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ABSTRACT

This paper presents new educational software named Earthquake Simulator 3D which analyzes three
dimensional frame structures under ground motion effect by using OpenSees and visualizes deformed shape
of structure during earthquake by using MATLAB. The plan of structure can be created with the interactive
drawing screen. Earthquake record and direction can be selected by user in the program. Parameters such as
elastic modulus, shear modulus and surcharge loading can also be defined by user. This software may be used
to give examples about structural behavior during an earthquake and can be useful for both civil engineering
and earthquake engineering students. In addition to transient analysis, modal analysis can be carried out,
mode shapes and modal frequencies can be calculated and observed.

Keywords: Structural behavior, earthquake simulation, educational software, ground motion effect, modal
analysis, seismic behavior, 3D frame structures.

3B CERCEVE YAPILARIN SiSMiK DAVRANISINI GOZLEMLEMEK iCiN EGiTiCi BiR ARAC
OZET

Bu ¢aligma, yer hareketi etkisine maruz ii¢ boyutlu gerceve sistemleri OpenSees yazilimini kullanarak analiz
eden ve MATLAB yazilimint kullanarak yapinin deprem siiresince yaptigi sekil degistirmeleri gorsellestiren,
egitici bir yazilimi1 sunmaktadir. Yapinin plani interaktif bir ¢izim ekraniyla olusturulabilir. Deprem kaydi ve
deprem yonii program igerisinde kullanici tarafindan belirlenebilir. Elastisite modiilii, kayma modiilii ve ilave
yiikler de kullanici tarafindan tanimlanabilir. Bu yazilim yapimnimn deprem anindaki davranigini drneklemek
i¢in kullanilabilir ve hem insaat miithendisligi 6grencileri i¢in hem de deprem miihendisligi dgrencileri igin
yararli olabilir. Zaman tanim alaninda analize ilave olarak, modal analiz de yapilabilmekte, mod sekilleri ve
modal frekanslar hesaplanip goriintiilenebilmektedir.

Anahtar Sozciikler: Yapisal davranis, deprem simiilasyonu, egitim yazilimi, yer hareketi etkisi, modal
analiz, sismik davranis, 3B ger¢eve yapilar.

1. INTRODUCTION

Despite human knowledge about earthquakes has increased so far, the behavior of structures
during earthquakes is still an undigested issue for many of civil and earthquake engineering
students. This situation can result in indifference to earthquake related courses. After computer-
aided learning has begun to occupy an important part of engineering education, the indifference
problem can be overcome.

* Corresponding Author/Sorumlu Yazar: e-mail/e-ileti: rafet@yildiz.edu.tr, tel: (212) 383 52 11
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This paper presents new developed educational software named Earthquake Simulator
3D which performs time history analysis and visualizes seismic behavior of three dimensional
frame structures. The dynamic analysis is performed by using OpenSees (Open System for
Earthquake Engineering Simulation) [1] which is a software framework for simulating the
seismic response of structural and geotechnical systems. OpenSees is advanced Nonlinear Finite
Element Analysis [2-5] software and has been developed for performance-based earthquake
engineering at the Pacific Earthquake Engineering Research Center (PEER) and is widely used
for nonlinear seismic analysis of structures. Earthquake Simulator 3D uses advanced dynamic
analysis capabilities of OpenSees and advanced graphical properties of MATLAB [6] which is a
mathematical tool developed by MathWorks. The graphical User Interface (GUI) in MATLAB is
used and a user friendly interface has been created. The difficulties about creating structural
system for OpenSees have been overcome owing to the user friendly interface created by using
MATLAB.

There are some important advantages of this software. First, users may design their
creative frame structures interactively. They can apply any earthquake record in each direction
and observe the seismic behavior of structures under different earthquake effects. Above all, the
design and analyze can be done easily. The modal analysis can also be performed and mode
shapes and natural frequencies may be observed interactively.

2. DESIGN PROCESS IN THE PROGRAM

The structural system is interactively defined with a graphical user interface (GUI). The floor
plans are created interactively; number and heights of the stories are defined by using GUI. After
saving a current plan, user can go on with creating another plan for upper stories by erasing the
unwanted beams and columns from existing plan which is just saved.

The main window of the Earthquake Simulator 3D is presented in Fig. 1. As it can be
seen from this figure, user needs to click the new project tool to start designing.

By clicking the new file tool, a new window is opened as shown in Fig. 2. The floor
plan may be created on the screen. This window is equipped with design tools to help user to
create the plans easily.
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Figure 1. The main window of Earthquake Simulator 3D
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Figure 2. Floor plan creating window

The functional explanations of the abbreviations given in the floor plan creating
window are as follows:

. N: creates plan template and adds nodes
. B: adds beams between selected nodes

. C: adds columns to selected nodes

. F: fixes selected column ends as footings

. E: erases selected beams(selected by clicking end nodes) and columns(selected by
clicking nodes)
. S: defines edges of structure to be shown in solid demonstration mode
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Figure 3. Template size and grid gap input screen
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2.1. Determining Grid System

First, template size and grid gaps are defined in model creating process as shown in Fig. 3. The
boundaries of the structure are determined and grid system is automatically created by this way.
After determining the boundaries and grid system, the last form of screen is given in

