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Static and dynamic simulation in the seismic
behavior of a building structure using ANSYS
program
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Abstract— This paper present the results of seismic behavior
simulation obtained in two different methods used to analyze a two
stories building. The methods presented in the paper are: the static
equivalent forces method and the modal spectral analysis method.
Both methods were applied using Finite Elements Method and
ANSYS program for the tri-dimensional structure of the building.
The study was made in order to determine which type of analysis is
more convenient and easier to be applied in ANSYS program for
simulating the seismic behavior of a classical type of reinforced
concrete building.
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I. INTRODUCTION

N the Romanian design building codes we have 3 different
types of analysis used to determine the seismic behavior of
the buildings:

- equivalent static analysis

- modal spectral analysis

- time history analysis

The first two of them are easier to be implemented and they
can be applied to a building with a medium complexity of the
structure.

ANSYS program is not frequently used in buildings analysis
but it is a very complex program which can simulate a wide
range of static and dynamic behaviors, and can be used with
caution in these types of analysis for buildings.

For the comparison we have choose to analyze a two stories
reinforced concrete building with uniform structure and two
axis of symmetry, also we have similar stories (fig.2).

The building is subjected to a classical type of loads and the
soil foundation is considered rigid.

For this type of analysis are used the bar uni-dimensional
finite element for the columns and beams and SHELL finite
element for the slabs.

The nodes which connect to soil foundation are considered
fixed with all degrees of freedom restrained.
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Fig. 1 The finite element model of the structure

Fig. 2 Resistance structure of the building

1. PROBLEM FORMULATION

The equivalent static method defines a series of forces
acting on each floor to represent the effect of earthquake
ground motion. These forces are considered to be applied at
the mass center of each floor.
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where: F;— floor forces, i — floor number, m; — floor mass; z; —
distance between floor i and ground; Fy — shear base force
(depends on building mass):

F, =7S.(T.)ma )

where: v, — building importance coefficient,
m — total mass of the building,
A — correction factor,
Sd(T,) — response spectrum for T,

Modal spectral analysisis a linear-dynamic statistical
analysis method which measures the contribution from each
natural mode of vibration to indicate the maximum seismic
response of the structure.

This analysis provides insight into dynamic behavior by
measuring  pseudo-spectral  acceleration,  velocity, or
displacement as a function of structural period for a given
level of damping.

The natural modes which have a superior importance
coefficient are considered for modes combination.

The combination of modes can be done in five different
ways:

- Complete Quadratic Combination Method (CQC),

- Grouping Method (GRP),

- Double Sum Method (DSUM),

- SRSS Method (SRSS),

- NRL-SUM Method (NRLSUM).

In this paper we have used CQC method.

I1l. PROBLEM SOLUTION

Both methods for seism simulation: equivalent static and
modal structural analysis have been used on the 3d building
structure. The results are presented for the central longitudinal
and transversal frame.

The moments are presented in the figures in KNm and the
shear forces in kN. For a better understanding we have
presented the moment diagrams separately for beams and
columns for each of the two methods.
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Fig. 3 Beams Moment diagram (first method)
on longitudinal frame
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Fig. 4 Columns Moment diagram (first method)
on longitudinal frame
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Fig. 5 Beams Moment diagram (first method)
on transversal frame
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Fig. 6 Beams Moment diagram (second method)
on longitudinal frame
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Fig. 7 Columns Moment diagram (second method)
on longitudinal frame
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Fig. 8 Beams Moment diagram (second method)
on transversal frame.
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Fig. 9 Columns Moment diagram (1% method)
on transversal frame

Issue 3, Volume 7, 2013

-39.831
-35.603
-31.376
-27.148
-22.921
-18.694
-14.466
-10.239
-6.011
-1.784
2,444
6.671
10.899
15.126
19.353
23.581
27.808
32.036
36.263
40.491
44.718
48.945

-52
-4

-39,

-32
-25

L9744
. 842
71

. 578
. 448

-18.314
-11.182
-4.05

3.082

10.214
17.346
24.478
31.861

38.742
45.874
53.006
60. 138
e7.27

74,402
81.534
88,666
95.798

T7.81

212

el il
ailll_atll_aill_ it ]

Iﬁl? I._m, [ v 506 509 :I"“
e X
20,145 3.236 26.621 50,006
B.456 14.928 38.313 61.696
Fig. 10 Beams Shear Force diagram (1* method)
on longitudinal frame
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Fig. 11 Columns Shear Force diagram (1% method)
on transversal frame
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Fig. 12 Columns Moment diagram (2™ method)
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Fig.16 Shear Force diagram (self weight) on longitudinal frame
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Fig. 18 Axial Forcea diagram (self weight) on 3D structure
Fig.15 Moment diagram (self weight) on longitudinal frame
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Fig. 20 Shear Forces diagram (self weight) on 3D structure
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Fig. 24 Columns Shear Forces diagram (seism) on transversal frame
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frame

Fig. 22 Columns Shear Forces diagram (self weight) on transversal
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Fig. 25 Columns Shear Forces diagram (seism) on longitudinal frame
second method
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Fig. 23 Columns Shear Forces diagram (seism) on longitudinal frame Fig.26 Columns Shear Forces diagram (seism) on transversal frame
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Fig. 27 Vibration Mode no. 1 (f=1,815 Hz)
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Fig. 28 Vibration Mode no. 2 (f = 1,886 Hz)
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Fig. 29 Vibration Mode no. 3 (f=2,13 Hz)
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Fig. 30 Vibration Mode no. 4 (f = 5,597 Hz)
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Fig. 31 Vibration Mode no. 5 (f = 5,718 Hz)
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Fig. 32 Vibration Mode no. 6 (f = 5,718 Hz)
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In Ansys for the beams and columns of the structure has
been used 3DBeam finite elements and for the floors has been
used SHELL elements. The supports of the structure has being
considered rigid.

For the equivalent static analysis, were calculated all Fi
forces and were applied at the mass centers of each floor and
for the modal spectral analysis was used a corresponding
spectrum.

I. CONCLUSIONS

The equivalent static analysis implies using the master and
slave nodes in order to achieve the diaphragm hypothesis for
the floors. In this case the master nodes are the nodes at the
mass center of each floor in which we have applied the Fi
equivalent forces and the slave nodes are all other nodes on
that floor.

The modal spectral analysis is a two step analysis, first is
necessary to perform a modal analysis then the spectrum
analysis.

As conclusion, in Ansys the preparation of the model for
analysis is quicker for modal spectral analysis then for the
equivalent static analysis.

Analyzing the diagrams results we can see that the shape of
the diagrams is almost identical and the values are similar. The
maximal differences between the results obtained with these
two methods are as follows:

- 14% for beams moments - longitudinal frame;

- 16% for columns moments — longitudinal frame;
- 7 % for beams shear forces — longitudinal frame;
- 10% for beams moments - transversal frame;

- 14% for columns moments — transversal frame;

- 10 % for beams shear forces — transversal frame.

In conclusion, in ANSY'S program is easier to determine the
seismic behavior of the buildings using modal spectral analysis
and the results of both methods are very similar, the average
difference between results was 11,8 %.
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