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Fig. 1 Diagram of the environment of underwater

2 ﬁ BE jTl: 1‘% ﬁ! E ﬁ explosion in harbor basin
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Table 1 Concrete thickness and matching bar condition of main members

Position Concrete thickness/cm Reinforcement situation Cover thickness/cm
Cabin ex-wall 60 Double two way, ©2.2 cm, @ 60 cm 20
Breast wall 60 Double two way, @2.2 cm, @ 60 cm 20
Partition 60 No reinforcement
Cabin floor 60 No reinforcement
Sealed plate 30 No reinforcement
Face plate 30 No reinforcement
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Fig.2 FEM calculation model (Unit: cm)
®2 HRsR
Table 2 Material parameters''"*!
Material p./(kgm™)  E/(MJkg") G, C C, C, C, C, C,
Air 1.293 0.25 0 0 0 0 0.4 0.4 0
Material Pyl (kgm) C/(m's™) S S, S; Yo
Water 1000 1480 2.56 —-1.986 1.2268 0.5
Material P/ (kgm™) A/GPa B/GPa w R, R, D/(m's') p./GPa
Explosive 1654 374 3.23 0.3 4.15 0.95 6390 27
Material py/(kgm™) E/MPa G/MPa
Soil 1860 22.4 8
*3 EHLsHM™
Table 3 Parameters of backfill*
py/(kgm™) E/MPa G/MPa Yield stress/MPa Cutoff pressure/MPa Failure strain
1800 47.38 16.01 7.70 -0.70 1.2

Sk S5 A AP 3 0% O S UG T 0 2248, WD RE 11 HVA SR 055
PSRBT, HTE K HEH 30 om, FEAHB SRR TR ST 5 WO, 2EAIRT ], T LTSN 7 71 751
S 160, 4 VIS S D 30 . 20 1 30 e A1 FUIRIE &R A A a0 AR E, % 2 o) B4 A At
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Fig.3 Three views and sectional views of wharf( Unit: cm)
F4 WEHEMRSH
Table 4 Parameters of steel bar
Density/ Poisson’s Initial yield Elastic Tangent Strain Strain rate  Failure = Reinforcement
(g-em™) ratio stress/MPa  modulus/GPa  modulus/GPa rate/s™! parameter  strain parameter
7.85 0.3 335 210 1.2 40 5 0.12 0
F5 C40RET HICHEBSH
Table S Parameters of C40 concrete used in HJC model
o/(kg-m™) G/GPa F'/MPa A B C N
2440 11.01 31.60 0.79 1.6 0.007 0.61
Smax Dl DZ EFMIN T/MPa Pcrush/l\/[Pa Herush
7.0 0.036 1.0 0.0080 3.49 10.53 0.0013
P, . /GPa Hiock k,/GPa k,/GPa k,/GPa go/s”! f
0.80 0.11 85 -171 208 1 0.004
F 6 C45RET HICHEBSH
Table 6 Parameters of C45 concrete used in HJC model
po/(kg-m™) G/GPa F./MPa A B c N
2440 11.68 35.55 0.79 1.6 0.007 0.61
Smax Dl Dz EFMIN T/MPa Pcmsh/MPa Hcrush
7.0 0.037 1.0 0.0085 3.70 11.85 0.0014
P, ./GPa Hiock k,/GPa k,/GPa k,/GPa go/s”! 1
0.80 0.11 85 -171 208 1 0.004

23 TARARMNRRE
VLA HK T -5 4544 58 i R IR, WOKTRTT 1) H T B 451 75 16 R M XS AR 5 10 D 2N 3 A As s
i ) XE 7 ) ST AR AR DA AE K 24 A A K 2 A AL AN ] 4 TR
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Fig. 4 Positions of explosive and measure point
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Table 7 Simluation conditions

Condition Explosive position Wikg R/m H/m D/m R/(m-kg™"?) H/(mkg')  D/(mkg")

