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ABSTRACT

Liquid storage tanks are very important structures for storing various types of
fluids in urban and industrial areas. Therefore, designing, manufacturing, and
evaluating their performance for different conditions is very important. In this
study, the behavior of steel tanks with changes in the ratio of height to diameter of
the structure under the effects of far and near field earthquakes has been
analyzed and studied. For this purpose and for better analysis of these structures,
4 models of steel tanks with different height to diameter ratios and in empty and
90% full states have been subjected to seismic analysis using modeled ANSYS
finite element software. To better investigate the trend of seismic effects on steel
tanks, selected far and near-field earthquakes have been scaled to the same
amount of 0.5g. The results showed that in empty tank conditions, by increasing
the ratio of height to diameter to more than 1, the maximum values of
displacement in the far and near-field earthquake are close to each other. The
results also show the extraordinary importance of adding water to the response of
steel tanks due to far-field earthquakes for a height to diameter ratio of more than
1. In most cases, by increasing the ratio of height to diameter of the structure and
adding the fluid to the analysis, the values of the first main stress and the
maximum reaction of the horizontal abutment in the two modes of analysis under
the effects of the far and near-field earthquakes get closer to each other. The
results show that in order to analyze and investigate steel tanks affected by
earthquakes, in addition to near field earthquakes, far-field earthquakes should
be studied and analyzed.
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Earthquake classification criteria based on Table 1 Station
distance @
PGV/PGA arms [ IA PGV CAV  PGA =
S g =
(km) g s 5
0.1 0.5 30 0.4 20 0.3 0.2 § H Event o
©
L
(sec) (m/s?) (cm.s27™ (m/s) (cm/s) (g sec) (@)
0.1114 1.299 153.9852 8.377 91.108 2.0985 0.834 1 Near KOBE 1
0.06656 0.22167 9.488 0.09096 5.157 0.2743 0.079 86.94 Far KOBE 2
0.184 2.4905 168.8124 5.0200 111.47 1.23105 0.617 5.43 Near NORTHRIDGE 8
0.0501 0.15055 6.1688 0.07326 3.294 0.2550 0.067 69 Far NORTHRIDGE 4
0.2977 1.1498 131.58 0.7870 92.61 0.43317 0.317 0.07 Near IMPERIAL 5
VALLEY
0.0537 1.2342 8.9803 0.08033 8.84 0.09318 0.168 31.92 Far IMPERIAL 6
VALLEY
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Model  Diameter Height (m) Thickness (mm) Ratio of height to diameter

(m)
A 6.1 1.2 9.53 0.197
B 6.1 3.05 9.53 0.5
C 6.1 6.1 9.53 1
D 6.1 9.15 9.53 15
O 5 Ji ool Slasin F Jgo
Water
Viscousity Bulk Module Density
1.13*10-3 (N.s/m?) 2068.5 (kg/m°) 1000 (kg/m?)
Steel
Posson Ratio Density Module of Elasticity
0.3 7857 (kg/md) 200(GPa)

.0 T _f

8,90 [V0] e o 50 o0 o)Ll b Jloge julUT b b abgspe Joe Jlogejulll 5l Jool> gl sddsaislo Joo oxiw como slp
290 Jae Vs i Coxo Jow pogdle 3ains cpl j0 dslol )0 .0 ls dbgs pe ouls aiSle Juw Gl lis a5 a8 5 18 aslase
wsle (pilge bawgi 5 Su05 9 590 plawe salilj SISl Cow ojle b (59, kB 4 ] S g (35 SIST (o) Sl0
el oad &) I g 5 55me OVl s 398 Allie bt b pols o ohg polie 5JUT bt () Jou 5o .o

DVo]ezre il Julos o3y polie 5 lUl gl ansylie B Jgo

Empty Tank Full Tank
Reference [15] Present study Reference [15] Present study
10.353 10.67 3.27 3.34
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Earthquake Empty Tank Full Tank
Model

