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Abstract

In this research, in order to evaluate the effect of parameters such as geometry, stored material,
concrete strength, silo wall thickness and FE mesh size on seismic response modification factor, finite
element modeling is generated in three conditions: full, half-filled and empty. In this way finite element
Abaqus is used for modeling and static nonlinear pushover analysis. As a sample, two types of models
are created: the clinker silo (without basis) and by pass clinker silo (legged). Then, the mentioned
models are subjected to nonlinear finite element method and the base shear-displacement diagrams are
extracted. All of the mentioned graphs are evaluated by Young method to be bilinear. The response
modification factor and the connected parameters such as plasticity, added resistance and plasticity
ratio have been calculated.

The calculated response factors are more than that of the design regulation of seismic buildings code
(standard of 2800) and also the Code of IBC (Asce-7-16) and it can be said that regulations are
conservative.

The results show that the parameters of the geometry (diameter to height) and filled or emptiness of the
silos are not very effective in the amount of response modification factor. However, the response
behavior factor does not change significantly by increasing the strength of the concrete and it can be
concluded that the response factor is not related to the concrete strength.

Increasing the thickness of the silos due to increased plastic capacity increases the R Value and
increasing the mesh size due to the reduction of the accuracy of the calculations, reduces R and it
indicates that the change of the response factor obtained from the initial value is small and does not
affect the behavior much.

Keywords: Response Modification Factor, Concrete Silos, Nonlinear Static Analysis, Pushover,
Parametric Study, Finite Element Method.
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Compressive Behavior

Yield stress Inelastic strain Yield stress Inelastic strain
1 8.58158 0 12 14.82188 0.00351
2 15.88064 0.00032 13 12.81317 0.00383
3 21.61857 0.00064 14 11.10291 0.00415
4 25.43643 0.00096 15 9.65764 0.00447
5 27.43562 0.00128 16 8.43905 0.00479
6 28 0.0016 17 7.41057 0.00511
7 27.17761 0.00192 18 6.54005 0.00543
8 25.13577 0.00224 19 5.80027 0.00575
9 22.50065 0.00256 20 5.16871 0.00607
10 19.74432 0.00288 21 4.62689 0.00639
11 17.14315 0.00319 22 4.15976 0.00671

il S s’ SISl o TA v wladic 1) Jguz
Tensile Behavior

Yield stress Inelastic strain Yield stress Inelastic strain
1 2.8 0 9 0.43257 0.00092
2 1.5534 0.00011 10 0.39551 0.00103
3 1.10054 0.00023 11 0.36473 0.00114
4 0.8618 0.00034 12 0.33873 0.00126
5 0.71291 0.00046 13 0.31645 0.00137
6 0.61056 0.00057 14 0.29713 0.00149
7 0.53558 0.00069 15 0.28021 0.0016
8 0.47811 0.0008 16 0.26525 0.00172
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Compressive Behavior

Yield stress Inelastic strain Yield stress Inelastic strain
1 11.41556 0 12 16.46052 0.00346
2 19.06992 0.00031 13 13.99139 0.00377
3 25.37189 0.00063 14 11.92021 0.00408
4 29.81359 0.00094 15 10.1971 0.0044
5 32.27405 0.00126 16 8.76701 0.00471
6 33 0.00157 17 7.57874 0.00503
7 31.99118 0.00189 18 6.58817 0.00534
8 29.44041 0.0022 19 5.75871 0.00566
9 26.11258 0.00251 20 5.06059 0.00597
10 22.62534 0.00283 21 4.46982 0.00628
11 19.35192 0.00314 22 3.96713 0.0066
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Tensile Behavior
Yield stress Inelastic strain Yield stress Inelastic strain
1 33 0 9 0.50981 0.00102
2 1.83079 0.00013 10 0.46614 0.00114
3 1.29706 0.00025 11 0.42986 0.00127
4 1.01569 0.00038 12 0.39922 0.0014
5 0.84021 0.00051 13 0.37296 0.00152
6 0.71959 0.00064 14 0.35019 0.00165
7 0.63122 0.00076 15 0.33025 0.00178
8 0.56349 0.00089 16 0.31262 0.00191
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