 MPa; M % 3 /2 b B IR /b, P AR B i 4 R
HEMELEY FELT PR EREE,

KB K TR E R HOT Ap bE R KB £ e

RESES: 0383.1 XEkARIZED . A

PO 2354 320 5 A A ook 047 A R 06 K 2l 281 A P A9F 5 PO R A i L A9F 7 ) S . KT R
R oy S A EE AR AR RS | bl B0 A AR B L O I K A A L R S0 s BT SR S
WK R A A o e A T 0 A i (ELE P S T A S R A R T A 4 A i A
JRY TS A Ik B A W (A X A LA R ) A A BT 5 R i SR AR R L T e e
2, AT BRI RGO 25 A B R AR R K TR Rk o D BE R S AT B AT 9T 2 5 T Taylor “F AR HE
W SR B G OR AR - PR M L DRI R DG F T 22 4R b TORNS JRT B A A5 R OB L LR 2 480 il EE
A5 2 g e el AR AR P Y 35 S R B AR A5 3 A O RO KT R K e I I ) 3 2l B e 4 55 2
45 LA Taylor SFHHLIE A FE A 4T T 4 A A BE R ol 3 B s 48 r 153 20 5K, 0 45 45 1 6 X BE
JREAT BEAT THEIE A5 B4 BRSSP B BE TR 22 50 20 5, 3 SE4F R L Ja A % i R 2 35 011 5G 1 19 4
Mo BRIERIE 5 S R S R AL SR P A AR IS S S S EUh L s BEE DER TR A
1% BUBRE A — & A5 F T i AR B A5 4 10y v 3l 25 345 . 10 40 - Zhang 25 M) RO 0 007 3%
WEFE T 3T 39 25 1F T 32 B0 5 1 T A o A ey 17, 24 B0 =00 ok 3l i SO A s 7 o 0 v AR o o A A
P00 5 2 5 A A e IR R 5 M A S K Bl AR b R 2R rh R R SR LB AT T A . 7
IR TARFEA b AT B T LA SR S P AR TR L ASEABLK T AU A B2 KT G A A Ml kg A
i 38 T IR AR TR AR FE V- ARUSE E S S B LA 25 4 30 5T 8 A 2 Ay AR A 1) B2 T 0 A 45 R Ak ) BE R
AR 5 LA Ay MU A9 35 ) A5 40 1) B AU 5 A AR — i i S A

1 RmiE

1.1 IR
PR A, R 28 1200 mm X 1200 mm X3 mm #1200 mm X 1200 mm X6 mm, 5 4

« UWTRBEHE. 2018-02-09; f&EI HHEH: 2018-04-10
E£WAB: HEAKRBEESEG16792440)
EHE A XUANEE (1993 —) . 3 Wik 58 Az , 3228 Ao M0 25 4 P Bt v o F 58 . E-mail: hit_1lbin@163. com
BIEEE: ZEHA979 ) B W4 fl 8, T2 FMARZS M PUEBL b &5 9F58. E-mail:navy_ht@163. com

055101-1



555 [/

o

B £

1l

532 %

0 M3 FI M6, R 4z T e A AR B 3 ot Pl K ~F- M B 80 T B I8 A T 05 HE AW ST HE 48 L, O i A
[ % BHENRE S 4 mm, 35T ARCFTR B 28 R AT Q235 A 9 A HAR S5 40 A R LI 1, S I

Al 2,
1
°°oo°o°o°o°o° oooo }&oc"o°oloo°o°o"°o°”o°o °°oo°o°0\o o°o°o°°
o 1.0P0 o ° A o o
o o . ' Eal ] o
o o o 16 8 o o
o o

00 °° o_‘ ! _0 OO ’\vl‘ A\ Oo

i Tl T T T T T S| S o)
0o : oo §_ o 1.— o °° Sy S. S,p (D{ Oo %
o i B oo ol N ﬂ X .
°° : °° —- = .!_ A oo é Py 350 P, oo x =

! o | o o )
° | o 1° | . | o o o
o o = | - _ =

| o °© o o
= 10 2 ° o T of o 0 o
o o :

— D | N P Ik ey

° 060 o? ] ° Lm & ; 13 A 6° 250 o9 oooom%/ZQ

"3 % %0°||°0°|o°$%°d°0”?05§«— U I S S S [ O

1200 +‘ 60]200 140 86
34 {34 60
(a) Metal plate and sealing ring (b) Frame (c) Plate and location of sensors
P RERLGS R R (B s mm)