1 C 100 2 3 0 0.43 0.65 0

2 C, 100 4 3 0 0.86 0.65 0

3 (08 100 6 3 0 1.29 0.65 0

4 C, 100 8 3 0 1.72 0.65 0

5 C; 100 10 3 0 2.16 0.65 0
3 HERP

AW FEAE C A FOK R MERF TR A IR, 76 SCHR [11-12] th E X BB ROCR AT T IE I8 .
30 ERMKR

Kl 5~ &1 9 S 45 O SIIEAS B, B rh R 8 3 48 A 30 B i SRR T4 8 i RS, Herbar 6
R, Wt/

TE T 1, SR Z I 58 B 0 Wk 3 F 30 K 24 0 e o7 ¥ 0P 2 /K TR RN 485 4 A1 358 1 360, e ST I
KA 3 58 A2 3] — F A KAL) . — 5 T, 32 4M5% Bjerknes F1HEST, AU A ) (5 VT 45 Fa— M0 ) g Ak A 22 )
15 o5 —J7 T, A 7 K AR SZ SR K I HE Bl L I K &K, HLAE K TS AR TR I =2 8] R R s TR

045103-5



ERRE S [ JE By L 2% i 55 4 4

DX 5 O J AR 1) A 3Rt — 2P 4 sl K ST e, o8 U 58 3 1 T [ 37, 30 A O e 1 ) 2 15 BE
SLRE, WA 5(a) B o

H Tz B 7 B K TR 45 R B BT, o) K S SR K A BRI I i RO, BEE T
HIARLENZ I, 25 =0.18 s IR, ANAT 5(b) Bz, LTI I 25 A K 3R, ha 5™ W A, I i ik sk 2 K i
TR, KWL S Tl S H RS T 1K R

=024 s i, LB B R AR, 1210 ALY R 7.8 m, KAES 2 9.0 me BEJE, LW, 7E1HBHE
FOAM AR B VE R, K FEATI RS9, B AT 3K 16.0 mo 5272 JIVE T, FE M4 ik R v, S BRI
HETE, S BRI, SE— S TR N SRR SRR AR Sl BLIE 5(e) FIRE 5(d) o 2 =2.00 '
S, A A Ui K T, B 9 0t A K ARG Sl Ry 2802 el s, 15T 5 Ce) s

(a)t=0.08s (b)t=0.18s (c)t=0.80s (d)t=1.50s ()t=2.00s
Bs TH1HESH

Fig. 5 Configuration changing process of bubble in Condition 1
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Fig. 6 Configuration changing process of bubble in Condition 2
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(a)t=0.08s (b)t=0.32s (c)t=0.44s (d)t=0.58s ()t=0.78s
B 7 TH3MIESHE
Fig. 7 Configuration changing process of bubble in Condition 3
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Fig. 8 Configuration changing process of bubble in Condition 4
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Fig. 9 Configuration changing process of bubble in Condition 5

F 8 N T UL KSR . Horp, o, O KA ARSI H], ¢, 03 1 R bk sl JH 48,
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Table 8 Pattern of bubble impulse

Condition &/(m-kg"?) £./s Maximum shape D m t/s Minimum shape Lis  t/s
1 0.43 0.24 Semi pyriform cavity 7.8 Irregular discrete bubble 0.18
2 0.86 0.34 Semi pyriform cavity 10.0 Irregularly multiconnected domain 0.42
3 1.29 0.32  Offside platy pyriform cavity 114 0.78 Cyclic multiconnected domain ~ 1.50 0.58
4 1.72 0.32 Vertical symmetry pyriform cavity 12.0 0.78  Cyclic multiconnected domain ~ 1.38 1.48
5 2.16 0.32 Vertical symmetry pyriform cavity 12.2 0.78  Cyclic multiconnected domain ~ 1.42 2.52
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TE VT 373 K P 0 16 320 B ) Berknes 20N 45 K i B, 8 A3 2 25 28 ) ARV, R % 25 58 1 42 2

W2 RIS, LIRS BLLL RS Ak (1) SR ER AR K, (2) % H K AT ] 4E 5, (3) /Tt ik
5 25 1 2 1 LR 235 I 1) A A0t 106 BOIR B A, A8 Sy B 1) 0 FR IS B, (4) /B 285 b R H00 8 0
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(a) Peak pressure of explosive shock wave (b) Specific impulse of explosive
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Loading Characteristics and Damage Effect of Near-Surface
Underwater Explosion in Harbor Basin

DONG Qi'?, WEI Zhuobin?, TANG Ting?, LI Lingfeng'?, LIU Jinghan'?

