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Fluid-structure interaction, .
Von Mises stress, Above-ground concrete tanks are exposed to external threats such as explosive
Maximum displacement, loads due to their exposed location. A realistic assessment of the behavior of
Kinetic energy, these structures requires consideration of the complex phenomenon of fluid-
Park-Ang damage index. structure interaction. This study numerically investigates the response of

cylindrical concrete tanks under the influence of an explosion, focusing on the
effects of key variables such as tank filling level (empty, half-full, and full) and
the distribution pattern of fluid hydrostatic pressure (uniform and non-
uniform). Simulations were performed using the finite element software
Abaqus and structural responses including maximum von Mises stress,
maximum displacement, kinetic energy, and Park-Ang damage index were
analyzed. The findings clearly demonstrate the pivotal role of the presence of
fluid in modulating the structural response. So that the full tank condition,
compared to the empty condition, resulted in a significant reduction of 41% in
maximum stress, 90% in displacement, 8.9% in Kinetic energy, and 15.4% in
damage index. In contrast, tank emptying had the opposite effect, increasing
these values by 18.1, 31.2, 4.1, and 17 percent, respectively. Also, changing the
fluid pressure distribution pattern from uniform to triangular (nonuniform),
although causing a 84.3 percent decrease in displacement and 4.1 percent in
kinetic energy, on the other hand, we witnessed a 35.6 percent increase in
stress and 2.5 percent in damage index. The results of this study emphasize the
necessity of accurate modeling of fluid-structure interaction and considering
tank operating conditions (filling rate and pressure pattern) in the design and
evaluation of the resistance of such structures against severe dynamic loads

@ @ such as explosions.
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+5.266e+09
+4.787e+409
+4.309e+09
+3.830e+09
+3.351e+09
- +2.872e+09
+2.394e+09
+1.915e+09
+1.436e+409
+9.575e+08
+4,787e+08
- +0.000e+00

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+6.893e+409
+6.31%+09
+5.744e+09

- +5,170e+09

- +4,596e+09
+4.021e+09
+3.447e+409
+2.872e+09
+2,298e+09

- +1,723e+09

- +1,14%e+09

+5.744e+08

+0.000e+00

S, Mises

SNEG, (fraction = -1.0)
(Ava: 75%)

- +4.051e+09
+3.713e+09

+2.7010+09
+2.3632+09
+2.0252+09
+1.688e+09
+1.350e+09
+1.013e+09
+6.751e+08
+3.376e+08
+0.000e+00

S, Mises
SNEG, (fraction = -1.0)
(Ava: 75%)

- +4.376e+09
+4.011e+09
+3.647e+09
+3.282e+09
+2.917e+09
+2.5532+409
+2.188e+09
+1.823e+09
+1,45%+09
+1.094e+09
+7.293e+08
+3.647e+08
+0.000e+00
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5, Mises

(Avg: 75%)

- +2.2350+07
+1.1178407
+0.000e 400

5, Misas

[Avg: 75%)

+4, 442e+09
+4,072a-+02
- +3.702e+09
+3.332e+409
+2,962e402
+2.591e+09
+2.2212408

+1.851e405
+1.481e+08
+1 1112409

+08
-}-3 7028-'-03

SNEG, (fraction = -1.0)

SHEG, (fraction = -1.0)

7. 404 .

5, Mises

{Avg: 75%)

+9.0022 409
+8.251e4+09
+7.501e+0%
+6.751e+08
+6,001e+09
+5.251e+09
- +4,501e+0%

+7.501e408
+0.000e+00

SMEG, (fraction = -1.0)

S, Mises

(Avg: 75%)

+2.291e409
+2.100e+09
+1,909e+09
- +1,718e+09
- +1,528e+09
+1.337e+09
+1,146e 409
+9.547e+08
+7.638e+08
- +5.728e+08
+3.81%e+08
+1.909e+08
+40.000e 400

SNEG, (fraction = -1.0)
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U, Magnitude

+2.173e-01
+1.992¢-01
+1.811e-01
+1 630e-01

1.449e-01
+1 268e-01
+1.0862-01
+9.054e-02
+7.243e-02

+5.432e-02
+3.621-02
+1.811e-02
+0 000e+00

U, Magnitude

+7.731e+00
+7.087e+00
+6.442e 400
+5,79824+00
45.1542400
+4.510e+00
+3.865e+00
+3.221e+00

+2.5772400
41,9332400
4-1 2835+0ﬂ

6.442e.
+ﬂ ﬂﬂﬂa+00

U, Magnitude

+8.387e+00
+7.6882+00
46,9892400
+6.290e+00
+5.5918+00
- +4.852e+00
+4.1932+00
43,4942400

+2.796a+00
+2.097e+00
+1.3882+00
+6.989e-01
+0 0002+00

U, Magnitude

+8.071e+00
+7.39%+00
- +6.726e+00
+6.053e+00
+5.381e+00
+4.708e+00
+4.036e+00

+3.363e+00
+2.690e+00
+2.018e+00
+1.345e+00
+6.726e-01
+0 000e+00

U, Magnitude

+7.287e+00
+6.680e+00
+6.073e+00
+5.466e+00
+4.858e+00
- +4.251e+00
+3.644e+00
+3.036e+00