o Ux Uy Uz Ux Uy Uz
Kobeh(FAR) 1.97 1.83 0.411 67.9 65.2 3.82
Kobeh(Near) 2.64 2.32 0.463 69.4 65.3 4.00
Northridge (FAR) 2.02 1.35 0.413 71.6 59.3 4.04
Northridge(NEAR) 1.87 2.78 0.494 63.0 73.9 4.23
Imperial Valley(Far) 1.41 1.87 0.405 63.0 73.1 411
A Imperial Valley(Near) 2.45 2.69 0.489 74.6 70.8 4.28
Kobeh(FAR) 4.47 3.98 2.49 185 178 30.2
Kobeh(Near) 6.24 5.07 2.73 189 181 314
Northridge (FAR) 4.50 2.69 2.47 194 162 316
Northridge(NEAR) 4.10 6.51 2.89 174 203 33.2
Imperial Valley(Far) 2.89 4.13 244 173 197 325
B Imperial Valley(Near) 5.60 6.01 2.83 205 194 33.6
Kobeh(FAR) 17.9 15.8 10.8 399 384 145
Kobeh(Near) 2.05 25 6.43 402 397 146
Northridge (FAR) 18 104 10.8 419 352 152
Northridge(NEAR) 16.4 26 12.9 379 438 155
Imperial Valley(Far) 12.2 16.5 10.6 393 467 170
c Imperial Valley(Near) 22.5 23.6 12.8 445 428 160
Kobeh(FAR) 83.1 63.6 33 1209 928 419
Kobeh(Near) 3.96 82.7 20 1066 835 407
Northridge (FAR) 82.6 461 34.6 1098 753 441
Northridge(NEAR) 55.1 82.5 35.2 719 1075 404
Imperial Valley(Far) 59.7 86.4 35.6 1187 1486 531
D Imperial Valley(Near) 83.5 7.8 37.2 1049 1006 430
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Empty Tank Full Tank
Model Earthquake S1(MPa) S3(MPa) S1(MPa) S3(MPa)
Kobeh(FAR) 0.091 0.163 3.78 1.99
Kobeh(Near) 0.128 0.182 3.96 2.08
A Northridge (FAR) 0.090 0.153 3.99 2.08
Northridge(NEAR) 0.132 0.190 421 2.20
Imperial Valley(Far) 0.083 0.152 4.07 2.13
Imperial Valley(Near) 0.145 0.201 421 2.20
Kobeh(FAR) 0.124 0.50 11.90 11.60
Kobeh(Near) 0.175 0.563 12.20 12.00
B Northridge (FAR) 0.105 0.476 12.00 11.90
Northridge(NEAR) 0.173 0.591 13.00 12.70
Imperial Valley(Far) 0.100 0.471 12.30 12.30
Imperial Valley(Near) 0.200 0.615 13.20 12.90
Kobeh(FAR) 0.183 1.03 24.30 21.80
C Kobeh(Near) 0.527 0.715 25.20 21.70
Northridge (FAR) 0.171 1.01 23.60 22.10
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Northridge(NEAR) 0.275 1.27 25.80 22.80
Imperial Valley(Far) 0.158 0.985 25.70 24.70
Imperial Valley(Near) 0.314 1.31 28.90 23.80
Kobeh(FAR) 0.406 2.25 39.60 37.80
Kobeh(Near) 1.31 1.43 40.00 36.50
D Northridge (FAR) 0.415 2.25 37.60 38.60
Northridge(NEAR) 0.421 2.30 40.80 35.80
Imperial Valley(Far) 0.432 2.36 43.40 46.00
Imperial Valley(Near) 0.491 2.57 45.2 38.8
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Empty Tank Full Tank
Model Earthquake Rx(KN) Ry(KN) Rz(KN) Rx(KN)  Ry(KN) Rz(KN)
Kobeh(FAR) 19.13 14.53 43.60 51.08 38.62 394/80
Kobeh(Near) 19.13 14.45 46.00 50.84 38.40 417.01
Northridge (FAR) 19.13 10.56 42.00 50.65 27.93 380.00
A Northridge(NEAR) 12.74 19.13 48.60 33.94 50.88 441.00
Imperial Valley(Far) 13.77 19.13 44.86 37.20 50.70 407.00
Imperial Valley(Near) 19.13 17.98 53.27 50.86 47.92 484.24
Kobeh(FAR) 32.10 18.29 73.13 233.33 179.12 966.15
Kobeh(Near) 32.09 24.25 77.24 231.80 174.70 1018.93
Northridge (FAR) 32.10 16.28 70.42 231.38 128.11 929.75
B Northridge(NEAR) 21.38 32.10 81.60 154.35 230.76 1081.54
Imperial Valley(Far) 23.12 32.11 75.28 166.08 242.14 1004.77
Imperial Valley(Near) 32.10 30.17 89.40 233.80 217.31 1202.16
Kobeh(FAR) 53.55 40.70 121.97 654.47 498.14 1915.26
Kobeh(Near) 53.53 40.15 107.06 634.16 474.94 2009.37
Northridge (FAR) 53.56 29.55 117.44 655.00 381.87 1832.56
¢ Northridge(NEAR) 35.67 53.54 136.04 426.49 643.68 2216.29
Imperial Valley(Far) 38.59 53.57 125.55 537.90 756.55 1986.77
Imperial Valley(Near) 53.54 50.34 149.11 637.38 607.10 2455.60
Kobeh(FAR) 756.50 575.84 170.79 1178.37 905.09 2859.63
° Kobeh(Near) 752.17 564.13 149.92 1071.30 829.23 3019.53
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Northridge (FAR) 748.63 414.26 164.42 1235.23 724.01 2772.14
Northridge(NEAR) 500.49 749.90 190.78 724.55 1082.62  3329.63
Imperial Valley(Far) 538.85 772.52 176.01 1371.85 1071.25  3110.35
Imperial Valley(Near) 754.83 706.50 209.25 1050.79 ~ 1009.40  3513.49
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