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Fig.1 Sketch of the explosion water-well with steel-inner
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Table 1 Explosive material parameters of TNT

p/(kg-m™) D,/(m-s™) po /GPa A /GPa

B/GPa R, R, w E,/GPa

1630 6930 27 371

7.43 4.15 0.95 0.3 19
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s ECN B DISRPERS s o A RPRLAG S i Al
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Table 2 Material parameters of concrete

pl(kg-m™) E/GPa A

o /GPa E,/GPa C P B

2400 30 0.18

0.035 12.7 0 0 0.8

B TR R HH Plastic-Kinematic #5881 | 1412
BN 3 Fras . H g S R 5 R A FR O 333 ~

412 MPa, 1B HHE o =337 MPa , ¥844: Jat JIl 5 ) A%
FR 4 490 ~ 549 MPa, i35 0L o, =519.5 MPa ¥,

®3 WEHEMRSH

Table 3 Material parameters of steel-inner

pl(kg-m™) E/GPa ) o./GPa E, /GPa C P B

7850 206 0.3

0.337 9.4 40.4 5 1
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SHEEAX N

p=(Co+ Copt Cop + Coi’) +(C, + Cou+ C o) E,

(3)
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Table 4 Material parameters of water

p/ (kg-m™) C/(m-s™) 8

S5 Yo a Ey/GPa

1020 1650 1.92

-1.986 0.226 8 0.5 0 0
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13 1.13
p.= 53.3(2) (5)
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B0E AL A5 2 TR RE R B 43 5 20 mm
25 mm, 30 mm 140 mm B KE K I 5 28 245 s
G HE B 25 P41 o 250 em 350 cm 450 cm
F1525 em &b iy b PRI (E R 7 (WL3R 5) . MRS W]
P, X6 TS [ R TR fg g K | AR TR K 7 A o
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Table 5 The comparison of calculation results of underwater shock wave peak pressure

in horizontal direction of different steel-inner wall thicknesses

N [ BE JEEAN [e] B 2 Ak el 2 T 7 0B/ MPa

I KPR S /em FYH/ MPa
20 mm 25 mm 30 mm 40 mm
250 30.98 30.94 30.93 30.91 30.94
350 19.58 19.55 19.54 19.53 19.55
450 13.93 13.91 13.9 13.88 13.93
525 11.65 11.64 11.63 11.65 11.65

F6 KEFBAEIEBAKP A LHIEE
EAtESEREIL
Table 6 The comparison of calculated peak pressure and
the theoretical value of underwater shock wave in

horizontal direction at different distances

Wi /om %ﬂzﬁfr%;%% P. Cole G iﬁ%ﬁ%}ﬂi@ﬁ
14 {E/MPa HEE/MPa AOHIXHREZE/%
250 30.95 28.63 7.49
350 19.56 19.54 0.15
450 13.93 14.73 -5.74
525 11.65 12.38 -5.86

4 SREKFIRER N F 00N BERUF R

4.1 IKHFIBHEVE R TN 7K H R F1 08 B 4 A

XK 245 5 BEJEE 7351 4 20 mm .25 mm , 30 mm Fl
40 mm [ 7K BE O A B KEVE FHIEAT T B AL
PRB T U G AR T BE TR B 7 ) b A ()00 5 Ak o Ak A
JGHY Von-Miss S50 JJIE(H o, THASER (LK T) .
A2 7 vl 0, TR BEJEL RS b= 20 mm B}, o, BYERK
B BE L Z= 0 mAb, HAAH M 348.9 MPa; 4
b=25 mm i, o, W) KAE W PR B o LR
Z=-3.9 mkb, H:{H H 349.6 MPa; 24 b =30 mm i,
oy R RAEAE Z =-3.9 mAb, B 5 349.3 MPa;
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Mb=40 mmi}, o, KRMEJBREAETE Z=-39m
b, HAE A 349.2 MPa, WL, o, TCKME(Z T Z=0m
MZ=-39mib., KL, Z=0m M Z=-3.9 mAib#)
3% F1RANFIAR AR F A S B HE K I 4 4 4k 5 ) 22
KEHEL,

RT FHEFARZREGGFRERRET

ERN NIEEITTESERXT

Table 7 The comparison of calculation results of peak

equivalent stress of the charge explosion in different

units of different cylinder wall thicknesses

& 2 42 b=25 mm.30 mm 140 mm 50 05 I AIFIBEELFII AL E o, [E/MPa
. N ; cm 20 25 30 40
RN Z=0mit o, . o, 1 7, BETE]ZE Ak i - 6;“:‘ 5;“;“ 5;“:‘ Si“:
g ¢ o H = l\ . i . . . .
o W20, Z=0mit o, o il 7, B i Hm 390 344.4 346.3 289.6 281.9
=R % TR 4 S N ¢
SIS BN, BIREAOTRARN oy s ses owm s
B E 2 18 BE bt B A N S W E L B ey = 0 348.9 3483 347.1 347.4
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Fig.2 Time history curves of o,_, , o, and 7, at Z=0 m of different wall thicknesses
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Fig.3 Time history curves of o,_, , o, and 7, at Z=-3.9 m of different wall thicknesses
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Fig.4 Time history curves of £, at Z=0 m of

different wall thicknesses
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Fig.5 Time history curves of &, at the center of