Fig. 1

Model’s structure and dimension (Unit: mm)

K2 RSy

Fig. 2 Photograph of actual model

1.2 MEHRKEIKE IR

T REFEAK T S h8 K 23 A A R 45 R g 7 T A R b 25 1) A BE TR L Py Py RS IR, S,
~ S, o IS B TR Pl (P K350 mm b (P, ) 5 AR 25 S, ~ S, B e 1 B 8 43 5l
950,250 #1450 mm, S, 2T Sy W gL — M 50 mm &b, 78 F S0 AL 43 530 Bl 2 D7 1) (e 5[] T2 %

071 Cy J7 1)) A B B AR J, HAAA = DL IR 1 (e

JRVER IS T B R E A e it AT . AR A
A 2R 1] 7E T 50 3 M P S PR T AR B AE K K-
AMAFE B KT 10 em, KIRIEE N 2 m, TNT JEZY
BEIMUPOIE T . WABANGE -1 AMY
RS S A TR — AR BB 1 m, KA
RIAT BN LR 3 R .

i I A 24 e R IR L B 5 R )R A A 1 R
K AT R T B ASE R ey i, LA 3R B T An
T 1PUR P b w R v BT, 4300 38R 4 25
JE 2 R RO R KRR A AR 1 R ik B
JEW L e T, B SCERC1A AR R, KR

Do
Air
_ 1 1
Water I \ |
Plate model
3
Explosive
Sensor
Kl 3 WA Rs R

Fig. 3

T, M P o A0 5 A S B K R R A AT B R B 250 MR AR

055101-2

Illustration of test layout



532 % XTI 55 45« 7R 8 M T AT BRORUE - A A 280 45 8 B 45 iy o 4 46 W7F 72 %53

F1 REITR
Table 1 Test cases

Case Model h/m w/g R/ 7 ax T,/ms Case  Model h/m w/g R/ 7 s T,/ms

1 M3 1.0 18 2.46 69. 82 4 M3 0.4 18 0.97 72.51
2 M3 0.8 18 1. 96 70. 34 5 M6 1.0 10 2.99 56.98
3 M6 0.6 18 1. 46 71. 40 6 M6 1.0 5 3.77 45.23

2 REMEEER

2.1 BRIERT

Bl 4 S T 2 2500 F A i3 e 0045 SR 3R A 1 o
JEimt R g . FTUAE . R M&AEE 3 N A
(¥ FE AT WAL L 56 1 A CA 0 Ay ol 0 S e (L 565 2 °f
AN(B O RIS 3 A4S (C a5 S W5 UK ik 3l 8 5 e )
WEAE L 43 5 R 6. 963 MPa (FiE {4 14. 51 MPa) |
1. 274 MPa Fll 0. 416 MPa, W 2 [1] % i 1] 8] b 43 i 4
SR 67. 10 ms (BB M 70. 34 ms) Fl 50. 45 ms, i O'ML-‘“‘ Jl‘r“ " " —‘-9.3.,
45k 566. 79.563. 59 1 242. 84 N = s, A L, 0 20 40 60 80 100 120
I TR P A Rl R W/ R E R WON T €= DA SR b
ANT et R 07 L 31 ELBE B Ik 3l gk B 15 0 i 2 B4 T8 2 F Al E R
WA €SI LSBT Ry R L T8 X (E R DR W R (R Fig.4 Pressure history of free field in Case 2
P (E AT R 22 ) 3 2 N T e il e R AR A
1 R AT A SRR, A0 K 2l R 6 (8 e (R RR A A s W) &, U I 1 500 e HE G AT
fFHy . HA T 0 ) i # th e 2 A a5 100 2 AL,

2T A LT vhds B 7 W (B RN Dk Bl Fe T BEAE X L L FE T L oo B pu 43 0 FROR th ik
P ST 0EAE REER 1 RS 2 KSR D8 . Wl DA S8 1 IR Kk 8l R 0 Wl 24 Sy o i 8 e 0
WEAE ) 996 ~19% . 5 2 Ik S e Jp W B B /N s 42 T 00 4 B AR H (R /) 323 1, ARV Kk Bl 2 B2 22 B
AU 5 K A E S R K AR e R — IR kBl R, EL R R B A Kk B ) AR T[]
18 g i T4 2 BN,

