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Experimental and numerical simulation study on blast-
resistance capacity of polyurea sprayed steel tank
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Abstract: To investigate the enhancement effect of polyurea coating on the blast-resistance capacity of steel
storage tanks, two ground explosion experiments were carried out in this study via the scale model steel tanks
with polyurea coating sprayed inside and uncoated steel tanks, and the response data such as displacement time-
history and residual deformation of the measuring point of the tanks were collected. Meanwhile, ALE fluid-solid

coupling analysis method in LS-DYNA software was used to simulate the explosion response process of the
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tanks, and the influence of different coating connection settings, tank materials and coating thickness on the
coating protection effect was investigated. The test results show that the inner spray polyurea coating can
significantly reduce the maximum displacement and residual deformation of the tanks. The numerical simulation
results show that the influence of different connection settings between the polyurea coating and the steel plate
on the peak displacement of the tanks is negligible, while the influence on the residual displacement of the tanks
1s great. At the same time, with increase of steel yield strength, the displacement reduction ratio of polyurea

coating decreases gradually. Increasing the coating thickness can reduce the deformation of tank. Howerer, the

enhancement effect decreases continuously.

Keywords: steel tank; polyurea; blast-resistance capacity; fluid-solid coupling

VT ARk, A I Ak T X% kR R 2 o 1 B
B 202045 1 H , 8RN E J2 W 7 it il i 1XC gk 35 3
N2 4 R MR 1 U S 104236 e B S
etk o A R TR E 1 B 5 4 O 5 )
Y0 Pl — R M P DG 3 A R S, R TR i vl
BIERBA B RMEEFEmZ B EACHE, YHEX
B VA - K| Doy (o e i e ol (O R L P 1B 813
Qe B At et G0 R A e R R 0O 2 AT i R
A ZE R BRI BOR I L O R R E TS
BRI B R & Tt R A T,

% Vx5 K 56 1 R (PSUA) J& 3T 20 4F S AF il
e W — Ff o AL it T B RN, L EURL Rk 2
— B Ay AR AR, BT B K B 55 SR AL
BTN T TR, KEi &, R
Ik % J2 25 A T o o O WA SR P e
Davidson %5t 5 IR W% ¥ (1) ) 44 5% 47 1 3 58 K %k
(B DL 43, W 90 e WD, 7 95 4 T 6 O 2R Uk g
A5 R B T B R B POk MR fiE . Raman %500 X 5 ik
U B T TR B - MR PO R ) HEAT T BB AR UL F
58, 85 R RN IR VR )2 e 05 5 8 e AE T 3 TR
5 - A ) A FS ) L IR /N 40 %0 o i o SR AR
T4 B 45 Ah DU BE 1 B T Y AH DG A A W IRAS TR
i 2 Y BART . Xue M I 3 5 5 B0UE 4 AT
KB WU R oy T B AR R L2 4 TR W 45 A A AE 3
45 IR W 3 N (neck retardation) , i X2 M 45 ¥4 1% #i
R T = T[T G R U s = A i
71 s Meshane 255X Xue 260 38 AT B A W)-
4 A WUZ MR 2 75 W SEBIF 5 & IR, 78 e 1 W I
J7 T, JE % 19 R IR [ ) SR G W TR JE N S A A —
SE [ 38 3 AR 5 Jiang S50 5 IR A2 A A9 A A A1 S
i T By M AT g A 5T K B, AE AR b i AR
T, RR R JZE R 08 A A5 N AR 0 SRR AR Y B
2R 2 TR A A AR TR B G 0 R Y iR
JERTFH IR . BT, BUA 5 2 R IR T AR

R (2R WK — <6 J XUJZ A ) B Jmy ¥ 7R 38T 5 T
T8 B R AR ) B0 HR I 1 B B AT TR,
T IRMR L T R B A 0 4 g RE 4R Tl sk
Z W

2 B B8 R RY AR i it E ) KRR P E E AT A
L 235 g A5 7R ) g e ed 3 6 A ) L A, B
IR IR Uik J2= 6 9 RE 4 i S A 2 R T A BE T B B 0
YRR, T 25 A iR A R AT A BROC AT S5 3T L .