Fig. 4.
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Figure 4. The form of plan after grid system is determined

2.2. Determining Frame Elements and Floor Plan

After the grid system is created, the columns and beams are determined. First, the cross sections
for columns and beams are defined. At this stage, the cross sections of all beams and columns
may be same as an option by ticking the checkboxes given in Fig.5. In this situation, user will
need to define element cross-sections once only. This is required for both beam element and
column element. The screen given in Fig. 5 shows the input stage for column elements.
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Figure S. Cross section define screen for column element

After the floor plan is drawn, user needs to select nodes to be fixed. The screen after

fixing is completed is shown in Fig. 6. As it can be seen in Fig. 6, the form of plan includes all
beam and column elements.

plan_plotter

= X

NBCFES

Number of Storeys  Heigth of A Storey(m)

1 4
Save Current Plan

V] Same Crosssection for All Beams

v| Same Crosssection for All Columns

Return to Simulator

16

17

18

19 20

Figure 6. Determined floor plan for sample building

2.3. Modeling Whole Building

After the general floor plan is created, user can replicate it and decide the height of each storey.
The replicated stories may be edited by using the erase tool. When the erase tool is used, the
color of erased beam and column elements become blue as shown in Fig. 7. This means that these
elements will not be created at upper stories. This feature is added to provide easy design for

users.
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Figure 7. Edited plan of the sample structure

Erase tool can be used every time by saving each floor plan. After this editing process
user needs to use solid edge tool and define the outer edge of each floor plan. The edges of
different plans will be shown in different colors as it can be seen in Fig. 8. In this Figure, the
edges of first story are drawn in green color and the second is drawn in red color. After the
completion of plan designation, user can return to Earthquake Simulator 3D main screen by

clicking the "Return to Simulator" button.
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Figure 8. Solid edges defined for each floor plan
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3. ANALYSIS PROCESS IN THE PROGRAM
3.1. Time History Analysis

The whole analysis of structure is performed by using OpenSees which is an open source
structural analysis program. OpenSees determines nodal displacements for each step of
carthquake motion. At the end of the analysis, the seismic behavior of the structure during the
whole earthquake may be observed by using graphical tools.

After selecting earthquake from the popup menu and defining ground motion direction,
user can visualize 3d structure by clicking "Generate Structure" button. Now it is ready to
simulate structural behavior as given in Fig. 9. The user can define camera position,
magnification factor for displacements and frame rate which controls frequency of drawing
deformed shape (for example 50 refers to draw deformed shape for every 50x0.02 seconds). It is
recommended to set higher frame rates for complicated structures with regard to user's computer
performance.
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Figure 9. Main simulation window for observing structural behavior during earthquake

The seismic simulation starts after clicking the "Simulate Earthquake" button. User will
see different deformed shapes at different times of earthquake motion as shown in Figs. 10-11.
The structural behaviors at peak ground acceleration (PGA) times are presented in these figures.
The seismic behavior of the structure during the whole earthquake may be animated and
observed.
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Figure 10. Deformed shape of the sample structure at peak ground acceleration (PGA) time
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Figure 11. Deformed shape of the sample structure at negative peak ground acceleration (PGA)

3.2. Modal Analysis

time

In structural engineering, modal analysis is performed to find the various periods and mode
shapes at which the structure will naturally resonate. In design process, structural engineers does
not want to see that natural frequency of the structure coincides with the frequency of expected
earthquakes in the region in which the structure is to be constructed. It is a well-known physical
behavior that if a structure's natural frequency coincides with an earthquake's frequency, the
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structure may continue to resonate and seismic damage may be observed. Therefore, modal
analysis is very important for structural design process [7-10].

Modal analysis is performed by using OpenSees and results are visualized by using
MATLAB. OpenSees analyzer is called by main program and the results are presented by using
advanced graphical capabilities of MATLAB. As an example, the existing model which was
designed for transient analysis can be used for modal analysis. By selecting the "Run Modal
Analysis" option from "Modal Analysis" menu, the user will be wanted to define number of
modes and then analysis will be completed. The obtained mode shapes may be investigated by
selecting "Show Mode Shapes" option. A new screen will appear and demonstrate mode shapes
and periods as shown in Fig. 12.
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Figure 12. Modal analysis animation window
4. CONCLUSIONS

This paper presents new developed educational software named Earthquake Simulator 3D which
analyzes three dimensional structures and visualizes their behavior under the earthquake motions.
This program can be used by both civil engineering and earthquake engineering students. This
program provides a user friendly interface for data input and display.

The Earthquake Simulator 3D is developed by utilizing MATLAB software which is a
mathematical tool developed by Mathworks. OpenSees software which is developed by Pacific
Earthquake Engineering Research(PEER) Center is used as analyzer. The input data preparation
for OpenSees is very difficult and time consuming. The Earthquake Simulator 3D has user
friendly interface and the structural system and seismic loads may be easily defined to the
system. The program automatically creates input files for OpenSees and run the analyzer. The
analysis results data is read by the program and the results are presented to the users graphically
by using the advanced graphical capabilities of MATLAB.
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