+2.429e+00
+1.822e+00
+1.215e+00
+6.073e-01

+0.000e+00

U, Magnitude

+7.750e+00
+7.104e+00
+6.458e+00
+5.812e+00
- +5.167e+00
- +4.521e+00
+3.875e+00

+3.229e+00
+2.583e+00
+1.937e+00
+ 1 292e +00

+0 000e +00

A/l J.Lo 5 ol dbul oluls —A S

S, Mises

SNEG, (fraction = -1.0)
(Avg: 75%)
+1,670e+09
+1.531e+09
+1.391e+09
+1,252e+09
+1,113e+09
+9.740e+08
+8.34%e+08
+6,957e+08
+5,566e+08
+4.174e+08
+2.783e+408
+1,391e+08
+0,000e+00

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+1.248e+09
+1.144e+09
+1,040e+09
+9.357e+08
+8.318e+08
+7.278e+08
+6.,2382+08

+4.15%e+08
+3.11%e+4-08
+2.079e+08
+1.040e+08
+0.000e+00

S, Mises
SMNEG, (fraction = -1.0)
(Avg: 75%)

+7.945e+08
+7.283e+08
+6.621e+08
+5.95%+08
+5.297e+08
+4.635e+08
+3.973e+08

+3.311e+08
- +2,6482+08
+1.986e+08
+1.324e+08
+6.621e+07
+0 000e+00

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+7.615e+08
+6.981e+08
+6,346e+08
+5.712e+08
+5.077e+08
+4.442e+08
+3.808e+08

+O 000e+00

S, Mises
SMNEG, (fraction = -1.0)
(Avg: 75%)

+6.882e+08
+6.309e+08
+5.735e+08
+5.162e+08
+4.588e+08
- +4.015e+08
+3.441e+08

+1' 1470408
+5,735e+07
+0.000e+00

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+6.36%e+08
+5.838e+08
+5,308e+08
+4.777e+08
+4.246e+08
+3.715e+08
+3.185e+08

+0.000e+00
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U, Magnitude

+6.178e-01
+5.663e-01
+5,148e-01
+4,633e-01
+4.118e-01
+3,604e-01
+3.08%-01
+2.574e-01

+0 000e+00

U, Magnitude

+5.556e-01
+5.093e-01
+4.630e-01
+4.167e-01
+3.704e-01
+3.241e-01
+2.776e-01
+2 31Se-01

+0,000e+00

U, Magnitude

+1.130e+00
+1.036e+00
+9.415e-01
+8.473e-01
+7.532e-01
- +6.590e-01
+5.64%-01
+4.707e-01

+3.766e-01
+2,824e-01

+0 000e+00

U, Magnitude

+8.060e-01
+7.388e-01
+6.717e-01
+6.045e-01
+5.373e-01
+4.702e-01
+4.030e-01
+3.358e-01

+2.687e-01
+2.015e-01
+1.343e-01
+6.717e-02
+0.000e+00

U, Magnitude

+7.563e-01
+6.933e-01
+6,303e-01
+5.673e-01
+5.042e-01
+4.412e-01
+3.782e-01
+3.151e-01

+1.261e-01
+6.303e-02
+0 000e+00
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U, Magnitude

+3.7162+00
+3,4072+00
+3.097e+00
+2.76872+00
+2,4782400
+2.1682+00
- +1.8582+00

+1.5482+00
+1,23%e+00
+9.291e-01
+6.194e-01
+3.097e-01
+0,000e+00

U, Magnitude

+6.713e+00
- +6.154e+00
+5.595e+00
+5.035e+00
+4.476e+00
+3.916e+00
+3.357e+00

- +2.797e+00
+2.238e+00
+1.678e+00
+1 119e+00

.595e-01
+0 000e+00

U, Magnitude

- +1.372e+01
+1.258e+01
+1,143e+01
+1,029%e+01
+9.146e+00

- +8.003e+00
+6.85%e+00

+5,716e+00
+4.,573e+00
+3.430e+00
- +2.286e+00
+1.143e+00
+0.000e+00

U, Magnitude

- +1.995e+01
+1.82%e+01
+1,663e+01
+1,497e+01
+1.330e+01

- +1.164e+01
+9.977e+00

+8.314e+00
+6.651e+00
+4.988e+00
- +3.326e+00
+1.663e+00
+0.000e+00

U, Magnitude

+1.950e+01
- +1.768e+01
+1.625¢+01
+1,463e+01
+1,300e+01
+1,138e+01
+9.751e+00

- +8.126e+00
+6.500e+00
+4.875e+00
+3,250e+00
+1,625e+00
+0.000e+00

U, Magnitude

+1.736e+01
+1,591e+01
+1.447e+01
+1.302e+01
+1.157e+01
+1.013e+01
+8.6792+00

+7.233e+00
+5.786e+00
+4.340e+00
+2,893e+00
+1.447e+00
- +0.000e+00

U, Magnitude

+1.015e+00
+9.302e-01
+8.456e-01
+7.611e-01
+6.765e-01
+5.920e-01
+5.074e-01
+4,228e-01

+0 000e+00
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S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+9.9%942408
+9,161e+08
+8.328e+08
+7.496e-+08
+6.6630-+08
+5.830e408
+4,997e+08
+4.164e+08
+3.331le+08

+2.45%e-08
+1.666a8408
+8,328e407
+0 000e-+00

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)
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+1.252e409
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+9.740e+08
+8.34%9e+08

+6.957e+08
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+0.000e+00
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U, Magnitude

+1.058e+00
- +9.697e-01
+8.815e-01
+7.934e-01
+7.052e-01
+6.171e-01
o+ +5.289%e-01
+4,408e-01
+3.526e-01
+2.645e-01
+1,763e-01
- +8.815e-02
+0.000e+00

U, Magnitude

+1,190e+00
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+0.000e+00

U, Magnitude
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