(1. College of Warship and Ocean, Naval University of Engineering, Wuhan 430033, China;
2. Naval Logistics Academy, Tianjin 300450, China)

Abstract: In order to study the load of underwater explosion near the surface of the harbor basin and the
damage effect on the wharf, we designed a typical wharf structure and built a harbor basin environment.
Then through a series of numerical analysis which was accomplished based on finite element program
LS-DYNA, the explosion phenomenon, loading characteristics, structural dynamic response and energy
absorption characteristics were studied in details, the influence rules and action mechanism of the boundary,
scaled collapse distance and other parameters were analyzed. The results show that: the explosion bubble
pulsation is mainly affected by wharf structure boundary and free surface, the bottom and the movement of
fluid in the limited space also have some impacts. The shock wave load is symmetrically distributed in the
vertical direction with the scaled explosion depth as the center, and the bubble pulsation load is mainly
distributed below the scaled explosion depth. The structural deformation and damage are mainly formed on
the propagation of shock wave, and the secondary damage effect of bubble pulsation and jet is weak.
Concrete and caisson fill absorb most of the explosive energy.

Keywords: underwater explosion; harbor basin; near-surface; damage effect; caisson gravity wharf
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Table 1 Material parameters of FEM calculation model
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Table 2 Comparison of the numerical and theoretical results
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Table3 Comparison of the pressure near a rigid column
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Pressure Characteristics of Shallow Water Explosion near the Rigid Column
LIU Jinghan'?, TANG Ting?, WEI Zhuobin?, YU Xiaocun®, LI Lingfeng'?, ZHANG Yuanhao'?

(1. Naval University of Engineering, Wuhan 430033, China,
2. Naval Logistics Collage of PLA, Tianjin 300450, China,
3. Joint Logistics Support Center Fourth Engineering Agency, Shenyang 110005, China)

Abstract: Shock wave propagation and bubble jet in the shallow water explosion near a rigid column are
affected by many factors. Considering the influence of free water surface, water bottom boundary and rigid
column, the coupling numerical model was established based on LS-DYNA, and the feasibility of numerical
method is assured by comparison of simulation results and empirical results. The results show that the
accuracy of numerical simulation can be better guaranteed if one-third and one-half of the explosive diameter
as mesh size is adapted. During the shock wave propagation, the peak pressure in front of the column rises
while the cut-off phenomenon causes during the shock wave pressure decreases, and the peak pressure
behind the column decreases by approximately 50% while load duration increases. The jet is formed
directivity to the column at the complete moment of the first bubble pulsation. The bubble impulse pressure
increases most dramatically when the explosive is at a distance of explosive radius from the column, and the
depth of the maximum impulse pressure is higher than the depth of explosive.

Keywords: shallow water explosion; rigid column; cut-off phenomenon; jet; numerical simulation
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Table 1 Explosive material parameters'''~'*!

Sample pl(kgm™) A/GPa B/GPa R, R, w elJ-g™h
TNT 1630 371.20 321 4.15 0.95 0.30 4290
RS211 1750 758.00 8.51 4.90 1.10 0.20 4509
1(0) 1667 334.77 9.50 6.71 126 0.21 5636
2(0.16) 1720 361.55 27.42 4.81 1.89 032 6206
3(0.36) 1788 709.60 20.27 537 1.90 0.34 6956
4(0.63) 1 853 761.51 9.16 5.45 1.74 0.23 7 441
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Fig. 1 Shock wave pressure nephogram at different times
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Fig. 4 Comparison of shock wave impulse Fig. 5 Comparison of specific shock wave energy
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Fig. 6 Bubble impulse caused by underwater explosion of RS211
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Table 2 Comparison of bubble period and specific bubble energy