[

different wall thicknesses
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different wall thicknesses
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Table 8 The simulation results of equivalent strain and equivalent plastic strain of different concrete cofferdam thicknesses

400 mm 500 mm
M5 em o, W15/ 107 & (/107 o, {11/ 107 & W/ 10°

520 052 0 0.46 0
390 081 0 0.72 0
260 0.96 0 0.89 0
130 11 0 091 0
0 124 0 115 0
~130 1.52 0.08 1.37 0
—260 1.57 0.12 1.35 0
-390 1.48 0.04 121 0
~520 043 0 0.4 0

€9 /& B=400 mm.500 mm+}, Z=-2.6 mib5N
HNEE oy, o, Fll o, BFREHHZRXT IR, FE 9 ml T,
Fiti 5 R 258 1 PRI HE ISR B B 34, B K K i A iy P

76 HEIREMZ

Loy o Mo EEZEETL, o, (EH347.13 MPa
T W& % 321.52 MPa, o, {8 H 332.42 MPa F [% 3|
292.38 MPa, 7, {tif 194.87 MPa F[%%177.91 MPa.
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Fig.9 The comparison of time history curves of o,_, , o, and 7, at Z=—2.6 m of steel inner wall

of different concrete cofferdam thicknesses
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Table 9 The comparison of bubble curtain on the o 8] E+3)/ms
simulation results of underwater shock wave E11 EESEHEENREHZE
peak pressure Fig.11 The time history curves of pressure
et BB /M Pa with bubble curtain
B /cm - ; N
ENva e
250 29.28 29.28 TEBE MR BRSO, 23 xR e - i 4
350 18.67 18.65 JERE 300 mm 350 mm PR ACHEAT 07 IR 15
4 1334 1333 S A R )T ) S G o, A o, WS
525 12.88 7.65
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Table 10 The simulation results of equivalent strain and equivalent plastic strain of different concrete cofferdam

thicknesses under the condition of bubble curtain

300 mm 350 mm
] 5 B 25 /em
& WEfH/ 107 el Wefl/ 107 ., WEfH/ 107 &l WEfE/ 107

520 0.38 0 0.36 0
390 0.77 0 0.71 0
260 0.84 0.16 0.81 0
130 1.05 0 0.93 0
0 1.16 0 1.17 0
-130 1.43 0 1.31 0
-260 1.6 0 1.44 0
-390 1.44 0 1.31 0
=520 0.45 0 0.38 0
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Fig.12 The comparison of time history curves of o,_, , o, and 7, at Z=-2.6 m of steel inner wall of different concrete

cofferdam thicknesses under the condition of bubble curtain
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Studies on several dynamics problems in the design
of the explosion water-well with steel-inner

Gu Wenbin, Chen Xueping, Liu Jianqing

(Field Engineering Institute, PLA University of Science and Technology , Nanjing 210007 , China)

[Abstract] Taking 3 kg 2, 4, 6-trinitrotoluene (TNT) explosive exploding in the explosion water-well
with steel-linner with internal diameter and depth both of 11 m as the research object, based on numerical simula-
tion, several concerned dynamics problems in the design of explosion well, such as the influence of thickness of
the steel-inner and concrete cofferdam thickness to the force and deformation of the steel, setting the bubble cur-
tain in the well to improve the facilities security and so on, are studied. The results show that the underwater ex-
plosion shock wave parameters in the well are consistent with the result of the calculation by P. Cole formula.
The biggest force and deformation of the inner wall of the steel-inner appears below the horizontal line of the cen-
ter of the charge, when the thickness of steel-inner reaches 50 mm. The equivalent plastic strain where is 1.6 m
far away from the bottom of steel-inner can attain 0.16 %, but this does not meet the conditions of the strength
theory. When the thickness of steel lining is 20 mm, plussing 0.5 m thick concrete cofferdam, the explosion well
with steel-inner meets the requirements of safety design. Setting a bubble curtain, the radius of which is 4.9 m
and the thickness is 0.05 m, can make the peak pressure of the shock wave near the steel wall be decreased by
40.6 %. When the thickness of the steel-inner is 20 mm and the thickness of concrete cofferdam is over 0.35 m, it
will be able to meet the requirements of the security design by taking the bubble curtain method to attenuate the
shock wave. The conclusions above can offer the method and the basis for the structural design of the explosion
well with steel-inner and safety assessment.

[Key words] design of explosion water- well with steel-inner; dynamics analysis; stress and strain re-

sponse; numerical simulation; bubble curtain; concrete cofferdam
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