1 BRI

1.1 RWigt

2 e 30 7 Bl 45 TR K 22 & A R 5 37 Ml
HEAT , TF 20 KEZ S A TNT #E 25, it & 2 kg,
TR A B AL A, G &l 1 R .

-

1 WA TNT#H
Fig.1 TNT explosive in test

WU F AR 75 A SRR TR )2 X O Y ik i A i 0
FI v U2 409 ] A R 0 2% BE 0 O 4R T, BT L 1R B
A5 7 S S A Al A L 5 3 X S s A R A AT I
B4R A B, He B 1:26. 7, 48805 1 56 HE K
R 25 48 o3 Sy L TOU L [58 AE JE e BE Rk 22 3R A3,
e, HETH R EREJRE E O 1 mm, 5 22 JE R 2 mm,
PRBFRE S Q235 AR 8 , A58 7L R 4P 2 T s

A AN T A P 22 1) R PR 42, O A 3 22 v e A
SO 32 AR AL G FT A b T A B K R A S
UGS GER 0 29 3, an 181 3(a) B o BRI )2 349 57



46 AR B xE A F RO E L % 45 %

- BT G U S I v R UR T4 B 10 0 3 0
1 245 K AN A B AN T 4 TR .

D85 1 UCHEKE , T8 1 2 50 5 e 0 J2 0 e 43 o7
K2 , 4 26 P 0 55 300 098 1 S BE B S 4
ik RS 2) 55 2 YR KE , TV T2 A 5 B 2 4 3 St

e K25 WO, 0 25 vt 5 0 E A T A BE BE B N
3.2 me

450

2625

1250

I 275

(= 3025
B2 #EREEILAR T BE (B4 mm)

Fig.2 Geometric dimension sketch of tank model
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Table 1 Parameters of TNT material and EOS

W/ (tmm ) BEED/(ms ) A/GPa B/GPa

1.63x10°7 6930 371 3.23
R, R, w E/(Jm %)
4.15 0.95 0.3 7%10°
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Table 2 Parameters of linear polynomial EOS

#RE/(tmm™)  C,/MPa C, C, C,
1.29%10 " 0 0 0 0
v, C, C, Cs E/(Jm™?)
1.0 0.4 0.4 0 0.25%10°
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Table 3 Parameters of steel tank material

W/ PRPERE A

,q N B N C
(10 "tmm *) #/GPa L

7.83 170 0.3 210 372 0.452  0.049
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Table 4 Parameters of ployurea coating

R/ L/
y - ., ’ - THIA L C/s ! p
(1077 tmm °) MPa
1.07 150 0.47 98.16 4.52
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displacement of 3.2 m blast at 200 ms
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Fig. 11 Cloud image of calculated explosion displacement

of 4 m blast at 200 ms
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Table 5 Comparation between calculating results and test

data of test points

I 54 K A2 A% /mm

PAEIE R /m R ey pr—— WE/Y%
Tz 39.13 38. 60 —1.4
b AW 26.24 25.43 —3.1
- T2 63. 60 66.69 4.9
HikZE 44.27 52.58 18.8
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Fig. 12 Comparison between simulating results and

test data of test point displacement
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Table 6 Comparison between the calculated maximum

displacement of tank

SRVERE B /m WIZ G R/ mm
TRz 103. 36
4.0
EER = 82.17
- TRz 163. 59
' HRJE 124. 27
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maximum displacement of tank under different contact types
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Table 7 Parameters of steel plates

&2 /(10 "t'mm ?) LA i/ GPa MER/N 4 A B N C
Q345 7.85 206 0.3 374 795.7 0.454 0.016
45 7.85 209 0.27 507 320 0. 064 0.28
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Fig. 15 Comparison between time-history curves of

maximum displacement of different steel tanks
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Table 8 Comparison between maximum displacements of

tanks with different steels

e TR AWRERRE DUEGE )
KAk /mm  RAIES/mm MR/
Q235 163.59 124.27 24.03
Q345 82.03 72.70 11.37
45% 59. 20 55. 38 6.45
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Table 9 Comparison between maximum displacements of

tank with different coating thickness

W /mm AR 2R R K ALRS /mm FURERE SRR/

0.5 137. 39 16.02
1.0 124.27 24.03
1.5 117.17 28. 38
2.0 112.90 30.99
2.5 110. 23 32.62
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Fig. 16 Curve of coating thickness enhancement
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