T,/ms E/MJ e/(MJ-kg") €y/€y, tnt
Explosive
Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal.
RS211 273.33 266.89 9.4417 8.7899 3.0595 2.846 5 1.52 1.48
TNT 235.99 232.56 6.097 2 58156 2.0172 1.9289 1.00 1.00
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FAFR Y op i (R T | vhs B b L L ehas SRR L AR S R BT DL K R R AR SR S 50 5 5
BAE M) BT, SR T BRI 0 50, AT AU [R) 45 480 BE 5 B 25 KT 0 0 A i B 4T R A
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T 50 TE B (E A AL A RCPE 9 SR Al [, 32 1 CEL i X R4 40 5l 0. 0.16. 0.36., 0.63 1Y 4 F
RDX &5 R HE 27K T 4 KE 4 ik A2 447 JC 11 W ) BB, 25 08T ok e 28 Ay R Ao 28 Ay =2 ) R 8 5 A
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Table 3 Composition of RDX/Al explosives'!

Mass fraction/%

Explosive p/(kg-m™) DX N r— c Al/O ratio
1 1 667 95.5 0 2 2.5 0
2 1720 85.5 10 2 2.5 0.16
3 1788 75.5 20 2 2.5 0.36
4 1853 65.5 30 2 2.5 0.63
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Fig. 7 Shock wave pressure nephogram at different times
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Fig. 11  Effect of Al/O ratio on shock wave impulse Fig. 12 Effect of Al/O ratio on energy flow density
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Fig. 13 Time history of bubble radius Fig. 14 Effect of Al/O ratio on bubble load

33 RN EEMHELINET

EERKES KR R HE P AR I R A, — 043 LA i i 09 2D S5 1) SR RIORML B, BP ehdi i e £ —
AT AFAE T2 7 W R Bk 3 it 72, RIS BE Eys 30 — 850 7E v ofi I AL 6 1 72 vh LA 20k
FRABRGE . B 15 R AT H I 2 A 40 4 EE X BE o 8 B B 52 il i 2, &1 16 4 R/a=28.68 IR L
X REE I AR R £ . 0 TR — AR AR R LU A AR KR 2, Y e AR IR B, &R S RE LA
A PRI AS P B ) H BT R I R Y AR A R

M 16 W] LOULEE B, B FR A LL I3, Lo oo D RE e, e 38 KIS U, ZEFR R LE R 0.36 B 35 31 5
K e P B8 5 EL e (e, te,) AN /D s EL i B BE AN LU AL RE P Z 1 (eyte)) HLAHIRE e, LA S LS
HLBE 17 H e/(eyte,) ANWIIE A X2 PR Ry Bt 5 4600 480 L AR 860, 403 490 7 kBl =2 185 i, B 35 I 07 IX P K g
SR SO A B W, Ll ks D R R I, AR A1 A s ol A 24 R AR o, TR Ok b o D R Y L A1)
Wl /0N o T AR R R RN i R 1 R S AR ik Bl A ) — B ) RUBE, R SO R IR A T B R R i, HE R
HLRE AN EL AL RE & EL ARG K

B HL NI N2 0.36 I, b B AE e, 3270 17.7%, LS HIAE e, 3275 57.2%, b PR AE &5 1
e/(ete) M 32.6% AR E] 26.6%, b HLHE (5 [L ey/(e,+e) DA 67.4% 4215 5] 73.5%, oA AE (048 T i )3 5
K, REEER A ARG . (AR TR R, B 16 LA RE 5 SLRE B Y EL Bl K L b
P Re, JEPRTE T D0 A B R K b e, i R A A G ok AR s R R, B v D REAR DN