Pressure/MPa

F2 ARIATHERMSARNNENER

Table 2 Peak pressures of shock wave and bubble pulsation in test cases

Case R/rmw  pw/MPa  py,/MPa  py,/MPa 4{;"1 /% Case R/rmw  pw/MPa  py/MPa  py,/MPa 1;1.1 /%

w

1 2.46 4 0.97 6.932 0.637 9.18
2 1. 96 6.963 1. 274 0.416 18. 30 5 2.99 5. 464 0. 950 0. 406 17.38

3 1.46 8. 804 1. 097 0.522 12. 46 6 3.77 4.610 0.762 0.218 16. 53
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Table 3 Peak strains at each stage of plate in different cases

Peak strain/(10%)

Case R/7Fmax Hogging phase Sagging phase Stabilization phase
S Ss Ss Sy S S Ss S Si S Ss Sy
1 2.46 0.577  0.684  0.306 0.366  —0.212 —0.470 —0.267 —0.334 —0.090 —0.014 —0.026 —0.011
2 1. 96 0. 780 0. 606 0. 388 0. 305 —0.385 —0.503 —0.371 —0.321 0.011 0.023 —0.031 —0.050
4 0.97 0.533 —0.148 —0.171 —0.008 —0.111 —0.539 —0.600 0. 407 0.055 —0.403 —0.452
) 2.99 0.543 0.535 0.269 0. 345 —0.472 —0.492 —0.746 —0.939 0 0 0 0
6 3.77 0.613 0.553 0.097 0.097 —0.338 —0.240 —0.177 —0.233 0 0 0 0
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Table 4 Comparison of pressures in Case 2 and Case 4

First pulsation Second pulsation
Case
Ly /ms lw/ms pui /MPa ty:/ms t,/ms Puz/MPa
2 13.90 51.45 —0.067 5.33 40. 95 —0.095
4 4. 40 55.05 —0.184 5. 60 52.77 —0.142
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Table 5 Effect of R/r,.. on the period of bubble pulsation

Bubble pulsation period Bubble pulsation period
Case  R/7rmu Case R/rmax
Test/ms Theor. /ms Error/ % Test/ms Theor. /ms Error/ %
1 2.46 69. 82 4 0.97 66. 32 72.51 8.5
2 1. 96 67.10 70. 34 4.6 5 2.99 53. 34 56. 98 6.4
3 1.46 67.17 71.40 5.9 6 3.77 42. 22 45.23 6.7

4 & ®

L o 308 0 0 Ik 3 X 2 3 i 2 g 7 728 Wi 7, 5 9K 09 K 3l B T g AR A O o it B B 900 ~
19 %0 AR 20 YRk gy i A P R A 52 ety ELARE TS TR o 9T 3 Al 445 ) 7 22 g o7 15 o ot S A >

(2) 783 35 A5 4 i 7K R 1R K 9 S0 ik 3k AR v, S5 R i BAR TR AR (B A 3, U (B T A
0.1 MPa, i HAF FI I 1] 8884, 29 28 S ik sl B 60 20 ~80 %6 , B4 1 Hh LA R i h 8 i 2

(3) FRAR LS A0 K 3 a5 Y- 2 45 g o A i) 7 ) 52 Wi 89 5 O R AR LB BT 1, RN Dk B it R 2
S5 300 5L 5 B K 5 B A AR AR LU AR 00N P AR I e 2 AR T i SR AR T | b R T ) P R IR B AR L S5
M 157 P9 A £ 1 e 8

S 3k

C1 8. A Al 4 K R P e 3 2 g B8 S5 R (DD, J6 8 - b B AN AL B 52 vh 0, 2002,

(2] Z¥esr, JHw, B, 3. KT e wh i 05 R ES AR AR B e 0 i o7 s [T, W R J 24, 2017,
31(4) :443-452.

LUO Z L,ZHOU Z T,MAO H B,et al. Theoretical analysis of the interaction between the plate structure and
strong shock wave in underwater explosion [J]. Chinese Journal of High Pressure Physics,2017,31(4) :443-452.

(3] 2 il . AR 8 BoAd i, A5 AR AR 45U P9 /K T R S0 B RE DG BF 5T [T AR T FE . 2008, 30(4) 1 72-76.

LI H T,ZHU X,DUAN C C,et al. Related research on bubbles due to underwater explosion in the field of ship
engineering [ J]. Ship Engineering,2008,30(4) ;72-76.