065101-7



%3346 [T s S 7/ R - (N S 4 5 6 M1
Lo 6 180
141 e I
Ta T L . 170
—~ ,/'/ .. \‘\“~~\ -------- Sy 5 B Y o
W 12fe A T e s = L 160 &
2 Lopy” AI/O ratio: 0 3 e 1%
< |r o —— ratio: L A * &
N§ / --4- Al/O ratio: 0.16 S ceeete 440 7
08t . AV/O ratio: 0.36 5L wvafete)
+- Al/O ratio: 0.63 D= roedlete) 30
0.6 : : : . ] | - . . . 20
10 20 30 40 50 60 0 0.2 0.4 0.6
Rla Al/O ratio
15 BRACLEXT L b e ry 2 P16 FR4 LT RE RN ML ] OC R (R/a=28.68)
Fig. 15 Effect of Al/O ratio on specific shock wave energy Fig. 16 Relation of Al/O ratio with energy(R/a=28.68)
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(4) 76 RE B4 45 A0 7 - BE 2 40 0 L A3 N, RDX 66 5 0 e 24 7K T HB KE 19 L b b 0k BB S8 KR
/N, FEAR AL R 0.36 B A B A K He A RE RN EL AU BE o5 B A S 4 kG i HL AR 4R EE N 4 i £
0.36 B, Henhdi i BE e, 315 17.7%, LS HLHE e, 4255 57.2%, BRI A 3 B4 = S RE .

(5) 47 40 b 1 e A X 57 40 K 24 7K S A oo e A L 9 R A LA B B R S 4 A R A R 1 s
M, AT LA 3 a4 1 40 R EE I R /NS B AR K AR KE I T o 28 UL =0 T s e R 2L, e A R AR L
FEHIFE 036 47, e Bids A, TS mn e RS T RSB BRI, AT 0GR T 4 B R AE
2, G0 S LU R ROR I, PR A5 S %) d5c R0 S H A 2500 R X S AR K 2K T R K R R B LSS, 2 R N
S5 S AN AL RN 4 D AR R L B AR AR BT A SRAS BN PR R 45 18
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Effect of Al/O Ratio on Underwater Explosion Load and Energy Output
Configuration of Aluminized Explosive

TIAN Junhong, SUN Yuanxiang, ZHANG Zhifan
(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to study the effect of Al/O ratio on underwater explosion load and energy output
configuration of aluminized explosives systematically, four kinds of aluminized explosives are taken into
account, and their Al/O ratio are 0, 0.16, 0.36 and 0.63, respectively. Coupled Eulerian-Lagrangian method
was used to simulate the whole process of underwater explosion of four kinds of aluminized explosives on
the basis of verifying the effectiveness of numerical method. The coupling effect between shock wave and
bubble was considered in the numerical simulation. The impact effect is explained from three aspects: shock
wave, bubble and energy output configuration. Simulation results show that with the increase of Al/O ratio,
shock wave attenuation constant, shock wave impulse, bubble period, bubble maximum radius and specific
bubble energy of underwater explosion of aluminized explosives all increase. Shock wave peak pressure,
energy flow density and specific shock wave energy reach the maximum when Al/O ratio is 0.36. The
addition of aluminum improves bubble energy more significantly than shock wave energy.

Keywords: aluminized explosive; Al/O ratio; underwater explosion; shock wave; bubble; energy output

065101-9


http://dx.doi.org/10.3969/j.issn.1001-0645.2013.03.005
http://dx.doi.org/10.3969/j.issn.1001-0645.2013.03.005
http://dx.doi.org/10.3963/j.issn.1001-487X.2009.01.006
http://dx.doi.org/10.3963/j.issn.1001-487X.2009.01.006
http://dx.doi.org/10.11858/gywlxb.2010.04.013
http://dx.doi.org/10.11858/gywlxb.2010.04.013
http://dx.doi.org/10.3969/j.issn.1001-0645.2013.03.005
http://dx.doi.org/10.3969/j.issn.1001-0645.2013.03.005
http://dx.doi.org/10.3963/j.issn.1001-487X.2009.01.006
http://dx.doi.org/10.3963/j.issn.1001-487X.2009.01.006
http://dx.doi.org/10.11858/gywlxb.2010.04.013
http://dx.doi.org/10.11858/gywlxb.2010.04.013