(4] wIRWL RS, 2 E&. % KT BSELE T AIE AR b T g R B AT 58 [T, 9R3)5 whifi ,2011,30(2) :19-23.
HUANG X M,ZHU X,MU ] L,et al. Sagging damage test of box-beam models subjected to close range underwa-
ter explosion [J]. Journal of Vibration and Shock,2011,30(2):19-23.

[5] TAYLOR G L The pressure and impulse of submarine explosion waves on plates [M]//TAYLOR G I. The Scien-
tific Papers of Taylor G 1: Vol [ll. UK:Cambridge University Press,1963:287-303.

055101-7



%5 = JiS ) il 2% i o532 %

[6] ZHANG P,GEERS T L. Excitation of a fluid-filled, submerged spherical shell by a transient acoustic wave []J].
The Journal of the Acoustical Society of America,1993,93(2):696-705.
[7] GAUCH E,LEBLANC J,SHILLINGS C,et al. Response of composite cylinders subjected to near field underwater
explosions [ M]//Dynamic Behavior of Materials: Volume 1. Springer,2017:153-157.
(8] FELE.ARH). FAUM 5 KT vh i A R 2 W Rz g [T, 5% T2 4%, 2012, 33(7) :831-835.
TANG T,ZHU X,WEI Z B, et al. Movement of air backed plane plates subjected to shock wave of underwater ex-
plosion [J]. Acta Armamentarii,2012,33(7) :831-835.
(9] 2 ik RA IR BRAR IR A, 2 A SRR BE TR P AR ot J8E 00 BE Fe 2 IR B8 25 Ak Ak ). 1 M 5 bt . 2014, 34(3)
354-360.
LI H T,ZHU S J,CHEN Z J,et al. Characteristics of wall pressure and cavitation on the plate subjected to under-
water explosion shockwaves at any angle of incidence []J]. Explosion and Shock Waves,2014,34(3) :354-360.
[10]  BREeds 22 E . BIAESEAE K T B SORAE T A sl 2 58 P B 58 (7], #RAR J12%,2010,14(8) :922-929.
CHEN X B.LI'Y J. Investigation of the dynamic responses of cylindrical shell subjected to underwater explosion
bubble [J]. Journal of Ship Mechanics,2010,14(8):922-929.
[11] KLASEBOER E,KHOO B C,HUNG K C. Dynamics of an oscillating bubble near a floating structure [J]. Journal
of Fluids and Structures,2005,21(4):395-412.
[12] ZHANG A M,YAO X L,LI J. The interaction of an underwater explosion bubble and an elastic-plastic structure
[J]. Applied Ocean Research,2008,30(3):159-171.
[13] Z=ilgdh KA R, A% RS KT ERESAEN TR E 845 X2 Rk [T m Ry %M. 2012,26(5)
494-500.
LI H T,ZHU S J,DIAO A M,et al. Characteristics of flow-field and sagging damage of free-free beam subjected to
underwater explosion bubbles [J]. Chinese Journal of High Pressure Physics,2012,26(5) :494-500.
(14] 2R8). Ra  BEL U A5 KRR bk S R vk i e F 5 [T, W /R I8 TR R 24241, 2007, 28 (4) : 365-368.
ZHU X,MU J L,HONG ] B.et al. Experimental study of characters of bubble impulsion induced by underwater
explosions [J]. Journal of Harbin Engineering University,2007,28(4) :365-368.

Experimental Investigation on L.oad Characteristics and Structure
Response of Finite-Size Plate Subjected to Underwater Explosions

LIU Libin, LI Haitao, DIAO Aimin, WANG Xiaogiang

(College of Nawval Architecture and Ocean Engineering ,
Naval University of Engineering Wuhan 430033,China)

Abstract:In order to study the loading characteristics of underwater explosion shock wave and bubble
near the structural boundary, we designed and tested several plate models. By changing the ratio of
stand-off to the maximum bubble radius,the flat thickness and other parameters, we analyzed the bub-
ble pulsation and the low-pressure flow field at the plate boundary,as well as the local and global re-
sponse characteristics of the slab based on the strain analysis. The results show that a low-pressure
(negative pressure) flow field appears at the boundary of the plate during the movement of the bubble
in near-flat explosion. The duration of the low-pressure accounts for 60%—-80% of the bubble pulsa-
tion period and the maximum negative pressure can reach 0. 1 MPa. With the reduction of the ratio of
stand-off to the maximum bubble radius, the final deformation of the plate changes from elastic and
sagging deformation to hogging deformation.

Keywords: underwater explosion;negative pressure;load characteristics; bubble pulsation;structure response
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